Department of Civil Engineering, HKUST

CIVL 102 Surveying & Surveying Camp
Fall 2008

Differential Leveling      

Objective: 
To determine the reduced levels of all unknown points by closed-loop leveling 
Instructions:
Borrowing equipment:
Meet group members and TAs outside the Concrete Lab, in the outdoor area between Lifts 19 & 20 (with a yellow container building). Give all your student ID cards to the technician (Dicky). TAs will then take you to phase III lawn and explain how to operate the instruments. 
	Instrument:
	Topcon Auto. Level
	Aluminum tripod
	5m telescopic staff
	Staff bubble
	Rubber bands
	Ground plate

	Quantity:
	1
	1
	2
	2
	A few
	1


· Bring calculators, booking forms and use ball pens for writing (no pencils). 
· Roughly equal BS and FS distances (by eye) is good enough (+/- 30% is OK).

· Use the ground plate if you need to place additional points. 
Assigned stations are as follows (BM = benchmark, whose RL will be announced soon):
	Group 
	M1
	M2
	M3
	M4
	M5
	M6
	M7
	M8
	M9
	M10
	M11
	M12
	M13
	M14

	BM
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	A1
	A2
	A3
	A4
	A5
	A6
	A7

	2nd point
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B3
	B4
	B5
	B6
	B7
	B1
	B2

	3rd point
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C2
	C3
	C4
	C5
	C6
	C7
	C1

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Group 
	W1
	W2
	W3
	W4
	W5
	W6
	W7
	W8
	W9
	W10
	W11
	W12
	W13
	W14

	BM
	A1
	A2
	A3
	A4
	A5
	A6
	A7
	A1
	A2
	A3
	A4
	A5
	A6
	A7

	2nd point
	B7
	B1
	B2
	B1
	B2
	B3
	B4
	B5
	B6
	B7
	B3
	B4
	B5
	B6

	3rd point
	C2
	C3
	C4
	C5
	C6
	C7
	C1
	C1
	C2
	C3
	C4
	C5
	C6
	C7


· You can start by sighting any assigned point (not necessarily the EM). However, on the booking form, you must organize the data neatly: let BM appear in the first row, and so on.
· Ensure your misclosure is acceptable (up to 8mm
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) before leaving the lab.
· Submit your booking form(s) to either TA at the end of the lab, who will forward them to Thomas. It will be returned to you in the next available CIVL 102/114 class.
· Benchmark values will be released next week. Report format will also be given.

· An inverted staff reading must be taken on the underside of a beam outside the academic building. Your TA will tell you where.
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All instruments must be returned to Room 3206 and checked by Dicky at least 10 minutes before the lab ends. 
** Report (one per group) is due 2 weeks after lab. Hardcopy (1-page printout): submit to CIVL 102 collection box outside Rm. 2126. Softcopy (Excel): email to either one of your TA.
** If you misclosure is exceedingly large, then ignore LS adjustment. Instead, submit a short analysis (hardcopy only) on what error may have occurred and where the likely section is.
How to use the Tripod, Automatic Level and Staff (these will be explained by your TA)

A. Setting up the tripod :

· Release all clamp screws, extend the legs to a suitable length, and tighten the screws. Inexperienced people working on a steep hillside often find the instrument too low to sight the higher point after tripod is set. Hence, set the tripod as high as possible, but don’t forget to leave enough room for the level and other observers’ height.
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Fig. 2
Various parts of a metal tripod
· Lift and maneuver two legs of the tripod at a time, until the tripod head surface is approximately horizontal by eye. When on soft ground, step on the foot supports to plant all legs firmly into the soil to avoid subsequent settlement. When on sloping ground or a staircase, have one leg pointed uphill and two legs downhill for stability.

·  Unclamping all clamp screws will allow you to easily adjust lengths of all legs simultaneously, if this is needed.
· If the tripod is on a hard, smooth surface such as a sidewalk, its tips (metal shoes) should be placed in cracks whenever possible to prevent sliding or collapsing.

B. Setting up the level:
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Fig. 3
Various parts of a level

· Take the level carefully out of the box, align the tripod screw to the socket on the base of the level, and firmly tighten the connecting screw to securely fix the level on the tripod head. Remove the lens cap (if any), put it back in the box and close the lid.

· The level has a circular bubble (the dot in Fig. 4) indicating the direction of tilt. Loosen the clamp screw and extend / shorten the tripod leg in that direction, while stepping on its foot support to avoid lifting the metal shoes. Do so until the bubble is either centralized or moved to the direction of another leg. Repeat until the level is roughly horizontal, i.e. bubble is sent inside small circle in Fig. 4 by adjusting tripod only. 
· Further level the instrument by centering the circular bubble, whose movement can be divided in two perpendicular directions. The first direction is along the line joining two footscrews, say A and B. With reference to Fig. 4, (i) center the bubble along line A-B by turning A and B in equal and opposite amounts. The “left thumb rule” applies: bubble follows direction of left thumb; (ii) turn the remaining footscrew C (only) to center the bubble along the second direction. Repeat from (i) if necessary, but perfect centering is not needed. Do not turn the footscrews excessively (say more than 10 turns), or you will damage the level! This is why we used tripod legs to send the bubble inside the circle first.
Fig. 4

Centralizing the bubble
For an automatic level, no further adjustment is necessary after steps (1), (2) and (3), thanks to an internal compensator that will maintain a horizontal line of sight as long as the instrument is roughly leveled. For older-generation levels such as tilting levels, and other surveying instruments such as theodolites, they may require additional fine leveling with reference to a more sensitive plate bubble on the instrument.

· Always protect the level from shock/vibration/rain, and avoid prolonged exposure to direct sunlight. An umbrella would be useful.
· If the equipment has to be carried with tripod attached, always keep the whole assembly upright. Never carry it over the shoulder (or you may damage the connecting bolt).

C. Taking the readings:

· If you need to extend the staff, extend the lowest piece first, until a click sound is heard for a firm connection. To shorten it, first press the square button in the back. The staff must be held vertically as indicated by a bull’s eye bubble secured by a rubber band. 
· Adjust the reading eyepiece to your eyesight so that the cross-hairs are seen clearly (do not turn the eyepiece excessively - it may break!). You can put a sheet of white paper in front of the lens to see a clear image of the cross-hairs when adjusting it. Then turn the level to aim at the staff (small movements can be done by the fine movement knob if needed), and adjust the focusing knob until the staff reading is clear. Check for parallax: if the cross hairs appear to move over the readings when the eye moves slightly, parallax exists and should be removed by readjusting the object lens, or the eyepiece, or both. 
· Read the staff carefully, and remember to use the middle (longest) horizontal crosshair and not the top or bottom one. Although the smallest division on the staff is 0.5 cm, do estimate the staff reading to one mm, and record it on the booking form with a pen. To avoid making a mistake, you should look at the staff from close-up first, and understand the staff markings before the measurements begin. 
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