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1.
You are in charge of the Survey Team of the Road Transport Authority of your 
country. You have been asked to conduct a survey for a proposed road project of 
150 km long and 100 m wide. Write a short Feasibility Study Report which 
should consist of the following:

a. Types of surveying to be conducted.

b. Types of surveying instruments and accessories to be used.

c. Necessary measurements to be carried out.

d. Necessary computation to be made.

e. Necessary drawings to be prepared.

f. Quantities of earthwork (cutting and filling) to be computed.

g. Obstructions and difficulties to be anticipated and their probable remedies.

h. References.

a) 
Types of surveying conducted

Since the surface area to be covered by the proposed road is approximately 50 km by 100 m, that is about 5 km2, therefore plane surveying will be adequate.

Plane surveying can be divided into the following: 

· Traverse surveying

· Linear surveying

· Ordinary leveling

First, an open traverse survey will be conducted. A diagram of an open traverse is shown below:

N
Starting station of the road





Ending station of the road









The length and bearing of the starting line are measured and by computing the latitude and departure for each of the lines, the position of each station and length of each line will be known.

Ordinary leveling must also be conducted to determine the various levels of each of the stations on the traverse. 

In addition, stadia surveying, otherwise known as tacheometry surveying, will be conducted along various points on the road to determine the vertical and horizontal distance of the road so that the contour of the road can be determined.

Last but not least, profile leveling will be conducted in the case of road surveying. Profile leveling is a specialized form of differential leveling in which elevations are taken at specific points along the intended route of a highway. The purpose is to establish the profile and the cross-section along the right-of way.

b)
Types of surveying instruments and accessories used

i) 
Distances are measured with the Electronic Distance Measurement (EDM) 
equipment. An EDM instrument provides quite accurate distance readings 
in the blink of an eye. It determines the round-trip distance between two 
points in terms of an exact number if wavelengths of modulated 
electromagnetic energy. An advantage is that it can be operated in haze or 
light rain. 


An EDM reflector is used together with an EDM to reflect the emitted               
electromagnetic wave back to the EDM for distance calculation.

ii) Horizontal and vertical angles are measured with a theodolite. It is an instrument that make it possible to read angles to very small fractions of a degree, thus making the surveying results very accurate.

iii) A level is used to determine the height of various stations in the surveyed area. It is a tripod mounted telescope whose optical axis is perpendicular to a vertical reference, the latter being a leveling staff. It contains a mechanism for bringing the telescope axis to horizontal and permits rotation about the vertical axis so that the line of sight may be pointed in the desired direction. The staff and the telescope axis are maintained parallel to one another so that the act of bringing the level bubble to center also brings the telescope optical axis to the horizontal. The bubble will looked like the following when leveled:

      Not leveled



         Leveled



iv) A leveling staff will be used together with a level. This staff is 3 metres long and is calibrated at equal intervals for the purpose of measuring vertical heights of various points. In order to hold the staff as vertical as possible, a leveling bubble is used.



         Not leveled


   
         Leveled



The bubble will look like the figure on the right when the staff is vertical.

v)
A theodolite is mounted on a tripod and a plumbline is hung from the tripod. Through the theodolite, the tripod can be adjusted so that the theodolite can be shifted to above the exact location of the station. Also, bubbles available on the theodolite need to be adjusted so that the theodolite is horizontally leveled. An example of the theodolite bubble is shown below:









Not leveled












Not leveled






Leveled (Bubble at rest in the center)

vi)
Lastly, a prismatic compass will be used to measure bearings of assigned points on the road. In this case, it will be employed in the measurement of the bearing of the starting station of the road. It consists of a magnetic compass mounted on a tripod.

c)
Necessary measurements to be carried out

i) 
Using an EDM, with the instrument placed at a station and the EDM 
reflector placed at another station, the distance between the 2 instruments 
will be obtained as shown below :









  d






(





H


Since the angle of elevation or depression can be obtained using a 
theodolite, the exact horizontal distance between 2 stations can be 
calculated as shown,

H = d cos (

To minimize random errors, 2 readings will be taken, one on each face, 
that is one left face reading and one right face reading. Subsequently, an 
average of the 2 readings will be taken. 

ii) To determine the vertical distance between 2 stations, a tripod-mounted telescope known as a level is used. Through the level, we will be able to see a circular screen with lines as shown:
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leveling staff

To read the readings from a leveling staff, the circular screen will be aligned to the reading of the staff as shown above. In this figure, the reading will be taken as 163.

iii) The distances and heights around each station can be obtained using a theodolite. By placing the level staff at various points on the survey ground, and the theodolite adjusted to a certain vertical angle, the approximate level of these points can be calculated from the vertical angle and the staff level measured using the derived formulas. These values will be needed to construct a topographic map or plan with contour lines.

iv) In tacheometry, the various levels of selected points on the road will be measured using a theodolite and a leveling staff. The setup for this process is shown below:







Three readings will be taken from the staff, namely the upper, middle and lower readings.

d)
Necessary computation to be made

i)
From the prismatic compass, we can measure the bearing of the starting station. Also, using the theodolite and the EDM, the respective angles and distances between each of the stations are measured and recorded.

ii)
When all the angles are measured, they are tabulated so that necessary calculations can be carried out and recorded. The necessary calculations will be needed to compute the following information:

· The whole circle bearings and reduced bearings of all the stations will be calculated.

· With the distance and angles between 2 stations known, the latitude and departure of one station relative to another can be computed and eventually, they will be recorded.

· When the latitudes and departures are known, coordinates of all stations with respect to one point can be determined.

All these values will be tabulated onto a traverse computation chart, and any random errors detected from the calculations will be accounted for and recorded in the chart.

iii) The height of each station will be measured using a level and a staff. 

Given also the benchmark, the various reduced levels of each station can 
be computed easily. In addition, data like height of instruments and height 
of collimation will be calculated and recorded. In the process of 
determining the height of each station, staff readings such as back sight, 
fore sight and intermediate sight will be measured and recorded. If the 
terrain situation makes it impossible to measure the height of one station 
with respect to the other directly, then a Change Point may be introduced 
to solve the problem.

iv)
A table will be drafted to record the readings obtained, that is, the back sight, fore sight and the intermediate sight. Depending on the method employed in obtaining the reduced levels of each point, which is either the rise and fall method or the height of collimation method, a table for one of the method will be constructed for data entry and calculations.

iv) Lastly, from tacheometry surveying, three readings will be taken from the staff at each of the selected features or points on the road. From these readings, we will be able to determine the horizontal and vertical distances of that selected point with respect to a station using either two derived formulas or the table provided.

The 2 formulae are 



H = 100 s cos2(


V = 50 s sin2(
where H is the horizontal distance,


V is the vertical distance,


( is the vertical angle,


s is the intercept ( top stadia reading - bottom stadia reading )

when all the distances and angles are measured and recorded, they will be tabulated.

e) 
Necessary drawings to be prepared

Based on the information obtained, a topographic map will be drawn. The topographic map will display the following information: 

i) Contours.  The approximate levels of various points on the surveyed area will be collated and contour lines will be drawn for every fixed contour interval, for example a constant vertical interval of one metre.

Closely spaced contours will represent steep slopes while broadly spaced 
contours indicate gentle slopes. Changing contour spacing shows changing 
slope; thus unevenly spaced contours indicated rugged or undulating 
terrain while evenly spaced contours indicate a constant surface gradient.

A contour line is continuous and will close on itself within a map 
boundary or else originate at one point on the map boundary and pass off 
the map at another point along the boundary.

Contours do not cross one another except for the case where there is an existence of an overhanging cliff.

ii) Specific features. Specific features such as buildings, rivers, footpaths, trees, bushes, edges of cliffs, summit of a round hill, shoreline, banks of rivers, drainage paths on the flanks of a tall cliff and round hill, ridge lines between drainage paths and low points.

The topographic plan should be drawn to a suitable scale such that it can cover the contour and special features precisely. A rough topographic plan may also be sketched to illustrate general information besides details. The figure below illustrate an example of a topographic plan that should be presented:






After open traverse is conducted, the plan as shown above is drawn. Various stations that connect the traverse will be marked at the approximate roadside. At approximately every 10 m interval from the start point to the end point, profile sections, that is cross sections, will be drawn at the bottom of the plan as shown.

The topographic map provides an idea of the terrain in the surveyed area. It will also display how the elevation varies with distances from various points. In general, the following useful information can be extracted from the map:

i) We can determine the number of trees and bushes in the surveyed area and thus, able to know the exact number of trees to be cut and bushes to be cleared to make way for the proposed road.

ii) The approximate levels of various points on the map are known. Therefore we are able to determine the amount of soil to cut and the amount of land to be filled in order to construct a relatively even road without severe height variations in different portions of the road. 

iii) Certain fixed buildings and objects along the proposed route may also be noted and the turning and meandering route of the proposed road may be planned in advanced.

iv) The kind of terrain that can be found on the surveyed area will be known, such as a grass patch, a barren land.

v) The profile of the centre line of the road will also tell us how the cross-section will look like. Knowing that, we can roughly visualize the nature of the road and determine how much cutting and filling of the land has to be done so that the road will not be slanted sideways.

vi) Rivers and streams, if there exists, will also be displayed on the map. From these features on the map, we can determine the number of rivers to be bridged, length of the bridge and how it should be bridged in order to form the road.

vii) Finally, from the map, we will find out how many buildings are built around the proposed road and how the future road construction will affect them. Thus, we can offer an acceptable sum of compensation to thee buildings' owners to make up for the negative effects that the road building might cause.

To conclude, I should say that the map is useful in providing us with the necessary information on the major obstacles that are likely to arise from the road construction, thus enabling is to plan ahead.

f)
Quantities of earthwork (cutting and filling) to be computed

From the elevation profile drawn, one can determine where to cut and fill. To compute the cut or fill, the reduced levels at each distance point must be found. The proposed level of the new works at each distance point is calculated. The cut or fill is the difference between the proposed level and the reduced level each point. A cut is required when the surface level is higher than the proposed level and a fill is needed when the surface level is lower than the proposed level. 

The cross section across the width of the road must also be calculated so that the total volume of cut or fill can be calculated.

g)
Obstructions and difficulties to be anticipated and their probable remedies

In surveying, the survey team may find obstructions and difficulties that make the construction of the original proposed route unrealistic. It is important to find alternatives and solutions to the problems before the actual construction starts. Otherwise, the whole project may fail. Below it an outline of the possible problems that may occur.

i) Residential areas lying on the path of the proposed road. Paying compensations to them can do resettlement of the residents. If it is not economical to pay the large compensations or if the residents refuse to move, it would be a better idea to detour.

ii) Religious institutions lying on the path on the proposed road. Religion is a very sensitive issue. If the religious institutions are deserted and dilapidated, they may be demolished. However, if the residents have strong faith in them, it is better to detour, to avoid resentment.   

iii) Hills or mountains lying on the path of the proposed road. The developers can choose to detour, use explosives to blow up the mountain or dig tunnels through to mountain.

iv) Large rivers stretching across the path of the proposed road. As filing up the river would upset the ecosystem, a suitable solution is to build a bridge across it.

v) Deforestation may upset the ecological system. Deforestation is inevitable if the road have to pass through thick forests. Reforestation should be carried out to complement the trees being chopped off once the road is completed.

vi) Pollution. Pollution should be kept to minimum. Chemical waste should be disposed properly, rather than to dump them into rivers.

h)
Conclusion

Surveying is essential to all civil engineering projects and it is important to avoid misconceptions of the traverse or any unforeseen problems that may hinder the construction project. All maps have to be carefully plotted and all obstacles analyzed and possible solutions work out. Otherwise, wrong decisions may lead to loss in precious time, money or even lives.

i) References

· “Class notes”

By Dr M.A. Aziz (NUS, Singapore)

· “Surveying For Construction”, fourth Edition

By William Irvine (McGram, Singapore)

2.
A, B and C are three shore stations on a coastline and P is a sounding point at sea 
as shown in Figure 2. The following measurements were taken by an EDM and a 
theodolite.

AB
=
400 m

BC
=
381 m

(ABC
=
122(30(00(
(BAP
=
72(02(45(
(BCP
=
70(27(15(
A and C are respectively east and west of BP. P and B are respectively north and south of AC. Calculate the distances AP, BP and CP.








Consider (ABC, by Cosine Rule,

AC2
=
3812 + 4002 – 2(381)(400)cos(122(30(00()


AC
=
684.78 m

Consider (ABC, by Cosine Rule,

381 / sin(BAC
=
684.78 / sin(122(30(00()

( 
(BAC

=
27(59(7.21(
Consider (OAB,

OA / 400
=
cos (27(59(7.21()

(
OA
=
353.23m

Consider (OAP,

(CAP

=
72(02(45( - 27(59(7.21(


=
44(03(37.79(
353.23 / AP
=
cos (44(03(37.79()

(
AP
= 
491.54 m
Consider (ABP, by Cosine Rule,

PB2
=
491.542 + 4002 – 2(491.54)(400) cos (72(02(45()

BP
=
529.53 m
Consider (ABC,

(ACB

=
180( - 27(59(7.21( - 122(30(00(

 

=
29(30(52.79(
Consider (ACP,

(ACP

=
70(27(15( - 29(30(52.79(



=
40(56(22.21(

By Sine Rule,


491.54
/ sin (40(56(22.21()
=
CP / sin (44(03(37.05()

(
CP


=
521.67 m

3. To find out the distance between two inaccessible points C and D, as shown in Figure 3, two stations were selected 100 m apart. The following observations were made by a theodolite.

(CAD
=
45(30(24(

(DAB
=
57(30(12(
(CBA
=
56(10(36(
and
(CBD
=
50(20(06(
Calculate the distance CD.






Consider (OAB,

(AOB

=
(COD

=
180( - 57(30(12( - 56(10(36(



=
66(19(12(
(DOB

=
(AOC

=
180( - 66(19(12(

 

=
113(40(48(
Consider (AOB, by Sine Rule,


OB / sin (57(30(12()
=
100 / sin (66(19(12()


(
OB

=
92.10 m


OA / sin (56(10(36()
=
100 / sin (66(19(12()


(
OA

=
90.71 m

Consider (OBD,


(ODB

=
180( - 50(20(06( - 113(40(48(





=
15(59(06(

By Sine Rule,


OD / sin (50(20(06()
=
92.10 / sin (15(59(06()

(
OD

=
257.44 m

Consider (OAC,


(OCA


=
180( - 45(30(24( - 113(40(48(






=
20(48(48(



OC / sin (45(30(24()
=
90.72 / sin (20(48(48()


(
OC

=
182.11 m

Consider (COD, by Cosine Rule,

CD2
=
182.112 + 257.442 – 2(182.11)(257.44) cos (66o19(12()

CD
=
248.56 m

4. The whole circle bearings of lines AB and BC are 18(24( and 50(54( respectively. The coordinates of points A and C are as follows:

Point
Northings
Eastings

A
300.00 m
400.00 m

C
1430.90 m
1250.80 m

        Find the lengths of lines AB and BC.

        Draw a neat sketch.

     B2



     









       C (1250.80, 1430.90)




       50(54(


   A2



                

       B




     B1

   18(24(
      A (400,300)                                        
         
         C1


     A1


C1C

=
1430.90 – 300.00




=
1130.90 m


AC1

=
1250.80 – 400.00




=
850.80 m

AC

=
( [(AC1)2 + (C1C)2]



=
( [(850.80)2 + (1130.90)2]



=
1415.20 m

(CAC1
=
tan-1 [(CC1)/(AC1)]



=
tan-1 [1130.90/850.80]


=
53(02(42(
(BAC

=
90(00( ( (A2AB ( (CAC1


=
90(00( ( 18(24( ( 53(02(42(


=
18(33(18(
(ABB1
=
(A2AB



=
18(24(
(B1BC
=
180( ( (B2BC



=
180( ( 50(54(


=
129(06(
(ABC

=
(ABB1 + ( B1BC



=
18(24( + 129(06( 



=
147(30(
(BCA

=
180( ( (BAC ( (ABC



=
180( ( 18(33(18( ( 147(30(


=
13(56(42(
Consider triangle ABC,

           AC
      
=
           AB
    
=
              BC



  sin ((ABC)


  sin ((BCA)


        sin ((BAC)

        1900.52         
=
           AB
    
=
              BC       
                           

                sin (147(30()

  sin (13(56(42()

      sin (18(33(18()

AB
=
634.75 m
BC
=
838.15 m
5. Table below shows the partial coordinates of a closed traverse. Calculate the following:

a.
Closing error.

b.
Accuracy of the traverse.

c.
Corrected coordinates of all stations, given that station P is the origin.

Line
Distance (m)
Easting
Westing
Northing
Southing

PQ
122
55.40
-
108.70
-

QR
156
73.20
-
-
137.70

RS
65
-
20.10
-
61.80

ST
60
-
56.40
-
20.50

TP
123
-
52.90
110.50
-

Line
Distance (m)
Easting (+)
Westing (-)
Northing (+)
Southing (-)

PQ
122
55.40
-
108.70
-

QR
156
73.20
-
-
137.70

RS
65
-
20.10
-
61.80

ST
60
-
56.40
-
20.50

TP
123
-
52.90
110.50
-

(
526
128.60
-129.40
219.20
-220.00


Error
(D= -0.80
(L= -0.80

a)
Closing error
= [((D)2 + ((L)2] ½



          
= 1.131 m
b)
Perimeter
= 122 + 156 + 65 + 60 + 123
   

= 526 m

Accuracy 
= Closing Error / Perimeter
                               
=  2.151 x 10-3
c)
Correction to latitude and departure by Bowditch Rule

Line
Correction to latitude
Corrected latitude
Correction to departure
Corrected departure
Station
Coordinates







Northings
Eastings

PQ
+0.19
108.89
+0.19
55.59
P
0.00N
0.00E

QR
+0.24
-137.46
+0.24
73.44
Q
108.89N
55.59E

RS
+0.10
-61.70
+0.10
-20.00
R
-28.57N
129.03E

ST
+0.09
-20.41
+0.09
-56.31
S
-90.27N
109.03E

TP
+0.18
110.68
+0.18
-52.72
T
-110.68N
52.72E


+0.80

+0.80


0.00N
0.00E

6.
A traverse survey was carried out along the boundaries of a building plot and 
produced the results as shown in the following table.

Line
Whole circle bearing
Length (m)

PQ
64(45(
121.25

QR
143(26(
236.83

RS
234(15(
179.00

SP
336(32(
264.97

Calculate:

a. Closing error.

b. Coordinates of Q, R and S with respect to P.

Line
Length

(m)
WCB
RB
Latitude
Departure





Northing
Southing
Easting
Westing

PQ
121.25
64°45(
64°45(NE
51.72
-
109.67
-

QR
236.83
143°26(
36°34(SE
-
190.21
141.09
-

RS
179.00
234°15(
54°15(SW
-
104.58
-
145.27

SP
264.97
336°32(
23°28(NW
243.05
-
-
105.52

(
802.05


294.77
-294.79
250.76
-250.79




Error
(L= -0.02
(D= -0.03

a)
Closing error 
= [((D) 2 + ((L) 2] ½




= 0.0361 m
b)
Correction to latitude and Departure by Bowditch Rule

Line
Correction to latitude
Corrected latitude
Correction to departure
Corrected departure
Station
Coordinates







Northings
Eastings

PQ
0.00
51.72
0.00
109.67
P
0.00N
0.00E

QR
+0.01
-190.20
+0.01
141.10
Q
51.72N
109.67E

RS
0.00
-104.58
+0.01
-145.26
R
-138.48N
250.77E

SP
+0.01
243.06
+0.01
-105.51
S
-243.06N
105.51E


+0.02

+0.03


0.00N
0.00E

7.
The following data refer to an open theodolite traverse (shown in Figure 7) round 
a building site.

Line
Plan length (m)
Exterior angle
Observed value

AX
160.00



AB
186.40
XAB
330(00(

BC
234.00
ABC
251(30(

CD
170.60
BCD
198(30(

DE
138.00
CDE
280(45(

Station A is the origin. Line AB is pointing north.

Calculate:

a. Total coordinates of each station.

b. Length and bearing of a proposed drain which is to be laid between the points X and E.

c. Bearings of EX and XE to establish the line of the sewer XE by theodolite.

[image: image1.jpg]



Figure 7

a)

Line
Length
Interior Angle
WCB
RB
Latitude
Departure






N
S
E
W

XA
160.00

30°00(
30°00(SW
-
138.56
-
80.00

AB
186.40
30°00(
00°00(
0°00(N
186.40
-
-
-

BC
234.00
108°30(
71°30(
71°30(NE
74.25
-
221.91
-

CD
170.60
161°30(
90°00(
90°00(E
-
-
170.60
-

DE
138.00
79°15(
190°45(
10°45(SW
-
135.58
-
25.74

Line
Latitude
Departure
Station
Coordinates





Northings
Eastings

AB
186.40
0.00
A
0.00N
0.00E

BC
74.25
221.91
B
186.40N
0.00E

CD
0.00
170.60
C
260.65N
221.91E

DE
-135.58
-25.74
D
260.65N
392.51E

EX
12.49
286.77
E
125.07N
366.77E

XA
-138.56
-80.00
X
138.56N
80.00E

b)

             X

                   y   




                                                       E




x




y
=
138.56 – 125.07
= 13.49 m

x
=
366.77 – 80.00 
= 286.77 m

(
XE
=
(x2 + y2) ½


=
287.09 m
c)

WCB reading of EX
= 270° + tan-1 (y/x)


= 272°41(36(
WCB reading of XE
= 180° - tan-1 (x/y)


= 92°41(36(
RB for EX
= 90° - tan-1 (y/x)

= 87°18(24(NW
RB for XE 
= tan-1 (x/y)

=  87°18(24(SE
8.
The following staff readings were taken in sequence during a leveling operation 
along a route of a drain.

Staff reading (m)
Remarks

1.250
BM 1
RL = 60.435 m

1.285
Peg A

1.125
Peg B

0.810
Change point

1.555


1.400
Inverted staff reading taken to the underside of a bridge

1.235
Peg C

0.665
Change point

1.905


0.070
BM 2
RL = 64.600 m

Calculate the reduced levels of various points using a standard format.

Rise/Fall Method

BS
IS
FS
Rise (+)
Fall (-)
RL
Remarks

1.250
-
-
-
-
60.435
BM1

-
1.285
-
-
0.035
60.400
Peg A

-
1.125
-
0.160
-
60.560
Peg B

1.555
-
0.810
0.315
-
60.875
Change Pt

-
1.400(I)
-
2.955
-
63.830
Inverted reading

-
1.235
-
-
2.635
61.195
Peg C

1.905
-
0.665
0.570
-
61.765
Change Pt

-
-
0.070
1.835
-
63.600
BM2

4.710

1.545
5.835
2.670



Arithmetic Checks:

( BS - ( FS

= 4.710 – 1.545
= 3.165

( Rise - ( Fall

= 5.835 – 2.670
= 3.165

Last RL – First RL
= 63.600 – 60.435
= 3.165

(
( BS - ( FS
= ( Rise - ( Fall
= Last RL – First RL 

Line of Collimation Method
BS
IS
FS
Height of Collimation
RL
Remarks

1.250
-
-
61.685
60.435
BM1

-
1.285
-

60.400
Peg A

-
1.125
-

60.560
Peg B

1.555
-
0.810
62.430
60.875
Change Pt

-
1.400(I)
-

63.830
Inverted reading

-
1.235
-

61.195
Peg C

1.905
-
0.665
63.670
61.765
Change Pt

-
-
0.070

63.600
BM2

4.710

1.545




Arithmetic Checks:

( BS - ( FS

= 4.710 – 1.545
= 3.165

Last RL – First RL
= 63.600 – 60.435
= 3.165

(
( BS - ( FS
= Last RL – First RL 

9.
The table below shows the results of a leveling operation along the centre line of a 
roadway where settlement has taken place.  The road was initially constructed at a 
uniform gradient rising at 1 in 75 from A to B. Assuming no settlement has taken 
place at station A.

BS
IS
FS
Remarks
Distance (m)

3.540


BM 1
RL = 78.675 m


0.410

3.665



0.525

2.245




2.840

Station A
0


2.440


30


2.045


60

2.475

1.655

90


2.090


120


1.700


150


1.315


180


0.900


210

1.465

0.485

240


2.055


270


1.645

Station B
300



2.040
BM 2
RL = 78.000 m


a. Compute the reduced levels of various points using a standard format.

b. Compute the maximum settlements along the line AB.

c. Compute the difference in elevation between A and B.

a)
Rise/Fall Method
BS
IS
FS
Rise (+)
Fall (-)
RL
Distance
Remarks

3.540
-
-
-
-
78.675
-
BM1

0.410
-
3.665
-
0.125
78.550
-


0.525
-
2.245
-
1.835
76.715
-


-
2.840
-
-
2.315
74.400
0
Station A

-
2.440
-
0.400
-
74.800
30


-
2.045
-
0.395
-
75.195
60


2.475
-
1.655
0.390
-
75.585
90


-
2.090
-
0.385
-
75.970
120


-
1.700
-
0.390
-
76.360
150


-
1.315
-
0.385
-
76.745
180


-
0.900
-
0.415
-
77.160
210


1.465
-
0.485
0.415
-
77.575
240


-
2.055
-
-
0.590
76.985
270


-
1.645
-
0.410
-
77.395
300
Station B

-
-
2.040
-
0.395
77.000
-
BM2

8.415

10.090
3.585
5.260




Arithmetic Checks:

( BS - ( FS

= 8.415 – 10.090
= -1.675

( Rise - ( Fall

= 3.585 – 5.260
= -1.675

Last RL – First RL
= 77.000 – 78.675
= -1.675

(
( BS - ( FS
= ( Rise - ( Fall
= Last RL – First RL

Line of Collimation Method

BS
IS
FS
Height of Collimation
RL
Distance
Remarks

3.540
-
-
82.215
78.675
-
BM1

0.410
-
3.665
78.960
78.550
-


0.525
-
2.245
77.240
76.715
-


-
2.840
-

74.400
0
Station A

-
2.440
-

74.800
30


-
2.045
-

75.195
60


2.475
-
1.655
78.060
75.585
90


-
2.090
-

75.970
120


-
1.700
-

76.360
150


-
1.315
-

76.745
180


-
0.900
-

77.160
210


1.465
-
0.485
79.040
77.575
240


-
2.055
-

76.985
270


-
1.645
-

77.395
300
Station B

-
-
2.040

77.000
-
BM 2

8.415

10.090





Arithmetic Checks:

( BS - ( FS

= 8.415 – 10.090
= -1.675

Last RL – First RL
= 77.000 – 78.675
= -1.675

(
( BS - ( FS
= Last RL – First RL

c) Vertical drop between 30 m between A and B = 30 / 75 = 0.4 m

Remark
Top level of the given gradient
RL
Settlement
Distance

Station A
74.400
74.400
0.000
0


74.800
74.800
0.000
30


75.200
75.195
0.005
60


75.600
75.585
0.015
90


76.000
75.970
0.030
120


76.400
76.360
0.040
150


76.800
76.745
0.055
180


77.200
77.160
0.040
210


77.600
77.575
0.025
240


78.000
76.985
1.015
270

Station B
78.400
77.395
1.005
300

Max settlement = 1.015 m


c)
Reduced level at A

=
74.400 m

Reduced level at B

=
77.395 m

Elevation between A and B
=
77.395 – 74.400



=
2.995 m
10.
The following table shows the staff readings taken to determine the clearance 

between the river level and the soffit of a road bridge. Reduce the levels and 
determine the clearance between the river level and the soffit of the bridge.

BS
IS
FS
RL
Remarks

0.872


21.460
BM

0.665

3.980




2.920


River level at A


-1.332


Soffit of bridge at A


-1.312


Soffit of bridge at B


-1.294


Soffit of bridge at C


-1.280


Soffit of bridge at D


2.920


River level at D

4.216

0.597





1.155

Permanent object

BS
IS
FS
RL
Remarks

0.872


21.460
BM

0.665

3.980
18.352



2.920

16.097
River level at A


-1.332

20.349
Soffit of bridge at A


-1.312

20.329
Soffit of bridge at B


-1.294

20.311
Soffit of bridge at C


-1.280

20.297
Soffit of bridge at D


2.920

16.097
River level at D

4.216

0.597
18.420




1.155
21.481
Permanent object

5.573

5.732



Arithmetic Checks:

( BS - ( FS

= 5.573 – 5.732
= 0.021

Last RL – First RL
= 21.481 – 21.460
= 0.021

(
( BS - ( FS
= Last RL – First RL

11. Table below shows a page of a level book in which certain entries are missing.  Complete the missing entries and carry out the normal checks.

BS
IS
FS
Rise
Fall
Reduced Levels

3.786




36.642


-

2.474

-


1.960


0.648
38.468

-

3.560

-
36.868


3.698


-
34.042


0.670

-

-

-

2.180

-
35.560


1.052

1.186

-

2.874

-

-
34.992


-

1.158

-


0.950

0.766

36.916



1.412

-
-

BS
IS
FS
Rise
Fall
Reduced Levels

3.786




36.642


1.312

2.474

39.116


1.960


0.648
38.468

0.872

3.560

1.600
36.868


3.698


2.826
34.042


0.670

3.028

37.070

2.238

2.180

1.510
35.560


1.052

1.186

36.746

2.874

2.806

1.754
34.992


1.716

1.158

36.150


0.950

0.766

36.916



1.412

0.462
36.454

9.770

9.958
8.612
8.800


Arithmetic Checks:

( BS - ( FS

= 9.770 – 9.958
= -0.188

( Rise - ( Fall

= 8.612 – 8.800
= -0.188

Last RL – First RL
= 36.454 – 36.642
= -0.188

(
( BS - ( FS
= ( Rise - ( Fall
= Last RL – First RL 

12. The following table shows the staff readings obtained from a survey along the line of a proposed roadway from A to B.  Reduce the levels from A to B applying all the appropriate checks.  Given that the finished roadway has to be evenly graded from A to B, calculate the depths of cut or fill at 20m intervals between A and B.

BS
IS
FS
HPC or
Surface Reduced Level
Grade Reduced Level
Fill
Cut
Remarks




Rise
Fall






0.824




39.220



TBM  No.1


1.628







A


0.790







20m from A


0.383







40m from A

2.154

1.224






60m from A


2.336







80m from A


2.757







100m from A

2.555

0.461






Change Point


2.275







120m from A


0.436







140m from A


0.227







160m from A


0.716







180m from A


0.652







B. 200m from A



0.233






TBM No.2

Rise/Fall Method

BS
IS
FS
Rise (+)
Fall   (-)
Surface Reduced Level
Grade Reduced Level
Fill
Cut
Remarks

0.824




39.220



TBM  No.1


1.628


0.804
38.416
38.416


A


0.790

0.838

39.254
38.816

0.438
20m from A


0.383

0.407

39.661
39.216

0.445
40m from A

2.154

1.224

0.841
38.820
39.616
0.796

60m from A


2.336


0.182
38.638
40.016
1.378

80m from A


2.757


0.421
38.217
40.416
2.199

100m from A

2.555

0.461
2.296

40.513



Change Point


2.275

0.280

40.793
40.816
0.023

120m from A


0.436

1.839

42.632
41.216

1.416
140m from A


0.227

0.209

42.841
41.616

1.225
160m from A


0.716


0.489
42.352
42.016

0.336
180m from A


0.652

0.064

42.416
42.416


B. 200m from A



0.233
0.419

42.835



TBM No.2

5.533

1.918
6.532
2.737






Arithmetic Checks:

( BS - ( FS

= 5.533 – 1.918
= 3.615

( Rise - ( Fall

= 6.352 – 2.737
= 3.615

Last RL – First RL
= 42.835 – 39.220
= 3.615

(
( BS - ( FS
= ( Rise - ( Fall
= Last RL – First RL

To calculate depths of cuts or fills,

Gradient of roadway 
= (42.416 – 38.416) / 200 = 1/50

Rise over any length
= 1/50 of length

(
Rise over 20 m length
= 1/50 ( 20 m = 0.400 m

13.
Table below shows levels taken along the centre line of a proposed sewer.  The 
sewer at 0 m has an invert level of 88.900 m and is to fall towards distance 50 m 
at 1 in 100.


a.
Calculate the reduced levels of different points using a standard format 
and apply appropriate checks.


b.
Draw a vertical section along the centre line of the sewer on a horizontal 
scale of 1:500 and vertical of 1:50.


c.
From the section, compute the depth of cover at each distance point.

BS
IS
FS
Rise
Fall
Reduced level
Distance
Remarks

1.670




92.550

BM

1.520

3.870



0
Ground level


0.910




10
Ground level


1.590




20
Ground level


1.770




30
Ground level


1.660




40
Ground level


-4.200




50
Underside of bridge



0.720



50
Ground level

(a)

BS
IS
FS
Rise
Fall
Reduced level
Distance
Remarks

1.670




92.550

BM

1.520

3.870

2.200
90.350
0
Ground level


0.910

0.610

90.960
10
Ground level


1.590


0.680
90.280
20
Ground level


1.770


0.180
90.100
30
Ground level


1.660

0.110

90.210
40
Ground level


-4.200

5.860

96.070
50
Underside of bridge



0.720

4.920
91.150
50
Ground level

3.190

4.590
6.580
7.980




Arithmetic Checks:

( BS - ( FS

= 3.190 – 4.590
= -1.400

( Rise - ( Fall

= 6.580 – 7.980
= -1.400

Last RL – First RL
= 91.150 – 92.550
= -1.400

(
( BS - ( FS
= ( Rise - ( Fall
= Last RL – First RL

(b)
Gradient of sewer = 1/100


Vertical drop over 10 m = 10/100 = 0.1 m


Diameter of sewer = 1 m


Thickness of sewer = 25 mm


Reduced level of centre line of sewer = Invert level + 0.5

Distance
Invert Level
Reduced Level of Centre Line

0
88.900
89.400

10
88.800
89.300

20
88.700
89.200

30
88.600
89.100

40
88.500
89.000

50
88.400
88.900

c)
Reduced level of top of sewer = Reduced level of centre line + 0.5 + 0.025


Depth of cover = Reduced level of ground – Reduced level of top of sewer

Distance
Reduced Level of Ground
Reduced Level of Top of Sewer
Depth of Cover (m)

0
92.350
89.925
0.425

10
90.960
89.825
1.135

20
90.280
89.725
0.555

30
90.100
89.625
0.475

40
90.210
89.525
0.685

50
91.150
89.425
1.725

14.
Table below shows the results of a leveling operation for the construction of a 
new road.  Complete the table and apply all necessary checks.

The roadway is to be regraded from A to C; both of whose present levels are to remain unaltered.

a.
Calculate the gradient of AC and the depth of cut or fill required at B.

b.
Choose any suitable scales and draw a vertical section from A to C.

c.
Draw cross-sections at the points of maximum cut and maximum fill to show the road construction given that the road is 5 m wide with 45( side slopes.

BS
IS
FS
Rise
Fall
Reduced level
Distance
Remarks

2.500





0 m
At A


2.340




15



2.640




30



2.130




45


0.830

2.580



60



0.930



57.750
62.5
At B


0.340




75



1.790




90


1.300

2.530



105



0.660




120



1.920




135




1.100



150
At C

BS
IS
FS
Rise
Fall
Reduced level
Distance
Remarks

2.500




57.930
0 m
At A


2.340

0.160

58.090
15



2.640


0.300
57.790
30



2.130

0.510

58.300
45


0.830

2.580

0.450
57.850
60



0.930


0.100
57.750
62.5
At B


0.340

0.590

58.340
75



1.790


1.450
56.890
90


1.300

2.530

0.740
56.150
105



0.660

0.640

56.790
120



1.920


1.260
55.530
135




1.100
0.820

56.350
150
At C

4.630

6.210
2.720
4.300




Arithmetic Checks:

( BS - ( FS

= 4.630 – 6.210
= -1.580

( Rise - ( Fall

= 2.720 – 4.300
= -1.580

Last RL – First RL
= 56.350 – 57.930
= -1.580

(
( BS - ( FS
= ( Rise - ( Fall
= Last RL – First RL

(a)
Gradient of AC
=
(Vertical Distance) / (Horizontal Distance)





=
(57.930 – 56.350) / 150





=
1.580 / 150





=
1.053 ( 10-2
x / 1.580 = 62.5 / 150

x = 0.658


Required level at B
=
57.750 – 0.658




=
57.272 m

RL at B

=
57.750 m

Depth of cut at B
=
57.750 – 57.272




=
0.478 m
(b)

(c)

15.
The following tacheometric observations were made along the centre of a 
proposed roadway at 20m intervals.

Instrument station D (at 60m distance)

Instrument height = 1.45m

Reduced level of station D = 234.21m.

Target station
Vertical angle
Stadia readings
Remarks



Top
Mid
Bottom


A
-4(20(
1.750
1.450
1.140
Distance 0 m

B
-4(20(
1.400
1.200
1.000
Distance 20 m

C
-4(20(
1.210
1.105
1.000
Distance 40 m

E
-3(00(
1.200
1.100
1.000
Distance 80 m

F
-3(00(
1.650
1.450
1.250
Distance 100 m

Instrumental constants m = 100, k = 0.

The new roadway is to begin at point A and rise at 1 in 50 towards B.  Calculate for each station:

a. Reduced level

b. Proposed roadway level 

c. Depth of cutting required.

a)


Station
Reduced level (m)

A
229.614

B
231.446

C
232.973

D
234.210

E
233.515

F
232.119

Sample calculation for station A:

HI
= 1.45 m

hA
= 1.450 m

SA  
= 1.750 - 1.140 = 0.610 m

VA 
= 50(SA)(sin 2()

      
= 50 (0.610) [sin 2(-4(20()]

       
= -4.596 m

(
RL of A 
= 234.21 - VA - hA + HI


      

= 234.21 – 4.596 – 1.450 +1.45


      

= 229.614 m

b) Gradient of AF

= 1/50

Vertical rise over 20m

= 20/50
= 0.4 m

Target Station
Proposed Level (m)

A
229.614

B
230.014

C
230.414

D
230.814

E
231.214

F
231.614

c)


Target Station
Reduced Level (m)
Proposed Level (m)
Depth of Cut (m)

A
229.614
229.614
0

B
231.446
230.014
1.432

C
232.973
230.414
2.559

D
234.210
230.814
3.396

E
233.515
231.214
2.301

F
232.119
231.614
0.505

16.
The following table shows the tacheometric observations using a theodolite with 
zero additive constant and a multiplying constant of 100.


Calculate the horizontal length AB and reduced level of point B.

Station point
Reduced level of station
Height of Instrument
Staff point
Vertical angle
Stadia readings
Horizontal length
Reduced level of point
Remarks

A
100.0
1.49
B
+5(51(42(
1.076


Staff vertical






1.000









0.923




A
100.0
1.49
B
+5(51(42(
1.000


Mid hair readings





+9(34(06(
2.000


Staff vertical

Intercept, S
=
1.076 - 0.923

= 
0.153 m

(
Horizontal length AB
= 100Scos2(




= 100(0.153) cos2 (5(51(42()





= 15.140 m
V
= 50Ssin2(
= 50(0.153) sin 2(5(51(42()


= 1.554 m

(
Reduced level of B 
= 100.0 + HI + V – h

= 100.0 + 1.49 + 1.554 – 1.000





= 102.044 m
Alternatively,

Horizontal length AB
=
          S   

=
                   1.000







 tan (2 – tan (1 

 tan 9(34(06( - tan 5(51(42(



=
15.713 m
Required level at B
=
Required level at A + (L




=
100.0 + HI + V – h




=
100.0 + 1.49 + (15.173) tan (5(51(42() –1.000




=
102.048 m

17.
The readings were taken along the route of a sewer.

BS
IS
FS
Ht. of coll.
RL
Distance (m)
Remarks

0.860



97.240

TBM

2.240




0
IP 5


2.590



48.000
IP 4


1.690



64.000
IP 3

1.322

0.975


85.600
IP 2



0.937


118.400
IP 1

IP = Inspection Pit

a. Calculate the reduced levels of IP 5 to IP 1.

b. Invert level IP 1 is to be 96.8111m and the sewer runs are to slope down at the following gradients:


IP 1 to IP 2
1 in 125


IP 2 to IP 3
1 in 115


IP 3 to IP 4
1 in 100


IP 4 to IP 5
1 in 80


            Calculate the invert levels of each inspection pit.

a)


BS
IS
FS
Ht. of coll.
RL
Distance (m)
Remarks

0.860


98.100
97.240

TBM

2.240

0.550
99.790
97.550
0
IP5


2.590


97.200
48.000
IP4


1.690


98.100
64.000
IP3

1.322

0.975
100.137
98.815
85.600
IP2



0.937

99.200
118.400
IP1

4.422

2.462





Arithmetic Checks:

( BS - ( FS

= 4.422 – 2.462
= 1.960

Last RL – First RL
= 99.200 – 97.240
= 1.960

(
( BS - ( FS
= ( Rise - ( Fall
= Last RL – First RL

b)


Station
Invert Level (m)

IP1
96.811

IP2
96.549

IP3
96.361

IP4
96.201

IP5
95.601

Sample Calculation for Station IP2:

Distance between IP1 and IP2
= 118.400 – 85.600






= 32.800 m 

Vertical drop over IP1 and IP2
= (32.800)/125






= 0.2624 m 

Invert level of IP2
= 96.811 - 0.2624




= 96.549 m

18.
The following vertical angles were measured in a tacheometric survey of a plot of 
land.

Instrument station
Target station
Vertical angle

A
E
+04(20(

B
D
-02(30(

C
C
+05(15(

C
B
-04(25(

B
A
-06(26(

A
C
+07(28(

E
C
+03(31(

Given that the reduced level of station A is 156.20 m, and that the height of the target was adjusted to be the same as the theodolite for each sight, calculate the reduced level of the stations B, C, D and E.

Assuming all distance given is the horizontal distance.




Vertical distance from pt A to pt E
= 278.67 ( tan 4(20(




        
= 21.116 m 

(
RL of pt E = 156.20 + 21.116
= 177.32 m



Vertical distance from pt E to pt D 
= 226.34 ( tan (-2(30()





        
= -9.882 m 

(
RL of pt D = 177.316 - 9.882 = 167.43m




Vertical distance from pt D to pt C
= 278.07 ( tan 5(15(




        
= 25.551 m

(
RL of pt C = 167.433 + 25.551 = 192.98 m



Vertical distance from pt C to pt B
= 256.88 ( tan (-4(25() 





        
= -19.841 m

(
RL of pt B = 192.984 – 19.841 = 173.14 m




Vertical distance from pt B to pt A 
= 150.20 ( tan 6(26(




       
= 16.936 m 

· RL of pt A = 173.143 + 16.936 = 156.20 m

19.
Figure 19 shows 2 theodolite stations A and B set up some distance from a 
vertical wall. All relevant survey observations for finding the height of the wall 
are shown in the figure. Calculate the height of the wall CD.










(BCD
= 180( - 90( - 44(50(
= 45(10(
(ACD
= 180( - 30(10(
= 59(50(
(ACB
= (ACD - (BCD
= 14(40(
(BAC
= 30(10( - 16(

= 14(10(
By Sine Rule,


AB / sin(ACB
= BC / sin(BAC


49.0 / sin 14(40(
= BC / sin 14(10(

( BC


= 47.364 m

CE
= BC sin 44(50(
= 33.394 m

BE
= BC cos 44(50(
= 33.589 m

DE
= BE tan 5(

= 2.939 m

(
CD
= CE – DE
= 30.46 m
20.
While conducting tacheometric survey of 3 lines AB, BC and CD, the vertical 
angles were measured reciprocally as follows:

Line
Vertical angle
Length (m)

AB
+03(35(20(
87.35

BA
-03(36(00(


BC
+01(10(00(
153.25

CB
-01(10(40(


CD
+05(35(20(
93.57

DC
-05(36(00(


Calculate the reduced levels of stations B, C and D. Given the reduced level of A = 135.70 m.

Assume:  Target height = Instrument heights on all sightings.

Station
Line
Vertical angle
RL (m)
Average RL

B
AB
+03(35(20((
141.179
141.19


BA
-03(36(00((
141.196


C
BC
+01(10(00((
144.300
144.32


CB
-01(10(40((
144.347


D
CD
+05(35(20((
153.456
153.49


DC
-05(36(00((
153.522


Sample calculation for Station B:

RL of B (using line AB)
= RL of A + 87.36 tan 3(35(20((
 


    
= 141.179 m 

RL of B (using line BA) 
= RL of A + 87.36 tan 3(36(00(
 


    
= 141.196 m 

Average RL of B

= (141.179 + 141.196) ( 2

 

     

= 141.188 m 

The End
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