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Appendix G – Taping and Autolevel Survey

1.
Task

You will learn how to measure distances both horizontally and vertically, and how to reference them to the location of a known point.  In addition, you will use a standard steel tape and an autolevel to provide data and prepare profile and plan drawings.  You will also learn what batter boards are, and how to set them up.

2.
Purpose

Taping, pacing, and leveling are probably the most basic and most used survey techniques around.  You will use these concepts to lay out the corners and level the forms for the concrete slabs you will lay.  You will use taping techniques to measure materials and to establish locations for various projects.  You will use pacing to establish rough locations for your roadway.  You can use the autolevel to establish grade lines for the roadway and slabs, and to level the ends of your bridge sections.  You will use the concepts involved with this lesson when you produce curve and roadway layouts for CIV ENGR 488, and site plans for CIV ENGR 464.  

3.
Learning Objectives

a) Describe the theory of autolevel and taping survey technology.

b) Describe the safety concerns related to the equipment and situations used in the level survey.

c) Match a set of terms dealing with taping, pacing, and autolevel techniques with their correct definitions.

d) Name and describe the use of each piece of leveling and taping equipment.

e) Demonstrate proper setup and tear down of autolevel and taping equipment.

f) Demonstrate proper field note technique by completing field book entries for a level circuit.

g) List and describe the types of errors involved with the autolevel and standard tape.

h) Understand the difference between measuring and laying out a line.

i) Given a list of taping equipment and a survey situation, select all the items needed for completing the survey.

j) For the equipment selected for a given survey situation, describe how each item will be used.

k) Given a field problem, demonstrate the proper survey procedure as specified in the cadet checklist.

l) Differentiate between given descriptions of profile and differential leveling.

m) Prepare a profile and plan drawing from given field data.

n) Demonstrate the use of a hand level.

o) Describe what batter boards are, how they are used, and how to set them up.

4.
Role and Responsibilities Cadets and Flight Commander
a)
Ensure each cadet has calculator, paper, pencil and FERL handbook

b)
Ensure each cadet has applied sunscreen and has adequate water.

c)
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)
100 points will be available for the field exercise.

1)
75 of the 100 points are group effort associated with the completeness and accuracy of data collected and of the maps and profiles submitted.

2)
25 of the 100 points are individual effort based on completeness of individually submitted field book.

c)
A 50 point quiz will be taken individually by each cadet.  The quiz covers both the autolevel exercise and all material covered during the Introduction to Surveying classes.

6.
Safety

a)
Be aware of dehydration.  Drink plenty of water.
b)
Wear adequate sunscreen.

c)
Be aware of wildlife (animals, snakes, insects).  Keep contact to a minimum.

d)
Follow lightening and storm warnings.

e)
Don not throw or mishandle surveying equipment.

7.
Equipment

Cadet groups will be supplied with appropriate autoleveling and taping equipment.

8.
Text  
In-class text discussed during Introduction to Surveying class.

1.
Taping

A.  General

Taping is one method identified in your text for taking linear, or horizontal, measurements.  It’s probably the most common method used today and certainly in the last ten to twenty years.  It’s the process of applying the known length of a graduated tape to a line a number of times.

Other methods described in your text are:  Pacing (covered in introductory lesson); odometer readings (done with a measuring wheel); optical rangefinders (not very accurate over long distances, but easy to use); tacheometry or stadia (using the crosshairs on a telescope and similar triangles to calculate distances - reasonably accurate over moderate distances); subtense bars (using precisely spaced targets and similar triangles with a theodolite--again reasonably accurate over moderated distances); electronic distance measuring (covered in a later lesson); and Global Positioning System (GPS - also covered in a later lesson).

B.  Types of Taping Problems

1.
Measuring an unknown distance between two fixed points

2.
Laying out a required distance from a known starting point

C.  Equipment
1.
Tapes--Used to use chains, but those have been replaced by steel tapes.  Today’s standard is the graduated steel tape in either English or Metric units, although special alloys can be used for more precise surveys, and cloth or fiberglass tapes can be used for less precise surveys.

2.
Chaining pins--Used to mark tape positions and lengths, typically a heavy gauge steel wire with a loop at one end and a point at the other.  They’re painted red and white to make them easy to spot.

3.
Hand level--A low power, hand held telescope used to ensure the ends of the tape remain on the same level when taping on uneven ground.

4.
Tension handles--Used to apply a standard tension to the tape, consists of a clamp and a spring device graduated to show applied tension.

5.
Clamp handles--Used to hold any point on the tape without damaging the tape or the survey person’s hands.

6.
Thermometer--Used to measure temperature during the survey.

7.
Range poles--Red and white rods used to mark the ends (and intermediate points when necessary) of a survey line.  Typically made of wood, aluminum, or steel.

8.
Plumb bob--Used to line up the end of the tape and a point on the ground when working on sloping ground.

D.
Surveying Procedure--The procedure you will use is shown in the text and you should already be familiar with it.

1. The Crew--The crew consists of a head or front tape person (HT) and rear tape person (RT), and possibly a recorder.

2. Setting up the Survey--To get started, set a range pole vertically at the far end of the survey line.  Set a chaining pin at the starting point.  The HT takes the zero end of the tape and proceeds down the survey line.  The RT stays at the start point, and calls “tape” when the 100’ (or end of the tape) is reached.

3. Lining In--The RT uses voice or hand signals to align the HT with the range pole.

4. Applying Tension--Both the HT and RT pull firmly on the tape, the RT maintains the end of the tape over the start point, and the tension is read off the tension handle.

5. Plumbing--A plumb bob is used to ensure the reading is taken at the appropriate point when the tape is not used on the ground.

6. Marking Tape Lengths--When the tape is aligned, properly tensioned, and plumbed over the starting point the RT yells “stick” and the HT places a pin at exactly the 0 point of the tape and yells “stuck”.  The survey team then repeats the measurement to verify the length.  When both members are sure of the measurement, the RT picks up the rear pin and both members proceed down the survey line and repeat the procedure.

7. Reading the Tape--When the last tape length is reached a partial reading is usually required.   The last foot of the tape is graduated in tenths of a foot, so the RT holds the tape so a foot marker is at the rear point and the HT reads the tape to the nearest tenth (or estimates to the nearest hundredth).  The RT uses a tape clamp to hold the tape; the HT uses the standard Tension Clamp.  Cut tapes subtract the partial foot from the final reading; Add tapes add the partial foot to the reading.  The total distance consists of the number of full tape lengths (the RT counts the number of pins he has picked up) plus the partial reading.

8. Taping in Rough Terrain--Use the hand level to ensure the tape ends are level, and the plumb bob to ensure the ends are over the start and finish points, otherwise procedure is basically the same, except in steep terrain.  In steep terrain intermediate tape lengths must be used.
ii.
Tape Corrections 

A. Errors in Taping--Errors are not the same as mistakes, and are typically relatively small in comparison to the distance measured.

1. Incorrect Tape Length--Most tapes are not exactly the length specified.  The surveyor must note the tape used (specifically, not just the type!), and apply a correction.  Tape = 99.94’ ( Subtract 0.06’ per tape length (See Examples 4-1 thru 4-3)
2. Temperature Correction--The tape will expand or contract with temperature changes.  Standard temperature for taping is 68(F.   You will use the following correction: (T-68)(0.0000065)x + x = correct distance, T is the temperature in (F, and x is the measured distance.

3. Sag Corrections--The tape will sag if it isn’t supported, the correction is [image: image1.wmf]C
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4. Variations in Tension--If the tension on the tape is not the same as the value at which it was standardized there will be a difference in length given by the following equation: [image: image9.wmf]C
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is the modulus of elasticity of the tape

B.
Mistakes in Taping--You can find the most common mistakes in taping 

1. Reading the tape wrong 

2. Recording numbers wrong

3. Missing a tape length

4. Mistaking the endpoint of the tape

5. Making one foot mistakes

C.
Distributing Errors--You can apply error corrections to each tape length to which they apply.  For example, when taping on level ground with the tape fully supported, use length, temperature, and tension corrections, but don’t use any sag correction.  When you add an inclined leg to your taping, the tape is no longer fully supported, and you must add the sag corrections.

D.
NEVER distribute Mistakes!!!  To correct a mistake you must go back to the field and reaccomplish the survey.

iii.
Autolevel

A.
Definitions 

· Vertical Line - A line parallel to the direction of gravity

· Level Line - Curved line perpendicular to gravity at all points and with all points of equal elevation

· Horizontal Line - A straight line tangent to a level line at one point

· Level Surface - A surface of constant elevation that is perpendicular to gravity at all points

· Elevation - The vertical distance above or below a reference level surface (normally, sea level)

· Backsight - A level reading taken on a known point

· Foresight - A level reading taken on an unknown point

· Turning Point - A temporary point whose elevation is determined during the process of leveling

· Level - A device used for determining elevations, usually consisting of a telescope and spirit level (a tube with a bubble in it) that reads a horizontal line

· Level Rod - A rod with numbered graduations for reading elevations with a level

· Batter Board - A temporary reference used to locate building corners and utility elevations

B.
Reference Datum 

There are no “perfect” reference points - we usually use mean sea level (averaged over a long period of time) as a reference, but the sea level is gradually changing so that isn’t perfect either.  Earthquakes, erosion, construction, and other forces move earth surfaces, so nothing is perfect.  Most changes are slow, though, and don’t affect normal surveying practice.  

Modern surveys are usually done referencing pre-set control points that have been set by the National Geodetic Survey or by other surveyors working from the national references.  These points are set using accuracy standards established by the Federal Geodetic Control Committee and fall into one of three classifications based on their accuracy:

1. First-order surveys are very accurate and are used when extreme accuracy is needed, like sophisticated engineering projects, scientific studies, etc.

2. Second-order surveys are somewhat less accurate that first-order,  and are used on major construction projects, interstate highways, etc.

3. Third-order surveys are again somewhat less accurate than second-order, and are used on small engineering projects, boundary surveys, etc.

In many construction surveys the exact elevation is not important, only the elevation relative to other features on the site.  For these cases a benchmark with an assumed elevation is established on or near the site as a reference for all construction activities.

C.
Methods of Leveling--There are three major types of leveling:

1. Trigonometric leveling--uses horizontal distances and vertical angles to determine elevation differences

2. Barometric leveling--uses an altimeter to measure elevations - normally less accurate than other methods

3. Spirit leveling--the method we will use today, uses a telescope with a spirit level to take elevation readings

D.
Equipment
1. Level - comes in several varieties (dumpy, automatic, tilting, digital, or laser), but we will use the autolevel.  It consists of a telescope, a spirit level, and an automatic leveling device.  The instrument is leveled using the spirit level, then its automatic leveling device maintains the level through small changes in instrument position.  Cross hairs, or reticle lines, are etched on the glass of the instrument to use as references for elevation readings.

2. Level Rod - a graduated rod with numbers marked on it to provide elevation readings - many varieties, we’ll use a Philadelphia, or Philly, rod

3. Tripod - a three legged mounting device for the level - provides a stable and portable surface for mounting the instrument

4. Plumb Bob - a hanging weight used to establish the instrument over a known point, or to establish a vertical line - already used in taping lesson

E.
Theory--The theory behind leveling is relatively simple, and can be best illustrated by stepping through the process.

1. The instrument is set up and leveled about half-way between a reference point, or benchmark, with a known elevation and a new point for which you want to find the elevation. 

2. The Rod-person holds the rod on the benchmark and the instrument person takes a backsight (BS) reading.  The Rod-person then moves to the new point and the instrument person takes a foresight (FS) reading.

3. The elevation of the new point is the elevation of the benchmark plus the BS minus the FS --   Elev = Benchmark Elev + BS - FS 

4. The new point now has a known elevation, so it can be used for a BS to establish the elevation of another new point.  The new point is also known as a turning point (TP)

F.
Field Notes

As in any survey, the field notes for a level circuit are vital to collecting proper data.  Figure 7-3 shows the typical layout of the field notes for a level circuit.  Note that the HI (Height of Instrument) and Elev (Elevation) columns are filled in after calculating the values from field data.  The BS and FS columns are the only ones completed with data read in the field.  By the way, the right hand page of this set of notes is poor.  It does not include a sketch, and the two points described are not referenced to the survey (i.e. BM1 or BM2).  The date, weather, survey team, and instrument data are essential parts of this record.

G.
Errors in Level Circuits

1. Errors in leveling can come from many sources which are described.  Most of these errors can be reduced or eliminated by careful survey technique and proper equipment maintenance.  On very long or very precise survey lines a correction for the earth’s curvature and atmospheric refraction may be needed.  This correction is [image: image14.wmf]C
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2. Distributing Errors - When shooting a level circuit you will always want to close the circuit to a known point, or better yet, to the point you started with.  When you do this, you will normally get a value for the known point that is slightly off from what it should be.  Take this error and spread it out among all the shots you took during the circuit.  If all the shots were of equal distance, spread the error evenly.  If some shots were longer, or performed under difficult conditions, distribute those shots more of the error.  

iv.
Batter Boards and Utilities

· When construction starts on a project temporary survey markers are often damaged/destroyed.  

· Batter boards are used to offset the survey markers from the normal construction area.

· Batter boards are simply stakes with cross members set outside the normal construction area.  

· The top of the cross members is normally set at the finish floor elevation, or some other convenient height.

· Nails are driven into the cross members to allow a string line to be drawn across the precise corners of the construction project.

· We will use corners already surveyed in to set the batter boards, but in normal construction you’d set them as part of the initial construction survey.  

· Demonstrate the following procedure:

1. Set the batter boards about 5 feet outside the corners (pacing will provide an accurate enough measure), and set the top of the cross member 1 foot above finish floor elevation.

2. To set the elevations establish the HI from a known benchmark and subtract the finish floor elevation plus one foot (( = BM - (HI + 1’))

3. Set the top of the cross member at FS - (, or hold the rod off the ground at the stake and mark the bottom of the rod when the FS is equal to (.  

4. Set the cross member level across the two stakes

· Batter Boards can also be used to stake out utility lines--the procedures are similar to those used for corners.

V.
Safety

· As in all activities at FERL, safety is extremely important.  You may encounter snakes, insects, and rough terrain.  Be careful...accuracy is more important than speed in surveys anyway.

· You will be using several pieces of equipment with sharp points today (Chaining pins and field rods come to mind).  Do Not Throw Any Piece Of Survey Equipment Under Any Circumstances!!!
· You will have to lift and move your survey equipment, make sure you lift with your knees, and not with your back.  Also, make sure when you are carrying any equipment to keep it close to your body...holding it out puts additional stress on your back.

Notes:
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