Engineering Surveying

Surveying in general: It is a scientific method of collecting data for a certain field.

When the collecting of data related to points locations then the survey will be
surveying .

There are two locations for the point:

Arithmetical location or position and field position.

Surveying: Is the science of determining relative positions of certain features on
the earth surface in horizontal and vertical plane, or making those positions by
taking such measurements in order that the relative positions may be ascertained
on a map or plan.

Objectives:The objective of any surveying is to prepare a plan or map with the
help of field measurements ,the main objectives are:

1-Measurements and determination of relative positions of certain features on
portion of earth surface and to prepare a map or plan.

2- Measurements and determination of relative heights or depths or levels of
various points .

3- setting out works such as buildings , sections and curves.

Surveying classification: Surveying may be classified according to:

Division ,Nature of the field of survey ,objective of survey ,instrument used

*Division :surveying may be divided into two general classes:
Geodetic surveying : which is taking the curvature of earth into account .

Plane surveying: which is not taking the curvature of earth into account .



*Nature of the field of survey:

1- Land survey : Topographic ,Cadastral, Town surveying ,Engineering surveying .

2-Navigation . 3- Astronomical surveying

*Objective of surveying

Mining surveying , military surveying

*Instruments used

Hydrographic surveying, photographic surveying ,aerial surveying .

Fundamental principles

1- Working from whole to part .

2- Fixing surveying stations
Surveying stations are fixed by at least two measurements :either both
linear and angular measurements or by linear or angular measurements.

sketches

Distance measurements

(make one of the students measure any length either by steps or by feet)

*Direct measurement



* Indirect measurements:

Obstacles in measurements:

1-=that prevent measuring but not ranging(mentioning what is
ranging)examples ;river, pond .

2-=that prevents ranging but not measuring,examples,buildings....
3-=that prevent ranging &measuring in mountain terrain.

*measurements may be on plane or slope terrain.

MEASUREMENT SYSTEMS:

1-English system

Unit parts, doubles

2-Metric system

Meter: is 1/10000000 of the distance between equator and the north pole
on the longitude passing through Paris city.

Meter parts, meter doubles

TYPES OF TAPES
1-cloth tape
2-plastic tape
3-steel tape
4-Invar tape

TAPE MEASUREMENTS CORRECTIONS:
1-Standarization:

Cs=Li-L ,Li=true length, L=standard length
Total Cs=Cs x D/L
D=DxLi/L  where:

D=corrected distance ,Li=true length
D=measured distance ,L=standard length



Ex:
A distance is measured by a tape with a true length (29,992m),and it is
found to be 195m ,calculate the corrected distance?

Sol:

Cs=Li-L

29.992-30=-0.008m

D=Dx Li/L

D=195x29.992/30

D=194.948m

Or:

Total Cs=-0.008x195/30,Total Cs=-0.052m

D=195-0.052=194.948m

2-Temprature correction:
Ct=Dxa(T-Ts) where:

a=expanding factor for the tape material, for steel=0.0000115/°c
T=temperature during measurement

Ts=standard temperature during manufacturing

Ex:

A steel tape 30m is used to measure a distance which it is found to be
520.327min 40°c ,ais 11.6x10°%find the corrected distance.

C=520.327x11.6x10%(40°c-20 °c)
=0.121m
D=520.327+0.121=520.448m



LEVELING
Leveling is the operation of determining the vertical
differences in heights of the different points on the
surface of the earth, relative to a plane called a datum
plane which is used to be the mean sea level.

e TYPES OF LEVELS
1-According to accuracy
2-According to the method of adjustment of the line of

sight.

Hl=Z,+BS
Z,=HI-FS
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e TYPES OF STAVES
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e LEVELING THEORY

120 FY

g\

e METHODS OF CALCULATING ELEVATIONS:

1-LINE OF SIGHT METHOD.
2-RISES& FALLS METHOD.






*Accuracy in Leveling and Elevation correcting:

P.E=KVD

P.E: permissible error
K:leveling constant
D:leveling total distance(km)
*K

EX:

In an oil pipe project the readings of the staves on the center line
were:

2.222-1.677- 1.492- 1.878-2.021- 1.909- 1.663- 1.887- 1.321- 1.787

The second, fifth and the seventh readings represent turning points,
theelevation of the first point was (32.222m),calculate the corrected
elevations if the corrected elevation of the last point was(32.089m)
and the distance between one point and another was (50m),the
permissible error was (15mm).

Corr.= error/sum of dist.

EX:

In a series leveling the staves readings were as follows:
1.512- 1.763- 1.878- 2.333- 1.969- 1.112- 2.186- 0.676

The third ,sixth, and eighth readings represents turning points, the
elevation of the first point was (30m)and the corrected elevation of



the last point was(32.374m), calculate the corrected elevations of the
rest of the points if the distance between each point and another was
(50m).

*BENCH MARKS:

Are points which have known elevations on the earth surface, they
are usually marked by concrete and metal signs that can stand the
bad weather conditions.

*TYPES OF BENCH MARKS
1-BASIC B.MS.
2-SECONDARY B.MS.
3-ORDINARY B.MS.

*METHODS OF MAKING B.MS. :

1-LOOP
2-TWO WAYS LEVELLING
3-CHANGING LEVEL AND STAVES LOCATIONS

4-STADIA HAIR METHODS

*ERRORS AND MISTAKES IN LEVELING

FIRST :INSTRUMENTAL ERRORS:

STAFF:1- manufacturing



2-erosion
LEVEL:1- ERRORS THAT CAN BE FIXED BY THE FACTORY
2- ERRORS THAT CAN BE FIXED BY USERS
SO LEVEL FIXATION CAN BE DEVIDED INTO TWO TYPES:
1-PERMENANT:
A-VERTICALITY

B-TWO-PEGS METHOD

2-TEMPORARY

SECOND:PERSONAL ERRORS;

THIRD:NATURAL OR CLIMATIC ERRORS

1-CURVATURE EFFECT:
C=7.84x10® D?
2-REFRACTION EFFECT:
r=D?/14R

3-COMBINED EFFECT:
c-r=6.72x10%D?



(R+C)?
= R2
+ D



R2 +2RC +C? =R? +D?
2RC+C2=D2

2RC =Dz?

C =D%2R....curvature

o and A:in radian

A=k a

k=1/14

r=1/14 x D*R.....refraction
c-r =D%/2R -1/14xD3R

c-r=3/7 xD?/R

c-r =6.72x1028D?%curvature and refraction

c = 7.84x108D2curvature



— - —82
=673 x 1071

5.14 What will be the effect of curvature and refractio,

[ﬁﬁi':/ﬁllz distances: (2) 1 km, (b) 200m, (c) 5 km, (d) 160 km
& E;=673x1072L?
=6-73x 1072 = 0-068 m
() 6:73 x 107® x 200% = 0-003 m
© E,=673x107%x5%=1-682m
(d) Eq=673 x107% x 1602 =1722:9 m

In or.dinary precise levelling it is essential that the lengths of
:nd foresight be equal to eliminate instrumental error. This is al
ounteract the error due to curvature and refraction, as this erro
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USGG2009 Gravimetric Geoid Slope along
GSVS11 Survey Line (Corpus Christi to Austin)

-26.8 s
Austin ——3

Nixon
_27 | \
-27.2 .
Rockport
274
Aransas Pass

/

-27.6

27.8 Lockhart

-28

-28.2

USGG2009 Gravimtric Geoid Undulation

\ Papalote

0 50 100 150 200 250 300 350

-28.4

Distance along line (km, from Corpus Christi starting point)

Longitudinal& cross sections

Ex:

1,512 1.763_2.878 2.333 1.969 1.112 2.186_0.676

If the design line started from the first point and ended under the last point by

0.75m calculate the depth of cut and the heights of fills in each point.

Grade (unknown)=Grade(known) +S|0pe X DISt to pOint

Slope = V.Dist./ H.Dist



GROUND_GRADE=+ CUT

GROUND GRADE= FILL

TOPOGRAPHIC MAPS

They are maps declare the topographic nature of the ground.

CONTOUR LINES:

They are unreal lines passing through points that have same elevations.

CONTOUR INTERVAL:

It is the vertical distance between two consecutive contour lines.

CONTOUR SPACING:

It is the horizontal distance between two consecutive contour lines.

SLOPE=C.I./C.S.

ENGINEERING SURVEYING P518

Topographic map

In modern mapping, a topographic map is a type of map characterized by large-
scale detail and quantitative representation of relief, usually using contour lines but,
historically, using a variety of methods. Traditional definitions require a
topographic map to show both natural and man-made features. A topographic map

is typically published as a map series, made up of two or more map sheets that



combine to form the whole map. A contour line is a combination of two line
segments that connect but do not intersect; these represent elevation on a

topographic map.
The Canadian Centre for Topographic Information provides this definition:[1]

A topographic map is a detailed and accurate graphic representation of cultural and

natural features on the ground.

T L
Eiverhank R

'": / l
%, Ee{nﬂ, s

il
T
g

f v
# | -..._j o3 L
o " i Ty N a - e
- , . A
f i, | e
20 R "' ¥ -- r - II' !
i r .. i) b g i
b, e G
F Y et
- I .-".- ."' P 1 ‘ HEL
) " i oK,
i Y 2 = o
i
i e
r a .-! :_

.-F'I:"::-" : : 7 @ = - .; /i N
;.,:;:f P \ __: ,,‘-' \;':\ / "f _ (_Q/ _.I'I | a . ’
“"mi- .;i j ( (=l //‘“ / “
ST (A £ S

— L
ol s W : -i"-"'_' E M
i f '{;r s I% [)/';f

-
N



*METHODS OF MAKING CONTOUR MAPS:

1-by sections
2-by grid method

3-sattalite and remote sensing

AREAS AND VOLUMES

1-AREAS OF IRREGULAR SHAPES

METHODS OF CALCULATING IRREGULAR SHAPES:

1-OLD GRAGHIC METHODS



2-MATHEMATICAL METHODS;
a-Trapezoidal rule

b-Simpson’s rule

c-sections method

3-mechanical method

plannimeter



Trapezoidal rule
an area bounded by a survey line and a boundary, T,

Figure 9.8 shows .
ded into a number of small equal intercepts of length 4

survey line is divi . :
and the offsets O,, O, etc. are measured, either directly on the ground

by scaling from the plan. If x is short enough for the length of boundary
between the offsets to be assumed straight, then the area is divided into a

series of trapezoids.
0,+0,

Area of trapezoid 1= > X

0,+0
Area of trapezoid 2 = 2 > 2. x

Og+ 0O
Area of trapezoid 6 = 6; L. x

Summing up, we get

X
Area=§(01+202+2()3+... +0,)

)
o Boundary
01 l@oz @Og 04 OS 06 07
l<-x-»l<-x->l<-x’§>l<_x_,1<_x_>|<_x_)|
Survey line
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Areas and volumes = 299

35 A A T T A A\\\
Fig- 7* O [0 |O; | O, |oO Os |0, |0, Oy 10y
XXX X"\;“X'ﬁﬂ-x-b*x-»q-x-»-‘.x
y Y X y ( A

In the general case with n offsets, we get

Area = x 0,+0,

+OZ+O3+.--+O,,_1 (5.6)

If the area of a narrow strip of ground is required, this method may be
used by running a straight line down the strip as shown in Fig. 9.9, and

then measuring offsets at equal intercepts along this. By the same reasoning
it will be seen that the area is given by

O
Area=x 140

+0,+03+---+0,_,

xample 9.3

Generated by CamScanner from intsig.com



The portion of the area contained between offsets O; and O,

= ABGCDA
= trapezoid ABFCDA + area BGCFB

_0:it0s 2x +2 (area of circumscribing parallelogram)
z

_ % (30, +30; +40,- 20, - 205)

% (0,+40,+05)
For the next pair of intercepts, area contained between offsets O, and O,
x
For the final pair of intercepts, area contained between offsets O;sand O,
X
=3 (0O5+404+0,)
Summing u/p, we get
. X
.Area:§ [0y +07) +2(05+ 05) + 4(0, + 0, + O)] 9.7)
In the general case,
X
Area = 3 (X +20 +4E)
where X = sum of first and last offs
and E=sum of the even offsets,

Simpson’s rule states
figure divided into an e

ets, O=sum of the remaining odd offsets,

» therefore, that the area enclosed by a curvilinear
- ven number of strips of equal width is equal to oné-
thl.rd the width of a strip, multiplied by the sum of the two extreme offsets,
twice the sum of the femaining odd offsets, and four times the sum of the
even offsets, i
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In a tape and offset survey the followmg offsets were taken to a fence
from a survey line: o

Chainage (m) 0 20 L R gge 60 80

Offset (m) 0t 540 O D Y 853 10.67
~ Chainage (m) 100 120 140 160 180

Offset.(m) =+ 2 125052075 = 447 1.83 0

1 Find the area between the fence and the survey line.

Note that the term ‘chainage’ refers to a cumulative increase in distance

o _measured from a starting point on the line: that is, zero chainage.

- There are 10 offsets, and because Simpson’s rule can be applied to an

- odd number of offsets only, it will be used here to calculate the area

contained between the first and ninth offsets. The residual triangular area

, between the ninth and tenth offsets i is calculated separately. It is often
- convement to tabulate the workmg

Sunpson

[~ o o s w |

- ‘Offse‘t no. Offset "3 multlpher '-__""PII:'O'dUCt ‘

£ O . :
s
044
: L2 RiIS3
Coenl 1067
1280
9975
183

0
421,96
~18.28
3412
- 21.34
50.00
19.50

1828

L 83’;{; o
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An embankment is formed on ground that is level transverse to the
embankment but fallmg at 1 1f1 20 longitudinally so that three sections
20 m apart have centre-line heights of 6.00, 7.60 and 9.20 m respectively
above original ground level. If side slopes of 1 in 1 are used, determine

the volume of fill between the outer sections when the formation width
1s 6.00 m, using the trapezoidal rule.

Using equation (9.8):

A =h(b+ mh)
A, =6.00(6.00 + 6.00) = 72.00 m*?
A, =7.60(6.00 + 7.60) = 103.36 m*
A;=9.2006.00 + 9.20) = 139.84 m*

Note that the mid-area A, is not the mean of A, and A,.

20.00
V= -5 (72.00 + 2 x 103.36 + 139.84)

=4185.6 m*
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Exam plgw 99’ Using the data of Example 9.8 solved by the end-areas method, compute

the volume by the prismoidal formula.

(a) Taking D=40m
V= f}g (72.00 + 4 x 103.36 + 139.84)

=4168.5 m3

(b) Taking D =20 m, and applying the prismoidal correction to the
‘end-areas’ volumes:

20
Vy iy (72.00 + 103.36)
=1753.6 m>
Dm
PC= = (hy - hy)?

20x 1
=———6>i—- (6.00 - 7.60)>

=8.53 m?
20
V,== (103.36+139.84)

=2432 m3
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A cutting is to be made in ground which has a transverse slope of 1 in
5. The width of formation is 8.00 m and the side slopes are 1 vertical to
2 horizontal. If the depths at the centre lines of three sections 20 m apart

are 2.50, 3.10 and 4.30 m respectively, determine the volume of earth
involved in this length of the cutting.

From equation (9.11):

A 1 b mh |(w, +w,) N
= — — + e
2m |\ 2 1752

From equations (9.9 and (9.10):

(b.._ )( k )
wWi=|=-+mh|| —— >~
2 k-m . ’

k S k S

Hence P Ko = 7 because m=2 and k=35

Tabulating,

Section h mh  b[2+mh w, w, w,+w, A(m?

1 2.50 5.00 9.00 9.00x3 9.00x3 21.43 40.24
=15.00 =6.43

2 3.10 6.20 10.20 10.20x3 10.20x3 24.29 53.94
=17.00 =7.29

3 430 8.60 12.60 12.60x5 12.60x3 30.00 86.50
=21.00 =9.00
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(a) Treating the whole as one prismoid:

V= %Q (40.24 + 4 x 53.94 + 86.50)

=2283.3 m*
(b) Using end-areas formula with prismoidal correction:

20
Vig="- (40.24+2x 53.94+86.50) .

=2346.2 m*
From equation (9.27):

D |
pc-2 K
6

e~ m(h, - h,)* -

Therefore

20 25
Total PC = < 37" 2[(2.50 - 3.10)% + (3.10 - 4.30)%]

=14.3 m?
Therefore V,=2346.2 - 14.3

=2331.9 m?3

e L



_ ~ Height of
Foresight collimation

Backsight _Intersight

0663 o
Foata a1 946

~1.008

et D e 1183
RIS
o

- 1.585.

| 0.646

99.423

100.625

98.760

97.477

98.415
98.270
97.838

98.355
99.407

199.979

20
40
60

80
1000

- BMon gate
9876 m A
~ Staff station A
c
D

(Ch'ange.p_'oiﬁt}

2231
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Levelling i 75

BM RL 98.760

%A XB~ T ~ _ L T _ -
&_6_——;5 P
Height of collimation Height of collimation
= 98.760 + 0.663 =97.838 + 2.787
=99.423 ‘ = 100.625
' _2.2_87_ P _2.270 1.218\¥ 0.646

0.6631y|1.946 _ _[1.008Y1.153| _ _ 1.585, /A/ T

RL 98.760 ’/*J_# wfé e LR

Rise between

Fall between Aand B=0.938m
BMand A=1.283 m ’
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Levelling @ 77

Reduced . Distance

gacksight Intersight Foresight Rise  Fall level ~ (m) Remarks s
= BM on gate,
0663 98.760 98.76 mAOD
1.946 1.283  97.477 0 ‘Staff station A
1.008 0.938 98.415 20 B Tt
1.153 0.145 98.270 40 C e
2787 1.585 0.432 97.838 60 D
(change point)
2.270 98.355 80 E e
1.218 99.407 100 Foowiie

99.979 120 G -
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gxample 3.4

The following figures were extracted from a level field book;

entries are illegible because of exposure to rain. Insert lhc(,,,,t S0me of the

and check your results. Re-book all the figures by the :‘;:ljrginp;xxlq~-,

method, and state the advantage of this method of Imnk'i,,v‘- and fall
g.

BS IS IS Hofl RL Remarks
? 279.08 277.65 OBM

2.01 ?

? 278.07
3.37 0.40 ? 278.68

2.98 ?

1.41 280.64

/' 281.37 TBM
(London)

Each line in a level book can be regarded as an equation, which can
be drawn up by applying the principles just outlined.
Thus, line 1, H of I = RL + BS
BS = H of I - RL

Hence,
=279.08 -277.65
=1.43
line 2, RL=Hof I-1IS

=279.08 - 2.01
=277.07

In this way, the field book is completed

carry out the re-booking by applying the .
4.30 m and 0.58 m respectively.

as follows; the reader should

principles outlined. The total

rise and total fall are
BS IS FS HI RL Remarks
1.43 279.08 277.65 OBM
2.01 277.07
1.01 278.07
3.37 0.40 282.05 278.68
2.98 279.07
[ 41 280.64
0.68 281.37 TBM

148

academic exercise, and in practice under such circum-

This is a purely
work would be re-levelled.

stances the whole of the
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308 B Serveying

4*__.-’“ -—-'rm—v-

i A

S22 <

I‘e side slopes intersect at G, then GE will be the vertical dxffe:
vel over 2 horizontal distance of b/2.

s
”
L 4

-

% x y i1
2+ h+w/k

b/2 b/2m

Therefore w, (—* mh)( 5 ) (9.9)
k—-m :

A\, GA,

DE GE
wy D/ 2m+h-w.fk

bj2 b/2m

¢

I i g
Hence  w,= (—1 = mh)( X ) (9-10)
2 k+m :

The area of the cutting or the embankment is the area ACFDA,
=area BCG + area ABG - area DFG

( b ) ( b ) oAy
=lwy{—<+h)+lw, 1p |
2m 2m 2m ' e |

1 [/b b? oAl iEE
o [(-7- + mh)(wI +W,) - -‘-2..]

Also

L4 ke
Generated by CamScanner from intsig.com



Aveng N velumes = 30%

Difference in leyel bty ¢ #nd

W
=+ A‘!
(9.1
Ditference in level hetweoy, Aand |) 67
W,
= [ - ”
- | (9.1%;
Ihis type of section s SOMelipe )

S known sy 4ty
Y lwolevel section, bee asgpe
ahlish the epos p—

two levels are required |
i ‘e " "-‘)‘ A ’ ¢
Al of | in k.

Calculate the side widths and CIO8S
A road with formation widih of 12,
to 2 horizontal, when the centye
sround has a cross-fall of 1in 12
embankment,

sectional area of an embanksent to

B0 metres, and side shopes 1 vertical

helght is 2.10 m and the existing
attight angles 1o the centre line of the

Referring to Fig, 9.12(b);

Wl = !) .1, '"h ,Ii
2 k~m

where b= 1250, k=12, m=2 and h=3,10 m,

12,50 12
Hence w, s | ———— 4+ 2 % 3,10 | -
ence wy ( 5 +2% 3.1 ))(H))

= 14,94 m

-b + mh -k
Wa=175 k +m
12.50 12
i e e 10 o
( 5 127(”'))(14)

= 10.67 m
From equation (9.11):

1 [(b b Yo W) bz]
area = —— | — X MmN +Wy) =~
area = Kz A AN

12,507
=} ['12.45 % (14.94 +10.67) -—=5—

-60.18 m?

Sections part in cut and part in fill (Fig. 9.13) |
at the ‘cut’ position is similar to the ‘cut

. o o] ' s th
Inspection of Fig. 9.13 show 9.12(a), and hence

position right of the centre line of Fig.
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