


ANNEX D: Chapter 5�



LESSON TITLE: ESTABLISH VERTICAL CONTROL





1. Lesson Summary





a. Terminal Learning Objective:  Establish vertical control.  At a proposed construction site, given an auto-level with tripod, a philadelphia rod, turning pins, a hammer, a field notebook, a calculator, and FM5-233;  Establish vertical control for a proposed construction project to within ±0.10’ ( (distance (feet) ÷ 5280.  All notes will be made in accordance with fm5-233.





b. Enabling Objectives:





(1) Enabling Objective A: Run a level circuit.  At a proposed construction site, given an auto-level, a Philadelphia rod, turning pins, a hammer, a field notebook, a calculator, and FM5-233;  Run a level circuit for a proposed construction project to within ±0.10’ ( (distance (feet) ÷ 5280.  All notes will be made in accordance with FM5-233. 





(2) Enabling Objective B:  Adjust a level circuit. In a classroom environment given a demonstration on level circuit adjustment, a recording form with field data, a calculator and FM5-233;  Adjust a level circuit. Adjusted closing elevation must match starting elevation.








2. Safety: Students will observe traffic safety while enroute to, from and at the training area. Use caution while at the training area due to the presence of snakes, insects and poisonous plants. Clothing and fluid intake will be appropriate for weather conditions.








3. General Instructions:





a. Read Chapter 5 of the Student Text.





b. Read Chapter 5 of Annex D.
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4. Recommeded procedures for Differential Leveling:  INSTRUMENT OPERATOR (IO)





a. Set up the tripod:





(1) Release retaining strap from all three legs and then buckle retaining strap around one leg.





(2) Loosen clamp screws on legs and, with the three legs together, adjust the length.  The length of the tripod should put the tripod head at approximately chin height.  Retighten the clamp screws. 





(3) Select leg positions suitable to the terrain.  Place two tripod legs on the downhill side of sloping terrain to ensure tripod stability.





(4) Adjust the height and level of the tripod head. Grasp two tripod legs, allowing the third to rest on the ground.  Take one or two steps backward and at the same time bring the two legs equally outward, making sure the tripod head remains approximately level.  The tripod head should be about shirt pocket high.





(5) Secure the tripod by setting the legs firmly into the ground.  Apply firm, smooth pressure to the foot pegs located toward the bottom of each tripod leg.





(6) If the tripod head does not stay approximately level, you may adjust it by raising or lowering one or more of the tripod legs by sliding it up or down.





b. Set up the instrument:





(1) Remove the tripod head cover and attach it to one of the tripod leg brackets. 





(2) Remove the instrument from its carrying case. 





(3) Position the instrument on the tripod head so a level screw is over each corner.  Secure the instrument to the tripod head by turning the bridge screw into the base of the level in a clockwise manner.  DO NOT OVERTIGHTEN.





(4) Close the instrument carrying case and place it under the tripod. 





(5) Center the bubble in the circular level vial by rotating the leveling screws.  (Remember the “Left Thumb” rule.)





(6) Engage the compensator button while looking through the eyepiece of the instrument to ensure proper functioning of the compensator.  The centerwire reticle should move up and down freely when the compensator is engaged.





c. Adjust instrument optics:





(1) Hold a piece of paper or your hand in front of the objective lens of the instrument and focus the eyepiece to achieve a sharp, dark reticle image. Bring the image of the rod into focus using the objective focusing knob until the image is clear.








(2) Check for parallax by slowly moving your head up and down while observing the rod.  If the center crosswire appears to move on the rod, indicating parallax, refocus the eyepiece and/or the objective lense until the apparent movement is no longer present. Once the reticle has been focused, and the parallax removed, the eyepiece should not be adjusted until another operator takes over or the eyepiece has been turned.





(3) Perform a two-peg test to ensure the line of sight	is parallel to the axis of the bubble tube.  (Refer to pages ST5-9 & 10 for illustration and recording format.)





(a) Establish point (A) about 100 feet away from your instrument set up.  Place point (B) at the same distance in the opposite direction.  Check the distance to each point using stadia.





(b) Take a rod reading (a) on point A and a reading (b) on point B.  With the instrument exactly halfway between the two stakes, the distance (b - a) is the true difference in elevation between the two points.





(c) Move the instrument close to point A (second set-up) so the eyepiece swings within a half inch from the rod.  Take a reading (c) on point A looking through the objective lens, and a rod reading (d) on stake B in the normal manner.  If the instrument is in adjustment, (d - c) will equal (b - a).  





(d) There is no officially established Allowable Error for the two-peg test, but if the results are in error more than .01' per 10 feet, do not use the instrument.  





d. Read the Philadelphia rod:





(1) Read the centerwire.  Identify the center wire and read the rod.  Read the red number nearest to, but below, the center wire.  This number is the foot value.  Read the black number nearest to, but below, the centerwire.  This is the tenths value.  (NOTE: If the the number immediately below the centerwire is red, this means the tenths value is zero.)  Count upward from the center of the black (or red) number to the centerwire.  Each graduation, black or white, is one one-hundredth of a foot.





(2) Read the entire value, whole feet, tenths, and	hundredths, silently to yourself first.  Then call out the digits smoothly, clearly, and without hesitation.  





(3) Listen for the recorder's readback.  While listening to the recorder, concentrate on the rod to catch any mistakes.  Refer to page ST7-7 for an example of typical dialogue between the IO and the Recorder.  





(4) Read the top and bottom stadia wires exactly the same as you did the centerwire, indicating top or bottom when you call out the reading to the recorder. 
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5. Recommended Procedures for Differential Leveling:  RODPERSON





a. Holding the Philadelphia rod:





(1) Clean off the object where the rod is to rest and the bottom of the rod, then place the rod on the object.  Ensure the rod is held on the highest point of the object or exactly on the “mark” indicating the turning point.





(2) Stand behind the rod (placing it between you and the IO). Do not obstruct view of the rod face with your body or hands and ensure the “front” of the rod is facing the instrument operator.





(3) Plumb the rod over the point.  You can plumb the rod in one of three ways depending on factors such as weather, terrain,etc. The rod must be plumb for each sight taken or the readings will be inaccurate. Methods used to plumb the rod:





(a) Rod level - a small circular level with a notch to align it to the rod.





(b) Wave the rod - hold the rod by placing the palms of each hand on either side of the rod.  Slowly rock the rod away from and toward you in a limited arc until the IO signals for you to stop.





(c) Balance the rod - hold the rod lightly between your fingertips allowing it to balance on the point.





(4) Hold the rod steady until the instrument operator signals “relax”.





b. Extending/Retracting the rod:





(1) Extend the rod by unlocking the clamp thumbscrew and pushing upward. Check the rod vernier; it should read 13.00 feet.  NOTE: If a foresight is taken with the rod extended, then the same rod should also be extended for the backsight on that same point.





(2) To retract the rod, unlock the clamp thumbscrew and	lower the rod until it is closed. Do not allow the rod to fall freely as this could damage it.  Check the vernier; it should read 7.00 feet.  Lock the clamp thumbscrew.





NOTE: Before extending the .the rod be sure and check for any overhead dangers or obstructions, such as powerlines





c. Establishing a turning point: 





(1) BS and FS distances must balance to ± 10' between turning points.  After the first backsight has been completed the rodperson should pace the distance from the BM to the instrument and then pace a similar distance from instrument to the TP. This can be accomplished when there is one or two rodpersons. The distances will be checked by stadia but the if the rodperson can initially balance the distances by pacing the survey will progress much faster.
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(2) To ensure accurate backsight and foresight  measurements, the turning point must be absolutely solid, and the rod must be placed on it in exactly the same spot for each set-up, regardless of whether you are using a curb, a man-hole cover, a fire hydrant or a tree stump.  For the purposes of this course, you will primarily use marlin pins and curbs for your turning points, but there are a variety of objects which could be used as turning points.  





(a) Marlin Pin: Hold the pin at a 45( angle to the ground.  Drive the pin into the ground with the hammer, deep enough to ensure it does not move.  To pull the pin, strike the side of the pin to loosen it and pull it out at the same angle at which it was originally driven into the ground.  





(b) Curb or Sidewalk: Select a smooth spot and mark an X with a crayon so that you can place the rod exactly in the same place for the next set-up.





(c) Fire hydrant: Select a non-movable, easily indentified/described part of the hydrant for the turning point.  The top nut or a letter in the manufacturer’s name on the top flange is a common choice.





(3) DO NOT move from or remove a turning point until the IO signals for you to do so.  If the instrument is disturbed before the FS on the next turning point is completed, the HI will have to be reestablished, and if the rear turning point has been moved the survey will have to start over at the original point of beginning.

















6. Recommended Procedures for Differential Leveling:   RECORDER





a. Refer to pages ST5-7 & 8 for format, administrative data, and column headings.  Record all data and headings on each page of the survey.





b. Enter the beginning control point and its known elevation:





(1) On the second line in the STA column, record the station designator for the beginning control point. Normally it will be a bench mark (BM) or a temporary bench mark (TBM) and will have a numeric, alphabetic, or alpha-numeric designator.





(2) Each starting point will have a known elevation. This elevation may have been previously determined by your survey crew or by another crew before you.  Also, this elevation may be in reference to mean sea level or an assumed datum.  Enter this elevation on the second line in the ELEV column.





c. Record backsight observation:





(1) As the rod readings are given, record them on a separate sheet of paper as T (top), C (center), and B (bottom) for each of the readings.
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(2) Check the rod reading by performing a "1/2 Stadia Check".





(a) Subtract the centerwire from the top wire and record the difference off to the side.





(b) Subtract the bottom wire from the centerwire and record the difference off to the side.





(c) Compare the results from steps 2a & 2b; the differences should be no more than .01'.





				Example:     Acceptable Reading       Unacceptable Reading





								T 5.00					T 5.37


									 > 0.65					 > 0.39


								C 4.35					C 4.98


									 > 0.66					 > 0.37


								B 3.69					B 4.61





(3) If the "1/2 Stadia Check" is good, record the centerwire reading for the backsight on the same line as the station that it was taken on in the BS column.





(4) Compute the stadia distance.  Add the two 1/2 stadia together and multiply by 100.





				Example:	T 5.00


								 > 0.65


							C 4.35 


								 > 0.66


							B 3.69       


							   1.31 x 100 = 131'





(5) Record the stadia distance of the backsight on the same line as the station it was taken in the DIST column, on the BS side.





d. Compute and record the height of instrument by adding the centerwire reading of the backsight to the point's elevation (BS + ELEV = HI).  Record the height of instrument on the next line down in the HI column.





e. Record the foresight reading in the same manner as the backsight reading and record it on the line corresponding to the station which was foresighted.  





f. Compute and record the elevation by subtracting the foresight reading from the height of instrument (HI - FS = ELEV).  Record this elevation on the same line as	the station on which it was taken, in the ELEV column.





g. Continue steps a. through f. until the survey is complete or until the page is full.  In either case, a page check (PC) is necessary and is performed as follows:





(1) The page check can be placed anywhere on the REMARKS page.





(2) Total the BS and FS columns individually and record their sums at the bottom of each column.





(3) Subtract the foresight total from the backsight total.�



(4) Subtract the beginning elevation on that page from the ending elevation on that same page.





(5) Compare the difference between backsights and foresight to the difference between the beginning elevation and the ending elevation. They should be exactly the same including the sign. If they are not, a mathematical error has been made somewhere on that page and you must recheck all your math.





			Example of a Page Check:





				Total BSs = 37.39


				Total FSs = 41.77


				Ending elevation = 95.62'


				Beginning elevation = 100.00'





					  37.39  		       95.62


					- 41.77			    -100.00


					- 04.38			     - 04.38


							(	PC  (








NOTE: The page check does not prove the accuracy of the survey. It is simply a check that all addition and subtraction was performed correctly.





h. Total the BS and FS distances separately and record them at the bottom of the columns.





i. Begin a new page if the survey is not complete.





(1) Record administrative data and column headings.





(2) Carry forward necessary information:





(a) Last station foresighted.  Record on the second line in the STA column.





(b) The last station's elevation.  Record on the same line as the station in the ELEV column.





(c) Total BS and FS distances.  Record these on the first line on the next page in the DIST column.  The difference between total BS’s and total FS’s cannot differ by more than 30’.





j. Continue the survey following steps a. through i. until complete.





k. Compute and record the Error of Closure (EC).  The EC is computed only once, at the end of the survey. There must be a known elevation on the point which closes your survey.  It may be the same point that you started on, or another point of known elevation.  In either case, subtract the known elevation from the elevation that was computed for the point in your closing FS.  Record the result labeled EC on the REMARKS side of the page with the correct algebraic sign. 
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l. Compute and record the Allowable Error (AE).  The AE is also computed only once, at the end of the survey.  First add the sum of the BS distances to the sum of the FS distances and divide that amount by 5,280 (feet in a mile). This will convert the distance into miles or a fraction of a mile.  Now find the square root of that value and multiply by 0.1'.  The AE is recorded to two decimal places (drop the remaining numbers).  NEVER ROUND UP THE ALLOWABLE ERROR. The formula and result is recorded below the EC.





		Example: AE = ± 0.10 (Total Distance ÷ 5280





m. Determine if the survey is acceptable.  The EC must be equal to or less than the AE.  If the above is true, you have closed your survey with acceptable error.  If not, the survey is a BUST and must be run again.

















7. Recommended Procedures for Level Circuit Adjustment





a. Record the Total Correction (TC) by reversing the sign of the Error of Closure.





b. Record the Total Distance (TD), which is the sum of the BS and FS distances.





c. Compute and record the Constant (K) by dividing the total correction by the total distance. The sign of the correction must be observed.





d. Compute the distance to each benchmark.  To do this, add the BS and FS distance from the beginning of the level circuit to each benchmark.  You will always begin with a backsight distance and end with the foresight distance.





e. Multiply the distance from the beginning of the level circuit to each benchmark by the constant (K). This will give the correction to be applied to each benchmark.





f. Record the correction for each benchmark.





g. Compute adjusted elevations by algebraically adding each correction to the benchmark elevation.





h. Record the adjusted elevation for each benchmark.
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