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Surveying
Surveying; Surveying is the technique of determining the relative po

on, abov
finally ree :r ben‘eath the surface of the earth by means of direct or indirect measureme
presenting them on a sheet of paper known as plan or map.

Object]

To 7 .
To g:z:;:;ze g:e rglanve position of any objects or points of the earth.
e the distance and angle between different objects.

To
To ﬁ; “3}:;; i:n!::}? (:ix; plan to represent an area on a horizontal plan.
ods through the knawledge of modern science and the technology and use

‘them in the field.
To solve measurement problems in an optimal way.

Uses of Surveving

So i
me of the numerous functions of surveying are given below.

sition of different features
nts and

™ To : ) . :
: Fofr;)glra‘::l;:ll;g:gal am::lips showing hills, rivers, towns, forests etc. are prepared by surveying
nd estimating new engineering projects like water irTi
1 . _ eer supply and irrigati
schemes, mines, railroads, bridges, transmission lines, buildings etc. surveyingis requiri?lnon

 Cadastral Map showing the boundaries a field hou
. . . ri ses are prepared by surveying.
Engineering map showing the position of engineering works like roads, ra)i,lwiys buildings

dams, canals etc. are prepared through surveying.
To set out a work and transfer details from map to ground knowledge of surveying is used

« For planning navigation routes and harbors, marine and hydro-graphicsurveyingare used
rategic planning, military maps are prepared by surveying. usee

e To help military st
For exploring mineral wealth, mine survey is necessary
the earth crust, geological surveys are required

To determining different strata in
Archaeological surveys are used to unearth relics of antiquity.

i rimari a
surveying: The curvature of the earth is not taken into consideration. Plane surveying is

Plane
carried out over a small area.
The curvature of the earth is taken into consideration. Geodetic surveying is

Geodetic surveying:

carried out over large area.
and 30m.

Metric chain: Widely used 5m, 10m, 20m,
hain: 100’ long, 100 links, each links 1’

Engineer's ¢
ks, each links 0.66’

Gunter’s chain: 66’ long, 100 lin
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4 Question: Chain Survey wrw f 337 aft *fstars aufe o1 w371 (HED —2017)

Solution;

i ides
It is the method of surveying in which the area is divided into _network oftnangllets izn&:h:y;le of
of the various triangles are measured directly in the field with chain or tape. < ave taken. Itis
surveying in which only linear measurements are made, no angular measutemzq 1l In excent:
the simplest kind of surveying and is most suitable when the area to besurveyed is sm

rveyed into a network of connected

The princi i i ivi to be su R
principle of chain surveying is to divide the area o teed from the lengths of its sides

triangles as a triangle is the only simple figure that can be p
measured in the field.

Chain survey steps:

| B x|
s d O/ low STONE (372)

_Referance Skatch for Station A

1. Reconnaissance: The preliminary inspection of the area to be chain surveyed is called
reconnaissance. The surveyor inspects the area to be surveyed, survey or prepares index sketch
or key plan. Walk the whole area and thoroughly examine the ground, note the position of
boundaries, road, and river etc, various difficulties to chain lines, select stations, and prepare neat

sketches called index sketches or key plan.

2. Marking stations: Stations are marked with ranging rod, or wooden peg, driving a nail or spikes
if hard surface, or embedding stone with a cross mark.

3. Reference sketches: After marking the station should be referenced i.e. located by measurement
called ties taken from 3 permanent points which are easily identified such as corner of building,

4. Running survey line: After the preliminary work, chaining is started from base line and carried
throughout all the line of the framework continuously. So chain is laid and kept lying, offset are

taken to locate the nearby details. Make ranging wherever necessary. Measure the change and
offset and enter in the field book.

%

DESIGN INTEGRITY, Call: 01633905761
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ITors in chaining ma

etc. The may be caused
y may be eith due to variation in temperature and pull, defects in instrumnents

erc i
Ompensating or cumulative.

Comp

ensatingerr

. ors: E i

which finally tend to comm)rs which may occur in both directions (both positivean
pensate are known as compensating errors. These error

survey work seri
ously. ;
may be caused by: y. They are proportional to vE, where L is the length of the line. Such €

d negative) and
s do not affect
rrors

%. i:nccélgect holding of the chain
.Fra i
onal parts of the chain or tape not being uniform throughout 1ts e

3.
. g‘::iczléra;el measurement of right angles with chain tape.
ntal and verticality of steps not being properly maintained during the stepping opera
d which finally tend to

the work and are

tion.

Cumulative errors: Errors which may occur in the same direction an
accumul.ate are said to be cumulative. They seriously affect the accuracy of
proportional to the length of the line. The errors may be positive OF negative.

al length (which the chain is too

Positive errors: When the measured length is more than the actu
short), the error is said to be positive. Such errors due to:

1. The length of chain or tape being shorter than the standard length.

2. Slope correction not being applied.

3. Correction for sag not being made.

4. Measurement being taken with faulty alignment.

5. Measurement being taken in high winds with the tape in suspension.

Negative errors: When the measured length of the line is less than the actual length (when the
chain is too long), the error is said to be negative. These errors occur when the length of the chain
or tape is greater than the standard length due to the following reasons:

1. The opening of ring joints.
2. The applied pull being much greater than the standard pull.

3. The temperature during measurement being much higher than the standard.
4. Elongation of the links due to heavy pull.

Mistakes: Errors due to the carelessness of the chainman -
are called .
few common mistakes. mistakes. The following are a

1. Displacement of arrows.
2. A reading may be taken from the wrong end of the chain
3. The numbers may be read from the wrong directions |

4. A full chain length may be omitted o .
o ntedl . r added. This happens when arrows are lost or wrong!y

““‘/ Oh..A__

i
I

1

:
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Qllesu
on: pe
(EED-zolg) 1€ Survey ing anq Mention g
s {erent type of Surveying for a bridge work?
Surveyjpy

.Y gt Slll'veyin i tive
POsitiong of an Objegct Sot:e bmn::h of civil engineering which deals with measurement qi;:ﬁons,

Irections, and ang|es, €arth’s surface by measuring the horizontal distances, e

Bl'idge su G . .
I Veying s Necess . ish lines and
ary to lo i i i esign, and furni
grades for constructiop, Y to locate a site, obtaip information for d
1 Reconnaiss g e promising
ance; Tentative bridge sites are selected by reconnaissance and the more p
€ determineq jp ' poeced oy

C ; technical
detail. Sele tion o i ite i h tactical and te

consij s ' a verned by bot

nsideration f a bridge site is go

i . ; estimate the
2. Bm‘ige Length: The Surveyor determines the length of the bridge cro§$ln8ntt:°avajlable' the
Mmaterials required for construction. Depending on the distance and equipme
Surveyor measures this distance with a tape, an electronic measuring device.

: ' . is includes the
3. Banks: The surveyor reports on the character and shape of the nverban:Sﬁ:S}fl:;g pectinent
amount and type of vegetatiom; thee sliope, Ineightr, amd: composition, of the banks;
dimensions of any natural dikes.

4. Character of the Flow: The suxmdammmmmmwﬁmma %ﬁ‘gﬂm
a measured course .Surveyor altserwes the charatrr off e miver Dot for eadh reports

information on the design of intermediate suppomts.

5. Profile: The surveyor profiles the streambed or gap to facilitate the design of intermediate
supports. Profile interval is measured by a tape or cable stretched horizontally across the stream

or gap or by the electronic instrument.

6. The surveyor estimates and records quantities of local materias such as standing timber, sand
and gravel beds, and available cement, water, and lumber.

Question: Write down the correction of chain survey? (ISTT - 2015)

1. Corrections for absolute length
2. Corrections for pull

3. Corrections for temperatyre

4. Corrections for slope and

5. Corrections for sag.
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| Question: Name five modern surveying equipment’s. (WASA = 2

Lo

14)

Solution;

Following are the modern surveying instruments which are used for surveying:

Electronic Distance Measurement (EDM) Instruments
Total Station

Global Positioning System (GPS)

Automatic Level

Digital Level

Tachymeter

Dioptra

Theodolite

Dumpy level

Chain and tape corrections
A. Tape correction

1. Temperature correction (C,): This correction is necessary because the length of the tape or
chain may be increased or decreased due to rise or fall of temperature during measurement.

CG=a(Th—T)L

C. = Correction for temperature in meters

a = Coefficient of thermal expansion A
T,, = Temperature during measurement in degree centigrade or Celsius

T, = Temperature at which the tape was standardised in degree centigrade or Celsius

L = Length in tape in meters
When « for the steel tape is not given it may be assumed to be 11 x 106 per degree centigrade or

Celsius

2. Pull correction (C,): During measurement the applied pull may be either more orless than the
pull at which the chain or tape was standardised. Due to elastic property of materials, the strain
will vary according to the variation of applied pull and hence necessary correction should be

applied.
o (Pr" - PO) L
P™ AXE

Cp = Pull correction in meters
P, = Pull applied during measurement in kilograms
P, = = pull at which the tape was standardised in kilograms

L = Lengthin tape in meter
A = Cross-sectional area of tape in square centimetres

E = Modulus of elasticity (Young's modulus)
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3.
Slope Correctjop (Cy)

Ch =
h z-m(mm)

=11 - cos e) (exact)
h?
=37 (approx.)
This correction is always negative,

B

A o D
C ‘
i

4. Sag correction (C,): This correction is taken with the tape in suspension.
L (wL)?
CS = —
24n? p2
When unit weight is given
Lw?

Cs=2an2m2

When total weight is given

Cs = Sag correction in meters

L = Length in tape or chain in metres

w = Weight of tape per unit length in kilograms per metre

W = Total weight of tape in kilograms

n = Number of spans
P, = Pull applied during measurement in kilograms

This sign of correction is always negative.

B. Chain correction:

1. Correction applied to incorrect length

) L
True length of line (TL) = 7 X measured lenmgth (ML)

L, = Standard or true length of chain
L’ = True length + error = Lte

2. Correction of incorrect area
N2
True area (T4) = £
(T4) 7 X Measured are, (M4)

2
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‘wed ¥ Qu . . ‘
Nt 3::; fon: The distance between two points, measured with a 20 m vhain was tecotded ax 2™ m
afterwards found that the chain was 3 cmtoo long Whatwas the true distang e between the

points?

Solution;

L=20mL =20+003= 2003

True length of line (TL) = T’ XML = 2‘-),.33 x327 = 32749m

ZQuestinn: Adistance of 1000 m was measured with a 25 m chain which was actuatly toumd 1o be
4.90. Calculate the chained distance. (WRGCL = 2014 WARPO = 2017)

Solution;

Here, ML = 1000 m,L =25m, L’ =2490 m
r 24.90

TL -I XML = 55 x 1000 = 9% m

Question: The length oftheline measured with 20 mchain found tobe 230 m. It was subsequently
found that the chain was 10 cm to long. What is the length ot line? (BB AD = 201w

Solution;
Here,ML = 500 m,L =20m,L’ =20 +0.1 = 20.1m

—~d
) /&4 20,
True length of line (TL) = TX ML = _251 x250 = 25125 m

Aroad is measured by a 20 m chain is found to be SO0 . 1t was found later that the

Question:
ngth? (AB — 2017)

chain is 4 cm too long. What is the actual le
Solution;

Here, ML = 500 m,L = 20 m, L' =20+0.04=2004m

) v 20.04
True length of line (TL) = X ML = 55 * 500 =501 m

\J
v

and were measured by an engineer’s chain eaactly

Question: The length and breadth of a plot of |
20.03" at the emd. Caleulated areais St o, il

20’ in length at beginning. But it was found to be
the correct area. (BREB — 2018)

Solution;

Here, MA = 50.4 cm? L = 20" m,L" = 20.03
Wrong scaley’

True area = ( x Measured area
Correct scale

2 2
L 20.03) ! 5
=(— 14 = [———] x20.4 =50.55c¢cm

i
: e T ORITY. Call: 016339053761
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Solution:
Here, ML = 1000 m,

<y
.neers Chain 3 r'
fecﬁve Gﬂg .n
T is measure b)’ a de for the Chal *
Questlon: A road is actually 25320 f long this diSBI® 5 o ged ofthe Jength
and it was found 25270. How much increase oF decrea
(MPL — 2017,JOCL— 2018)
Solution:
L’
TL = -IT xML
LI
25320= 25270 x 100
L’'= 100.1978' ,
Amount of error, € = U-L= 100.1978" — 100’ =+ 0.1978
The chain needs to shorten by 0.1978’ found
: 3 un
i hain, but it was ©
Question: The distance between two points measured 1000 m Wl;}(l) 33)5 mc
5.15 m. calculate the actual length. (TG'I‘DCL -

that the chainis 2

L =25mL =2515m

L =—g X = m
red with a 20m ¢hain. The

m when measu '
If the 20 m chainwas 0.

ions.was 1200
195 m.

Question: The distance between two stat
same distance when measure with 30 m chain was foundtobel
m too long, what was the errorinthe30m chain?

Solution:
Let us consider the 20 m chain.

L=20m
L' =20+005= 20.05m

Measured length = 1200 m

20.05
True length of line = 1200 x 20 =1203 m

Let us consider the 30 m chain.

L=30mL =7
True length of line 1203 m (as obtained from 20 m chain)

Measured length = 1195 m

LI
TL=IXML
[ 1203x30
=—3195 0.20m

Now, L' is greater thanL: So, the chain is to lon
Amount of error,e = 30.20-30 = 0.20 m ¥

DESIGN L
INTEGRITY, Call: 01633905741

d
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3 p:ﬁ??b}ismd tape was exactly 30 m long at 20° C when supported throughout its length under
of 320 ¢ 5 dgt: A line was measured with this tape under a pull of 15 kg and at a mean temperature
weight = 0"69 ound to be 780 m long. The cross section area of the tape = 0.03 cm? and its total
Com :693 kg. & for steel = 11 x 10~¢ per degree centigrade and E for steel = 2.1x 10° kg/cm?.
Pute the true length of the line if the tape was supported during measurement at every 30 m

and at every 15 m.
Solution;

1Vyh<eln Supported at every 30 m:
Otal correction per tape length is to be found out first. Here,n =1

Temperature correction, €, = a (T, — T,) L = 11 x 1076 (32 — 20) x30 = 0.00396 m (+ ve)

i (Pn — P)L (15 — 10) 30
Pull correction, €, = "‘A " EO) = 0(03 = 13105 = 0.00238 (+ ve)

. Lw? 30 x 0.6932
Sag correction, Ci = AP~ 72 TR 0.00267 m (—ve)
m

Total correction = + 0.00396 +0.00238 — 0.00267 = + 0.00367 m (too long)
L'=L+e=30+0.00367 = 30.00367 m

L )
True length, TL = A XML = 30—?;:3£ x 780 = 780.094 m

When supported at every 15 m:

Here, spann =2
Temperature correction, C; = 0.00396 m (+ ve) as before

Pull correction, C, = 0.00238 m (+ ve) as before
Lw? 30 x 0.693?
X = 0.00067 m (— ve)

—

Sag correction, Cg = 24n? Pl 24x 2% 152
Total correction = + 0.00396 + 0.00238 — 0.00067 = + 0.00567 m (too long)

L'=L+e =30+ 0.00567 = 30.00567 m

L 30.00567
True length,TL = A xML = 35 x 780 = 780.147 m
Question: Chainage of a survey line is actual 36990 ft, but it found in practical field is 36995 ft

_Find the % of error. (BUET M. Sc.-2014)

Solution:
AL 36995 — 36990 3
%0ferror=—L— x100 = 36990 x 100 = 0.0135%
(0]

e
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Compass Traversing This m
n-iangles. d

In chain surveying, the area to be surveyed is divided into 2 nur;?::roefa is large, undulating apg

suitable for fairly level ground covering small areas. But wher;1 e d of

crowded with many detalls, triangulation is not posfsxble.;‘r;) Z:Cof .

is adopted. In traversing the framework consists of anu o ctruments

measu!:'ed by chain or tape and the directions {dentified by angle mea}s;:::eg ns

the methods, the angle measuring {nstrument used is the compass. »

compass traversing.

Question: What is traverse survey? (Army — 2014)

Solution:

Traversing is that type of survey in whicha num

and the directions and lengths of the survey lines ar

measuring instrument and a tape or chain respectively. Ny

True meridian: The line or plane passihg through the geographical North Pol

Pole and any point on the surface of the earth is known as the trué mer1aidi
he angle between the trué mert

meridian. The meridian at a station is constant. T
wn as the azimuth..

known as true bearing of the line. Itis also kno
TN MN

9 framework
d survey lines form the
ber of cor;n;ﬁzsure d y ith the help of an angle

e, geo graphical South

dian or geographical
dian and a line is

Magnetic True North

Nornth True bearing
e B
Declination .
Maagnetic

(West) bearing

agnetic needle is suspended freely and balanced properly
itindicates a direction. This direction is known as the magnetic

Magnetic meridian: When a m
gnetic meridian and a line is known as the magnetic bearing

unaffected by magnetic substances,
meridian. The angle between the ma

or simply the bearing of the line.

Arbitrax:y-Meridian: Sometimes for the survey of a small area a convenient direction is assumed
as a meridian known as the arbitrary meridian. Sometimes the starting line of a survey is taken as

the arbitrary meridian.

Whole circle bearing (WCB): The magneti i i

ring : gnetic bearing of a line mea i
pole towards the line is known as the whole circle bearing of that }j i ClOCles.e 9z the north
F iuetiotween 09and 3600 at line. Such a bearing may have any

Example: 26°, 121°, 245°, 350° etc.

. ‘Pole (whichever i -
' IS nearer the line) towards the East or West, is

quadrantal bearing’ of the |j
e line. Thi
and NW. The value of a quadranta] beairing lie;‘r ll:lestws{:smg o hur fuadrants - NE, SE, SW

en 0° and 9qpe —

’ C.
//
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i When the whole circle bearing of a line is converted to quadrantal bearing, itis termed the reduced
Its value lies between 00

an?lr;ngé Thus, the reduced bearing is simllar to the quadrantal bearing.
0° but the quadrants should be mentioned for proper designation. The following table

should remembered for conversion of WCB to RB.
8

E
c
! WCB between Corresponding RB Quadrant
0° and 909 RB = WCB NE
900 and 1800 RB = 1800 - WCB SE
180° and 270° RB = WCB - 1809 SW
2700 and 3600 RB = 3609 - WCB NW A

Fore and back bearing: The bearing of a line measured in the direction of the progress of survey
— s called the fore bearing (FB) of the line. The bearing of aline measured in the direction opposite

to the survey is called the back bearing (BB) of the line.
For examplein figure (a) FB of AB=6
BBof AB =6,

In figure (b) FBof BA=8
BB of BA=8,
N

A 18, (8ACK BEARING)

9 (FORE BEARING)

In the \WCB system, the difference between the FB and BB should be exactly 1800. Remember the

following relation
EB=FB +180°
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TN MmN
Magnetic True Norh ixattiom (Exs)
T DEBITG
Magnelic
beanng

True bearing = magnetic bearing + declination
Use the positive sign when declination east

Note [ Use the negative sign when declination west

Magnetic bearing = true bearing + declination
Use the positive sign when declination west]

ote . .
N [ Use the negative sign when declination east
' aring, if the

at will be the true be _ .
What will be its magnetic bearing,

Question: The magnetic bearing of a line AB is 135030". Wh
declination is 5915’ W. The true bearing of a line CD is 210045’
if the declination is 8915'W.

Solution

True bearing of AB = magnetic bearing - declination = 1350930" - 5015’ = 130015’

Magnetic bearing = true bearing + declination = 210945’ + 8015’ = 21990°

Question: The magnetic bearing of a line CD is § 30°15" W. Find its true bearing, if the declination
is 10915’ E.

Solution

First convert the RB to WCB, and then follow the usual procedure to find the true bearing in WCB.

Finally, convert the true bearing to RB.

RB of CD =S 30015°W
WCB of CD = 18000" + 30015’ = 210015’
Now, TB = MB + declination (east) =210015" + 10015’ = 220030"

Required true bearing = 220030’ - 1800 = S 40030’ W

Question: In 1920, the magnetic bearing was N37°30" E and the declinati
. g . nat 045’
will be the true bearing in 2015 if the declination in 2015 is 3°15'E? (B;El{(')l‘nh‘;lgz 5— 3[5) 1123.)What

Solution;
In 1920, True bearing = 37030’ + 5045” = 43oi5-
In 2015, True bearing is 43915, the true bearing of a line is constant

3
DESIG Y
ESIGN INT EGRITY, Cal: N1AYONE
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aring of a line AB is §28°30'E. Calculate the true bearing if the

.4 (?uestion: The magnetic be
eclination 7930’ west, (BUET M.S - 2017)

Solutiop;

MM

T™

7930’

A \ 28930’

\
X B
\ True bearing

True bearing = § 28°930'F + 7°30' = S 36°00’E
Question: On an old map a line was drawn to a magnetic bearing of 320°30’, when the declination
was 3°30' W. Find the present bearing of the line, if the declination is 4°15'E.

lution:
True bearing = Magnetic bearing - declination (west)
= 320°30’ — 3°30’ = 317°0’

~ The true bearing of a line is constant.
So, the present true bearing of theline is also 317°0

Magnetic bearing = True bearing - declination (east)
= 317°0' — 4°15’ = 312°45'

Question: Find the anglé ABC if forwarded bearing of both lines (CB & BA) are 130024'56" and
89029°56". (PGCL — 2017)

Solution:

I\130024’56"
A

c .
§9929°56"

< ABC = (180°- 130024'56") +89929'56" = 138055'40”

™
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i pearing©
040, Find the
Question: The bearing of line AB is 152938’ and the angle ABC is 124%
(DPDC — 2014)
Solution:

152038’

12440’

Bearing of BC = 1800 + (152038’ - 124040’) = 180° + 27058' = 207%58'
200°30" and

" - P Y 9 '’
Question: The fore bearings of the lines AB, BC, CD and DE are 45°30°,120°15,
280°45’ respectively. Find angles £B, £C, £D.

Interior B = BB of AB - FB of BC = (45°30’ + 180°0") — 120°15’
¢B = 225930’ —120°15' = 105°15’

Interior £C = BB of BC - FB of CD = (120°15 + 180°0") — 200°3p°
4B = 300°15" — 200°30" = 99945’

Exterior D = FB of DE -~ BB of CD = 280°45’ — (200°30".+ ()’
<B = 280945’ — 20°30" = 260°15’ ( 180°0)

Interior 2D = 360°0" — 260°15’ = 99045’

Question: Calculate the initi
BESBI0SIEG7 tial anglgs of aclosed Travers from the fol)owing bearine
CA:N 40056’ 55" w o
CB:N 30055’'51"E

(PGCL — 2014, DTCA - 2018, BAD( — 2020)

{\gm
DESIGN |\T
ES'G.\ IN IEGRITY; Call- MEV IO~ .
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<CBA =80° 50" 30~ - 30055’ 51" = 490 54' 39~

<BAC = (90 - 800 5¢° 30") + (90 - 400 56’ 55%)
=909’ 30" + 490 3'5* = 580 12’ 35*

<ACB =400 56' 55"+ 30055’ 51" = 710 52’ 46"

Check:
<CBA + £BAC + £ACB = 499 54" 39" + 580 12° 35" 4+ 710 52’ 46" = 1800
(2N-4)x90 = (2x3-4)x90=1800

=2 ngstion: A traverse is done by three stations A, B and C in clockwise order in the form of an
equilateral triangle. If the bearing of AB is 80°30’, find the bearings of the other sides.

FB of AB=80°30’

FB of BC=BB of AB- ¢«B = (80°30’ + 180°0") — 60°0'= 200°30’

FB of CA = BB of BC + exterior £C = (200°30’ — 180°0") — (360°0' — 60°0") = 320°30’
FBof AB=BB of CA- 2A = (320930’ + 180°0") — 60°0" = 80°30’ (checked)

th
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f
the surface ©
r below plane.

the of determin n O'Hts on (o} )
rth is k1 i different p 1 '
ea ‘ ini 8 the releVC helglhts (?f
i nas le W.'lllng. Thus, leVE"lng deals Wlth "leas‘" nts n t'he ver tic
‘ | ‘ X the
damS barrages etc. and to ﬁ

Levelling is done for the following pur
tes for reservoirs,
Y the reduced levels

1. To prepare a contour map for fixing si o
alignment of roads, railways, irrigation canals and SO ‘:)ints ona hill or to Kknow
2. To determine the altitudes of different important p
of different points on or below the surface of the earﬂ.l- ¢ a project (roads,
3. To prepare a longitudinal section and cross-sections 0
canals) in order to determine the volume of earth work - cchemes.
4. To prepare a layout map for water supply, sanitary or drainag ' N
e of the earth s said t0
] surface.

railways, irrigation

e alevel

dal surfac

Level surface: Any surface parallel to the mean spheroi e

surface. The water surface of a still lake is also considered to be a ve
evel line.

point is knownas the horizontal

Level line: Any lying lying on a level surface is called |
fgravity.

Horizontal plane: Any plane tangential to the level surface atany pov
plane. It is perpendicular to the plumb line which indicates the direction O
Horizontal line: Any line lying on the horizontal plane is said to be a horizontal line. Itisa str

line tangential to the level line.
Datum line: This is an imaginary level surface or level line from which the vertical

aight
distances of

different points above or below this line are measured.
Reduced level: The vertical distance of a point above or below the datum line is known as the
reduced level of that point. The RL of a point may be positive or negative according as the pointis

above or below the datum.
Line of collimation: It is an imaginary line passing through the intersection of the cross hairs at

the diaphragm and the optical centre of the object glass and its continuation. Itis also known as the

line of sight.
Bench marks: These are fixed points or marks of known RL determined with reference to the

datum line. These are very important marks. They serve as reference poi i
. _ : . points for finding the
new points or for conducting levelling operations in projects involving roads railways ft(t: L

y set up of the instrument after the

Back.side reading: This is the first staff reading taken in an
levelling has been perfectly done. This reading is always taken on a point of known RL on a bench
enc

mark or change point.

Foresight reading: It is last staffreadin
of the latter.

ginany set up of the i indi
P nstrument and indicates the shifting

Intermediate sight readings: It is any other .
staff reading between
the BS and FS i
- the same set

up of the instrument.

I3
bE o
ESIGN INTEGRITY, Oy, 01633905761
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Change polnt. Thi
: 1hls point e .
' one setting and a BSlzrol:n iﬁgll‘;‘:;‘:sszht; rsigll’tmg of the instrument. At this pointan F5 is taken from

Graduated ;
ma Horizontal line - -
o /Oflllh E
N gy Level :
-~ o
- H
b [ 49
/ h = backsight - foresight
=b-f

Travel Direction
—_—

Height of instrument: When the levelling instrument is properly levelled, the RL of the line of
collimation is known as the helght of instrument.

Question: What is transit theodolite? What is parallax in theodolite? (ISTT — 2013

Solution:
A theodolite the telescope of which can be rotated completely about its horizontal axis. Primary
function is the accurate measurement or layout of horizontal and vertical angles.

Parallax is a displacement or difference in the apparent position of an object viewed along two
different lines of sight, and is measured by the angle or semi-angle of inclination between thos

" two lines. Due to foreshortening nearby objects show a larger parallax than farther cbjects when
observed from different positions, so parallax can be used to determine distances. To measure
large distances, such as the distance of a planet ora star from Earth, astronomers use the principie
of parallax.

Question: Define Benchmark (BUET M. Sc. —-2011)

Solution:

A benchmark is a point of reference by which something can be measured. In survesing a "o2ach
mark’ is a post or other permanent mark established ata known elevation that is used as the basis
for measuring the elevation of other topographical points.
Question: What is leveling? Write down the methods of plane table surveying? (Army — 2014}

- Solution:

Leveling is a branch of surveying, the object of which is: i) to find the elevatiens of giv2n pins wis

. H H Ter cenirmad A e

respect to a given or assumed datum, and i) to establish points ata given or assumed dzi.m
Generally there are four methods are available to perform plane table surveying. Taerar2

» Radiation

e Intersection

* o Traversing %

e Resection
DESIGN INTEGRITY, Call: 01633905761
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survey? (ARMY = 2014)

Question: \What is traverse

Solution:
Traversing is the type of survey
and the directions and the lengths of the surv

direction) measuring instrument an
which ends at the starting point, it is known as

Methods of traversing-

e Chain traversing
e (Cain and compas
o Transit tape traversing
e Plane-table traversing

inwhicha number of

s traversing (loose needle m

ey lines @
d atape (or chain)

connected surv
re measuré
espectivel)’ .
a closed traverse.

ethod)

k2

k

lines form the framewor
ey ! the help of an angle (or
en the lin€s form a circuit
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dings. The line
of the

1. Curvature correction: For long sights, the curvature of the earth affects staff rea
alled

of sight is horizontal but the level line is curved and parallel to the mean sphe{oidal surfac'e
earth. The vertical distance between the line of sight and the level line ata particular placeis ¢
the curvature correction. Due to curvature, objects appear lower than they really are.

€c = Correction due to curvature
Cr = Correction due to curvature
D = Horizontal distance in kilometres

R = Radius of earth

InA 0CA 0C? = 04% + AC?
(03+BC)2 = R2 4+ D2
(R"'C::)z = R2 4 p?
R*+2RC.+C?=R? + D?
ZRCczDz

Horizontal line

Line of sight
Level line-\ \ /

== )
/L Means:m.\cu!‘ i(/(’c

—
3
?

.
|
’

Figure: Curvature correction

DZ

Curvature correction, C. = 7R
2x 100
=2 x10 = 0.0785 D? m (negative)

C. ="
€ 12742
True staff reading = observed staff reading - curvature correction

Curvature correction is always subtractive.

40
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2. Refraction correction: Rays of lighta

varying density. So. when \ong sights are taken the line of sight I S ofthe earth r nO“ re.
the earth in a curved path. The radius o * higher than ey really
atmosphenc conditions. Due to the effect p":“w ccage. the refracuon

But the effect of curvature varies with atmos
correction is taken asone seventh of the curvatur

- ; % 0.0785 D? m (positive)

of refraction, objects 2P
pheric conditions. On3
e correction

Refraction correction. C,

Refraction correction is always additive.

True staff reading = observed staff reading + Refraction correction

3. Combined correction:
Combined correction = Curvature correction + = oy COITECHOn
— — 0.0785 D? + 00112 D* —— 0673 D"

Combined correction is always subtractive.

— combined correction

True staff reading = observed staff reading
-C s

Actual staff reading = Observed reading + C-

isible horizon distance in kilometres

Let, AB=D=vV
mean sea level in metres

h = height of the point above

p—,

Considering curvature and refraction corrections, h =0.0673 D?

h
D=
0.0673

Question: A lamp at the top of a lighth
level. The distance of the lamp from the

p -0 km ]
§
A (Station)

|

ouse is visible just above the horizon froma station at sea
station is 30 km. Find the height of the lighthouse.

-

Lamp

Lighthouse

We know, h = 0.0673 D? = 0.0673 x 30% = 60.57 m
Hence, the height of the lighthouse is 60.57 m

&4

NECTON IR Ao ™ e
j ‘ t\qtarsn~-u ikr
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| ’ A2y
i “ Qllesdon A man at a position 10 m above sea level observes the peak of a hill. The distance

€tween the man and the hill is 80 km. Find the height of the hill
80Km
A{ MAN'S EYE

e e e —

PEAK
) A ] ’0
]

Solution;
Height of man’s eyeh, =10 m
- _h;_ - 10
0.0673 4/ 0.0673 - 1>19lm

Here, D; + D, =80 km

D;=80-12.19=67.81km
Height of the hill, k, = 0.0673 x D = 0.0673 x 67.812 = 309.46 m

Question: Height of search light from sea level is 150 m and observers eye at 20 m from sealevel.
Determine the distance between the observer and search light. (BCPCL — 2016)

_MANSEYE

E-Y
Lumwous"(
OBJECT

Here,h1 =150 mand h2 =20 m
we know, h =0.0673 D?

\/o 0673 \[0673-47'2“{m
\[)0573 e 573—17'23km

The required distance between them = D1 + D2 = 47.21 + 17.23 = 64.44 km

Question: A man on the deck of a ship observes the light of a lighthouse which is 150" above sea
level. If the man'’s eye level is 20’ above sea level. Find the actual distance between them.

(SGFCL — 2017)
Solution:
oo I.lAN'S EYE

%

Lumwous'\’
OBJECT ™
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n opposite
2.245 and
1.955 and
125.5507

evelling, two points Aand B are taken 0

-« Question: In an operation involving reciprocal | . A and B were
&  banks of a river. When the level was set up near A, the staff feaq:,r;g:t;fl; readings were
3.375 respectively. When the level was set up near B, the respecti

: ifthat of Ais
3.055. Find the true difference of level between A and B. What is the RL of B, 1

Solution;

In the first setting, AtoB
Apparent difference of level between A and B = 3.375 - 2,245 =1.130 m (Fall &om, )

In the second setting,
Apparent difference of level between A and B =3.055 - 1.955 = 1,100 m (Fall from Ato B)

113041100 4 jy5p

True difference of level between A and B =
RL of B=125.550-1.1 15 =124.435m

Question: In a reciprocal levelling, two points A and B are taken on opposite banks of ariver. Two
3 station C and D & their measurement point given. Find out RL of A if the RL of B is 108.82 m.

(RPGCL — 2017, BCIC — 2017) )
- Station Reading station point
A B
C 6.72 5.86
D 4.96 418
Solution:

When the instrument is at C,
Apparent difference in elevation A and B = 6.72 - 5.86 = 0.86 (B higher)

When the instrument is at D,
Apparent difference in elevation A and B = 4.96 —4.18 = 0.78 (B higher)

0.86 +0.78
True difference of level between A and B = —5 =0.82m

RL ofA = 108.82 - 0.82 = 108 m (Ans.)
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Here, h1 = 150" = 45.73 mand hz = 20'=6.09m
we know., h = 0.0673 D?

7
D,:["? = ’45 3 _26.06km
0.0673 0.0673

D1 =\/::6273 = 02233 =8.51:km
' ' _26.06 +9.51 =3557 km

The required distance between them = D1 + D2

velli
i r valley and two sets of staff
h banks of the nverﬁ is found that the errors are

In reciprocal levelling, the level is set up on bO}: e In this case,
i i ff on both banks. ' :
peadingzare talenoy holhe' St?jjffgl:ence of level is equal to the mean of the two apparent

completely eliminated and the true
differences of level.

Leveling between two widely separated points in whi
to eliminate the effects of atmospheric refraction and

1 o AEE T

Let, h = True difference of level between A and B
e = combined error due to curvature, refraction and collimation.

ch observations are made in both directions
the curvature of the earth.

In first case,
Correct staff reading at A = x,

Correct staffreadingatB=y, — ¢
True difference of level between Aand B h = (y,-€)—x
] 1= — 1

In second case,
Correct staff reading at B = y,
Correct staff readingat A= x, — ¢
True difference of level between A
, andB, h =
’ Y2=(x;-¢)

Adding both, 2h = (y; —e) —x. ¢
hz()’1"x1)+(J’z“Iz) ARG

| Y
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jevation of if the reduced Jevel of P is 100 m. {
rue ele .

rocal leveling find thet
UET M. Sc = 2019)

Question: Ina recip
(PGCL - 2017. B

Reading station oint

P
P 3.69
Q 4.59

Solution:
When the instrument isatP,

Apparent difference in elevation

\When the instrument isatQ .
Apparent difference in elevation P and Q = 459-334= 1.25(Q higher)

Station

2.48
3.34

pandQ=3.69- 248=121 (Q higher)

True difference of elevation =——5—

Q=100+123= 101.23m

oints Aand B are taken o
t point are given below ta

\

True elevation of
n opposite banks of a river. The

Question: Ina reciprocal levelling, two p
ble, find the reduced level of B

eir measuremen

two station Cand D & th
if the reduced level of A is 108.82 m. (GTCL — 2018)
~ Station Reading station point
] A B ]
) c i 5.79 i 512
D 4.96 ] 4.18

When the instrument is at C,
Apparent difference in elevation A and B=5.79-5.12 = 0.67 (B higher)

When the instrument is at D,
Apparent difference in elevation A a |
ndB=496-418=0.78 i
-18=0.78 (B higher)

True difference of elevation = 0.67 +0.78 B
7 = 0.725m (B higher) '

I . 2 0- 25 109 i

——
———
———— — —

——
-

Station: C
Station:D
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v~ Methods of calculation of reduced Jovel

'{he follow.ing are the two systems of calculating reduced level:
.The collimation system or height of instrument system (HI)
2. The rise and fal] system,

The collimation system: The reduced level of the line of collimation is said to be the height of the
Instrument. In this system, the height of the line of collimation isfound out by adding the backsight
reading to the RL of the BM on which the BS is taken. Then the RL of the intermediate points and
the change point are obtained by subtracting the respective staff reading from the Leight of
!nstrument The level is then shifted for the nextsetup and again the height of the line of collimation
Is abtained by adding the backsight reading to the RL of the change point. So the height of the
instrument is different In different setups of the level. It should be remembered that, in this system
the RLs of unknown points are to be found out by deducting the staff reading from the RL of the
height of the instrument.

Arithmetical check: £ BS — LFS = Last RL — 1st RL

5765
2.095
0130 153030 oo4c
g2 3
—t BM 35 k4
154.375 , 52@900 © @
: 152.785

The rise and fall system: In this system, the difference of level between two consecutive points is
determined by comparing each forward staff reading with the staff reading at the immediately
preceding point If the forward staff reading is smaller than the immediately preceding staff
reading, arise is said to have occurred. The rise is added to the RL of the preceding point to get the

RL of the forward point. -

If the forward staff reading is greater than the immediately preceding staffreading, it means there
has been a fall. The fall is subtracted from the RL of preceding point to get the RL of the forward

point.
Arithmetical check: £ BS — L FS = Z Rise — L Fall = Last RL — 1st RL

: Collimation system : Rise and Fall system
Itis rapid as it involves few calculation. Itis laborious, involving several calculations.
There is no check on the RL of intermediate| There is a check on the RL of intermediate

points. J

Errors in intermediate RLs cannot be detected. | Errors inintermediate RLs can be detected. }
There are three checks on the acauracy of RLi

There are two checks on the accuracy of RL
calculation.

calculation. )
This system is suitable for longitudinal levelling| This systemn is suitable for fly levelling where

where there are a number of intermediate
sights.

points.

. - . |
there are no intermediate sights. '

DESIGN INTEGRITY, Call: 01633905761

Scanned with CamScanner



. RL Remarks
8 ; . ema
LStation Chainage BS IS FS Rise (+)| Fall(})
- point . 7% 112.620
2 20 ' 1.730 0.645 Hi;gg
3 40 0.615 1.115 . —
4 60 2.835 3.450 2.835 111545 | Change
5 80 2.070 0.765 112310
6 100 1.835 0.235 112.54: —
7 120 0.435 0985 | 0.850 113.39 ang
8 140 1.630 1.195 112.200
9 160 2.255 0.625 111575
10 180 3.630 1.375 |110.200 [ On BM
Total = 5.645 8.065 |3.610 |6.030
Check:

IBS-XFS=5645-8.065=-2.420
Last R.L - First R.L. =110.200- 112.620 =- 2.420
I Rise—X Fall =3.610-6.030=-2.420

Question: The following consecutive staff reading was taken using a dumpy level: 0.705, 1.655,
0.890, 3.015 and 1.655. The first reading was taken on a benchmark whose RL is 150.605m.
Calculate the reduced levels of the stations by the rise and fall method. (JB-2017)

Station B.S L.S FS  |Rise  |Fal R.L

01 0.705 ] 150.605

02 1.655 0.95 149.655

03 _10.899 0.756 i 150411

04 j 3.015 - 2.116 118.295

05 1.655 1.36 119.655
Check:

£BS-XFS=0.705-1655=-0.95

Last R.L - First RL = 149.655 - 150.605 = - 0.95

L Rise—ZFall =2.116 - 3.066 = -0.95

Contour line: A line on a map joining points of equal height above or below sea level is called as
contour lines. It can also be defined as a line passing through points of equal reduced levels. For
example, a contour of 100 m indicates that all the points on this line have an RL of 100 m.

Contour Interval: The vertical distance between any two conseculive contours is known as a
contour interval. Suppose a map includes contour lines 100 m, 98 my, 96 m and so on. The contour
interval here is 2 m.

Horizontal equivalent: The horizontal distance between any two consccutive contours is known
as horizontal equivalent. It is not constant, it varies according to the steepness of the ground. For
steel slopes, the contour lines run close together and for flatter slopes they are widely ;li1ced

4 .

DESIGN INTEGRITY, Call: 01633905761
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e is no possibility
II system is always preferred as ther
and fall sys

Considering the above points, the rise e poIntS. o
of error in the calculation of RLs in the intermediate p long a chain lineat
ith a dumpy level /0718 RL is 98.085.
Question; The fullowing consecutive readings were mk;r;i‘:::lge of 165 M where t};]e oiI;ts b}" the
a common interval of 15 m. The first reading was ata ¢ dings. Find the RL of all p
The instrument was shifted after the fourth and ninth red d 3.035m
collimation system. 2.390 and 3. i
3.150, 2.245, 1.125, 0.860, 3.125, 2.760, 1.835, 1470, 1965, 1225
Solution;
IS
RLof HI =101.235 : FS
) . . ’ -~13.035
BM RL = 98.085 \
98.085
Station | Chainage| BS IS FS RL of RL Remark
point collimation
line (HL) _
1 165 3.150 | 101.235 98.085
2 180 2.245 98.990
3 195 1125 | 100.110
4 210 3.125 0.860 103.500 100.375 | Change point
g ;ig 2.760 100.740
1.835 101.665
7 255 1470 102.030
8 270 . ; r
: o 1.225 50 1.965 | 102.760 | 101.535 | Change point
: 100.370
10 300 3.035 99.7
Total = 7.500 S.:860 = 725 -

Check: £ BS — £ FS = 7.500 — 5.860 = +1.640
Last RL — 1st RL = 99.725 - 99.085 = +1.640

uestion: The following consecutive readinps w
e : .
of 20 m. 2.375, 1.730, 0.615, 3.450, 2.835, 28.070 rfSt;};er(l)vg{l}tg é(l)l:vellmg instrument at intervais

Bs. The last reading was taken ona

BM of RL 110.200 m. Find the RLs of all the points by rise and fal] h
all method.

A4S
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contouwr map
(top view)

The general wap of a country includes the locations of roads, railways, rivers, villages, towns, and
so on. But the nature of the ground surface cannot be realized, from such a map. However, for all
engineering projects involving roads, railways, and so on, a knowledge of the nature of ground
surface is required for locating suitable alignments and estimating the volume of earth work.
Therefore, the contour map is essential for all engineering projects. This is why contour maps are
prepared.

“Nabs, 3t

r isti 0

1. Contour lines must close, not necessarily in the limits of the plan,

2. The horizontal distance between any two contour lines indicates the amount of slope and
varies inversely on the amount of slope. pegn
3. Widely spaced contour indicates flat surface.

4, Closely spaced contour indicates steep slope ground.

5. Equally spaced contour indicates uniform slope.

6. Irregular contours indicate uneven surface,

7. App
pond.
8. Approximately concentric closed contours with ip

12. Contours of different elevations cannot cross

5 xistence of ove ine cli each ot} \
shows e erhanging cliffs or a caye, ter. If contour lines cross each other, it

L R
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+, Question: What are the benefits of using contour maps? (BCPCL — 2016)
Solution;
Contour are lines drawn in the map to show the areas with equal altitude from sea level.
* Itdepict slope and size of different landforms on map. _
* By reading contour interval it is easy to determine the different elevation of the landscape
* Itprovide the basis for coloring method.
* Itcanbeused in drawing cross section of the given features on the mapped area
« From the contours, it is possible to determine the capacity of a reservoir.

S .
//‘ R xﬁ’ﬂ °
P
4 VERTICAL
CVERHANJTING e
A CLIFF 34 CL¥F
'_m,_,_'——-rr'r'.—"ﬁ-rff"

Example of some contours:

TTETTIr Yy
.

Figure: Valley line

Figure: Ridge line
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this type °©
A ences to
Question: Draw contour map for pond and hil? What are the basic 117

]
contour? (BEPZA — 2016, RRI — 2015, BUET M.Sc.—2011) E

dicatea pond.

alues towards centre in ]
. dicate hills.

Approximately concentric closed contours with decreasing .
lues towards centre in

Approximately concentric closed contours with increasing va
Area and volume calculation

For computation of the volume of earth work,
taken transverse to the longitudinal section during profile levelling are fir

cross-sections may be of different types.

the sectional areas of the cross section whic-:h are "
st calculated. Again, the

-t

Cutting is deonoted by a positive sign and filling by negative sign.

Formula for calculating of cross sectional area for level section
When the ground is level along the transverse direction.

b+b+2sh
= xh=(b+sh)h

Cross ectional area =
Sh ) b Sh

The mid-ordinate rule

I l, S | : ) '
O Jhy 02 [y [0 hs [0, b, 05 b, o,
1 1 1 )

[P g—
" r

Let, 0,, 0y, .... Op = ordinates at equal intervals

[ = length of base line
%

NESIGN INTRORITY. ()

NAVIONE . ¢
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Total area =

d = common distance between ordinates
hy, hy ... h, = mid ordinates

Areaof plot = hy xd + hyxd + -+ +hyxd =d (hy+h2 +°

Area = common distance x sum of mid ordinates

The average ordinate rule

4___..—-~\T
01 oa 0, ;./\os

— : -
Let, 0, 05, .... O, = ordinates at equal intervals
l = length of base line
n = number of divisions
n + 1 = number of ordinates
0, + 0;+...40;,

On+1
sum of ordinates
no. of ordinates

xl

1st area =

Area = x length of base line

Trapezoidal rule

0 1 02 03 04

| d
Let, 04,02, ....On = ordinates at equal intervals

d = common distance

1st area = Gg 3102 xd

2nd area = 02 +05 xd

3rd area = 05+ 04 xd

Last area = On-1. % On xd

Total area = 4 (0, +20,+20;+.... 42001+ 0,)
Total area = 5

Simpson’s rule

§(01+402+203+4o4+205+ .....

d {01+0n+4(02+ 04+.

— e
—_—

3

DESIGN INTEG

-+ + ha)

common distance {1st ordinate + last ordinate + 2 (sum of other ordinate))

) +2(0;+ Os+...))

RITY, Cull: 01633905761
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¢ even ordinat@)

common distance (1st ordinate + last ordinate + 4 (sum©
the numbel' Of

Total area =
is even, i.e

+ 2 (sum of odd ordinate)} —
Limitation: This rule is applicable only when the number divisio
ordinate is odd.

smoidal rule gives the correct volume directly-

Notes: The pri

Egmmmmlmﬂﬂﬂmmm

Trapezoidal rule

o~

- - -
- - -

- ~ .

- - -

—m———————

Volume (cutting or ﬁllihg), V= Pz- (A, + A +2 (A F Azt .-

common distance =
{Area of 1st section + area of last se;tlon

Volume =
+ 2 (sum of area of other sections)}

Simpson’s rule b
Volume (cutting or filling),V = 3 (A +Ap +4(A2 t Ag+..)F 2(A; + As - )}

common distance - . .
{Area of 1st section + area of last section
) + 2 (sum of areas of odd sections)}

Total area =

+ 4 (sum of areas of even sections

Question: The following offsets were taken at 15 m intervals from a survey line to an irregular
0, 7.90, 6.40, 4.40,3.25m

boundary line: 3.50, 4.30, 6.75, 5.25,7.50, 8.8
Calculate the area enclosed between the survey line, the irregular boundary line and the first and

last offsets by the trapezoidal rule and simpson’s rule.

By trapezoidal rule:
15
Area, A =— {3.50+3.25+2(430+6
2 - J5+5254+750+8
. 80+ 7.90 + 6.40
90 +6.40 + 440))

15
A= (6.75 + 102.60} = 1820.125 m?

33
DESINN INTRODITY »"v e
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By simpson’s rule:

Ifthis rule is to be applied, the number of ordinates must be odd. But here the number of ordinate
Is even (ten). So, simpson’s rule is applied from O, to O, and the area between 0, and 0,4 is found
out by the trapezoidal rule. ‘
15
Total area, 4, = 5 (3.50 + 4.40 + 4(4.30 + 5.25 + 8.80 + 6.40) +2 (6.75 + 7.50 + 7.90)}
15
4y =3~ {7.90 +99.00 + 44.30} = 756.00 m?
15
A; = 3 {4.40 + 3.25} = 57.38 m?
Totalarea = A, + 4, = 756 + 57.38 = 813.38 m?
Quest?on: Calculate volume of earthwork necessary for a portion of an irrigation canal from the
following data by trapezoidal rule. (DTCA — 2018,BB AD — 2018, BWDB — 2019)
Chainage (ft) | 0 100 200 | 300 ' 400 | 500 |
Area (ft?) 850 875 B0 | 855 | 860 | 865 |
Solutjon: '
: D
Volume,V = 7 {A; + Ag +2(A; + A3+ Ay + A5)}
100
V = - {850 + 865 + 2 ( 875 + 860 + 855 + 860)} = 430750 cft
Question: Calculate volume of road embankment by trapezoidal rule. (BCIC —2019)
Interval (ft) 100 200 300 1 400 l 500 |
Area (ft?) 10 25 30 | ‘ 50 - | 60 |
Solution:

D
Volume,V = = {A; + As +2 (A, + A3+ Ay}

100
== {10+ 60 + 2 (25 + 30 + 50)} = 14000 cft
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Question: An embankment of width 25 ft and side slopes 2'5? 'elg;ﬁ:;l:te the volum® ©
ansverse to the centre lnis' given below-

d which is level in a direction tr
worlc line of the embankment

work. The ground level along the centre
0 80 200

Chainage (ft):

GL (R): 21 18 16
(SGFL — 2017, BGFCL — 2017)

Solution: ’
[ Chainage | GL FL Cutting (+) | Filling (=)

0 21 18 3 0
[ 80 18 18 0 9
|__z00° 16 18 0 2
Area of cutting = (25 + 2.5x 3) x3 = 97.5 ft?
Area of filling = (25 + 2.5 x 2) x 2 = 60 ft2
97.
Volume of cutting = ___SZLO_X 80 = 3900 ft3
60+0
Volume of filling = 5—X (200 - 80) = 3600 ft3
21 i

]

i

:'

L=18 1
80’ 200 E

;16

Question: An embankment of width 10 m and side slopes 1.5:1is required to be made on a ground
which is level in a direction transverse to the centre line. The central heights at 40 m intervals are

as follows: 0.90, 1.25, 2.15, 2.50, 1.85, 1.35 and 0.85
Calculate the volume of earth work according to the trapezoidal and prismoidal formula
Solutjon:

Area is calculated according to the equation, 4 = (b+sh)h

A; = (10 +1.5x0.90) x 0.90 = 10.22 m?
A2 =(10+1.5x1.25) x 1.25 = 14.84 m?
A3 = (10+1.5x2.15) x2,15 = 28.43 2
Ay = (10+ 1.5x2.50) x2.50 = 34.38 m2
As = (10 + 1.5 x1.85) x 1.85 = 23,63 2
As = (10 + 1.5x1.35) x 1.35 = 16,23 2
A7 = (10 + 1.5 x 0.85) x 0.85 = 9,58 2

Scanned with CamScanner



. o Calculation of volume by trapezoidal formula

D
Volume, v =5[A1+A,+2(A,+A,+ A+ A+ Ag))

40
V= 5 (10.22 + 9.58 + 2 ( 14.84 + 28.43 + 34.38 + 23.63 + 16.23)) = 5096.4 m?
Calculation of volume by prismoidal formula

., D
Vo!ume‘lr =3'[A|+A7 +4(A2+ A4+ A6)+2(A3+ As)}

40
V=3 (1022 +9.58 + 4 (1484 + 34.38 + 16.23) +2 (2843 + 23.63)} =5142.9 m?

+ 40 40 10 40 40 10m

Question: The ground level along the centre line of a road is given below.

Chainage (m): 0 50 100 150 200 250 300

GL (m): 117.50 11625 11595 11665 117.20 117.85 11575

It is proposed that the formation level of RL 115.00 should be kept constant of starting from the
chainage zero. The formation width of the road is 8 m and the side slope 1:1. The ground is level

-~4 transverse to the centreline.

Solution;
Chaimage ! GL i FL i Cutting
0 | 117.50 _i 115.00 ; 2.50
50 116.25 i 115.00 P 1.25 l
100 115.95 ' 115.00 i 0.95
150 116.65 i 115.00 s 1.65
200 11720 - | 115.00 ! 2.20
! 250 | 117.85 ‘ 115.00 ! 285
[ 300 | 115.75 | 115.00 i 0.75

Area is calculated according to the equation, A= (b +sh) h

A, = (8 +1x2.50)x2.50 = 16.25 m?
A, = (8+1x1.25)x1.25 = 11.56 m*
A; = (8+1x0.95)x0.95 = 8.50 m
A, = (8+1x1.65)x1.65=15.92 m?
As = (8+1x2.20)x2.20 = 22.44 m?
Ag = (8+1x2.85)x2.85= 30.92 m?
A, = (8+1x0.75)x0.75 = 6.56 m?

Y

DESIGN INTEGRITY, Call: 01633905761

ICc g
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Calculation of volume by prismoidal formula
D
Volume,V = = {Ay + A7 + 4 (A + Ay + Ag) +2(As+ As))
o .
V= 2t (26.25 + 6.56 + 4 (11,56 + 1592 + 30.92) + 2 (8.50 + 22
. ' 117.85
11720 '

a4)) = 54715 m

11750

11575

As EA 7
ed

]
. : 250 300

O |===c=ccccaa
o
[ 3
_;—.._
[ 2]
s
w

FL (115.00)
art. Compute
s . ction rework)lOOﬂZaP -
Question: Figure 3 & 4 represents two highway cross sef : l:’e sEapction (fig 3, 4,5) (EED 2019)

the volume of earth work to be required for the design o
: &-— 287 -3 I
12- 07

<« = M) -
10 o~ /_—l\ o.d /_——\
2 s 2 w7

Chsinge 0-0° <— 40’07 —> .
Fig-3 Chslnge 0-100
—a0"—> Fig—4

Design Scetlon
Fig-5

olution;
Area is calculated aqcording to the equation, A= (b+sh)h
A;=(30+2x10)x10= 500 ft?

40+25)x9 1
,=(———)x—+—x25x3=330&2
2 2
As = (40 + 2 x 14) x 14 = 952 ft?
A3 +As 500+ 330

Pre — work volume, V = 7 X > x100 = 41500 f3

Post work volume, V = 952 x 100 = 95200 ft3
Volume of eart work = 95200 ~ 41500 = 53700 ft3

e S TS T T T T PRIy e
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s Xxotlhujme from spot levels
S method, the field work consists in dividing the area into a member of squares, rectangles or

tri ;
angles and Mmeasuring the levels of their corners before after the construction. Thus, the depth
r is known. Let us assume that the four corners of

:rfl E);c:vatjon or height of filling at every corne
Y one square or rectangle are at different elevations but lie in the same inclined plane.

:;t?:h 1S consider the rectangle abcd of figure. If hg, hy, b, and hy represent the depth of excavation
e four corners, the volume of the rectangle,
V:(h"+ hy + h. + hy
)4
Va= average heigh:J x the horizontal area of the rectangle
a
|

c d b C
Similarly, Let us consider the triangle abc of figure. If hg, hy, and b, represent the depth of
excavation of the three corners, the volume of the triangular,
(ha + hb + hc
V= - ) y

V = average height x the horizontal area of the triangle )

Volume of a group of rectangles or squares having the same area
Let us now consider a group of rectangle of the same area, arranges as shown in figure. It will be

seen by inspection that some of the heights are used once only, some heights are common to two
rectangles (such as at b), some heights are common to three rectangles (such as at d) and some

heights are common to four rectangles (such as ate).

b
1 2

a

1 £ h, = the sum of the heights used once.
2 I h, = thesum of the heights used twice.
3 I h; = thesum of the heights used thrice..
4% hy = thesum ofthe heights used fO}lI‘ times.
A = horizontal area of the cross — section '
Total volume, V —2(12’11 +2Lh, +3Zh;+4Lhy)

e
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Question; The area of land is 400 m x 200 m and reduced level at different point in the land is \
below tahe which is shown in figure. Determine the earth filling work? (PMO — 2015)

Point “Emm E

G |H|I[] |[KJL [M[NTo IP QIR |S|T

F
5 2] 38091024 TasT 87 1[02]12 545 (7923|0230 |36 117

B ¢

Area of each rectangle = 100 x 66,66 = 6666 m?

A
VOlumE,V=Z(1£h1+22h2+32h3 +42h4)

12h1=1(0_8+10+0.23+7)=18.03m :

2%h, =2(2.4+12+0.2+2.3+2+3,6+0.9+0+3.6+11)=76m
3)'.'1'13 =0

4Zh4=4(4.6+8.7+1+5.4+5+7;9]=130.4m

6666
Volume,V = = (0+4.6 +18.03 +7¢ +130.4) = 374012.59 m3

Question: For aerial photography determine number of flight lines from the following data, Area
= 16 miles x 20 miles, focal length = 12", Photograph size = 9"x 9", photograph scale = 1:10000
overlap = 60%, side lap = 25%, flight lines in the direction of 20 miles and the outer lines coincidé
with the boundaries. (PGCB — 2015)

Solution; 9
Equivalent ground djstance of photo-format, § = 10,000 X3 = 7500 f

Distance between flight line, Dy =5 (1-side lap) = 7500 (1- 0.25) = 5625 ft
As flight is in the direction of 20 miles,

_ L 16 x 5280
No. of flight lines = D—-+ 1= e t1=1602=17 flights

!

W
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Question: Total Station Survey #17 g% NS R Rt 2w (HED — 2017)

ions

A total station (TS ;
C{Ju)il?ig t;til Station theodoljte (TST) is an electronic/optical instrument used for

surveving and

Onstruction. It is an electronic transit theodolite integrated with

electronic distanc -

b dismnce}m ; tttxhea§urement (EDM) to measure both vertical and horizontal angles and the

- . € Instrument to a particular point, and an on-board computer tocollect data
pertorm triangulation calculations.

Functions Performed By Total Stations

To measure horizontal and vertical angles.

To‘ obtain the horizontal distance, inclined distance and vertical distance between these
points. ,

To get the three-dimensional co-ordinatesi.e. [x.y. z] of a pointin space.

To find the length of a missing the line.

Plotting of contours

[llustration of detailed maps

Carrying out controlled surveys

Correcting electronically measured distances from prism constant, atmospheric pressure, and

temperature. _ : , : .
Making curvature and refraction corrections to elevations determine by trigonometric
€ f=] “

levelling.

40
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