Summary of the lesson.

Processing of field measurements of leveling by squares.  Calculation of elevation marks of points. Building a leveling plan by squares, drawing the situation and methods of horizontal drawing on the plan. Calculation of the instrument horizon at stations. Calculating the height of the points.

When leveling, the height differences (exceedances) between the points are found. For a given height of the starting point and for the exceedances of other points relative to it, the heights of all other points are obtained.

Technical leveling is used in solving engineering and technical problems: to create a survey justification, to determine heights during surveys, for planning and construction of populated areas, road design, land reclamation, etc. structures.

Leveling is performed in the form of closed or open moves, using the “from the middle" method. Pickets are broken up, the distances between which are 100m. Slats are placed on shoes or on pegs. The shoulder difference is not more than 5 m. The excess is determined twice at each station. When working with one-sided rails, the excess is determined when the height of the tool changes.

The place where the level is installed is called the station. From one station it is possible to take readings on rails installed at many points. In this case, the excess between the points does not depend on the height of the level above the ground. If you set the level higher, both counts a and B will be larger by the same amount, but the differences between them will be the same. To calculate the mark of the desired point, you can use the calculation method through the horizon of the device (ГП). This method is convenient when several points are leveled from one station. It is obvious that if we add a reading along the rail at point L to the mark of point A, we will get a mark of the sighting axis of the level. This mark is called the horizon of the device. If we now subtract the readings at all points taken at this station from the horizon of the device, we will get the marks of these points.

The horizon of the ГИ  instrument is the height of the sighting axis above sea level or above the conditional level.
ГИ= На+ а или  ГИ = Нв + в
Thus, the ГИ is equal to the height of the point plus the count taken on the black side of the rail installed at this point.

The mark of intermediate and plus points is calculated by the formula: 

Нс= ГИ –с
Leveling the surface. Transfer of the mark to the mounting horizon. Transfer of the mark to the bottom of a deep pit.

To solve various problems on the terrain, the surface is leveled by squares (Fig. 7.11). To do this, the plot is divided into squares with sides of 10, 20, 50 or 100 m. If the relief of the site is weakly expressed (flat), then the leveled points are placed evenly on the site, and the lengths of the sides of the squares are increased. With a clearly defined relief (rugged, with watersheds, talvegs, etc.) in places where the profile changes, their frequency is increased. The scheme of leveling the vertices of a square depends on the size of the plot, the complexity of the relief forms, the need to get more points with marks in addition to the marks of the vertices of the squares. The leveling course along the squares is laid according to the program of technical leveling or 4th grade. All connecting points of the course are fixed with stable stakes or special shoes. The rail is placed on the end of a stake or shoe. The counts on the rails are recorded in the leveling log or on the square scheme, and the numerical values of the counts are signed near the vertices of the squares on which they are obtained. The boundaries of work at the station are separated by a dotted line. When processing the measurement results, the exceedances and marks of the connecting points of the stroke are calculated first. The marks of the vertices of the squares are calculated through the horizon of the device.

[image: image1.jpg]Fig. 7.11. The scheme of leveling!
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Each vertex is fixed with a peg driven flush with the ground. A gatehouse with the vertex number 1a, 2b, etc. is hammered nearby. The breakdown is made by a theodolite and a rangefinder (tape). For small sides of squares, the outer contour of the plot is first divided, and then the inner vertices of the squares. If the sides of the squares are large, split two mutually perpendicular lines in the center of the plot. From these lines, the vertices of the remaining squares are split by constructing right angles and postponing distances in the resulting directions. The points of the geodetic reference network available on the site are included in the network of squares. In addition to the tops of the squares, plus points are fixed on the terrain, located at characteristic relief points and on the bends of the slopes inside the squares and on their sides. The position of the points is determined from the nearest sides or vertices of the squares.

The layout of the grid of squares and plus points is drawn on paper (Fig. 1). In the diagram, the arrows show the characteristic relief lines and directions along which horizontal interpolation can be carried out. It serves as an outline of a horizontal survey of the terrain, which is carried out simultaneously with the breakdown of squares. The main method of shooting is the method of perpendiculars; the method of linear serifs is also used (with small square sizes).
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Fig. 1. - A diagram of squares with an outline of horizontal terrain survey




	НП - work to determine the planned and altitude position of points located on the area, which gives a characteristic of the relief and allows you to depict it horizontally on the plan. 

Leveling by squares. Squares with sides of 10. 20, 50. 100 m, a level is placed in the middle of the plot. Report on the black side of the rails.

Defined by ;
               ГИ=На+а

               Нсi=ГИ-с

The calculated elevation marks are carried out by interpolating the horizontal.
	          


The basic axial systems are called the planned center basis on the initial horizon. The initial horizon is usually called the horizon of the installation site upon completion of the construction of the underground part of the building. The basic figures of the axial system are built on the initial horizon and in their shape repeat the configuration of the building. They consist mainly of typical regular geometric shapes, the sides of which are located parallel to the axes of the building so that the subsequent breakdown of the axes is carried out directly by linear measurements along the sides of the basic figure and by the method of lateral leveling — in the perpendicular direction. The accuracy of the construction of the planned network on the initial horizon is determined by the necessary accuracy of the detailed breakdown of the axes, taking into account the construction of the spatial network on the installation horizons and for prefabricated buildings is characterized by an average square error of 1 ... 2 mm. The number of points in the network depends on the size and configuration of the building, the technology of construction and installation work, and other factors.

The mounting horizon is understood as a conditional plane passing through the support platforms of the erected load-bearing structures of the floor under construction or the tier of the aboveground part of the building.

The task for the SRS

1. To study the level checks, write the results in task No. 1 “Working with the level”. 1] pp. 35-39. 

2. The literature is listed at the end of the task. Deadline for completing the task: 1 week.

The task for the SRSP

1. For the next studio lesson, process the results of geometric leveling. [2] p. 10-15.

The control of the completed task will take place at the SRSP classes (according to the schedule of classes).

А) Control questions for the written exam 
1. What is GI?

2. How is geometric leveling performed?

3. How is technical leveling performed?

4. How is square leveling performed?

5. Classification of levels?
Б) Test tasks for computer testing
1. The maximum discrepancy in technical leveling for 1 km of travel?

A) 5 mm 

B) 50 mm;

C) 20 mm;

D) 30 mm;

E) 50 mm. 
2. Calculate the mark of the intermediate point C, if the GI of the station GI = 120.120 m and the countdown on the rail a = 2020 are known.
    А) 118.100 m;

    В) 122.140 m;

    С) 120.100 m;

    D) 100.100 m;

    Е) 120.120 m.

3. What is the difference between the heels of the rails allowed for technical leveling?

A) 5 mm;

C) 3 mm;

C) 8 mm;

D) 10 mm;

      F) 2 mm.
4. The essence of geometric leveling?

A) determining the slope between two points in profiles;

B) determining the coordinates of two adjacent points;

C) determining the slope between two points;

D) determination of the height difference of the tool;

E) determination of the height difference of a point by means of a horizontal levelling beam;
5. The permissible discrepancy of the course of technical leveling with a length of 25 km is equal to:
A) 2 dm;

B) 250 mm;

C) 20 сm;

D) 30 сm;

E) 5 сm.

6. Geometric leveling accuracy?

A) 2-5 m;

B) 1-10 mm;

C) 1-10 cm;

D) 1-2 m;

E) 10-20cm.

7. Permissible deviation of the readings on the double-sided leveling rail at the station during technical leveling:

A) 5 mm;

B) 10 mm;

C) 3 mm;

D) 6 mm;

E) 8 mm.
8. The picket value of the point on the terrain of the point is equal to ПКВУ + 87.75 m to determine the distance in meters from the beginning of the route to this point:

A) 412,25;

B) 87,7;

C) 312,25;

D) 487,75;

E)  512.25.

9. Calculate the excess of h, if the counts on the black sides of the rails are known, rear a = 2020 mm; front b = 1020 mm.

A) 0.109 m;

B) 10.10 m;

C) -10.10 m;

D) 1m;

E) 3040 m.
10.  What are the main elements of the curve needed to break it down in kind?
A) Т,К,И,Б;

B) К,Т,Б,Д;

C) Т,В,Б;

D) К,Т,П,Н;

E) К,Б,П,В.
11. What is achieved when the level is installed at an equal distance from the rear and front rails?

A) compensation of errors due to non-parallelism of the axis of the cylindrical level and the sighting axis is the main condition for leveling;

B) compensation of errors due to non-perpendicularity of the circular level axis and the sighting axis;

C) compensation of errors due to non-parallelism of the axis of the round level and the axis of rotation of the tool;

D) compensation of errors due to non-perpendicularity of the vertical thread of the thread grid and the sighting axis of the level;

E) compensation of errors due to non-parallelism of the sighting axis and the axis of the cylindrical level of the level.

12. What signs are fixed leveling networks?

A) towers;

B) reference points;

C) stakes;

D) trig points;

E) signals;

13. What characterizes the figure behind the letter H at the levels?

A) The measurement of exceedances per 1 km of double travel;

B) the leveling class for which the specified leveling is applied;

C) the error of reference along the middle thread on both sides of the rail;

D) the error of the difference of the exceedances determined by the red and black sides of the rails;

E) the maximum difference of the heels of the rails.

14. What is the main condition of leveling?

A) the perpendicularity of the axis of the cylindrical level and the plane of rotation of the levelling telescope;

B) parallelism of the sighting axis of the telescope and the axis of the cylindrical level;

C) the perpendicularity of the axis of the circular level and the plane of rotation of the levelling telescope;

D) the perpendicular axes of the circular and cylindrical levels;

E) parallelism of the axis of the circular level and the vertical axis of rotation of the level.

15. Determine the location of the zero work point at the values of working marks: a = 0.80 m, b = 0.20 m, d = 100 m?

A) 80 m;

B) 60m;

C) 70 m;

D) 40 m;

E) 50 m.
Glossary on the topic
	№
	Russian/Kazakh/English
	Content

	1
	Нивелир
	a device for determining the marking of the points of the Earth (H) and for determining the excess.

	
	Нивелир
	

	
	Level
	

	2
	Рейка
	a tool designed to determine the excess and distance

	
	Рейка
	

	
	Rod, pole, staff
	


	№
	Russian language
	Kazakh language
	English language

	1
	Горизонт инструмента
	Аспап горизонты
	Horizont of instrument

	2
	Плюсовая точка
	Плюстік нүкте
	Plus point

	3
	Репер
	Репер
	Benchmark
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