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· Materials 
6
meter sticks

1
roll of transparent packing tape

1
roll of masking tape 

-
assorted books, magazines, or blocks of wood sufficient 


to form 20 piles ranging in height from 1 cm to 8 cm 

1 vertical-angle measuring instrument (see Surveying: Vertical Angles)
· Objectives
· To show how a surveyor collects cross-section data 
· To show how the topographic (or topo) lines of a site are delineated
· Construction of the Survey Rods 

[Note: If surveyor’s rods are available, they can be used in place of these “homemade” rods.]

1. Use a meter stick to represent the bottom of the rod. One person should hold it with the zero mark directed at the floor (see Fig. 1).
2. Place a second meter stick on the back of the first meter stick, but with its lower end at the mid-point of the first meter stick (see Fig. 1). Using clear packing tape, secure the two meter sticks together.

3. Place the third meter stick above the bottom of the rod such that they fit snugly (see Fig. 1). Using the clear packing tape, secure the top of the rod to the support stick.
4. Place a strip of ¾-inch masking tape over the entire length of the face of the stick representing the top of the rod. Using a felt-tip pen make 1-cm marks on the masking tape over the entire length of the top of the rod. The markings should be continued from those on the bottom of the rod.
5. Repeats steps 1 to 4 to make a second rod.

· Laying Out the Topography


This activity can be conducted either indoors or outdoors. It is more realistic if held outdoors. If outdoors, find an area of 8 to 10 meters long and about 5 meters wide. It would be preferable to have the low point pass through the center of the plot. The plot should have a slight slope of about 20 cm in the 10-m length. The task will be to map the terrain on this plot.


If the activity is held indoors, then the topography can be created using 20 stacks of books, magazines, and/or blocks of wood. Even waste buckets or small pails can be used. The constructed topography will involve four cross sections, with each cross section formed by five stacks of books (see Figure 2). The stacks will vary in height depending on cross section and station. Complexity can be added by using a greater number of cross sections and/or stations. The numbers shown in Figure 2 can be interpreted as relative heights for each station. The first cross section is located nearest to where the surveyor will stand to take measurements. The following steps can be followed to create artificial topography.

1. Place a 5-cm strip of masking tape on the floor. This will be the location where the surveyor will stand.
2. Measure a distance of 3 meters from the surveyor’s point and place a second 5-cm piece of tape (see Fig. 2). This will be the first cross section.
3. Place a third piece of tape 1.5 meters beyond the previous piece, a fourth piece of tape 2 m beyond that piece, and finally another piece of tape 1.5 m beyond that piece. Each of these will be the locations of additional cross sections. [Note: the last piece of tape should be 8 meters from the point where the surveyor will stand.]
4. At each cross-section indicated by the masking tape markers, place five stacks of books (or other stable objects such as blocks of woods, magazines). The center stack at each cross section should be the lowest. Approximate heights of the stacks are indicated on Fig. 2. These individual stacks are referred to as stations.
· Cross-Section Surveying: Procedure
1. The surveyor should stand at the piece of tape used to indicate the instrument location. Figure 3 illustrates the idea that underlies leveling.
2. The rodman should place the rod on the left stack of cross section 1.
3. While the surveyor with the help of the recorder reads the rod, the recorder should use the second rod to measure the height of the instrument above the floor. [Note: the recorder has three jobs: (1) help the surveyor ensure that the instrument is level; (2) measure the height of the instrument; (3) record both the reading on the rodman’s rod and the height of the instrument on Worksheet A.
4. The rodman should then move the rod to the adjacent stack and repeat step 3. [Note: the height of the instrument should be read for each measurement since it may change slightly.]

5. The process should be continued for all 20 values (5 readings on each of the four crosssections).

· Computations 

1. Complete the computations on Worksheet A.

2. Construct four graphs, one for each cross-section. These will be elevation views. (These will be similar in appearance to Figure 2). The ordinate of each graph is the elevation of each site. The abscissa is the distance from the left side of the section to the site. The resulting graphs are referred to as cross sections.

3. Construct a graph with the cross section as the ordinate and the section number as the abscissa. These will be plan views. At the intersection point for each of the twenty values, record the elevation. Then by interpolating between the elevations, construct topographic lines of equal elevation. Use a contour interval of 1 cm.
WORKSHEET A
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(2), (5), (8), (11):  enter height of instrument Hi

(3), (6), (9), (12):  enter rod reading Hr
(4), (7), (10), (13):  compute elevation of station, Es = Hi - Hr
DESIGN PROBLEM


In topographic surveying, leveling is the procedure used when one is determining differences in elevation between points that are remote from each other. An elevation is a vertical distance above or below a reference datum. In surveying, the reference datum that is employed is that of mean sea level (MSL). Surveyors use a level together with a graduated measuring rod. Refer to sheet titled, Determining differential leveling. 
Example:
A topographic survey was undertaken for the purpose of constructing a highway. The following data were provided by the surveyor.

BM elevation

=
113.87 ft.

Backsighting of BM
=
    5.24 ft.

Foresighting of TP1
=
  17.21 ft.

Backsighting of TP1 
=
    2.75 ft.
Foresighting of TP2
=
    5.69 ft.
Backsighting of TP2
=
    7.43 ft.

Foresighting of TP3
=
  10.48 ft.

Determine the elevation at points TP1, TP2, and TP3.
· Appendix: Engineering Surveying 

Surveying is the art and science of making earth measurements. Survey measurements include horizontal, vertical, and slope distances, and horizontal and vertical angles. In addition to obtaining information directly by taking measurements in the field, the surveyor also can derive related distances, elevations and angles through geometric and trigonometric analyses. The surveyor uses such data to create maps and determine coordinates.

Engineering surveying is defined by the American Society of Civil Engineers as the planning and execution of surveys for the location, design, construction, maintenance, and operation of civil and other engineered projects.  The following terms are used in engineering surveying:

Leveling:  The process of finding elevations of points or differences in elevations. It is used in the design of  highways, the layout of construction projects, the calculation of volumes of earthwork, and the development of maps.
Mean Sea Level (MSL):  The average height of the sea’s surface for all stages of the tide over a 19-year period.

Bench Mark (BM):  A relatively permanent object whose elevation is known.

Elevation:  The vertical distance of a point, usually from mean sea level.

Level Line:  A line in a level surface.

National Geodetic Vertical Datum (NGVD 29):  A network of thousands of bench marks around the country, made in 1929.

Loop:  A closed, geometric figure defined by a series of points and the intermediate straight lines. Leveling is checked for error with closed circuits or loops.

Loop disclosure:  The difference between the beginning bench mark’s given elevation and its elevation obtained after leveling through the circuit.

Bearings:  A system designating the directions of lines by means of an angle and quadrant letters.

Azimuths:  Angles measured clockwise from any reference meridian.

Traverse:  A series of distances and angles that connect successive points.
Transit and Theodolite:  Tools used for accurate measurement or layout of horizontal and vertical angles. Modern technological advances have led to production of electronic digital theodolites that can automatically read and record horizontal and vertical angles.

Area:  In plane surveying, acreage is considered to be the orthogonal projection of the area onto a horizontal surface. The following formulas for area are used:
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where a, b, c are sides of the triangle, and 
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 is the angle between sides a and b.

Planimeter:  A device that mechanically calculates area and records the answer as a tracing point is moved over an outline of the figure to be measured.
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