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1. A levelling trajectory was carried out at a construction site near the University of Cape Town 1he
circuit began and closed at TEM1 with RL 1284 .263. Results arising from that level survey are given
in the table below. -
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a) Fill in the missing rf_*.a%.i:ings and complete the levelling booking form. Carry out all necessary
checks. Use the booking form provided at the end of question paper.
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by Compute allowable and actual misclosure. State whether the latter is acceptable (assume o
30mmy},
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c} Calculate the adjusted levels of all the points in this levelling loop.
[5 Marls]

d) The BS and FS distances appear to be almost equal. What technique of levelling was being
applied here and what advantages does it offer in terms of error mitigation or elimination?
[2 + 3 Marics]

¢) Discuss, with the aid of a clearly labelled diagram, any of the three types of levelling instruments.
[4 Muarks]

The four corners 4, B, C and D) of a rectangular building were set out by intersection from two control
points G and H. After the setting out had been completed, the reduced levels of A, B, C and I} were
taken and the lengths of the diagonals were measured with a steel tape of length 29.995m. The setling
out and measurement data are given in table 1. jil=

Calculate:
i) The bearings required to establish points A and B from both control points
if) The error between the designed value and the set out value of the horizontal length of each

diagonal. Assume that the ground slope along each diagonal was uniform.

Table 1.
Coordinates

Point ni E m N RL (m)
A 641.710 S13T3) 27.120
i 677.065 248,465 28.715
£ 705,349 520,181 25.050
] GR%.994 484 826 30475
O (01.520 325.730
H 720660 540.125

Slope length along diagonal AC = 64.075m
Slope length alung diagonal BD = 64.080m

o 7 {8 + 17 Marks]
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During a survey Lo effect a subdivision of a property in Kabulonga, a minute theodolite was correctly
mounted above point Fe in order to determine the plane coordinates of point TZ. The distance Fe - TZ
was measured thrice along the slope with a tape as 64467m, 64.466m and 64.465m. The known
coordinates of Fa and Il are:

Fa 3749497 m 987 B79m
Fh 3699 46dm 976.657m
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On further observation with the Theodolite at station Fe, the clockwise angle Fb - Fe - TZ was determined
as 352°15'32" while the vertical angle to TZ was observed as 05°12'01".

{a) Compute the co-ordinates of points Fc and TZ, given that the bearing and horizental distance of Fe from
Fb are 347°21'40" and 82.909m respectively :
[12 Muarks]

(b) Describe the following terms using illustrations where necessary. Your description of the various terms
must however be limited to a maximum of 10 lines.

i) Photogrammetry

ii) Cadastral Surveys

1ii) The Zambian L0 coordinate system
) Contrast Level and Horizontal lines

[2+2+4+5Marks|

4. Define Geomatics and discuss all its disciplines as well as four classifications. Furthermore, stale how
Geomatic Engineering would be helpful in your profession as a Civil or Agricultural enginecr or
indeed as Geologists or Soil Scientists?

[2+10+ 8+ 5 Marks]

The end

Good Luck
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Answer all questions
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Question 1 (16 + 14 Marks)

The four cormners 4, B, € and D of a rectangular building w%re set out by
intersection from two control points G and H. After the setting out had been
completed, the reduced levels of A, B, € and D were taken and the lengths of
the diagonals were measured with a steel tape of length 29.995m. The setting
out and measurement data are given in table 1.

Calculate:

i.) The bearings required to establish points A and 8 from both control
points

ii.) The error between the designed value and the set out value of the
. horizontal length of each diagonal. Assume that the ground slope
along each diagonal was uniform.

Table 1.
Coordinates

_Point mE mN __RL(m}
A 641.710 513100, 27120
B 677.065 548.465  28.715
i3 705.349 520.181  25.050
D 669.994 484.826  30.475
G 601.520 525.730
H 720.660 540.125

Slope length along diagonal AC = 64.075m
Slope length along diagonal BD = 64.080m
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Question 2 (15+15 Marks)

In order to determine the horizontal distance between two points A and B set on
the floor of a tunnel, measuring heads were set up over those points. A new 30
m steel tape, standardized on the flat under a pull of 49 N at 20°C, is suspended
in catenary between the measuring heads, and a pull of 150 N is applied. The
mean tape readings at the measuring heads are observed to be 0.422 m and
29.872 m, and the difference in level between the heads is found to be 0.078 m.
Determingé the corrected horizontal distance AB.

The mean tape temperature during the observations was 26°C, the cross-
sectional area of the tape was 0.406 cm?. Mass of the tape was 0.27 g/cm,
while the coefficient of linear expansion of steel is given as 1.15 x 1075/ °C. The
modulus of elasticity of steel is given as 207 000 N/mm*

Question 3 (5 + 10 + 10 + 10 + 5 Marks)

Describe the following terms using illustrations where necessary. Your
description of the various terms must however be limited to a maximum of 10
lines.

i.) Photogrammetry

ii.) Engineering Surveys

iii.) The Zambian UTM coordinate system

iv.) The two ways of carrying out survey operations
v.) Hydrographic surveys

The end

Good Luck
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University of Zambia r
School of Engineering
Department of Geomatic Engineering

GE481 Assignment 2 3
Introduction to Levelling i

The following is a page from a levelling field book. Fill in the missing readings and calculate the
reduced levels of all the points,

LEVELLING BOOKING FORM

READINGS e SERn :
POINT 5 DISTANCE IHEIGHT DIFF Il L h
i REDUCER = S8
LEVEL | = K8
BS 15 IS BS F5 |RISE  FALL |
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a) Compute the allowable and actual misclosures. State whether the latter is accepiable faSSumssE =
25mm) if the published Reduced Level of BM2 isY225. 528,
R

b) Calculate the adjusted levels of all the points in this levelling loop.

¢} The BS and FS distances appear to be almost equal. What technique of levelling was ey
applied here and what advantages does it offer in terms of error mitigation or eliminsSon"

d) With the aid of diagrams and formulas, describe how the level and horizontal lines relate to each
other over shorter and longer distances,

- ‘-L:-‘-I
. Pl 2
= |
- - - -1 —— o
S e W - C




2. The following is raw data for a level circuit. Arrange the data into the levelling field book prosded
given that the Reduced Level (RL) of BMT is 1264. 854m.

ES on BM1 1.146, FS on TP1 1.219, BS on TP1 2.478, FS on TP rock 0.902, BSon TP rock 2554, FSon TF2
1.494, BS on TF2 0.195, FS on TF3 0.674, BS on TP3 2.393, FSon TP£1.558, BSon TP43.069 FSon TFS
3.444. BS on TP5 1.405, FS on TPé 3.636, BS on TP6 1.792, FS on TP7 1.437, BS on TP7 0.765, FS on BMI

1.544.
LEVELLING BOOEKING FORM
iz S
. READING DISTANCE ‘
HEIGHT OF REDUCED | oo pis
COLLIMATION LEVEL S
BS IS ES BS FS
441 |
46.8 49.6
38.2 474 )
30.7 S
45.4 UM
467 451
502|463 |
387 49.8
420 38.8 '
418 | ] |
a) Compute the allow able and actual misclosures given thaf the distances in the table correspond to

the ::‘5 rament to stabion distances (for mstance 49.1m is the distance from the mstrument o
BM1). State whether the latter is acceptable (assume ¢ = 25mm)

Calculate the adjusted levels of all the points in this levelling loop

Describe at least three applications of levelling and when does it become necessary Lo use
inverted staff readings?

With the aid of diagrams, describe the three types of levelling instruments

Explain the principle of obtaining height difference between bwo points

Describe the errors and error sources affecting levelling in general and levelling instruments in

}‘ul.}'lll_'u|<'1l'.

1723

A level survey is carried out around a particular arca for vertical control works, Ponts 1, 2 B
and 5 are pegs for which the Reduced levels are determined. Point 4 is a centreline point on S
road at w Em h a rross-cection has to be made, This is done in the same survey. The cross-sschon




’nr:. T
University of Zambia
School of Engineering
Department of Geomatic Engineering

GE481 Assignment 2
Introduction to Levelling

1. A levelling trajectory was carried out at a construction site near the University of Cape Town. The
circuit began and closed at TBM1 with RL 1284.263. Results arising from that level survey are given
in the table below.

LEVELLING
R B S T T - P __.1..,,-______=|'
o | eIt DISTANCE | HEIGHT DIFF |
| B
{ PNT | UPPER/ : W
| CoiEn BS 1S Fs | BS FS | RISE  FALL :
| BM1 | 1.368/0.904 | 1135 g¢F | 128,063 |
' 2.303/1.857 2w/ $eil | gapal)| 0996 [ pogp-3/(2 |
| 1 | 2.415/1.855 |DR&. b _ + !
= | 1.801/1.406 |- [ 663 29-¢ |03 -] 1283.850
[ | 2 | 2.005/1.754 | 1.881 2 & ’
| | -1.873/-1.621 -1.746 3:09% [ 7287-¢37
| |l -as1sag] T | P B S T L e S
| -2 .405/-1.904 - B2 ln - U 0480 | . | /252 :58C
| 2.414/2.140 | 2277 | |2#| @ BEY 2xd-#54
3 | 251272095 | 2,304 | J T sl | !
§ | 1.877/1.531 | | 1.704 - .ﬁ.ﬁ:ﬂ.’ . ¢'2§*¥ 05k |
gy 2.198/1.790 ! 1.993 Gals S ,ggf_. ;cs'
4 | 1.951/1.459 | 1.705 v52 5
: 1.811/1.303 | {-85€ 0.14?; .r'éf.fa 912
| : 2.115/1.908 | 2:0 0l | 0453, |, 283 417
f2bisiely | | 2638 | 1 lored¥ ;g{m £3L
1.258/0.907 | 1084 75/ ;ab&'lf‘ ., 284 356
I 5 | 2.301/1.867 | 2.083 i
BM1 | 2.413/1.986 2: %59 27 2 I'*‘n‘é ;’25”3'“ ”ﬂ
3 11.244 11237 248 270,; 5941 & 934

a} Fill in the missing readings and complete the levelling booking form. Carry cut all necessary
chacks, Use the booking form provided at the end of question papear.

10 Marks]
b) Compute allowable and actual misclosure. State whether the latter s acceptalie (assume o =
30memn’y.
[5 Marks]
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¢} Calculate the adjusted levels of all the points in this levelling loop.
[8 Marks]
d) The BS and FS distances appear to be almost equal. What technique of levelling was being
applied here and what advantages-does it afferinterms of error mitigation or elimination?
[2 + & Marks]
e) Discuss, with the aid of a clearly labelled diagram, any of the three types of leveliing instruments,
[4 Marks]

The following is raw data for a level circuit. Arrange the data into the levelling field book provided
given that the Reduced Level (RL) of M1 is 1264. 854m.

BS on BMI 1.146, FS on TP 1.219, BS on TPI 2.478, FS on TP rock 0.902, BS on 7P rock 2.954, FS
on TFZ 1.494, BS on 7P2 0.195, FS on 7P7 0.674, BS on 7P7 2.393, FS on TPY 1.558, BS on T
3.069, FS on 7P53.444, BS on TP5 1.405, FS on TP5 3.636, BS on TP6 1.792, FS on TF7 1.437, BS
ph 7P70.765, FS on BMI 1.844.

LEVELLING BOOKING FORM

| F 3 = —'i"——-r-'"—"-—-"' oL oy = . -;I
= READINGS DISTANCE | ! 4 0 :
3 HEIGHT OF | REDMCED o oo §
COLLIMATION LEVEL | i
| BS IS FS | BS Fs - 1
| . a3
B | |ivae | o | 49.1 /3£€ 008 | JIHESHE | o
1 2477 | Ti-214 | 46.8 | 496 | s 267259 |)26%7 @
"-"rf______|'l.f! g-“l‘fjf 19-15?&'2 38.2 47 .4 f A GBS, 3 /2 -‘f(':'.ll‘_:‘;:r-:"l__‘ e ] _|
2 | @495 -k | 307 | 383 f 285 0f2 . e e ot
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€& -9 |2-£26 1387 |498 )27 0T [ 10858 ¢ IE
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a) Compute the allowable and actual misciosures given that the distances in the table correspond o
the instrument to station distances {for instance 49.1m is the distance from the instument o
8M1), State whether the latter is acceptable (assume o = 25mim).

' [10 Marks]

b) Calculate ihe adjusted levels of all the points in this levelling loop.

[5 Maris]

c) Describe at least one applications of levelling and when does il become necessary o vse mverbad
staff readings?

[10 Marks]

d) Explain the principle of obtaining height difference between two points

[5 Marks]

e) Describe the errors, ‘error sources affecting levelling in general, and levelline instruments
particular.
{10 Marks]
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In order to determine the minimum clearance between a road running generally in a north south
direction and the underside of a bridge, a series of ievels were taken as shown in Table 1. Al the
readings are in metres.

Levelling booking form

,‘;- fmom s T —_— - — T T e i B o e i e N, s SRR =||'|'
| PoINT REARIHG= DISTANCE | HEIGHT DIFF | |!
| REDUCED | ovmmrics |
i LEVEL i |
h BS IS FS | BS FS | RISE FALL ‘
I 1 To150 496 | 1259.617 | BM1
2 Jo.219 3.152 |46.8 [49.1 - 2% | cp |
3 3.127 7% | 1253 -¥0F | |
4 -0.862 @ 257696 |
4a 2.858 2910 | 10532:47%6 :
T -0.868 27k v 25~ 7oL | ,
i 4c 2.872 JEE T I S
| 4d -0.802 s L vt
5 | 3.566 0.478 | 656 |47.4 v° | 125K-356 0 |
1 0.305 65.1 7 kel 1259 803 BM1
4425 Y o b1 s,
= f ’ :
x & e e B e i
Complete the booking form.
{5 Marks]

Compute the allowable and actual misclosure in the loop and state whether the latier is acceptatie or
otherwise (assume o = 25mm).

[5 Marks]
Calculate the adjusted RL's of all the points in this level loop.

[5 Marks)
With the aid of diagrams and formulas, describe how the level and horizontal lines relil > to cach wibe
over shorter and longer distances. How does the curvature of the earth affect this relationship?

[15 Marks|

B The end il
Robert Zimba Room SR2 New Eng. Butiding




School of engineering
Department of Geomaiic Engineering

University Examinations — Semester I

(;F 481: Imtroduction to Surveying August 2003

Instructions
Time: Three (3) hours.
Answer four (4} questions i total
Three (3) from section A for all students. Use tables provided af the back
One (1) quesiion from section B for Engineering and Agricufturel Science
Students
One (1) question from section C for Geology Students.

PLEASE! Auswei different seciions on sepurate answer Baoklet(s). DO NOT tie theni
together.

i The four corners A, B, Cand D of a rectangular building were set oul by intersection from
two contro! points & and #. Afier the sotting out had been complete {_ the reduced levels of
A4 B Cand D were taken and the lengths of the diagonals were measured with s steel tape of
length 29.995m. The setting out and measurement data are given in table 1.

Clalculate:
i) The bearings requirzd 1o establish poinis 4 and & from both contral points
i) The errar between the designed value and the set out value of the horizontal length of
cach diagonal. Assume that ihe ground siope along cach diagonal was unilorm.
11_211]‘“: i. i (/-:_-,',"‘x.;' e et PR : ;-‘!rf
Coordiraies & T ' e "

Poie, wmE o MW ST e ¥

A g41.710 313110 27120

& 677.002 348,405 “ZRTLS

£ . 705.34% A2yl 25.050

L 669.994 44 820 30873

o 601.520 L 525730

f 720,660 540,125

“Slope length along diagonal A O =4 075m
Slupe length along diagonal BE = 64 L080m

@

|16 +9 Marks],




2. In order to determine the plane coordinates of points C and D, a minute Theodolite was
correctly mounted above point A. The distances AC and AD were measured twice along the
‘slope with a tape as 160.936m and 272.155m. The known coordinates of 4 and B are:

A 38853.807mE 11276.044mN
B 38941.835mE 11280.506mN

The horizontal angles from point 4 are observed in two rounds and for the vertical angle only
one FL and FR reading are taken.

i
Horizontal angles )

e | P Readigsh 1 Fo | igjmple Meant | Reced Mean|Remarks
o FL FR e ol L CORERE T e
B | 254 52 52 | 74 52.48 | 25F sa/59"| 00°¢co ee” | 20
C | 211 27 31 31 27 27 | ane aa'2ag”l —dras Rt
.D 13[} ]ﬂ {}El D{} l.U ﬂ4 :'-ill I.-‘n-.‘ r_ | _'-_.?q&:"i’.ll#l; a 1 £
B[ 344 50 05 | 164 50 01 [3&#° 507307 ot < R
| ¢ | 301 24 40 | 121 24 39 |34 247 39.5]- A2 Rs'za |
D | 270 07 21 9007 17 [arn" o7’ 19" |- £= 4 1

Vertical angles

FhEsETReading s i -_'-'-__.Redug::c_d._,g._- Reduced:
FL FR el FR _

g8 39 49 271 gﬂ 16 - l't- 'lﬂ & T & -I’; pr‘lﬁ "'12_.':-1'. q:!'

D 84 45 17 | 275 14 47 | - T‘

- Mean.

Y e S |

V) Complete the booking forms. 3
[7 Marks]
b) Calculate the co-ordinates of points C and D.
[12 Marks]

o ¢) In order to measure angles with a relatively high order of accuracy, so that the effects ol

certain systematic and random errors are minimised as much as possible, we usc the so-called

Ressel —rounds. Describe the rules that must be followed by this approach. ?
''''' T [6 Marks]
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3. A leveling trajectory was carried out ata construction site near the University of Cape Town.
The circuit began and closed at TBMI with RL 1284.263. Results arising from that level
survey are given in the table below.

Mame: Instrument:
Date: Weather:

LEVELLING

- UPPER/ BS s FS BS FS |RISE  FALL

READINGS DISTANCE | HEIGHT DIFF
REDUCED

LEVEL

LOWER

BMI | 1.368/0.904 [ 1135 —

2.303/1.857 S - D946 | 17, Y

1 2415/1.853 | - X

I.801/1.406 T : 1283.850 |

2 2.005/1.754 | 1881

1.873/1.621 1.746

1.821/1.528 X 0.072

2.405/1.904 X 0.480

2.414/2.140 T2TT

L]

2.512/2.095 | 2.304

1.877/1.53] 1.704

2.198/1.790 1.993

4 1.95171.459 | 1.705

L.B11/1.303 ok 0.147

2.115/1.908 it | .453

2.6752.601 2.638

1.258/0.907 1.084

"BMI1 | 2.301/1.867 | 2.083 ; |

| 2.413/1.986 | . I

= 11.244 11.237 3.041  3.034

L

s
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v
e

Fill in the missing readings and complete the leveling booking form. Carry out alf

necessary checks,
[10 Marks]

Compute the allowable and actual misclosures. State whether the latter is acceptable
(assume ¢ = 30mm).

[5 Marks|
Calculate the adjusted levels of all the points in this levelling loop.
[6 Marks]
Describe at least two other methods of levelling.
' [4 Marks]



4. The Theodolite is said to be the most important instrument in Surveying. From the
determination of angles between points to heighting in Mountainous terrain. Describe its
various parts with the aid of a clearly labelled diagram. Furthermore, explain what
Transitting of the Theodolite is and why it’s necessary.

[15 +10 Marks]

End of Section A




