ANNEX D: Chapter 4   





LESSON TITLE: ESTABLISH HORIZONTAL CONTROL, CC-04





1. Lesson Summary:





a. Terminal Learning Objective:  Establish horizontal control.  At a proposed construction site given a T-16 theodolite with tripod, a tape set, survey targets, a field notebook, a calculator, and FM5-233; Establish horizontal control for a proposed construction project to within 1’/5000’ linear closure and within (20 seconds per station angular closure. All notes will be made in accordance with FM5-233.





b. Enabling Objectives:





(1) Enabling Objective A:  Run a traverse.  At a proposed construction site location given a T-16 theodolite with tripod, tape set, survey targets, a field notebook, a calculator, and FM5-233;  Run a traverse to within 1’/5000’ linear closure and within (20 seconds per station angular closure. All notes will be made in accordance with FM5-233.





(2) Enabling Objective B:  Adjust a traverse.  In a classroom environment given a demonstration on traverse adjustment, a recording form with field data, a calculator and FM5-233;  Adjust a traverse in a manner that the ending azimuth matches the beginning azimuth and the algebraic sums of latitudes and departures are zero. 





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 4 of the Student Text.





	b. Read Chapter 4 of ANNEX D.





�
4. Recommended Procedures for Directional Measurements: INSTRUMENT OPERATOR (IO) 





a. Set up the tripod over a point:





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





(2) With the three legs together, loosen the clamp screws and adjust legs to a comfortable height, then retighten clamps.  (Tripod head at chin height will usually provide a good working height after the setup is completed.)





(3) Spreading the tripod legs, place the tripod approximately over the station mark with tripod head at about shirt pocket height.  Keep the tripod head level.





(4) Check position of tripod legs in relation to the terrain.  On level terrain, the tripod legs should form an angle of about 60( with the ground.  On sloping terrain, two legs must be set on the downhill side for stability and safety (the uphill leg may have to be shortened).





(5) Attach plumb bob assembly and adjust length of plumb bob cord by sliding the keeper up or down until tip of plumb bob is about 1" above the station mark.





(6) Stop swing of plumb bob and reposition tripod so the tip of the plumb bob is within 1", 	laterally, of the station mark.





(7) Set tripod shoes firmly into the ground and then slide leg assemblies up or down until plumb bob tip is within 1/8" laterally of the station mark. 





b. Set up the instrument on the tripod and over a point:





(1) Remove cover from tripod head and attach it to the tripod leg.  If leg has no retainer, cover may be placed in trouser pocket.





(2) Remove theodolite from carrying case by releasing the instrument retaining clamps; then, grasping the instrument standards, the handle, or both, lift the instrument clear of the carrying case.  DO NOT LIFT THE INSTRUMENT BY THE TELESCOPE.





(3) Position the theodolite on the tripod head so a level screw is over each corner of the tripod head. Secure the instrument to the tripod head by turning the bridge screw into the tribrach in a clockwise direction.  DO NOT OVERTIGHTEN.  Use only enough tension to keep the instrument from sliding on the tripod head.





(4) Close the instrument carrying case after	positioning the instrument retaining clamps and place the case under the tripod.





(5) Install sunshade (if necessary).  Twist and remove sunshade from its storage position and reinstall in the "shade" position.





(6) Loosen the bridge screw and position the theodolite over the station mark using the plumb bob before beginning the leveling process.  Retighten the bridge screw carefully to avoid shifting the tribrach.





(7) Remove the plumb bob assembly and store it in the tripod accessory case.


�
(8) Center the bubble in the circular level vial.  The leveling screws may be turned individually, in pairs, or all three at one time.  Remember, as you turn the screw clockwise, you raise the instrument at that point, and the bubble always "runs" to the highest point.  Keeping this in mind, turn the screws, raising and lowering the instrument at the three leveling points until the bubble is centered in the circular level vial.





NOTE: See "LEFT THUMB RULE" in ST Glossary





(9) Check the position of the instrument over the station. Using the optical plummet, determine if the instrument is over the station mark.  If not, loosen the bridge screw slightly (enough to allow the instrument to move on the tripod head); look through the optical plummet eyepiece and move the instrument until the optical plummet reticle is centered on the station mark.  Tighten the bridge screw carefully to avoid shifting the instrument away from the established center position. 





(10) Center the plate bubble.





(a) Place the plate level vial parallel to any two foot screws and, using the left thumb rule, center the bubble. (Do not use the third foot screw yet.)





(b) Rotate the instrument 90( and use only the third foot screw (the one not yet used) to center the bubble  again.  The "parallel" and "90(" positions are found more easily if the horizontal circle clamp, horizontal motion clamp, and optical plummet eyepiece are used as reference points. 





(c) Repeat steps (a) and (b) as often as necessary to achieve centering of the bubble.  Rotate the instrument 180( to see if the bubble is still centered.  Bubble may be off center no more than one graduation.





(11) Check optical plummet to see if the theodolite is still centered over the station mark. The optical plummet reticle (circle or crosswires) should be on the nail/tack head.) If not, move the instrument as in step (9) and relevel if necessary, following the steps in (10).  Recheck and repeat as often as necessary.  The more level the tripod head at the beginning of the set-up, the easier it will be to level the instrument and get it exactly over the point.





	c. Run a Traverse: Deflection Angles





(1) Set index value (00(00') on horizontal circle. 





(a) With the horizontal circle clamp unlocked (up) and the horizontal motion unlocked, sight through the microscope eyepiece while rotating the instrument left or right. Lock the horizontal motion clamp knob when the zero degree graduation is close to the 00(00' graduation.





(b) Using the slow motion tangent screw, align the 0( on the bottom and the 359( on the top  exactly. 





(c) Lock the horizontal circle clamp (down) and unlock the horizontal motion. Ensure the horizontal circle remains indexed at 0( when backsighting. 





(2) Sight the rear target, telescope in the reverse position. Sight the rear station by rotating the instrument until the vertical crosswire is near the target, and	lock the horizontal motion.  Sight the target using the horizontal slow motion tangent screw to achieve an exact pointing.  The correct pointing will have the vertical crosswire at a distinct point on the target.�
(3) Plunge the telescope to the direct position.





(4) Unlock the horizontal circle clamp.





(5) Unlock the horizontal motion. 





(6) Sight the forward target. Lock the horizontal motion and use the slow motion tangent screw to achieve an exact pointing.





(7) Lock the horizontal circle clamp.





(8) Announce the measurement to the recorder: stations occupied, backsighted and foresighted; the position of the telescope; the direction angle was turned (left or right); and the angle (the upper scale reads angles to the left, and the lower scale reads angles to the right).





(9) Acknowledge/correct recorder's readback. Concentrate on the angular value on the horizontal circle in order to catch any mistakes.





(10) Unlock horizontal motion, horizontal circle remains locked.





(11) Sight rear target, (see above) on the exact same point as before to ensure a valid measurement.





(12) Plunge the telescope.





(13 Unlock horizontal circle clamp.





(14) Unlock horizontal motion clamp knob.





(15) Sight forward target, (see above) on the same point.





(16) Lock horizontal circle clamp.





(17) Announce the circle reading to the recorder.





(18) Wait for confirmation that the mean angle is acceptable, (within ± 30 seconds of the first reading). If not, the angle must be reobserved.  Again, It is advisable not to move the instrument until you are certain the mean angle is acceptable.





	d. Run a Traverse: Station (Interior)` Angles





(1) Set index value (00(00') on horizontal circle.  





(a) With the horizontal circle clamp unlocked (up) and the horizontal motion unlocked,	sight through the microscope eyepiece while rotating the instrument left or right. Lock the horizontal motion clamp knob when the zero degree graduation is close to the zero minute graduation. 





(b) Using the slow motion tangent screw, align the 0( and 359( graduations exactly. (c) Lock the horizontal circle clamp (down) and unlock the horizontal motion. Ensure the horizontal circle remains indexed at 0( when backsighting. 





�
(2) Sight the rear station by rotating the instrument until the vertical crosswire is near the target,and	lock the horizontal motion.  Sight the target using the horizontal slow motion tangent screw to achieve an exact pointing.  The correct pointing will have the vertical crosswire at a distinct point on the target.





(3) Unlock the horizontal circle clamp first and then unlock the horizontal motion. 





(4) Turn to the forward target sighting it in the same manner as in Step 2 above.





(6) After sighting the forward target lock the horizontal circle clamp.





(7) Announce the station angle to the recorder: stations occuppied, backsighted and foresighted, the position of the telescope (direct or reverse), and the angle (For an example of the typical dialogue between IO and Recorder, refer to page ST6-6 in the Student Text.)





(8) Acknowledge/correct recorder's readback. Concentrate on the angular value on the horizontal circle in order to catch any mistakes.





(9) Plunge the telescope.





(10) Unlock horizontal motion clamp knob.





(11) Sight rear target, (see above) on exactly the same point as before to ensure a valid measurement.





(12) Unlock horizontal circle clamp.





(13) Unlock horizontal motion clamp knob.





(14) Sight forward target, (see above) on exactly the same point as before.





(15) Lock horizontal circle clamp.





(16) Announce the circle reading to the recorder.





(17) Wait for confirmation that the mean angle is within ± 30 seconds of the first reading. If not, the angle must be reobserved.  Do not move the instrument until you are certain the mean angle is acceptable.





e. Close the loop by occupying every station in the traverse, including your original backsight station regardless of the type of angle (station or deflection) used. 


�
5. Recommended Procedures for Directional Measurements: RECORDER 





a. Deflection Angles: (See pages ST6-5 through ST6-8 for information on	administrative data and column headings.)





(1) Enter designation of station occupied and stations observed.





(a) Print the rear station designator on the left side of the STA column on the second line.





(b) Print the occupied station designator on the right side of the STA column on the same line as the rear station.  Draw an arrow from the occupied station to the rear station to indicate the direction of observation.





(c) Print the forward station designator two lines below the occupied station designator on the left side of the STA column.  Draw an arrow from the occupied station to the forward station to indicate the direction of observation.





(2) Record telescope position for first circle reading in the TEL column on the same line as the occupied station designator (D or R), based on what the IO indicates.  Look at the telescope as a check. (NOTE: The telescope position recorded for deflection angles is the position of the scope when pointed at the forward station.)





(3) Record first circle reading.





(a) The IO should call out, in addition to the value of the reading, whether the deflection was to the left or the right.  If he/she does not, request the information.  Record an L for left or an R for right at the left edge of the HORZ ANGLE column on the same line the telescope position	was just recorded.  





(b) Record the first circle reading (as degrees and minutes) in the HORZ ANGLE column on the same line as the L or R and the telescope position. 





(4) Record telescope position (D or R) for second circle reading	in the TEL column on the same line as the forward station designator.





(5) Record second circle reading (as degrees and minutes) in the HORZ ANGLE column on the same line as the telescope position.  This time, however, the L or R is omitted. (If the deflection was to the right the first time, it will be to the right the second time at that station.)





(6) Compute and record mean deflection angle. Divide the second circle reading by two and record the result on the line between the direct and reverse readings in the MEAN column.  Record the value as degrees, minutes, and seconds, even if the seconds are zero.





(7) Evaluate mean angle for acceptability.  The mean deflection angle must be within ±30 seconds of the first circle reading to be acceptable.  If not, the entire measurement must be repeated. Inform the IO whether or not the angle is acceptable and make a remark in the notes if it is unacceptable.





(8) For additional station observations, skip two lines between each set of observed angles and repeat the above steps.


�



(9) Draw a sketch on the right side of the page.  The sketch need not be drawn to scale, but must show correct orientation, contain a north arrow, and be labeled accurately to include all station designators, mean deflection angle value and the direction in which the angle was turned.





b. Station Angles: (refer to pages ST6-5 through ST6-8 for information on administrative data and column headings.)





(1) Enter designation of station occupied and stations observed.





(a) Print the rear station designator on the left side of the STA column, on the second line.





(b) Print the occupied station designator on the right side of the STA column on the same line as the rear station.  Draw an arrow from the occupied station to the rear station to indicate the direction of observation.





(c) Print the forward station designator two lines	below the occupied station designator on the left side of the STA column.  Draw an arrow pointing diagonally downward from the occupied station to the forward station designator to indicate the direction of observation.





(2) Record telescope position for first circle reading.	In the TEL column, on the same line as the occupied station designator, record a D for Direct or an R for Reverse, based on what the IO calls out. (See page ST6-6 for an example of dialogue between IO and Recorder.) Get in the habit of looking at the telescope as a check.  





(3) Record the first circle reading in the HORZ ANGLE column on the same line as the telescope position.  The reading is recorded as degrees and minutes, record the minutes even if they are read as zero.





(4) Record telescope position for second circle reading in the TEL column on the same line as the forward	station designator. (Use a D or R as before.)





(5) Record second circle reading (degrees and minutes)	in the HORZ ANGLE column on the same line as the telescope position just recorded.





(6) Compute and record the mean station angle. Divide the second circle reading by two and record the result on the line between the direct and reverse readings in the MEAN column.  Record the value as degrees, minutes, and seconds, even if the seconds are zero.





(7) Evaluate mean angle for acceptablility.  The mean angle must be within ±30 seconds of the first circle reading to be acceptable.  If not, the entire measurement procedure at the currently occupied station must be repeated.  It is the recorder's responsibility	to inform the IO that the mean angle is or is not acceptable.  Make a remark in the notes if the angle is unacceptable and must be reobserved.  





(8) For additional station observations, skip two lines between each set and repeat the above steps.





(9) Draw a sketch on the right side of the page.  The sketch need not be drawn to scale, but must show correct orientation, contain a north arrow, and be labeled accurately to include all stationdesignators, the direction in which the angles were turned, and the mean station angle value.


�
6. Recommended Procedures for Distance Measurements: HEAD or REAR TAPEPERSON (HT/RT):





NOTE: Have each student establish pace count (Refer to ST6-2)





a. Place a range pole over the forward station, ensuring it is plumb using a rod level or plumb bob. This range pole will be used by the Rear Tapeperson (RT) to provide directional alignment to the Head Tapeperson (HT). 





NOTE: To save time, after completing the first measurement, the RT can place a second range pole over the rear station to be used on the backward run.





b. If necessary, clear the lines between the stations and pull out and/or cut away all obstructions that are on the line.





c. As Head tapeperson (HT), you will give the Rear Tapeperson (RT) one taping arrow to represent the first taped length.  Then count the arrows remaining on the ring (there should be 10).





d. Unreel the tape, moving forward from the rear station 	in the direction of the forward station.  The RT will hold 	the zero end of the tape and give you alignment signals while you extend it.  Remove the tape from the reel and tuck the reel into your trouser belt or surveyor's bag.





e. After the tape is fully extended, and the RT has given you proper alignment, mark the approximate length of the tape on the ground with the taping arrow in line with the station to be taped.  This will help you to maintain the correct directional alignment while marking the tape length.





NOTE: All measured lengths are whole foot increments except for the last length which is called a partial length and is explained in para j.





f. Determine height of tape at the downhill end.  The downhill tapeperson, whether the RT or HT, can use a hand level  to establish a horizontal plane for taping and determine height at both ends of the tape length.





(1) Hold the plumb bob string to the hand level, get directly over your end of the tape and make the initial observation with the hand level, standing straight.





(2) Center the bubble in the level by tilting the level slowly: Look at the opposite end of the tape to see if the line of sight is above or below the tape at the uphill end. 





(3) If the level line of sight strikes below	the ground, move uphill.  If it is above the ground, lower your body by bending at the knees or kneeling in order to bring the level line of sight as close as possible to the point where the uphill tapeperson is holding the tape.





(4) Once you have observed an acceptable tape height at the uphill end, hold the hand level still and lower the plumb bob to the ground at your end of the tape.  When the plumb bob hits the ground, pinch the string and hold the tape at this height.  Tell the uphill tapeperson to hold his/her end of the tape directly on the point or at the observed distance above the point.





NOTE: The uphill tapeperson should hold the tape directly on the point if at all possible: using a plumb bob on both ends makes the process much more difficult, introducing additional error. 





(5) Hold the plumb bob string steady at the correct height with the thumb and forefinger, and do not release until after the tape length has been marked.


�
g. Mark the distance. (Assume the HT to be downhill.)





(1) You and the RT will each attach scissor clamps to the tape, 0.2' - 0.5' beyond the respective desired graduation marks.  Holding the plumb bob string at the predetermined height, indicate you are ready to begin taping by calling "READY".  When the RT has assumed a firmly braced body position and sees that you are ready, he/she will wait to hear the command "READY" and will then call "PULL".





(2) Hearing the command "PULL", assume a firmly braced body position, call "TENSION", and slowly apply tension by pulling the tape using the scissor clamp.  Hold the tape at the previously established height, with the plumb bob string directly on the desired graduation mark.





(3) Use the taping arrow discussed in step e. as an aid in maintaining correct alignment.





(4) After you apply tension, the RT will call out "GOOD" when zero is on the point.  If he/she is using a plumb bob, it must be steady and precisely over the station. If not using a plumb bob, zero is held directly on the point.  It is important for the RT to hold a steady position against which the HT may pull tension.





(5) As HT, eliminate any swinging of the plumb bob by gently tapping the tip of the blumb bob on the ground.	Immediately after you hear the RT call "GOOD", and your plumb bob is steady, on line, and there is tension on the tape, lower the tip of the plumb bob to the ground.  Watch carefully where the plumb bob meets the ground.  When the ground is marked, call "MARKED" and "RELAX".  It is important that you do not relax until after you call "RELAX", or you'll release tension before the RT is prepared.





(6) Keep the plumb bob in a vertical position with only the tip touching the ground until you mark the ground with a taping arrow.  The arrow previously placed for alignment should be pulled and used for this purpose.  Place the arrow at a 45 degree angle with the ground and perpendicular to the tape length. 





NOTE: If the tape is suspended above the ground and under steady tension, no part of the suspended tape is to touch the ground or any object.  If this is not possible, then the tape ends must be


raised, (no higher than chest height) or the taped length shortened.





h. To check the marking of the taped distance, call for "CHECK MEASUREMENT".  This operation ensures accurate placement of the taping arrow.  The whole foot mark initially measured must fall somewhere on the taping arrow during the "check" for the distance to be acceptable.





i. When a check measurement is successful, you will notify the RT of the position of the whole foot mark on the arrow by calling "REAR OF PIN", "CENTER OF PIN", or "FRONT OF PIN".  "Rear" is the edge of the arrow nearest the RT, while "front" is the edge toward the next point.





j. Continue marking tape lengths until you reach the far point.  The measurement of the last tape length is described 	below.  It is referred to as a partial length because it is almost always contains a fractional part of a foot.





(1) The measurement procedure used before is also	used here; slide the plumb bob string along the tape until it is directly over the point.  After calling "RELAX", read the tape to the nearest 0.01', and call the value to the recorder.  Check the measurement as before, but begin each check measurement with the plumb bob string somewhere other than at the graduation being checked.�
(2) If you are not using a plumb bob, hold and read the tape directly on the point.





k. When the line has been measured, the RT must count the taping arrows in his/her possession.  The number of arrows counted must agree with the number of lengths recorded.  If it does not, the forward line length must be remeasured.





l. The line just measured must now be remeasured in the backward direction.  Follow the same procedure as for forward measurement.  (If the HT used the plumb bob on the forward measurement, the RT will use it going back.)




















7. Recommended Procedures for Distance Measurements: RECORDER (See pages ST6-5 through ST6-8 for information on administrative data and column headings.)





a. Record administrative data and column headings.  All administrative data and the column headings are recorded on each page.  





b. Enter the designation of the starting station for the forward measurement on the second line of the first STA column.





c. Record lengths for forward measurements in the forward (FWD) column, beginning on the same line as the starting station designator.  Record each length measured along the line in the forward direction to the nearest .01'.





d. Enter the designation of the ending station for the forward measurement in the station column on the same line as the last recorded tape length. 





e. Enter the starting station designation for the backward measurement on the same line as the recorded starting station for the forward measurement, in the next (STA) column.





f. Record tape lengths for backward measurements in the backward (BKWD) column, beginning on the same line as the starting station designation.  Record each length measured in the BKWD line direction to the nearest .01'.





g. Enter the designation of the ending station for the	BKWD measurement in the same STA column as starting measurement for the BKWD measurement, on the same line as the last recorded length. There may be a different number of taped lengths for the FWD and BKWD runs.





h. Record the total FWD and BKWD measurements in their respective columns on the line beneath the last recorded tape length (FWD or BKWD) to the nearest .01'. 





i. Compute and record the mean distance: add the FWD and BKWD totals and divide by two.  Round to the nearest .01'.  Record the result in the mean column on the same line as the totals.


�



j. Compute and record the Allowable Error (AE) and Error of Closure (EC).





(1) Compute the difference between the sum of the FWD and BKWD measurements (sign is unimportant.) This is the EC. Example: 	FWD distance: 343.63


												BKWD distance: 343.69


												343.63 - 343.69 = -.06


												EC: 0.06





(2) Compute the AE: divide the mean distance by 5000. Do not round, use only the first two decimal places.	Example:	MEAN: 343.66'


									AE: 343.66' ÷ 5000 = 0.068732 ( 0.06


									EC: must be ( 0.06'


		


NOTE: 1:5000' is the required accuracy for this particular survey and may be different for other surveys.





(3) Record the AE and EC in the last column as shown on page ST6-8.  The EC must be less than or equal to the AE, or the entire leg must be retaped in both the forward and backward directions. 





NOTE: It is important NOT to round the AE up. This would give an additional amount of allowed error. The most stringent standards must always be used in computing AE.





k. If subsequent lines are to be measured, skip a line and continue as previously described.  Each measured line requires the computation of an AC and EC.





l. Check your computations and if possible have someone else check your computations.  





m. Draw a sketch for record.














7. Recommended Procedures for Traverse Computations


(assumes loop traverse/deflection ('s) (See pages ST6-9 through ST6-12 for information on formulas, format, and administrative data.)





a. Set up the format and enter the following data:





(1) Station designators indicating occupied, backsighted and forsighted stations.  (The last station listed will be the same as the first station.)





(2) Observed deflection angles.  Record these angles in the column marked DEFL ( on the same line as the occupied station. (These angles come from your field notes).





(3) Horizontal distances in the distances column on the line between occupied stations, indicating the length of that traverse leg. (These distances come from your field notes).





(4) Sum of the distances on the line below the last distance.  





(5) Starting azimuth on the first line of column marked ADJ AZ. This a GIVEN/KNOWN azimuth, (for example between the first and last stations of the traverse) and cannot be changed. 





(6) Starting coordinates: Northing coordinate in the NORTHING column on the line with its station, Easting coordinate in the EASTING column on the line with its station.  (These are also GIVEN/KNOWN and cannot be changed.)





b. Compute the angular error: 





(1) Add all the deflection angles (make right deflection angles positive and left deflection angles negative.)  Record this value (without sign) in the DEFL ( column below the final deflection (.





(2) Compute Angular Error of Closure (AEC) by subtracting 360( from the sum of deflection (‘s. Label and record the result in the remarks block. 





(3) Compute the Allowable Angular Error (AAE). First multiply the number of stations by 20" (20"x N).  Next, multiply the square root of the number of stations by 1 minute (1'(N). The lesser of the two amounts will be the AAE for your traverse. Label and record the AAE in remarks block.





NOTE: The AEC must be less than or equal to the AAE, which is determined by the order of the survey.  Stop computation if the AEC does not fall within the AAE, since the field angles are not acceptable.





c. Check the direction of the given azimuth.  The direction must be toward the occupied station.  If the KNOWM azimuth is in the direction of the backsighted station, compute and use the back azimuth.  (This is your "starting azimuth".) A back azimuth is computed in the following manner:





(1) If the given azimuth is less than 180(, add 180(.





(2) If it is more than 180(, subtract 180(.





d. Compute the unadjusted azimuth to the forward station:





(1) Add the first deflection angle to the starting azimuth obtained above.  (Remember, right deflections are positive and left deflections are negative.)





(2) An azimuth must be between 0( and 360(.  When adding a deflection angle to an azimuth, If the result is negative, add 360(: if the result is greater than 360(, subtract 360(.





(3) Record this value in the UNADJ AZ column on the line with its corresponding traverse leg.





(4) Add the next deflection angle to the azimuth you just computed and record it on the line corresponding to its traverse leg.





(5) Repeat this process for the remaining stations.





e. Determine the total angular adjustment to be applied if the final unadjusted azimuth is not equal to the starting azimuth.





(1) Subtract the starting azimuth from the ending unadjusted azimuth.  The result is the angular error.  By reversing its sign, you will get the total angular adjustment for the traverse.





(2) Compute the adjustment that must be applied to the azimuth of each traverse leg by dividing the total adjustment by the number of traverse stations. If the adjustment is not evenly divisble, distribute the remaining seconds to the azimuth which correspond to the shortest traverse leg.





(3) Apply the adjustments to the azimuths accumulatively. (If the per azimuth adjustment is +5”, add 5” to the first azimuth, 10” to the second azimuth, 15” to the third azimuth, etc.)





(4) Record the adjustment for each azimuth in the ADJ column on line with the azimuth to which it will be applied.  To compute the adjusted azimuth, algebraically add each adjustment to its corresponding unadjusted azimuth.





(5) Record the adjusted azimuth.





f. Compute the delta Northing ((N) and delta Easting ((E) to two decimal places and record them in the appropriate columns on the lines with their corresponding azimuths and distances. The (N is the north/south distance between two adjacent traverse stations and the (E the east/west distance.





(1) To find the (N multiply the length of the traverse leg by the cosine of the azimuth.  To find the (E multiply the length of the traverse leg by the sine of the azimuth.





				(N = distance x cosine of the AZ





				(E = distance x sine of the AZ





(2) (N's and (E's can also be computed using the polar to rectangular method, found on most scientific calculators.  Ask the instructor for guidance in using this method since different models of calculators use different keys for this function.





g. Algebraically add the (Ns and record the sum on the line below the last (N. Add the (Es and record the sum on the line below the last (E.  Since this is a loop traverse, the sum of both (Ns and (Es should equal zero.  If not, the resulting sum is termed the ERROR IN NORTHINGS (eN) or the ERROR IN EASTINGS (eE)..





h. Compute the linear error of closure (LEC) using the formula, LEC = (eN2 + eE2.  Label and record it to two decimal places at the bottom of the page in the distance column.





i. Determine the acceptability of the traverse. Compute the allowable error (AE) by dividing the total traverse distance by 5000 (1/5000 is the accuracy ratio used for this survey).  Do not round the AE, use only the first two decimals places.  Compare the AE to the LEC.  If the LEC is equal to or less than the AE, the traverse is acceptable.  If the LEC is greater than the AE, the traverse is not acceptable and you do not compute the traverse any further.  Label and record the AE in the remarks block.





j. Adjust the (Ns and (Es using the compass rule.  This rule states that once the angles have been adjusted, the error in (N or (E for any individual leg of the traverse is in proportion to the length of that leg.   To find the total correction northing, reverse the sign of the eN, and to find the total correction easting, reverse the sign of the eE.  Determine the correction constants for northings (Kn) and eastings (Ke) using the following equations:





				Kn = Total Correction Northing 


					  Total Length of Traverse  








				Ke = Total Correction Easting


					  Total Length of Traverse








(1) Label and record Kn and Ke to seven decimal places in the remarks block.





(2) Determine the correction in northings for each traverse leg by multiplying the Kn by the length of that leg. Determine the correction in eastings for each traverse leg by multiplying the Ke by the length of that leg.





(3) Record these values, with the correct sign, on the appropriate line in the CORR columns.





(4) Record the sums of the corrections in the correction column.  These sums must be equal to the corresponding error but opposite in sign.





(5) Add each correction to its corresponding	(N and record the sum in the NORTHING column on the same line.





(6) Add each correction to its corresponding	(E and 	record the sum in the EASTING column on the same line.





(7) The sum of the corrected (N’s and correct (E’s must now equal zero. 





(8) Add the corrected (N of the first traverse leg to the coordinate of the beginning station, this will give you the coordinate (northing) for the next station. Add the next corrected (N to the coordinate of the second station, which will give you the coordinate of the next station.  Continue this process for the remaing stations, ending with the beginning coordinate.





(9) Repeat the above process for the east coordinates.





NOTE: Since this is a loop traverse, the ending coordinates must equal the starting coordinates.











�



8. Recommended Procedures for draw Site/Plot Plan





a. Evaluate overall size of the plot (traverse) 





(1) Determine overall latitude ((N) of traverse: subtract the smalllest northing from the largest norhting. This is the total north/south distance.





(2) Determine overall departure ((E) of traverse: subtract the smallest easting from the largest easting.  This is the total east/west distance. 





(3) Compare overall latitude with overall departure for north orientation.





(a) If the overall latitude is greater than the overall departure, the north orientation should be toward the left edge of the drawing sheet.





(b) If the overall departure is greater than the overall latitude, the north orientation should be toward the top of the drawing sheet.





b. Determine scale of drawing





(1) Determine minimal marginal area around traverse (classroom example is 1”). Margine is set in from the top, left and right sides and above the title block.  This will allow the addition of pertinent information/labeling as well as plotting of structures or utilities that are outside of the traverse.





(2) Plot plan scales are usually 1”=20’ or 1”=30’.  Use the largest scale possible.





(3) Site plan scales are typically 1”=50’ to 1”=100’.





c. Plot traverse stations	





(1) Locate starting point.





(a) Draw a light construction line 1” in from and parallel to the northern border of the drawing sheet.  This line represents the northern limit of the traverse.





(b) Draw a light construction line 1” in from and parallel to the western border of the drawing sheet.  This line represents the western limit of the traverse.





(c) Identify the traverse station with the largest Northing.  This point is the northern most station and will fall on the northern limit line.





(d) Identify the traverse station with the smallest Easting.  This point is the western most station and will fall on the western limit line.





(e) Subtract the Easting of the western most station from the Easting of the northern most station.  The result is the departure ((E) between these two stations. 





(f) Scale off this departure from the western limit line along the northern limit line and plot the northern most station.  Draw a construction line through this point,  perpendicular to the northern limit line. 





(g) Label this point with the corresponding traverse station designation.





(2) Locate remaining traverse stations





(a) Place the protractor index (center) over the plotted station orienting 0( with north. Plot the azimuth from the “occupied” station to the next traverse station using the adjusted azimuth from the traverse computation sheet. 





(b) Scale off the horizontal distance along the plotted azimuth to the next traverse station.





(c) Draw perpendicular (north/south east/west) lines through the new station.  Ensure lines are long enough to align 3 or 4 points on the protractor.





(d) Label this point with the corresponding traverse station designation.





(e) In succession, plot the remaining traverse stations in the same manner.





(f) After the last station is plotted check the azimuth to the first station with the protractor and compare this azimuth with the adjusted azimuth from the traverse computation sheet. The final plotted azimuth should be within (1( of the adjusted azimuth.





d. Draw Traverse lines





(1) Connect traverse stations with a thin solid line.





(2) Draw a 5’ diameter circle (scaled) around each traverse station.





(3) Erase all construction lines.





e. Label and dimension Plot Plan





(1) Using traverse computation form, convert adjusted azimuths to bearings.





(2) Label traverse lines with bearings and horizontal distances.





(3) Draw North arrow.





(4) Denote scale of Plot Plan under North arrow.





(5) Complete title block and legend.  Include any symbols used on the drawing in the legend.
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