Survey Lecture 2 -Taping

Concepts Covered (Pages 37-56 of Lecture Notes)

1)
Taping


Equipment


Methods


In-Class demonstration

2)
Corrections



Sag



Tension



Temperature



Scale

3)
Numerical Example

4)
Discuss field assignment #2


Taping – An Introduction

General:

Linear measurement is the basis of all surveying.

Taping refers to the exercise of physically measuring horizontal distances.

Methods


Direct linear measurements can be obtained or estimated through a number of methods:



1)
pacing



2)
odometer readings



3)
stadia (tacheometry)



4)
taping



5)
electronic distance measurements (EDM)


Equipment

30 metre tape
Steel tapes are manufactured under fixed conditions of temperature and tensile force.

tension handle
Tension handles allow the user to apply a specified tensile force on the tape.


tape grips
These allow the user to firmly grasp the steel tape and resist the pull of the tape from the person located on the other end of the tape.

plumb bobs
These are used to locate the tape precisely over a specified point.

chaining pins
These are used to mark tape lengths.

General Procedure (Page 38-41)

Person A
Holds the tension handle located at the “zero” end of the tape.

Person B
Holds the tape reel and uses a tape grip to pull the tape.

Person B 
Pinches the plumb bob string at a convenient point on the tape.

Person A
Holds the plumb bob string along the edge of the tape above his/her intended mark.

Person B 
Holds the plumb bob over his/her mark.

Calls out “mark….mark…..mark” to indicate that the plumb bob is being held over the intended mark.




Braces for the tension applied by person A.

Person A
Does the actual pulling.




Reports the tension value and the corresponding tape measurement.

Person B 
Reports the tape reading at his/her end of the tape. 

The measured length is determined by subtracting tape reading A from tape reading B.

For example:
Person A calls out a tape reading of 27.900





Person B reports a tape reading of 0.031


The measured length is computed as 27.900-0.031 or 27.869 metres.  

The measurement procedure is repeated with one important difference.  Person B holds the plumb bob string at a different point on the tape.

The two measured lengths are then compared. If the difference between the measurements is less than the allowable tolerance, then the measured length between the two points can be considered accurate.

If they are not, the length measurements are be repeated until two successive measurements are obtained within the allowable tolerance.

Recording Your Taping Work (page 49-50)

You record your data in the left-hand columns of your field book.  In the field, you need to:

1)
identify or label the distance being measured

2)
record the tape readings and calculate the measured length

3)
record the corresponding tension value

4)
and identify how the tape was supported. 

Leg
Distance
Support
Tension





A1-A2   #1
28.0-0.131

27.869
2 points
60



A1-A2   #2
28.2-0.335

27.865
2 points
65



Taping a Distance Longer than the Tape Length

The previous example assumed that the measured distance was less than the length of the measuring tape (30 metres).

When measuring a distance longer than the measuring tape, the distance is subdivided into segments that are shorter than 30 metres.

We subdivide the distance using intermediate points.  





These intermediate points typically consist of wooden stakes or chaining pins.

For better accuracy, these intermediate points should be located roughly 20 metres apart.

The distance between each intermediate point is measured.

The total measured length is found by summing all intermediate distances.

Repeat the measurements.  In the field, the total length is re-measured by performing the measurements in the opposite direction, using a different set of intermediate points.

If the summed distance is not comparable with the summed distance found previously, the entire taping exercise must be repeated.

Error

In general, the distance measurement obtained in the field will be in error.  Errors in the distance measurement can arise from a number of sources:

1)
Instrument errors.
A tape may be faulty due to a defect in its manufacturing or from kinking.

2)
Natural errors.
The actual horizontal distance between the ends of the tape can vary due to the effects of:

· temperature, 

· elongation due to tension, and 

· sagging.

3)
Personal errors.
Errors will arise from carelessness by the survey crew:

· poor alignment

· tape not horizontal

· improper plumbing

· faulty reading of the tape

The true length can be determined by incorporating a series of corrections as shown below:
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where 
LT is the true length (m)



Lf is the length measured in the field (m)

and




CS is a correction for sagging (m)





CP is a correction for elongation (m)





CT is a correction for thermal expansion (m)





CL is a correction for scale (m)


Corrections

a)
Temperature
The phenomenon of thermal expansion plays an important role in many engineering applications.

We need to establish a correction (CT) that can account for the change in length of a steel tape due to the influence of temperature. 
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where 
( is the coefficient of linear thermal expansion (1.17 x 10-5 (C-1)



T is the temperature of the tape in the field ((C)



TS is the temperature at which the tape was standardized ((C)



Lf is the measured length obtained in the field (m)

b)
Sagging
A steel tape not fully supported along its entire length will sag, no matter how large the tensile force applied.

As a result of sagging, your measured length will be too large.

The sag correction (CS) is given by:
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where 
w is the weight of the steel tape per unit length (N/m)



P is the tensile force applied on the tape (N) 

c)
Tension Correction
When a steel tape is pulled with a tension greater than its standard value, it elongates in an elastic manner.

The elongation length (CP) caused by a tensile force can be calculated using:
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where 
P is the tensile force applied on the tape in the field (N)



PS is the tensile force at which the tape was standardized (N) 



A is the cross sectional area of the tape (m2)



E is Young’s modulus of elasticity (2.068 x 1011 N/m2)

d)
Scale
Tape manufacturers do not guarantee steel tapes to be exactly correct.

The true length of any steel tape must be obtained by comparing it to a standard tape or distance.

The correction (CL) for an incorrect tape length can be found from:
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where 
m is the total length of the standard tape (m)



(m is found by subtracting the length of the standard tape from the length of the tested tape. (m)



A Numerical Example (page 46-47 of survey notes)

Given:
A 30 metre steel tape, standardized at 20 (C using a tensile force of 70 N. 


Measured against a standard tape, the tested tape had a length of 29.998 m.


The 30 m tape has a weight of 1.69 N/m and a cross sectional area of 1.29 mm2.

Problem:
A field measurement (Lf) of 29.663 was found at a temperature of 30 (C using a tensile force of 50 N. 


Find the actual or true length.

Solution:
We need to compute our correction factors.

Temperature:
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Our field measurement was in error by 3.5 mm due to thermal expansion of the steel tape.  We need to add this value to our field measurement.

Sagging:
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Due to the sag in the tape, the reading was in error by 16.7 mm.

Tension Correction
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The tension correction due to the tensile force on the steel tape was determined to be -1.7 mm.  

Scale Correction:
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Our scale correction was found to be 2 mm.

Finally, we can now compute the true length as:
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In summary, although we measured a length of 29.663 metres in the field, after applying all the appropriate corrections, we established a true length of 29.646 metres, a difference of 17 mm.

Note: for this example, the sag correction was the most significant.

Assignment #2

Place three stakes in the ground to form a triangular traverse.

· two of the lengths must be between 40 and 60 metres long

· the remaining length should be approximately 20 metres.

· if possible, one stake should be placed higher than the other two stakes.

Measure the lengths of each side twice using the methods specified in Section 5.2 of your survey notes (pages 37-43).

Determine the true length of each measured length by applying the appropriate corrections as shown in Section 5.3 (pages 43-45).

Provide a sample calculation (showing all unit conversions) for each type of correction for your first taped measurement.

Summarize your work by providing a diagram of your triangular traverse showing the corrected lengths (page 50).



Surveying Field Notes -  some comments

· Your survey notes are the only permanent record of work done in the field.  In practice, survey notes are extremely valuable.  A typical field survey costs approximately $1000 per day.  A field book containing several weeks of work is worth 10’s of thousands of dollars.

· Data contained in field books are made available to office personnel.  The notes must be organized and legible.

· Property surveys are subject to court review.  Field notes can become an important factor in litigation.

· Erasures of observed data are not permitted in survey field books.  Incorrect entries should be stroked out with a single line and the proper value clearly noted.

· If an entire page is to be ignored, a diagonal line should be drawn from corner to corner and the word VOID should be clearly written along with the reason why the data is wrong.
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