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Chapter 1: Fundamental Definitions and Concepts

1.1 Surveying o ' T
Leveling MR . e = - i
Plane Survey —» Mecan Surface of the earth is considered planc

1.2 Survey

Geodetic Survey —» Shape of the earth is taken into account

1.3 Classification

A) Based upon Nature of Field
1) Land Survey :
1) Topographic Surveys ——» Horizontal and Vertical Locations

it) Cadastral Surveys * Bl u‘“ﬂ Ha trayaoe —

ii) City Surveying o |02 Hz;Hn od
- . ‘ -
2) Hydrographic or Marine Survey B Gowodit mathod I35 on the
: : The babls “\J-A
3) Astronomical Survey " 8 : wart st menks are
) s> umpt s Hhat entetus AN
B) Bascd on Opject pro ‘Hoel o q':jl_:kLwd e Q)-cm-vrm une aﬁﬂulm DTS TEWE; 3N
1) Engineering Survey grec "mvd()seh& ‘,ﬂoFMH mal b JL whote,
2) Military Survey L= hMJH\ cf o fine -

3) Mine Survey

4) Geological Survey

5) Archeological Survey OTN
whoree. Limeare 4 ongubest Tnastme nhe

The chwd»%ckl wale also teromed. as
v nestly wsed to Ledanes o freav tse
aits &f équal,

C) Instrument used

1) Chain Survey e cibion - .

2) Theodolite Survey v Thoe fotal 2T Ly Lt ttud ¢ A dr ;Jﬂﬁr{wm aree.
3) Traverse Survey ditributed o prospeiting b e hmgi v the 23des .

4) Triangulation Survey Tt Borwdide s nu DI L g

5) Tachcometric Survey o hu{:o ﬁ °'£'

6) Planc Table Survey Cortrachon \ — 'TB-!'nLL aott t oide

7) Photogrammetric Survey (d-‘l'h'fu—d-"(-mi‘ﬁf ) Lﬁ‘th'h-‘-‘i“’ Perte meterc

8) Acrial Survey NNd' ot mem—{-w@ crg. eaverve.

1.4 Principles of Survey o
Vlazen 1
1) Location of a point by measurement from two points of reference .7 . 0 of
d o a g dn forttiiiacie o 00 GRE
2) Working from whole to part v 4, = et B ¢
Chapter 2: Accuracy and Errors - _ IR I )
zl. = LY LD Lk A i UatssS
Accuracy and Errors _ . I):o{':a?'f e
= h - " - RFLE
2.1 Accuracy Depends on: = b royterile
: _ Qo .7 f FetaidM,
1) Precise Instruments i 9. 4’ ’
2) Precise Methods Wi &,o;/e,
3) Good Planning 2 CL’- oL x Ej-
2.2 Sources of Errors
1) Instrumental CXTLCQ- CD = E—D r
2) Personal E-L
3) Natural
/

2.3 Kinds of Er
1) Mistakes
2) Systematic Errors
3) Accidental Errors

umulative Errors)

Chapter 3: Lincar Measurements

3.1 Different Mcthods
3.2 Direct Mecasurements/1) Pacing; 2) Measurement with passometer; 3) Measurement with pedometer

4) Measurement eometer and speedometer; 5) Chaining

| Prof. Dr. M. Shariful islom, CE, BUET
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Surveying is the art ol determining the relalive position of points on, above or bcnca.th the
surface of the earth by means of direct measurements of distance, direction or clevation. It
also includes the art of establishing points by predetermined angular and linear
measurements. The application of surveying requires skill as well as the knowledge of
mathematics, physics and some astronomy. A The modn ona"e_d't‘\c O'X— Mv&oﬂ"“a,_
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Bascd on the instruments or methods employed: % 4o fmfm ME ff o0ks.
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R+ Theodolite Surveying sy Fx_%'a% A,Puwle en Mmﬁ .
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Zrd. 77 = praparing map

4>e  Chain Surveying

4.« Triangulation Surveying

5.« Tachcometric Surveying e Enﬁlmﬁjm% ircpobe i nake

¢ ® Marine or Hydrographic Survey g roqect ECDNOH'.‘.C. & SQSTAIN ABLE .
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Chain surveying is that typc of surveying in which only linear measurements
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take simple details. = i» not Auitable Jore enowded. orc rd/bk\d orea

‘20 tPrinciple: dﬁ, CM,’M&-—M P"j‘ndPL‘— "% choin & Hovers e ﬁtlﬂvtg.t .

e.q. Por prestoeh 60 wiedere e 2y
ol kg o by b gt e

3

L Gy ov\lﬁ‘Pﬁiom%lu 77 —> Her oo must une lovase

. . _ mepswrurant & 4 s Hae ondy
The/principlejof chain survey is to provide a skeleton or framework consistingshape ﬁd\.

of a number of connecled triangles, as trian

in plotting, the framework should consist of triangles which are

gle is the only fipure that can bewe o
plotted from the lengths of its sides measured in the field.JTo get good rcsul@‘d‘yt i

as_nearl l‘"‘ﬂ"“" )
equifateral as possible] 6 cam alro be plsted, Mmﬁﬂa hm,dﬂvo’ba

uk i b net suitable fo-rncvuué c:;ﬁg
2»' M\‘d arte there e may ﬁ’%mmt matho ds 0% mw_b(‘mﬁ 7?7
= - .



AL MOMIN
Sticky Note
 Time , size of the are . বাজেট , কত বেশি সঠিক হওয়া দরকার । এই সব এর ওপর নির্ভর করে 



vI. é%tjtut d;tCLH» / reod

e e . e A . < T Y A - e A S . WM L1 TSR\ & M U, . T A s e e —— Gt o A - ) "_,
o sl 40

3 ] s ") 3 e 4
shuuneids ot Chadung s

The Mordrws inabnoments wed fort the &M“ﬂhbh

0} the v&mdoyt}v o Line 1‘7 CW‘/“@ v o4 followy ;
. W'kr\' arer the ’j”’ \‘f‘”’k C/\"‘”s"‘ﬁ. 'Lapc O‘g SNM'U"'BE

T. CJ\OL{)/‘Q/ M?;%WMM%QJ_MP fmdlms :fan. dﬂboar\%
1. ZCVQ,& | 9 ?\;e, rg—h‘i::zﬂoaw

mpett
8 rowws ) Cost / ewlﬁcf

. — 4 Whek B rangirg 17
Y. R,G\m,é},uvg ?10"0[/3 %_Wimﬂ dswm —M;K’w,a. a:}—‘f-hx_,‘

. *x— In ,wmw,t o‘\oedsauaumk

9T, @otieal squmory Aok ;mﬁ dats. M 781 She. Loeaded
P

fb b0 Ha gwivey bine L Wy

\/\‘*ul.i_ .'Yu.»u'\.(,.u[ q, r( “ ,,7_ 1 /~ j o 'i X
gl el S S Y
ftw - Iy howevery tp Lo ,{f ha ",' L Lk Y Lezglt im q
e Infromudiote pomte il Joce by e oo f 7
'fUZWU'TLAL poimds bafore St Crdindra. 1 Q/ g et ] (g
Peipta :

[Loes amoL Nmkw%f; ﬁ?lmuja of 1k ;l:Luu xmm’rwmm

e CF{/LW

* %uah’k Junks o% a\vam5d\ wild gtel

I. SHAIN q A Hire ur«,ulmgmowal e

rirgs ot Hhe end

= - Brecws harelle with Suoidl goint

hams ane jw(mnm,aot 0p & bt Londes 9# .qwawNmoL
rm,(,lpt steel  pine ond imbs rw% ol e zmo& amol
Jbﬂ;\ui Lochs othey HredPomall siseulat 03 oual
’ ° oy [loxiodito| 4 tha ohai
WLt ngi_ Theze Wg*———’ by #ﬂ (7 fo AL o
e mds of the Ls choumd wne f)rwww(ﬂoL ML‘Uv@
@ ot uw}v gmd with M ) A0 U‘w'l

the_chain oo it jwvmol tcthoud wtg? [
o o e dlbner fehusen the gendieg

*&,3/,_,&,



AL MOMIN
Sticky Note
the process of fixing such intermediate points is known as ranging 
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% Procedure: l

The entire operation of chain survey can be divided into three

—

major groups namely —
+  Field work
J”  Keeping of records in the field book

4. Plotting of data to prepare maps

% Field Work: |

It includes —
&) Reconnaissance
By Marking and Fixing survey stations
&y Running survey lines.

) . . tdeo bout
Reconnaissance —» 1% pmo—;%ﬂ?& {0 %d: o %vmmﬁL t a

— A quick survey using simple instruments to know:
&) Topography
&) Probable alignments ,
¥ Obligatory areas i-e. sehoolby Mosgies efe.-wotah eanit be uFMM'
Soil and drainage condition
ey Highest flood level
Mrailability of construction materials and labors
&y Tand value for acquisition
Wy Time required for construction

) Slope of hills
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f 2. Chain Survey

The students will form a triangle in the field, after selecting proper stations. They will measure the

{
)
i lines and take offsets of different objects in the field. [n chain survey the students will use tie lines,
| check lines and enter the data in the field book. They will plot the details in a drawing sheet.
I
‘
!
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d " uIat ¢ _Lrror: Cumulative errors are those which my cither goes on increasing or
ccreasing when a chain is shorter or longer than its standard.

R TR T S e

Corrections:
o Particularly for cumulative error

e Mainly focus on chain length

Correction to chain/tape:
+ve /-ve

(to find actual length of chain)

1. Correction for errors due to incorrect chain length:
L. = correct length of chain
L. = incorrect length of chain
L' = Measurcd distance using incorrect chain

Correct Distance, L,L' /L Le ’
Lz..._i-.-_—_:(_ﬁ.)*i" L = —-E-?(L"
L &
C ¢ L‘- - ,
Lo\ e A
Comrected Arca, A= (-—‘_:5) A ; A (H) s

°' V- ()Y

3
Corrected volume, v = (b“-) v

Lc
2. Correction for pull:
Correction : (F Ff’)
’ L{F;— F - 5"
where, Cp = -—{“—%—E——"} a? AE‘

L= length of tape,

A = cross-sectional area of tape,
F;= pull applicd in the field,

F, = pull at standard condition,

E= Young's modulus of Elasticity.

May be positive or negative
s. +ve.

If Wmdam correction 1

Ifpull is less than standard correction is: -Ve.
_-_._'—ﬂ'"—-'-_-_

3. Comection for sag:l Always negative ’
: Wi

Correcti L Ce™ 24
orrectlonf & & 24}3‘52 it
where, w = wt. of the tape inlb

1, = Length of the tape in ft




F¢=Pull applied in the field in Ib

Since the effect of sag on tape is to make the measured length too large, the correcig,
Nig|

always negative.

4. Temperature correction:

Correction, ¢, = «(t;— t.)»L e_b” "((":{'t‘)x L

Where, L =measured length in ft,

= temp. at which the tape was standardized
tr = temp. at which the tape is used in the field
« = Coeff. of thermal expansion

The steel tapes are generally standardize@m

Example: A distance was measured using a 100ft chain to be 1840 ft. standard puu

standard temperature for the chain 30lb and 85° F, respectively. However, the chain §

pulled with pull of 201b. field temperature was 75°F, calculate the correct distance,

; 5

measured by an Engineer's defective chain and was found to be 25270 ft. how m
correction does the chain need? |
Solution:

L |
[ = EE X measured incorrect length
¢

LXL,
measured length

L =
@

_ 25320 X 100
25270

= 100.197 ft

Therefore, the chain should be shortened by 0.197 ft.
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9.1. DEFINITIONS (Ref. Fig 9.1)

Levelling. Levelling is a branch of
the elevations of given points with respect {

points at a given elevation or at different elevations with respect 1o a given or assumed

datum. The [first operatiof%s required (o enable the wo designed while the[Secong
Operation]is required in the setting out of all kinds of cnginceriny works, Lgvelling deals
with_measurements in a [ve > ™Mot jmp-

[kvﬂvSurfacel A level surface is defined as a _curved surface which at each point
is perpendicular to the direction of gravity at the point. The surface of a still water is
a trly level surface. Any surface parallel 1o the mean spheroidal“surface of the carth
is, therefore, a level surface.

surveying the ohject of which is - 44) to find

Level Linej A level fine is a linc iylng in a level surface. It is, therefore, normal
o the plumb line at all points. '

"

2) '-r-o estubligh pnr\h-9 jn_k.k‘\uﬂﬂ\l}_
<nay. ke,

0 a given or assumed dawm. and @) 1 establish

i
|
l
l

197
Horizontal Plggg! Horizontal plane through a point is plane tangential 10 the level M_i'?:‘
surface at that point. It is, thereforc, perpendicular to the plumb lire through the point.
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Horizontal Linef [ 1S straight line tangential o the level line a1 2 point. 1t is alg
perpendicular L the -plurSE ,cgmgwa sk o8 e (ovel ne
. t"is a linc normal 10 the level line at 2 point. k1 commonl

[Datum. | Daum i any surtace o which elevations are referred. The mean sea loyy
atfords a convenient datum world over, and elevations are commonly given as 0 myy
above o: below sea level. It is often more convenient, however, 10 assume SOme othe
datum,  specially if only the relative elevations of points are_required. |

considered {07 be dimg line dcﬁncdI tiy a plumb linc.

i i P i

The clevation of a point on of near the surface of the earth is IS verticg

ly assumed level surface or datum. The difference jy |

e vertical distance between he WO jevel surfaces |
-8

distance above or below an arbitrari
elevation  between two_points is_th
which the two points lie. .
~Tvertical Angld Vertical angle is an angle between wo intersecting lines in a vertig)
plane.” Generally, one of these lines is horizontal.

MViean Sca Levelj Mean sea level is the average height of the sea for all stape
of the tides. Ar any particular place it is derived: by averaging the hourly tide_heighy

_over a long period of {19 years.]
Bench Mark] Bench Mark is a relatively permancnt _point of reference whose elevation |

with respect 10 some assumed datum isJ_IEnEx_vn.yﬁlﬁt‘?ﬁcd Sither as_a_staring point fr |
lqyelling or _as a_point upon which to close as_a check, Ii
9.2. IMETHODS OF LEVELLING [¢” '1

Three principal methods are used for determining difference in elevation, nameiy,_‘

barometric levelling, (rigonometric levelling and spirit levelling. )

R 4.) Barometric levelling. Barometric levelling makes use of the phenomenon that difference |

inZelevation between [wo points is proportional to the difference in atmospheric pressurs |

at these points. A barometer, therefore, may be used and the readings observed at different |

points would yield a measure of the relative clevations of those points. |
Bovers IS aiwy Al a given point, the atmospheric d i '

’ pressure does not remain constant in the cous |-

al of the day, even in the course of an hour. The method is, {herefore, relatively inaccurdf

wsurve)ing_}'ork excepl on reconnaissance or cXplOratory survcy‘s._

: . : . Ay ==
2) Trigonometric Levelling  (Indirect levelling) : Mﬂl’,_ﬁ?éﬁ:u ]

Trigonometric or Indirect levelling is the process of levelling in which the elevation
of points are computed from ‘heand horizontal distances] measured in B
ﬁeld: just as the length of any side in any triangle can be computed from proper [rigonomelﬁC L
rglanons. In a modified form ealled stadia levelling, commonly used in mappiﬁg. both & |
difference in elevation and the horizontal distance between the points are dircetly computd
from the measured vertical angles and staff readings. |

‘ |
Q‘Spirit Levelling (Direct Levelling) : !
It is that branch of levelling in which the vertical distances with respect to a norizo®

#
|
5
l

—~—

*
line (perpendicular irectic - ) a
» e th ﬂegart?on betwd to the direction of gravity) may be used to determine the rolative Gt
9 1 Detwéen two adjacent points. A horizontal plane of sight i oot 10 level surfi
amdLz =5 at any point is readily established by means of .. ght tangent o. spifi‘
Sowdz= Ot | of a spirit level or a level vial In
e
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© LEVELLING

cvelling, @ spirit level and a sighting device (telescope) are combined and vertical distances # |

ye measured by observing on graduated rods placed on the points. The method is also
qown as  direct levelling. It is the most precise method of determining elevations and
e one most commonly used by engineers.

Q LEVELLING INSTR S
The instruments commonly used in direct levelling are :
(1) A level
(2) A levelling staff.
1. LEVEL

The purpose of a level is to provide a honzontal line of sight. Essentially, a level
consists of the following four [pars] ; . e

(@) A telescope to provide line of sight

(b) A level tibe to make the line of sight horizontal

(¢) A levelling head (tribrach and trivet stage) [0 bring the bubble fn its centre of run

H 3
*ET?:

~ (&) A tripod to support the instrument ' ;
There are the following chief jt [types_of levels | '_

‘lrr)f Dumpy level {(r Wye (orY) level
M Reversible level (ﬁj/mtmg level.
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JJiing oF aqutom

, Drive legs firmly into gro
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¢ Focus eyepiece.(

o (reate staff im

Permunent adjustment.

¢ For dumpy Jevel two permane

1. Check if bubble tube axis 13
condition 18 satisfied, the vertica
will remain at the center fora

tube along 2 P

Turn telescop

Half of the bub
other half using
followed in the P€
several times till the

2. Check if line of sight
satisfied, line of sight wi

ble move
bubble tube adj
rpendicu}ar
desired obj
is pa
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o [Perform two peg test.
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or lowering the horizonta
Note that the pubble tube

adjustment.

olscrews, with several trials b
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nt adjust

11 directions O
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| cross
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be are .mounted directly on the upsey;'
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| in all directions of the telescope.
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und so that appro
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view cross hairs)
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ments need to be chec
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£ sight will be
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2)Tilting Level |
. ,
s Telescope can be tilted with respect to the vertical spindle using tiltin |
screw. =

e Vertical axis need not be exactly vertical, since line of sight is not

perpendicular to the vertical axis.
CIPENAIcT

e Tilting levels are capable of highest accuracy and is in common use for
. . . —_——'———*—'_“-\\
both ordinary and precise levelling work.

J/It is convenient to use the tilting screw_for obtainin ,_ horizontal line of
sight but you have to use tilting screw again and again as you change
direction of telescope. |

Sefting up:

e Drive legs firmly into ground so that approximate levelling with respect
to circular bubble is achieved. ,

e Using footscrews, with several trials bring the circular bubble to center
for two perpendicular directions of telescope.

e Focus eyepiece.(view cross hairs)
o Create staff image (no parallax)
Permanent adjustment:

Permanent adjustment needs to be checked at suitable ti
not at every setting.

e Tor tilting level only one permanent adju

e Check if line of sight is parallel to bubble tube axis. If this condition is
satisfied, with the bubble at center, line of sight will be horizontal.

° me intervals and

stment needs to be checked.

e Perform two-peg test
& Take readings with level at M equi-distant fro
& B. "

& Since error due to inclined line of sight is proportional to dis
errors would and the difference in above readings would
difference in elevation..

« Take readings at A,B from another level statio
distances. If the difference in these staff readings is not equa
difference, adjustment is required.

m two staff positions A

tance, the
give true

n N at unequﬁll
| totrue

W —— - ol i rar sk ¥ a8 =
T N - s - e e — Y
=~ L 2 =y -




BaEE g"‘

The telescope has greater magnifying power. ;
e Levelling procedure and levelling .staff for precise levelling are e
different compared to ordinary levelling.

o Adjustments of levels are tested daily.

5) Hand level/

e Hand levels are small {about 6 inches lqng) pocket sized levels used for

approximate levelling.

e The level is held approximately horizontally with the hand by viewing
the bubble inside the level tube.

e There is normally no magnification (no telescope) and the maximum

probable distance for viewing is about 50 fi.

e It is handy and can be used where accurate levelling is not necessary.

—

s

arometric eve]]ing/
¥~ Barometer is used to measure the atmospheric pressure.

4 Barqmetric_pressure decreases with increase in altitude. From known
relations between pressure and altitude, elevation is determined. Average

rézlding of barometer|at MSL 1s 30 i it
reading er, is 30 inchfand decreases by Mmﬂf’

~0/ This type of Levelling is not and is, thus, used in

approximate and explora : . == :
e ploratory surveys. It is also used in surveys of hilly

ere are two types of baromete] in use. Although me(‘%ury columi

barometer
s 18 more accurate, the aneroid®™Barometer is more portable and
lent and is normally used in surveying

Ba;ometer readings are affected by w
\
nges. Some means of corrections for t

It is fast i ‘
last, no adjustment required, no staff required

—
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- the instrumentwill tilt sightly if the battery is mounted after leveling,

Center‘ing

7g,;»p/rre_ocE[_)ur:zr—_'

1¢/ 1. Set up the tripod.
Make sure the legs are spaced at

. -Mouni the battéry in thé,instrument béfore_ performing this operation be°ause

equal intervals and the head is
approximately level. _

Set the tripod so that the head is
positioned over the surveying point.
Make sure the tripod shoes are firmly
fixed in the ground.

2. Install the instrument.
Place the instrument on the tripod
head.
Supporting it with one hand, tighten the
centering screw on the bottom of the

unit to make sure it is secured to the
tripod.

3. Focus on the surveying point.
Looking through the optical plummet
eyepiece screw, turn the optical Focussing on |
plummet eyepiece to focus on the the reticle l“ |9 t\
reticle. Turn the optical plummet |

focusing ring to focus on the surveying
point.




<

%fyéaocenum "

—

1. Center the surveying point in the

reticle.
Adjust the leveling foot screws to

center the surveying pointin the optical
plummet reticle.

Center the bubble in the circular
level. :

Center the bubble in the circular level
by either shortening the tripod leg

- closest to the off-center direction of the

bubble or by lengthening the tripod leg
farthest from the off-center direction of
the bubble. Adjust one more tripod leg
to center the bubble.

Center t'he bubble in the plate level.
Loosen the honzontal clamp o tgrn the
upper part of the instrument untit the
plate level is parallel to a line between
leveling foot screws A apd B.
Center the air bubble using leveling
foot screws A and B. e

The bubble moves towar

clockwise rotated leveling foot screw.

Tripod legs
adjustment




107
il

&
A\”’;’Jy

9.6. | TEMPO MENTS OF A LEVEL

. ino instcument needs two types of adjustments (1) te.mporary adjus"_“eﬂls.

Each surveymgi l_ﬂS.rU ts. Temporary adjustments or Station adjusnnem; are  thyge

anq (2) perma?em ddjybmei?]st.mmem setting and preparatory (o taking observatigng With

::;zlcizs[ar;?neﬁibe Pitrmf:/ferr}z,z adjustments need be made only ;vhén the fundaments] relations
between some parts or lines are disturbed (See Chapter 16).

The temporary adjustments for a level consist of the fol?o».vingi:
(1) Setting u;') the level (2) Levelling up (3) Elimination of parallax.

1. Setting up the Level. The operation of setting up includes (a) ﬁxipg the mstrumem
on the stand, and (b) levelling the instrument z.ipproxmlatel.y by le'g adjust{nent}.l To fix
“the level to the tripod, the clamp is released, instrument I held in the right- and.and
is fixed on the tripod by turning round the lower part .?vuh thfz left ha.nd.. Tl.le tnpqd
legs are so adjusted that the instrument is at the convenient height and the tribrach s

approximately horizontal. Some instruments are also provided with a small c1rcular‘bubble |
on the tribrach. '

2. Levelling up. After having levelled the instrument approximately, accurate levelling
. is done with the help of foot screws and with reference to the plate leYcls. Thf: pqrpose
of levelling is to make the vertical axis truly vertical. The manner of levelling the 1nstru1n'f:nt
- by the plate levels depends upon whether there are three levelling screws or_four lcvglllng
©OSCIEWS. A .

- Three' Screw Head

L. Loose the clémp. Turn the instrument until the longitudinal axis of the plate levc}
. is roughly parallel 1o 4

i line joining any two (such as A and B) of tie -levelling screws.
i [Fig. 9.29 (), |
2. Hold these two levellin
< a0d turn thery uniformly so that
< tach other upgjp g
L0 the diregyigy

g screws between the thumb ang first finger of each hand
the thumbs move either towards each other or away from -

e bubble is central, . should be noted that the bubble wil! move
of movement of the lfi i [see Fig. 9.29 (a)).
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LEVELLING '

cust :
in two steps © () tyf ToF bring the image

sighting is impossible. Parallax can be eliminated (he objective '°

for distinct vision of the cross-hairs, and (if). by focusing

of the object in the plane of cross-hairs.
() Focusing the eye-piece - s, point the relescope towards
To focus the eye-piece for distinct vision of the Clrc’ss_hm:)s"e'ctive) and move eye-piece
the sky (or hold a sheet of white paper in frant .O-r o 12 }some telescopes. graduations
in or out till the cross-haris are seen sharp and distingl. articular graduation
o ’ : r the P
are provided at the eye-piece
position to suit his eyes. This may s
(@) Focusing the objective : ew in M
The tel i directed towards the gaff and the focusing Scf e
e telescope is now dirf o formed is in (he plane of cross-hairs,

till the image appears clear and sharp. The imag° 2 '\%
o7 {THEORY OF DIRECT LEW@ . ~
A level provides horizontal line of sight, i€, 2 H{le [ange{mal b[(:wzexlle\ifxlrosurr'ace
at the point where the instrument stands. The diff§rence in Flevauon fe points
s the vertical distance between two level lines. Smctl.y speaking, lher;:- ot.re.t'\:c bme\:st have
a level line of sight and not 2 horizontal line of sight ; l;t: it:‘le i ; ;nCS ;r:z]eyingv./em a

~ leyel surface and 2 horizontal plane is not an important 0 | |
| ion, therefore, the theory of direct levelling

7™ Neglecting the curvature 0 ' ; . be

& \\fﬁ;\}vm simple. With a level set Up at any place, the difference in elevation between any
IO en by the difference between the rod readings
ns and related readings, the

\s" 1A% two points within proper lengths of sight is BiV

3 \\N v OV # . s
5o x )@ng% taken op these points. By 2 succession of instrument statio ‘
parated points is thus obtained.

| ;; \rQ&b@r M R: difference in elevation between widely se

SV N \

LAY XL XY spECIAL METHODS OF SPIRIT g{wzﬁgﬂl“s\gfa mosHay
meth

. \ ured
' direct levelling the object of which

z‘fé @Jj‘} &% \ @ | Differential Levelling. ( It is : ! th .
™ ‘v(\/j & | is solely to determine the difference in elevation of two points regardless of the horizontal
’ ¢ of each other. When the points are apart, it may

positions of the points with respec
be necessary to set up the instruments serveral times. This type of levelli

(b)[Profile Levelling.{ It is the method of direct-levelling the object of which 15 10
determine the elevations of pojnts at measured intervals along a given line in order ©

obtain a.proﬁie of the surface along that line. —1:74»-—

_ (c)|¢ross—Sectio_q§gg. [Cross-sectioning or cross-levelling is the process of takin
on each ‘mde of 2 main line at right angles to that line, in order to determine a verticd
cross-section of the surface of the ground, or of underlying strata, or of boih.

. .(d)‘Reclprocgl ch./ellin' It is the method of levelling in which the differenc® i
.. clevathn petween twq points is accurately determined by two sets of reci roca' observa 10

~ when it is not possible to set up the level between the two points m,’{ﬂﬂﬁgﬁ '
bt (8),1[’1'&15& hvf‘:llmg] It is the levelling in which the degrec of precision requlr
-8 t00 great to be artained by ordinary methods, and in which, therefore, special, Cqui?mem

+ or special precautions or both are neces imi
necessary 1o } ' i e
o s 1y to eliminate, as far as possible, all $

ng is also known-

g levels
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- @'JTERMS AND _ABBREVIATIONS AL L
g ;\?“ =N Station) -
N fiot

n_levelling,
where level iy 5o up. It i

at_a given elevation,

—

(i) Height of Instrument
is the elevation of plane of sj

does not mean th_e“i.@ghg_ of the telggggpg-_gpg_yg _the ground ‘where the level stands.

A4) [ Back_Sight (B.S.)] Back sight is the s

qpq,g& O known elevation, 10 ascertain the amount by w
poifiand thus to obtain the

i as the pack sight reading s always added to the level of the dawm to get the
20 <% height of the instrument,

=27 of the plane of sight

own €levation, to ascertain the amount by which the point is below the line of

sight and thus to obtain the elevation of the station. Fore sighting  is equivalent to -
measuring down from the line of sight.

a_station_is thai . point where the level rod is held and
elevati : ]

level . It is_the point whose clevation is o be asertained or thé
point that is to be established -
— v dal a

[(H.L) For any'sét up of the level, the height of instrument :
ght (line of sight) “with respect to the assumed datum. It -

SURVEYING %!

T
1

ght' taken on "a rod held at a poin(f':

hich the line of sight is above that..j

» i ghting i ' measuring =

P ovain te height of the strument. Back sighting is equivalent to 8 .

%om the point of known clevation 1o the line of sight. It 1s also known as afplis -
IR

S =
B

The object of back Sighting is, therefore, to ascertain the height .

W [Fore Sight (F.S.)] Fore- sight is a sight taken on a rod held at a point of
0

It is also known as a [minus sight {as the fore
sight reading s always subtracted (except in speical cases of mnnelLs—m the height* -

of the instrument to get the elevation of the
(0 ascentain the elevation of the point,

(v}){ Turning Point
minus sight and plus sig
sight) is (aken on the point in one set of instrument to ascerta
-point while the plus sight (back sight) is taken on -the same poi
instrument to establish the new height of the instrument.

1

nt in other set of the

-

tWO trning points, on which only one sight (minus sight
of the  station.

TSTEPS IN LEVELLING (Fig. 9.31)

There are two steps in levelling : W& 10 find by how much amount the ling of
Sight_is above the bench mark, and #®o ascerta

s below or ahove e line of sight. «

1 Line of sight ELY. 213.17§
2.324 e

-

A

Ty

i

ELV. 211340

B.M. q«x
: ELV. 210.852 .
/

g
O\b‘*‘f} ' | . M 1’«‘{\5‘6

i

Intermediate Station (IS.). [Intermediate station is a point, intermediate between
e S ) is taken to determine the elevation -

in by how much amount the next point

point. The object of Jore sighting is, theq‘ore,.

(T.P.ﬂ Turning point or change point is a’ point on which bofh '
ht are taken on a line of direct levels. The minus sight (fore
n the elevation of the

e



TEVELLING

A level is set up apnromma(elvfmldwa | betweea the bench mark (or Poiny

snown elevation) and the point, the elevation of which is (o be ascertained by d*l\\reu "

o back sight is taken.ofi the rod held at the bench mark. Then

Turning the telescope to bring ‘into view 1he rod held on poim B, a foresight (

ueht) is taken. Then

: or uamp!c i elevation of B.M. —210 852 m, B.5.=2324 m and F.§S = 836 "

Ming

W'T"ﬂheg _J H.I.=210.852 +2.324 =23.176 m
| YT  Elv. of B=213.176 - 1.836 = 211340 m.

T s _to be noted that if a back sight is taken on a bench mark located on g
wof of a tunnel or on the ceiling of a room_ with thc mstrumeut at a lower elevation,
e back sight must be subtracted from the clevation to get the he:ght omt
\umlariy if a fores:ght is taken on a point_higher than _the mstrumcnt the foresight myg

& added to the height of the instrument, (o get the elevation of the point,

w34, | DIFFERENTIAL LEVELLINq

The operation of levelling to determine the elevation of points at some distance apar
ﬁ, called differential levelling and is usually accomplished by direct levelling. When two
points are at such a distance from each other that they cannot both be within range of
the level at the same time, the difference in elevation is not found by single setting bu
e distance between the points is divided in two stages by turning poipts on which the
salf is held and the difference of clevation of each of succeeding pair of such turning
points is found by separate setting up of the level. '

o
(o)
-
N

<o)
©
2 242590

242024

242212

2.024

B
(241.202)

TP.1
(240.60¢) P2

(240.000) , : (240.490)

FIG. 9.32

Referring to Fig. 9.32, A and B are the two points. The distance AB has been
fvided into three parts by choosing two additional points on which staff readings (bod
#us sight and minus sight) have been taken. Points, [ and 2 thus serve as tuw

The R.L. of point A is 240.00 m. The hcightT)f the first setting of the instrument

# therefore = 240.00+ 2.024 = 242.024. If the following £.5. is 1.420, the RL of
TP 1=242.024 - 1.420 = 240.604 m. By a similar process of calculations, R.L. of I
P 2240490 m and of B =241.202 m. '

:

. Survey (1)—16 | o

i | | w Y

NAL=Ev. of BM.+BS._}-— (1) "

|
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~ 95.[HAND SIGNALS DuRiRg OBSERVATIONS ] of 32
When gevelllng is done at construct; I' d’%”
other end, through -vocal sounds. In thmms

be-useful (Table 91 and: Fig. 933)

1120
: : on sie . . ] ' . §
difficult for the instrument map o give O site -located in busy, noisy areas, it becomes -

ctmcliom ‘o the man holding the staff ar the ~ §
ase, .the following hand signals are found o

FIG. 9.33. HANB-SIGNALS.

L _
9'.10.'1.BOOKING AND REDUCING LEVELS

Refer Signal o _ "
r_F_ig._9-33 ] Messgc_ .l - ) )
| @ | Movement of teft | o T

arm over 9%0° . Mo my lef c Wl |
{b) Movement of Mave ‘ f »_X :.
nght arm over $p° right © my |
(¢) . | Movement of left Move 1t | .
. op of - ' ¥
. A
| m over X suff 10 my left () (b) 0.
{d) Movement of Move top of , 9
rught am over 30° ) o o o my right - by
{e) Extension of arm Raise heigh
horizontally and g
moving hand :
upwards i 4
i Extension of arm Lower height o
- horiwniﬁlly and ,
.moving hand peg or staff
downwards
(8 | Extension of both | Egablish the
| arms and slightly . o ’
thrusting downwards |- P @
(h) Extension of arms Return t0 me
and placement of
hand-en top of
héad.

s

" There are “two methods of booking and reducing the elevation of -points from the

observed staff readings : \fgy Collimation or Height of Instrument method . Y Rise and -

Fall method. - |
(1) HEIGHT OF INSTRUMENT METHOD

In this mehtod, the height of the instrument (H.I) is calculated for each setting

of the jinstrument by adding back sight (plus sight) to the elevation of the B.M. (Firgt -

point). The elevation of reduced level of the turoing point is then calculated by subtracting

from H.I. the fore sight (minus sight). For the next setting of the instrument, the H.L ;

is obtained by adding the B.S taken on T.P. I to its RL. The process ‘continues till~

the R.L. of the last point ( a fore sight) is obtained by subtracting the staff reading from

height of the last setting of the instrument. If there are some intermediate points, the RL. =

of those points is calculated by subtracting’ the intermediate sight

height of the  instrument #or that. setting. -

————

B ———
- m—— ____________,_..——'/

—_

e e ——
————— s e i

minus sight)’ from the

e e et e e

T TR HEA



FFECT OF CURVATURE AND BEERACTION ON LEVELLINE }
il -

é Dadﬂ—'”"" corawe oM -

distance.

lE_)_‘"feci of curvature:
e Deviation of level surface fr .
. . - di must
» This deviation is negligible for short distances but
for large distances. '
s Effect of curvature is to increase staff reading. horizontal line

oA = H1

om horizontal plane increases with
e considered

ADAL !
oc?' == Acz + OAL
(Reh) = C+R™

2
" = ZR+h, ,

Since > h, h.= zg

chy= 20 f when | s in miles

2‘ . [}
‘1‘;:'- 00385+ m when L is in Kevn-

O

Effect of Refractio?)

e With denser air ﬁderlying lighter air, ray of light refracts downwards.

» Under average atmospheric conditio : C
. ~ ns this pat . .
of approximately 7R. path is circular with a radius

o Effect of refraction is to reduce staff reading.

o Ina similar manner it may be proved that he= 3z ¢ C $t when Lis in milt

Total correction: =ooliz2 L m when Lis n ki
her = ke —h, = DES?ZL feet [Lin mlles] or. 0° 0(,?354. m [Lm "m]
Corrected staff readmg Observed reading - h,,



265)
[RECIPROCAL TEVET vy ™
("

, By means of recxpl.'ocal' Levelling, the peeq for
to instrument collimation error o curvature r
avoided without placing the leve] at
apart points.

applying corrections due
efraction effects can be
equal distances between two far-

o This is required when performin
requiring long sight readings, wh
between the two points.

g Levelling across a river or ravine
ere the level cannot be placed midway

o Staff readings (hs, hp) are taken near the leve] point A and on staff
located on the other bank (point B). staff readings (h,", hg") are again

taken on the same two points but with level on the other bank near staff
position B.

True difference in elevation between A and B: = % [(h, - hg) + (ha” - hg")]

HORIZONTAL LINE

fORIZONTAL LINE l




\

&L
}5\ TWO-PEG TEST:
%M

o]
’__‘;__L_'g_.——g—f—' '} Error x

horizontal

M

True difference in elevation between A & B = (ha—x) — (hg—x)

=hA—hB

Error & distance y p
y

= 4

: N B

A
hy ’—- NB
LS '
Error, y = g Y 0 }- Error 3y
1
AN= EAM
* B

NB = 3AN
(AN =NM)

True difference in elevation between A & B
! = (ha-y) - (hg'3y)=h, — hp
- tve (L.S. inclined up)
Y= = ve (L.S. inclined down)

6= tan‘l(ﬁ)

B
hA'—y-hB'+3y = p, _ p, /\
A

=> hA'—hB'+2} =B~ hg hg

Example 9.6, Page 224 ‘




PQ=3312.8 ft

. R.L. of P=414.55 ft
Level | Staff reading (f) at Find (a) True R.L. of Q
at P Q (b) h;
P 5.98 9.01 (c) collimation error
Q 3.05 5.27 (if any)

ia) True difference in elevation =

TrueR.L. of Q=

(b) by, =

(¢) with level at P, correct staff reading at Q=
Due to h,, effect, reading at Q should be =
But the actual reading at Q =
Collimation error =
Line of collimation is inclined

IrIClination =



“Whide down the  eruesto in \:.w,(\.inaa. ‘\\
B e Tabuln forom - imsa 2

FRRORS IN LEVELLING:

(1) Instrumental: %

turning points eliminated by quality of
mp diustment: Errors at turning. p ' _ . .
{, c]fg:}i: Zné foresight distances, but error will remain at intermediate
a

sights. . .
e Sluggish Bubble: check bubble before and after reading for slow moving
bubbles.

o Incorrect marking on staff: check marking by a steel tape.,

o Defective joint of extendable staff due to wear or accumulation of dirt:
Repair

o Wear at staff bottom: consider only if both normal and inverted staff
readings are taken,

* Misalignment of telescope in external Jocusing telescopes: Repair

o Accumulation of dirt on base of staff: Clean

(2) Natural: | w—

o Curvature of earth: Adopt curvature correction
* Refraction: Adopt refraction correction.

May neglect the above two
correction needed when balancing
Levelling.

corrections for short distances. Also no
backsight and foresight, and in reciprocal

remedy, sight distances should be red

sigh . uced. Also, unequal heating may
cause distortion of Instrument which 1 i

Levelling work. Use shade,

* Soft ground: Avoid
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CONTOQURING| m m"h 5: L.l

¢y jommy puims of cq\m] clevation (R..L.)' A 41
S aaseeill O §
 rakay Q"-de .

Flevation difference between suceessive
\ Successve contours 7 -r
A A-A LY OV ¥ b Glhl‘ .-L_
Heall

~N

-~ tz’!!:g 3 fe] 1’% \ 4% Tha
— l' | h‘\'of)_ 15}1“.. W*a“th ‘
p’ ~3 - itere ova > - o A . e T la O
L poatour TS of ditfereut clevation do not coss cach-cther excepl in the case © ‘(:“ \".‘;‘:
Bl overhanging cliL or Saves . N ¥ iy
‘/" os Y S ~ \T:-“
E{;{wur lines of d:tierent elevation do not touch each-other except in the cast { N
3 (e ean g uess Hhat thaa & o venddesl cuve:

¥ il surlices =
aV . ( ‘
% sontour lines represent steep slope, while far apart contour lines
——==Mras SRS

s
O

mmsgﬂt ognﬂt‘.‘ 810[5‘.
y formly spaced, they represent uniform slope. If they are straight i §
loping plane surface. iy

ur is at right angles to the

yniformly SPACE
The direction ot stecpes

contour. . ) -
A contour must close itself or g0 off the map.
Contour lines CTosS & -oe line pr water-shed line at right angles with the concave

side facing higher ground.
}Contour lines cross a valley line at right angles with the concave side facing lower
gl RIDSE N : | Go. V)10
;7—\ X, NE / f \h ‘S‘
@/‘ r /T / Sy o2
" Fd // \ \/ A LL@_Y / LD‘
{' L V\‘IIJI // { l LINE" K N F“:S b ‘rb
—t: U—.ﬁ f‘of’ \4/ [ /‘ Bc’ Pw‘n;‘u.
207 . ;

-

our Jines, which may be used for:

Contour AMap: Map containing cont
. Assessment of topography of the site.

- Drawing vertical section of ground surface

 Determination of intervisibility between {riangulation s.tatlons.. ‘
anal) with a certain vertical gradient

- Locating a route (highway, railway, ¢

following the local topography- -
- Measurement of drainage area- &
- Determination on plan of the boundary for & proposed earthwork. R 1'
Calculation of earthwork (volume) for grading work, embankment construction, |
excavation work for roadway Of canal. =
* Determination of capacity of reservoir.

along any direction.



(l\,k’l.l‘ '—lte SUbtenufo \Systellld-

SYSTEMS; & ss{a Sstom descraphon TAG WA e faade -

_I-Stﬂdlﬁ system  2.Subtense system 3.tangential system 4.Specialized
instruments

*Insshreumards . —. .
; : 2) stadin have
STADIA SYSTEM ] 2 Toseute 2

2 Level 6'&&_@—

* Relatively cheap and easy method of optical distance measurement.
system.

* Uses standard theodolite with stadia hairand leveling staff.

» {Basic theory:]

Staff is normal to the line of sight.
AB = Staff intercept, s ab = Stadia interval, i

D = Horizontal distance of staff from the vertical axis of the instrument
f = focal length of the objective

d = horizontal distance of the optical center of O from the vertical axis

A | £ . d

verbical axis

Similgr %riaf@és )
AAEB ond AQFDb

)
-
ke

s

mulé.iggingconsfanf

\§ ¥=wy =0, thew calouahon beromezs mueh simpler.

" additive wnstant




L]

' . Trafruornants 1 —
' « —1 DrHuwodlite
THE TANGENTIAL SYSTEMj| 2 Level Liuﬂ-
: e s-t—o.auo—kal"b not Wb '
e Distances and elevations may be deduced from staff readings taken by
a theodolite without any additional fittings whatever.

»If the ground is| sufficiently level) the staff ‘may be read .w1th a

W’%orizontal line of sight. The reading at B 1s obsc?rvefi with the

telescope leveled, and that of A by means of a sight inclined at 8 to

the horizontal. The elevation of E is derived from the reading B as in
ordinary leveling.

H = scot 9]‘9 g

.41/\_93
g’vww

}04:211’ the situation is such that a horizortal sight cannot be taken, the
cw¥ - Intercept betwef:n the two elevations (or depressions) can be observed.
A similar procedure can be carried out with a tilting level having a
graduated drum on the tilting screw. 3

?,Er
1

4 tO.nB'*' f;xln (P
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IELD ME o——
_ A TACHEOMETRY}

w—Set up Instrumen;
# Determine height of instrument,
»” Orient instrument
# Take reudings along radja] lines:
(@)W.C.B. (b) Stadia hair and middle hair readings (c) vertical

angle
% Take readings at next instrument station
-/Shlf-t Instrument to new position, take readings at previous position.

- & Take readings along radial lines.

[ERINCIPAI, SOURCES OF ERROR IN STADIA TACHEOMETRY:]

8) Uncertainty in staff reading and hence staff intercept ‘s’. Effect of .
multiplying constant. (K=100). Maximuni length of sight should not

generally exceed 109 m. Keep lower stadia reading above 1mi.
staff: Use circular- bubble fitted to staff. Keep

Non-verticality
vertical angle within =10°.

Error in vertical angle: this error is small compared to other errors if

normal procedure is followed.
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'~ pHOTOGRAMMETRIC SURVEYING v~
. [PHOTOGRAMMETRY . |
oy ' aesodielite, helieoptix &Lp&m., '
- Obtaining accurate measurcmenly by usc of photographs > wmd‘“%‘

| - 3T XA
q},the construction of planimetric and topographic maps-
classification of soils -

| %}’illtei'pl‘étatiOll of geology
- t}acquisition of military intelligence and

g;)/the preparation of compositc pictures of the ground.

The photogrz;phs are taken cither from the air or from stations on
_the ground.

Two per — .

| ,QT errestrial  photogrammetry: is -that branch of photogrammetry

wherein photographs are taken from a fixed position on or near the

ground.

Q.Aerial photogramumietry:

The photographs are taken by a camera mounted in an aircraft flying
. : '
over the area. - #-’k"mm pue s aj;k
photograghs should be tog , 48

rese luhon, argle , sp ete bkouLd;IbeT Saont
TERRESTRIAL PHOTOGRANMETRY [iohich A5 very- ;

' ?
o Photographs are taken with the camera supported on the ground
e by means of a hotothecodalite, which is a combination of a
an be lixed or from moving vehicles.

camera and a theodolite. It ¢ e
Records of horizontal angle/bearings and take photograph viewe

from that angle.
o Maps are then compiled from the photographs. \'\',52
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Camera Axis ) f th
Camera axis is the line passing through the centre of the camera Jepg

perpendigular both to the camcra plate (negative) and the pictyr
‘plane (photograph). The optical axis coincides with the camera axijg in

a camera free from manufacturing imperfections.

Picture Plane . _
Picture plane is the plane perpendicular to the camera axis at the focg] -

distance in front of the lens. It is represented by the positive contact

print or photograph taken from a plate or film.

Principal Point . . ‘
Principal point (k or k) is defined by the intersection of the camera

axis with either the picture planc (positive) or the camera plate
(negative). '

Focal Length

Focal length (f) is the perpendicular distance from the centre of the
camera lens to either the picture plane or the camera plate. It satisfies
the following relation:

where, u and v are conjugate object and image distances.

Focal Plane (Image Plane)

Foc?,al P lane s the plane (petpendicular to the axis of the lens) in
which tmages of points in the object space of the lens are focused.
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| Calculation of Distance, direction and elevation: Distance, bearings, RL .
tan op = X/E = o = 7, similarly tan oy =Xk => 0s = ?
:: Solve triangle PAB for length and bearing in horizontal planc
| . | | |
[: L] Helght OfP: h (= P/Ir‘) _ A[) ) - -
e D ~ AD =[secap Or Jf + X,

Vi
‘ tanp, =——
‘. Pa=p
i
A

._-4



1 1690
8. . \/ |
H ‘_EollZQn point
Oi‘;iZon -
oo Polnt gy : s .
1 _h?nzoma-l Jiné.th‘réﬁ'*l nlersection of (e principal line with the
Figure. In 3 e, 81 the berspeclive centre, such as point A. in

b ® - ar Vcrthal c filin
OREaI0e e ,ph_OtOg;-aph‘ .1131-1 [I']lil_“-d Pholograph, this point is generally-

'in ﬂ_]e Photograpy, gh oblique photograph, however, it is
19. Axis of tilt

e 'lm;C of the photograph and is per-
E The plane of the photograph js t‘nl:]s Isocentre such- as i)ii, in Figure.
b The axis of tilt is 4 staontal ¢d 1o the horizontal about this axis

TN . ine, as are all line pe i
' e. It is rpendicular t
- principal line. It is also known 4 isomelric parallepl ’ ot

. [PROCEDURE FOR AERIAL PHOTOGRAMMETRS

Aer_iél p;‘;t?gmmmelfy consists of four operations: :
' in -
/1)' Y g. ' ¥ locsc_c.——\ﬂ phote ﬁ'@"-‘{@"
2) Photography e sperdis vaug gk
Ground Control s
QCOmpilation ormapping . xdr Soomt— g
b le ‘ ” 5?€J—Dk
: S =Y wdon »
FLYING: Aeroplane should fly ~ Fqot® | > . raro
: - atanuniform rate '
-on a straight course in a given direction
--at constant height

CRAB

e g o ight
Crab s the term used to designate the angle fqlmefl bet??ﬁn&eﬂ %he
!lne and the edges of the photograph in the direction 0 tig UE'lre i
INStant o f exposure, if the focal planc of the camera 1s not 5q

D M ra h' The
;he'd‘TCCtion of flight, the crab Is caused 1 tlzz ;élgif[)%hcp\/eftical
frangeme ’ olate the camer | -
4 ents are avs macde Lo rotate ' . -
axis of ¢ "¢ always madc be climinated since it reduces

Effectiveamera mount. Crabbing should
“Verage of the photograph.

NS 1..‘:'%‘



DRIFT .

vy ;s - to stay on the
Drift is caused by the failure of the photograph
A 4 { on its coarse by compass

predetermined flight line. If the uircr'fll'l i;; sct on its €Ot ,
without allowing for wind velocity, it will drift from its course. If the

drifting from the predetermined [light line is excessive, reflights will

have to be made because of serious gapping between adjacent flight
lines. o L -
vowxo(“ﬁ@:\\;f(&o#
P 7!_—‘(1‘.471 -0{(‘-\_\;0)" |
R
L
: /
S (@CRABL
e N
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* \o‘*pv ' R S /)Vclhif
""""" el ~ WIND
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