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• General definitions 

• Methods of leveling 

• Differential leveling equipment  

• Basic principle in Diff. leveling 

• Diff. leveling definitions 

• General procedure 

• Booking and calculations 

• Leveling applications 
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Point Elevation: 
Vertical distance above or below a certain datum (MSL). 

   +ve if above datum (e.g. Jerusalem) 

   –ve if below datum (e.g. Jericho) 

Leveling:  

Determination of elevation or difference in elevation 

 

 

 

                                                          

Definitions 

100 



Leveling can be done in several ways: 
 

• Tape leveling 

• Barometric leveling 

• Trigonometric leveling 

• GPS leveling 

• Photogrammetric leveling 

• Differential leveling 
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Differential leveling equipment 
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Differential leveling equipment 
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The line of sight must be in a horizontal plane 

 

Basic Principle in Diff. Leveling 
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Basic Theory in Diff. Leveling 
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BM: relatively permanent point of known elevation. 
 

HI:   elevation of the line of sight of the level. 
        = elevation of BM + staff reading at BM  
 

BS:  the first staff reading after setting up the level. 
 

FS:   the last staff reading before moving the level. 
 

IS:     reading(s) between BS and FS. 
 

TP:    point that has FS and BS readings. 
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Height of Instrument method 

 

 

 

 

 

 

 

 

Booking and Calculations 
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Height of Instrument method 

 

 

 

 

 

 

 

 

Booking and Calculations 

113 

All RLs except the first = (Ʃ of each HI value*Ʃ(related # of IS 

&FS)) – Ʃ IS – Ʃ FS  
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Rise and Fall method 
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Rise and Fall method 
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Closure Error 
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Closure Error 
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Closure Error 
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Closure Error 
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Closure Error 
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10 m 20 m 

14.254 m 

3 

2 

2 

3 

16.250 m 
13.948 m 

20.011 m 

Closure error = 20.011 – 20 = + 0.011 m ~~ (11 mm) 

Allowable error = +/- (2 to 5( mm √)9 km) = +/- 15 mm 

 Since {C. error (11 mm)  <  A. error (15 mm)  Accepted 



1.  Ordinary Leveling 

     - doesn’t require very high accuracy 

      - suitable for small engineering projects, topographic         

        mapping 

2.  Precise Leveling  

     - very accurate 

     - used for the establishment of BM points and high    

       accuracy projects 

     - require high precision levels and staves. 
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• Longitudinal sections (profiles) 

• Cross sections 

• Contour maps 

• Setting out elevations 

  

Leveling Applications 
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Leveling Applications 
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• Longitudinal sections (profiles) 
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• Cross sections 
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• Cross sections 
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• Contour maps 

Leveling Applications 
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• Contour maps 

A contour line: 

An imaginary line that  

Connects points on the  

Ground of the same 

Elevation. 

 

A contour interval: 

The vertical distance 

between two successive 

contours. 

Leveling Applications 
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Contour characteristics: 

Leveling Applications 
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Contour characteristics: 

Leveling Applications 
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Contour interval choice: 

Leveling Applications 
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Contouring methods: 
 

1. Grid Method 

 

Leveling Applications 
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1. Grid Method 

 

Leveling Applications 
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Contouring methods: 
 

2. Radiating lines method 

 

Leveling Applications 
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Contouring methods: 
 

3. Cross sections method 

 

Leveling Applications 
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• Setting out elevations 

  

Leveling Applications 
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• Example: 
 A sewage pipe with 1% slope and 50 cm diameter was set out in a project 

where the staff readings at soil under the pipe of A, B and C were (3.21, y, 

5) m. The elevation of point A is 37.42 m. Determine: a) Staff reading at B( 
y), b) the distance d between B and C , c) the elevation of M 
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• Blunder errors 

• Random errors 

• Systematic errors 

  

Leveling  Errors 

155 



 

• Blunder errors 

  

Leveling  Errors 
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• Random errors 

  

Leveling  Errors 
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• Systematic errors 

  

1.  

 

 
 

 2. 
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• Systematic errors 

1.  
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• Systematic errors 

  2. 
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• Definitions. 

• Theodolite equipment. 

• Theodolite setting up. 

• Theodolite applications. 

• Practice 
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Horizontal Angle: Angle in a horizontal plane. 

   Angle between the projections of lines in a horizontal plane. 
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Vertical Angle: Angle in a vertical plane. 

   Angle between the line of sight and a reference horizontal 

plane. Either angle of elevation (+) or of depression (-). 
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Zenith Angle: Angle between a line of sight and Zenith 

direction. 

                 Z = 90 – V        or,      V = 90 – Z  
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Direction Angles: Reference angles express the  

direction of a line. Always referred to the North direction 
            

                                A. Azimuth Angle           مستوى أفقي 
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Direction Angles: Reference angles express the  

direction of a line. Always referred to the North direction   

                          B. Reduced or True Bearing أفقي      مستوى   

 

 

 

 

                                                          

Definitions 

168 



Declination Angle: Angle between true north and 

magnetic north. It varies from time to time and from 
location to another.   

                             C. Magnetic Bearing أفقي              مستوى   
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       Back Bearing and Back Azimuth 
                         

 Back  Bearing 

Bearing of AB          = 

Back Bearing of AB = Bearing of BA 

                                = S 60º W 
 

 

Back  Azimuth 

                      𝛼𝐵𝐴= 𝛼𝐴𝐵 ± 180º  

Definitions 
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The Theodolite Equipment 

0.5 m 
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The Theodolite Equipment 
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Should be centered over  
    the survey point. 

 
Should be leveled. 

 - bull’s-eye bubble for preliminary  

     leveling 

  -  one plate bubble for precise  

      leveling 

 
 
 
 

 
 
 
 
 
 
 
  

Theodolite setting up 
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Horizontal Angle Measuring 
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0.5 m 

0.5 m 



Vertical Angle Measuring 
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1. measuring heights 

2. measuring horizontal distances 

    a. tangential method    طريقة الظل  

    b. stadia method    طريقة الشعيرات 

         - horizontal telescope 

         - inclined telescope 
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Measuring heights 

 

 
 

 

 
 

 

                           

                 H = D(tan α – tan β) 
 

Applications 
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Tachometry: Tangential method 
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Example: 

 
 

 

 

 

Soln: 
       k = 100 

       r = {upper stadia reading – lower stadia reading} 

   D = kr = 100(1.062 – 0.938) = 12.40 m 
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Tachometry: Stadia method  

 
 

  k = 100 

  r = upper stadia reading – lower stadia reading 
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Tachometry: Stadia method  

 
 

  k = 100 

  r = upper stadia reading – lower stadia reading 
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• Building width. 

• Building verticality. 

• Drawing building elevations. 

• Traversing and triangulation networks. 

• Mapping details. (angle + distance or two angles) 

• Setting out works. 

    - angles (right angles) 

    - horizontal curves (circular and spiral) 

    - engineering drawings. 

• Others as extending lines, projection of elevated points. 

 

Other applications 
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• Areas 

  I.   Areas by a planimeter 

  II.  Areas of regular figures  

  III. Areas of irregular figures 

• Volumes 

  I.    Volumes  by AEA method 

  II.  Volumes by prismoidal method 

  III. Volumes from contour maps 

  IV. Volumes from spot levels 
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Part One: Areas 

  I.   Areas by a planimeter 

  II.  Areas of regular figures  

  III. Areas of irregular figures 
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I. Areas by a planimeter 

The planimeter is an instrument by means of 

which the area of a known scale plotted, closed 

figure (regular or irregular) can be determined. 

Planimeter Types: 

  - Polar type (Old) 

 

 

  - Digital type  

Areas 
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I. Areas by a planimeter 

- Polar type (Old) 
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I. Areas by a planimeter 

  - Digital type  

Areas 
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II. Areas of regular figures 

  1. Basic Figures 

   2. Method of coordinates  

                      1. Basic Figures 
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II. Areas of regular figures 
                     

1. Basic Figures 

Areas 
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II. Areas of regular figures 
                     

1. Basic Figures 
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II. Areas of regular figures 
                     

2. Method of coordinates 
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II. Areas of regular figures 
                     

2. Method of Coordinates 

Areas 
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 III.  Areas of irregular figures          

1. Give and take method 



 III.  Areas of irregular figures          1.Give and take method Areas 2 0 9 



 III.  Areas of irregular figures          

2. Graphical method 

Areas 
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 III.  Areas of irregular figures          

3. Trapezoidal method 

Areas 
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 III.  Areas of irregular figures          

4. Simpson’s one third method 

Areas 
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  Example 
For n = 8: 
 

𝐴
=  𝒃

𝟑
𝒉𝟏 + 𝟐 𝒉𝟑 + 𝒉𝟓 + 𝟒 𝒉𝟐 + 𝒉𝟒 + 𝒉𝟔 + 𝒉𝟕   

214 

+ 𝒉𝟕+𝒉𝟖

𝟐
× b 

For n = 4: 

 𝐴 =  𝒃

𝟑
𝒉𝟏 + 𝟒 𝒉𝟐 + 𝒉𝟑   + 𝒉𝟑+𝒉𝟒

𝟐
× b 
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Part Two: Volumes 

  I.    Volumes  by AEA method 

  II.  Volumes by prismoidal method 

  III. Volumes from contour maps 

  IV. Volumes from spot levels 
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Part Two: Volumes 

  I.    Volumes  by AEA method 

   

Volumes 
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Part Two: Volumes 

    II.  Volumes by prismoidal method 

   

Volumes 
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III. Volumes from contour maps 

   

Volumes 
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   IV. Volumes from spot levels 
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