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1.3 USES OF SURVEYjg
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8 Secondary Cuseificaion

| Bawd oo imsirumenii
(@) Chasn swrveymg
(b Compass surveyung.
ic) Plane iable senveying
id} Theodaine surveying. |
(e} Tacheomewnc surveymng, and -
(fi Photographic surveyIng

2. Based on methods:
{a) Triangulation surveying. and
(b) Traverse surveying.
3. Based on object:
(a) Geological surveying,
((b) Mine surveying,
{c) "Archaeologicel surveying, and
~ {d) Military surveying.
4. Based on nature of field:
@) Land surveying,
(b) Marine surveying, and
() Astronomical survcymg
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15 GENERAL PRINCI
RAL PRINCIPLE OF SURVEYING

" / ."3'-}1)
s oener . .
Pie gene al'prineiples of surveying are:

(. To work fr

2. To I(‘)Cittc“t:)?;( the whole (o the part, and
- swoslation by al Jeus .
from fixed reference polnts by al leasl (wo me

asurements ( firiear of angilar)

1. According to the fir ,
dations (i.c. :(i"n::,)0:'I;;y”:‘:“tlil’(’:;i":m'mcl. lh(}l whole arc jo firet cm;lr»'-;’(:(’l by ’mhin
The area 1 then divided nto ;l)n«:n(.'rfmm’uurvay'luuv:,c: (1.c comrofling 111es)
rlangles A nea fly ﬁquilnicml i llfn’ nr "l, pzu'rm by forming wall (:om!;’u’mmrl‘
riangle, The main surve ""ﬂlbl{{ considered 10 be the best W(f“'(}(ﬂl(flllnr:(:d
o survey lines are measured very aceurately with @ standard
chain. lh“",”‘c sides of the triangles arc ineasured, The purpose of this process
of worklng i8 (0 prevent accurnulation of error, During (his procedure, if there 1
error in the measurement of any gide of u triangle, then it will not affect the

The ¢ " ¢ ’
[he error can always be detected and eliminated.
e part o the wholej 16 {ollowed, then

magnified in (he process of expansion
ceome absolutely uncontrollable.

e, the new glations should alvays be fired
gulary from fixed reference points.
o measured by chain or 1ape.

horizontal angle taken by

any
whole work:

put, if the reverse process (i.e, from it
(e minor errors in measurement will be
and 4 stage will come when these Crrors will b

2, Accord
by at least (wo measurements (lincar or an
Lincar mieasurements refer 1o horizontal distance
Angular iricasurements refer 1o the magnetic hearing Of
a prismatic compass or theodolite.
In chain gurveying, the positions of main

Jines are fixed by lic lines and check fines.

ing to the gecond princip

aations and directions of mat survey
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16 METHODS OF
The ‘followiﬁg *‘r'n#thcjdﬁ are generall
1, By pacing o stepping . For rough and gpeedy works distances are MEAsUIEE %
Ll pp”'g'g}"w aumber of yalking steph of 4 man, The walking S19

is generally employed 19

vacing, 1.e. by counting o
i Y sored 88 05 fi or 80 cm. This method

of a man if considerce & £ g
the _xamnngxissamzm;v.aysni any project

near meas prements:
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g Tapes The ‘i'al‘:mring: a7

(a) Clath ot limen tppe_
@) Metallic wpe,
{c) Steel tape. and

(d) Invar tape.

@l Cloth or Linen Type. |
1 1 . it of closel woven fmen and &
varmihﬂd 10 TCSISL Moistyre. P Is made of ciosely woven mEn ana

111215 < . Y o
= — Thi s 7 = 1o Tm wade and available m jengths ol 30 EmL
15 m. 1S 12pe 38 generally used for ;

: R2suring oifsets g for orchnary womks
(b) Metallic Tape: Whenq finen, tape

' 3 - 18 Teinforeed with hrass o copper WSS
ake it durable, then 1t § th heass e ‘
z ? ]EJ . n- s called = menaliic apz. This 1ape 15 availabis ™ i2ndhs

of 15, 20 2nd 30 m. Tt is woupg N S ]

) _ 2 leather cmse with o hress ‘handlie ut the @nd
1t is commonly used for a]) survey ‘warks

ic) Steel Tape:  The size] tape is mpge of sieel Tibbon of width varymg fram
10 16 mm. The commonly availabje lengths are 10, 13, 20, 30 and S0 ™. 138

gradualed In metres, decimetres and cemtimerres, It is not used in the Tisid, but
chiefly for stancardising chains and for TNERSUrEMEents in CONSITUCHanal wirks.

(d) Invar Tape:  Invar tape is made of an alloy of siez] (62 %) and nicke] (35%)
fts thermal coefficient is very low. Therefore, 1t is not affected by champe o
temperature. It is made in the form of a ribbon of width & ™m #nd is Evaildhie

in lengths of 30, 50 and 100 m. It is used & places where maximum PreTisian i
required. It 1s generally used in the

triangulation survey conducted by the -
Survey of India department. \

4 Arrows Arrows are made of tem-
pered steel wire of diameter 4 mm. One
end of the arrow is bent intc a ring of
diameter 50 mm and the other end is
ointed. Its overall length is 400 mm. ‘ {,
l,)A,rrows are used for counting the number 400mm r y
of chains while measuring a chain line 4mmDIA
(Fig. 1.5).

I
B

1.8 RANGING

The process of establishing intermediate
points on a straight line between two .1
end points is known as ranging. Ranging | \}
must be done before a survey line is = 4 .
Chained;; Rangmg ay, be done by direct Fig. 1.5 Amow
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19 UNFOLDING AND FoLoyyg  syan

folding  To opeh g ol . ‘ |
" U;:eld ing the lcﬂp;:' t;hmh‘ the Mrap is wnfustened and the (wo bises Tindles
o hal S and e bunety i (hyown forward with the tight fiiid
Then 01\(; C~m\mfnan s@nnd‘s at the Slarting station by ll()l(’iliﬁ ane hitidle it
another Moves forwarg ly h\‘lding the ollier “. i )Nl s liln 8 cotnpltely
extended. andle until the

2. Folding To fold the Chain, a Chainman should move forwaid by pulling the

Ch.a in al- .lhe m‘ddlc'.“'c.“ the 1w halves of the chatn will come side by side.
After this, commencing from (e central position of the chain, two puifs ol links

arc taken at a time with the right | ( hand alterately in

TR wand and placed on the lo .
poth dircctions. Finally, the twg brass handles will appear at the 10p: Thie bunch
should be then fastened by (he strap

1.10 TESTING A CHAIN

Due to continuous use, a chain may be clongated or shortened. So, the ¢haln
should be tested and adjusted accordingly. It full adjustment is not possible, then
the amount of shortening (known as *too short’) and elongation (know as ‘oo
long’) should be noted clearly for necessary correction applicable to the chain,

For testing the chain, a test gauge is established on a level platform with the
help of a standard steel tape. The steel tape is standardised at 20°C and under a
tension of 8 kg. The test gauge consists of two pegs having nails at the top and
fixed on a level platform a required distance apart (say 20 or 30 m), 'The incorreet
chain is fully stretched by pulling it under normal tension (say about 8 kg) along
the test gauge. If the length of the chain does not tally with standard length, then
an attempt should be made to rectify the error. Finally, the amount of clongation
or shortening should be noted (Fig, 1.8).

The allowable error is about 2 mm per 1 m length of the chain, The overall
length of the chain should be within the following permissible limits:
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N
True arca = (—li‘—) X measured area
2 Hmofmusal sllowance This is cxplainCd in Sec. 1-15\
Hypotenusal allowance per tapc = L(scc®-1)

where L = length of tape
€ = slope of the ground

This allowance is always added to the tape length.

122 WORKED OUT PROBLEMS ON CHAIN AND TAPE CORRg
TTREe

/I’mblrm I The distance between two points, measured With 3

recorded as 327 m. It was afterwards found that the chain Was "lcha-
What was the true distance between the points? 3 Cm loy \\
Solution  Given data: l%{

True length of chain, Z = 20 m

Error in chain, ¢ = 3 em = 0.03 m, too long
L'=L+e=20+003 =2003m
Measured length = 327 m

True length of line = -II—: X ML

-

L2003 . .
»y T N 327 =32749 m
~“Prodlerm .
250 e}i; ; '1"!‘1.1;33 distance between two stations was 1.200 my
i N The same distance whe - iy bl
be 1195 m. If the 20 e yieh measured with 3

hen
e c RS Ut
chalo? B chain was 0.05 m too long

0 m chaj ‘
n »

» What wags the em: N the
Sodu; .

Wityon Let us consider the 20 m chain

4 s .5 . ‘

; = X m L'=204005 = 20,05 m
Measured length = 1,200 1y

Thue leagth of line = 2003 X

50 X L2200 = 1203 m

ROW consider the 3
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Introduction 25

- L
TL = T x ML
1203 = L
30 x 1,195
1,203 x 30
Lr=222 X0 _ g
1195 30.20m

Now. L’ is greater than L. So, the chain is too long.
Amount of error, € =3020-30=+020m

Problem 3 A line was measured by a 20 m chain which was accurate before
starting the day’s work. After chaining 900 m, the chain was found to be 6 cm

too long. After chaining a total distance of 1,575 m, the chain was found to be
14 c¢m too long. Find the true distance of the line.

Solution  First part:

L=20m
L'=20+ 0'1'2*006 (considering mean elongation)
=20.03 m
ML =900 m
TL=2?
=L
TL = T X ML
= 2003 900 = 90135 m
Second part:
L=20m

L'=20+w=20.1m
ML = 1,575 - 900 = 675 m

TL =2 x 675 = 678375 m
True distance = 901.350 + 678.375 =1,579.725 m

. Preblem 4 On a map drawn to a scale of 50 m to 1 cm, a surveyor measured
. the distance between two stations as 3,500 m. But it was found that by mistake
e had used 2 scale of 100 m to 1 cm. Find the true distance between the stations.

- Selutien  First method:
As the survevor used the scale of 100 mto 1 cm,

P E}fixt;me.hgtwtcn stations on map = 3—15% =35cm
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.fr;::]llc? f g f]\.l?co l‘:});‘i:‘ (‘ﬂptf was standardised at u temporature of 20°C i under
a pull of P kg, The cm“di\fs'cd in calcm}ry at a temperature of 25°C und under
icnglh is 22 g/m. Y u,-tﬂtcuonnl arca of the tape is 0,02 cm?, its wcighl. per uiiit

e Toarte e og’s modulus =2 x 107 kgfem?, ot= 11 % 100 per °C. Find
the correct horizonta) distance, if p g cqual to (i) 5 kg, and (i) 11 kg,

« 1 1 (
Solution  Given data: (WBSC 1986)

{]“ i 300‘“ A =002 em?
P° =20°C E =72 % 10° kp/em?
0 =Skg a =11 x 10 per °C
Tw =25°C W= 22 g/m |
f: : (li) Skg (i) 11kg  Totl weight W =122 x 30
= 0060 g
= (.00 kg

(a) When applied pull p = 5 kg:
(i) Temperature correction Ci=oT, - Ty L
=11 x 10 (25 - 20) 30
= 0.00165 m (+ve)

(ii) Pull correction = £ =R L
AE

__(6-5x%x30 &0
002 x2x106

LW?* 30 x (066)*
Unip? 24 x(5)?
=+ 0.02178 m (-ve)

Total correction = + 0.00165 - 0.02178 = - 0.02013 m
Correct horizontal distance = 30 - 0.02013 = 29.97987 m

(iii) Sag correction, C, =

n=1

(b) When applied pull P = 11 kg:

() Temperature correction C, = 0.00165 m (+ve) as before.

(P-R)L
AE

_ (11=5x30
002 x 2 x 10°

LW?

§4n2P2

(i) Pull correction, C, =

= 0.0045 m (+ ve)

(n=1

b

{iii) Sag correction, C; =

_ 30 x (0.66)°
24 x (11)?
= 0.00449 m (- ve)
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. ) janglé g
Fig.2.1(a) Ideal Triang fn%

Well-conditioned u-iung!“‘“‘ ‘M \ptr:)
fereed because thelr apex P mnl.\'d“"i ngle
sharp and can be located b‘ 8 ()iﬁi
‘dot’. In such a case, there (8 00 p hh.c
bility of relative displacement of t
plotted point. 1 .
’ L.E\utri:i‘r)gle in which an angle is less
than 30° o; more than 120° is said to be iq.2.1 ,
ill-conditioned (Fig. 2.1(c)). Fig.2:1(c) ”"C°”d'“0ﬂ6d7

lll-conditioned triangles are not used . i anﬂ’&
in chain surveying. This is because their apex pom.ls are not g '
defined, which is why a slight displacement of these points may Cauge condm Y
emor in plotting, Sldﬁ‘?&h!ﬁ

23 RECONNAISSANCE SURVEY AND INDEX SKETCH

Before the commencement of any survey work, the area to he Surveyeq i,
°Xamined by the surveyor, who then thinks about the possible arrap ‘ [h()m"&"'"
framework of survey. This primary investigation of the area ig termeg emenmﬁ'"
Sance survey or reconnoitre. S
the?ﬁgﬁsrzgr:;;l:\‘sa;nce survey, the surveyor should wak 0
. $ and whether or not the sel

Ver the are
) dang .,
ected stations qre ;. . Mg

a which ig Prepared qurs
. u -
Index sketeh’ o key p an’p L. g

S N importan; 4 for tha e
© 2. It shoy]g pe orument o the g B
© altached to the startingpg
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24 DEFINITIONS AND ILLUSTRATIONS

A. Survey Stations

Survey stations are the points at the beginning and the end of 2 chain line. They
may also occur at any convenient points on the chain line. Such stations may
be:

1. Main stations

2. Subsidiary stations and
3. Tie stations

1. Main stations Stations taken along the boundary of an area as controlling
points are known as ‘main stations’. The lines joining the main stations are called
‘main survey lines’. The main survey lines should cover the whole area to be
surveyed. The main stations are denoted by ‘A’ with letters A, B, C, D, etc. The
chain lines are denoted by “— ... — .., — | —  _»

2, Subsidiary stations Stations which are on the main survey lines or any other
survey lines are known as “subsidiary stations”. These stations are taken to run
subsidiary lines for dividing the area into triangles, for checking the accuracy of
triangles and for locating interior details. These stations are denoted by ‘" with
letters Sy, S,, Ss, etc.

3. Tle stations  These are also subsidiary stations taken on the main survey lines.
 Lines joining the tie stations are known as tie lines. Tie lines are mainly taken o

- / ' “.‘\ "
o | 7 I o \1
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sneidired the base line. This line shayiy b gy ™ o %

SEINAES Bettepn 3 .
P RBTVEY lines i oy

| t tay, -
Fated _ » mcavared vory carelully g . V85 .
Y leve] ground, and should he measared very carelully Ml g, e
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AN ’}-’T.:!T‘;?‘;}?Q o the hase Jine aie takon 1o fi W trth hﬂ: of o

€. Chack Line R

EB0WR as the ‘check Jine'. It is taken 10 check the accuracy gy ;hc'ﬁ. bag,
‘ iy

Sometimes this ling helps to locate interior details.

o

n
D. Offeet

The luteral measurement taken from an object 1o the chain line i
Offset’. Offsets are taken 1o locate objects with reference to the chaip lin(’“h % dists
may be of two kinds—perpendicular and . f

: 1y
obligue. poin

1. Perpendicular offsets When the lateral 1

Imeasurements are taken perpendicular l— P

o the chain line, they are known as ERSENDICU .

perpendicular offsets (Fig. 2.3). | FSET
Perpendicular offsets may be taken ' . '

in the following ways: b_go

fa) By setting a perpendicular by
swinging a tape from the object CHAIN LINE
to the chain line. The point of Fig.2.3 ¥
minimum reading on the tape will (
be the base of the perpendicular (Fig. 2.4). : {
{b) By setting a right angle in the ratio 3 : 4 : 5 (Fig. 2.5). (

(c) By setting a right angle with the help of builder’s square or (ri-squar (
(Fig. 2.6). g N
(d) By setting a right angle by cross-staff or optical square. ~ obje

2 T
Z. Oblique offsets Any offset not perpendicular to the chain line is said ok nuw

obligue, Obligue offsets are taken when the objects are at a long distance fron}tlﬁ“ (
- chain line or when it is not possible to set up a right angle due to some difficulties
Such offsets are taken in the following manner. - R (

Suppose AB is a chain line and p is the corner of a building, Two pomls’x;;
and b’ are taken on the chain line. The chainages of ‘a’ and ‘b’ are nated:‘

Scanned with CamScanner



-l_\:_~ . % . ¢ S
1 ) ek T\
Vo g i R &
' 1 i
- s Vi % A Ly ' iy Vi (&
Loy 6 - i ) 4 i \
e Yo BIEER - |
W EAW) . AW BN
TR A I v e ‘*" \ ek .
Ny ehAEW | 3 Ao .
%, " TR W
el 0T —r TR ;_'_i’,l-‘:\" A o g -
e gy AP ’ Dtan JoA B T
- . T L A ad A
® UNETR Y ;'-'i’..«“‘ X w1 € AL R
e nstanba o VT g
\ \1“;}!‘“ \ Gaal ¥
\rari s MRS o &Y RANIALIR SRR T BN - (T
BTN PN « } " \-".. N\ L > X -J: - o
AN e f"“"‘d M . l-\‘.}
11 The seney hind MR e Rl LY
i The se o By !
...... \
may ioa b i
%

R
g QURVEY
< FOR CHAIN $U |
24 EQUIPMENTS FOR ‘ o ottt Shain Supvg,

it
pty & TN

FHAN

The fallowing QQquIpTE s 1k
1. Mame chain (30 m @ [0 B
o Armowmy w | OO
3. Memalhic tape (13 m w3 s
4 Ranging mods m L OO
5. Qifsetnd w1
8. Chinometer @ | 0O
7. Plumb bob with thread . a1l
8. Cross stafl of -opxical Sualt = 1o
. 0. Prismanc Compass with stawe = 10 nos
10. Wooden pegs = 1 no.
11. Mallet = 1 no
12. Field book - 1 no.
13, Good pencil =1 no.
14. Pen knife =1 no.
15. Eraser (rubber)
2.7 THE FIELD BOOK
The notebook in which field measurements ar¢ no.tcd 1\ 1\\“1;1\\"‘1‘;:3 Ehe "flelg bogy
The size of the field book is 20 cm X 12 ¢ and it opens lengthwige, Fielg bmk
may be of two types: X
1. Single-line, and
2. Double-line.
1. Single-line field book In this type of field book, a single red line g
through the middle of each page. This line represents the chain ling, gy R
chainages are written on it. The offsets are recorded, with sketches, to the e
right of the chain line. The recording of the field book is started from the Jyy |
and continued towards the first page. The main stations are marked by <
subsidiary stations or tie stations are by ‘©" (Fig. 2.16). "
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lo“’fﬁ!“.’f‘ (':':‘ '”';’"i.,')'“‘j"“”" Matons are marked by ‘A oned subsidlary ur the sations
by 0 (8«17 This typg of field book, s commonly nsed.

(3,8, OF AD-2 ’0'0'182-"“4!.. A £l | 0.0, 0 A1o'l 13 | Litie AB EHT5
)6\. A}[ }‘.‘ A('l
> 6]
2 \\0 ) "‘-,. g
01 D)

7 T, 4
10 Jo 5 “[\u of 5[]
8 Jo 5 s |50 5
! / 40 /
/ /34 /
‘ 30
v
40

5 12 rowe 20.5 12

i
AN
B)

Ao Ao | T
/ 55 10 / 5.5
F.8. OF F.B. OF
ALL DIMENSION Z% AB = 30" 0' ALL DIMENSION| 2> | AB.30-¢LINE
IN METRES _ AJLINE AB STARTS IN METRES | A | AB STARTS
\ .
Fig. 2.16  Single-Line Fie|d Book Fig. 2.17 Double-Line Field Book

A. Problems on Entering Records in Field Book

Problem 1 While measuring a chain line AB, the following offsets are taken.
How would you enter the field book?

(a) A telegraph postis 10 m perpendicularly from chainage.2.5 m to the right
of the chain line.

(b) A road crosses obliquely from left to right at chainage 10 m and 14 m.
Perpendicular offsets are 2 m and 3 m to the side of th
5 m and 20 m respectively.

(c) A tube-well is 5 m perpendicularly from chainage 30 m to the left of the
chain line.

(d) Total chainage of AB is 45 m.

e road from chainage
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B. Precautions to be Taken Whije Entering the Fleld Book

!
2.

N bW

=~

All measurements should be noted as soon 2 they are taken.
Each chain line should be recorded on 2 separate page. Normally 1t shonie

 start from the bottom of one page and end on the 1op of another. Mo e

should be started from any intermediate position.

. Over-writing should be avoided. -
. Figures and hand-writing should be neat and legible.

Index-sketch, object-sketch and notes should be clear

Reference sketches should be given in the field book, 50 that fhe stution
can be located when required.

The field book should be entered in pencil and not in ink.

. If an entry is incorrect or a page damaged, cancel the paps and smar fhe
~ entry from a new one.

Erasing a sketch, measurement or note should be zvoides.

The surveyor should face the direction of chaining so that the Iefihams
and right-hand objects can be recorded without any confnsion,
. The field-book should be carefully preserved.
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Compass Travermh
%

RPOSE
AND P o
3.1 iNTRODUCTION qurveyed 18 divided into a yy,
he arcd to o] ground covering small apy Top

. 0o | ;
In chain surveying = o e iy 1eVE' &0 hany details, tri

. dulﬂli"g an ; t OSSlblc' an arey Q ( \\
area is large, ub is not P » the \w

. 1 in SY
nciple of cht! . .
the princip f a number of con,, Y

g § ted. sists O
raversing is adop work coD o g
l " frnmuw({fk pe and the directions jge

ot N ll \
In traversing, ¢ o5 LAY

lengths are measured DY © of the methods, the angle me“surined\ by

neasuring instruments: n one rocess is known as Compass tr, Shg ¥ se

e Hence, the P lockwise direction jg q.. e A

used is the compass: i an antic Nig al“'i\yg g ‘l‘-‘

Q“ﬂ i\

\

Nole: Consideration of

in running the survey lincs.

5.

S\

3.2 DEFINITIONS
ssing through the BCOgraphic,

. anc i
1. True merldian Thcllmc :I“f’; poirrl)t on the surface of the carth i \ Noqy, g
reaeraphical south pole an e meridi L g
%go{,mp‘lrlil;i‘;n‘ or ‘gl;ogmphicnl mcn(h‘nn _The m'lcts on(:lhan i\'l a B‘tilh() iswnsg 1
queny g through dif ferent poin ¢ carth'g suffu(::%{; \

The true meridians passin
parallel, but converge towarQs the po ¢
meridians passing through dlffcrcn.td[.) .
The angle between the true mc‘n ia ot
the line. It is also known as the ‘azimuth

les. But for surveys in sma)| R
nts are assumed paralle|, : ty
d a line is known ag “rueb |
Fig. 3.1). eiﬁ“"z
2, Magnetic meridlan  When magnetic “eec.’tl‘? ‘(siizl{:f fsczc:;d frecly ang by
properly, unaffected by mngnctitf s.ubftanCC-S. i irection, Thig i ak:
is known as the ‘magnetic meridian’. o "ty
The angle between the magnetic mcndym an.d a line 1s known ag the '
bearing’ or simply the ‘bearing’ of the line (Fig. 3.1). b
3. Arbitrary meridian  Sometimes for the survey af‘a small areq, 5 o
direction is assumed as a meridian, known as the ‘arbitrary meridiap’, S %
the starting line of a survey is taken as the arbitrary meridian, el

The angle between the arbitrary meridian and a line is known ag (he ‘ubig
1

bearing' of the line.
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seseerml! limas gEraliE @ e e m“dﬁ.zm For 2 partionlar zonz. These lines are
qeprmeed) a8 T imes” 2 dhe conimal Fme dhe “grid meridian’. The bearing of 2
i AT Esge 1 e mmd m:m:mm a8 fmowm 38 The “grid bearing’ of the tine.

5, Designaiior. o magnee Wn&v Winsmetic hearings are designared by 1o

ﬁgcms‘
@ Whele ardic harmz (RS, znd

4: P (Quanitamiz MeEring Q, \'_

ial Whoe SreSeamy W03 The mazmetc harng of alin{m:as.m"s:i. c]b:}:_wis:
eyt QR YN TwrIs e Tme, is kmown 2s e “whole circle bearing, ©f that
. Sy = MeACmE Ty fEve any ceine harween 07 2nd 3607, The whole circle
pearmz of @ me o8 onamed b piismas: compess (FE. 37).

Far- esampi, m Fz. 32, N

ST R

)‘}m '.::_'3 = ’??
WCE o AT=8
WS of AD =&
WR af AE = 9

iy CuAmEmE By 05 The mmmeme
ipegerme @ 2 e messred Bolin bl g sis
r onmiEresesiss Tom e Nork Poiz
- Sty Soie (wiicheser 55 mearsr he
Ty towards e Zos o gL TR D
s the “uadcmpy pErmEr of e e

This SFSEIT SRS OF T g ‘ILHI.'HHZS’— To. 32
HE SE, SW @gnd We . Tne wmine Of B >
oudrm mearmy Fes feowzan TF amd 907 bm fe guadems shonld 2hways be
T, Onaefront ermes are obmmed T B swvever's compess Ghe. 3.3).
For exampie, B AB=S5 E

QB o 2C=83E

QBaf AD =8 W

B of aE=Ng W
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The bearng of 4} "ﬂ*‘f""”'“/pg, A
“Bt‘.t‘l &.Esﬂ
= 6

the "hack bearing
For erempie, is Fig. 3448

FB of BA
BE of BA

in Fig. 3.4(b},

. {BACK

Remember the following:

of ssarvey o cal st et .

L r}r)"{ E"(
g‘xv";"..w

' (BB of e fzme

~ 2 L 2N
2,\.!‘.‘:? ' v’r

s— =

) an——— Venio
SRy et ez

: ny A( i ‘
3 e AR i % e SV
ol bl TS

.A‘.ﬂ‘ a
«r‘!' ;’f"/ .f.. w ’T& ’”r.
o u Aiar e SR f"'v;f. o 56 u-? lqw,* ‘h;' ﬁ
R
EE u’; I'.
F7

=

»

Fig.3.4

(a) In the WCB system, the difference between the FB a=d BR mﬁm‘f&
exactly 180°, Remember the following relation:

BB = FB # I8(G°

Use the positive sign when FB is less than 180,

and the mepwtye gm
when it is more than 180°. i 5@?
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when ¢ 0y5' B jeclinution (west) LY/
declinatio” jo benritE ‘,,.,( [

11c :

SUIIIHU )c'lfins = ln{;;-"‘o' o 3"’30
T lc o 32 " S(tl !
= y € also 317°
g line 19 linc is
¢ bearin® ol pearing * g ” _ declination (cust)

The trY resent tru¢ (ruc bed ' . _ 312045

so, the ,2 pearing = 170" - "15 =

Ma agne! =3

of the sun at noon {y 1740
ing © | "3y
clination at that Statiy V' f,
. The mag neti . de ol noon .
pmblem" () Find the nlflg nrm ofthe sun e is 593,y " ’1\
mﬂgﬂcnc d Lllnallon at that S[duo \ \
" i magﬂ ¢ meridian at :
¢ tru nog
¢ sun i cxactl}’noln 75°30’, it is towardg thg Sing, \
Solution (a) bed nnbo c su - true meridian and the suy il "“1 DQ
_«,ct out an angle of 175°3¢; Aty t“l

: A %
south pOlc ?:c(hc magncuc mcridian, lcl“ck“'!;l
the sun 10 & k\
TN MN MN T N
magnetic declination = 5 A%
a ' . '
2g_175°30'=4'30'E
\\ o 180
/o
/
Flg- P'3'2 Fig, P_a'a

lination = 180°0" — 175°30" = 4°3¢y

ic dec :

is exactly on the trt

(b) The sun oqs’, it is towards the north pole of true Mmerg By
of the sun is 3 the true meridian. After th I)
ards the north pole of the at, se tay
sun iow Jlockwise from the sun to get the magnetje Merig y
of 5°45’ antic . - iy
Thus Magnetic declination = 5

3.13 PROBLEMS ON INCLUDED ANGLE

Problems ] The bearings of the lines OA, 0B, OC, OD are 30°3(', 140‘15'
and 310°30', respectively. Find the angles ZAOB, £ZBOC and 4{(:(39
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Provedare  (8) Om verifying
BB of line DE di ,
ave free from local attraction
are portect.

(&) The observed FB of EA is also correct.

ic} The actue! BB of EA should be

DE differ by exactly 180° S g

n%{t

330°15" - 180°0" = 150°15’

But the observed bearing is 147°45",

So, & comection of (150°15" - 147°45") = 4 2°3(y shoulq be
(@ Comect FB of AB = 191945 + 230 = 194°15*
Therefore, the actual correct BB of AB should be

194°15" - 180°00" = 14°15'

E A

But Observed bearing = 130’

o Sescomeionof (415 - 13%) =

HILS shouy
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Problem 2. The following bearings wete observed in baversing, with s compass,
an area where local wttaction was suspected. Find the amounts of Jocal attraction
at different stations, the correct bearings of lines and the included ahgles, Alyg
draw a sketch of the plot if AB = 100 m, BC = 100 m and CD = 50 m and show
in it all the included angles,

(WBSC 1989),
Line B BB
Al 68°15" 248°15'
BC 148°45' 326°1%’
Ch 224°30 467K
DE 217°15° 38215
Lo EA 327°45’ 147°45"
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55 TYPES OF LEVELLING OPERATION
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« term ‘aren’ in the context 0 { to the actual area of ¢ t ‘
The term ‘aren’ in ane, and n° he lang ©t)

. ." ) ¥ . ,
projected upon the honzggl(;'l] lthc c lowing units: ]
Area may be express :

1. Squarc-metres )
2. Hectares (1 hectar¢ = 10,000
3, Square-feet 4840 5. Y0 = 43.560 sq. ft.)

4. Acres (1 nere = " the various m
[ ing is o hicrarchical mPTc-“c"m”on bl ethods Of ¢q
The following is a hict mDu%
of area. Arcit ..1
l :'

A. Graphical Method lrumental
1 ,
From f;m!d notes From plotted plan g

AR S

I 1
Entire ared Bou?dary area
I l —I\
Mid-ordinate Average  Trapezoidy :
rule ordinate rule rule ing,

72 COMPUTATION OF AREA FROM FIELD NOTES

This is done in two SIEps.
Step 1 In cross-staf survey, the area of ficld can be directly cal,
field notes. During survey work the whole area 1 divided into some 5, ¢
figures, such sy iriangles, rectangles, squares, and trapeziums, asd &% !
: “ ;

i calculated as follows:
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-~ ks T
Lage !~“Lo:;5[d9,-1,;g the entire areg I'he Lll'li

g folloWs:

vonvenient shape, and caleulated #

(a) By dividing the atea into friangles
iregnlar boundary line | ,
Lty i des of the (riangles arc d

whn aé 1o Cuatiy,
%,

.

The trinngles are g0 drat

ctermined according
‘ (8
@,

rrhl‘l] lhe l): 1 enid :

— ases and altity : )

seale (o which the plan was drawn. After this, th y
Ititude).

caleulated (area = 1/2 % base X 8
The arcas are then added to obtain the
total area (Fig, 7.0).
(b) By dividing the area into squares In
this method, squares of cqual S120 ¢
ruled out on a piece of tracing paper.
Each square represents a unit ared, which
could be 1 em? or 1 m? The tracing

ed over t an and the
aced over the plan and | Fig.7.6

paper is pl
ted. The

number of full squares are coun
total area is then calculated by multiply- 7
ing the number of squares by the unit A1)
area of each square (Fig. 7.7). /

(c) By drawing parallel lines and converting ’T
them to rectangles In this method, a

series of equidistant parallel lines are
drawn on a tracing paper (Fig. 7.8). The
constant distance represents a metre o

centimetre. The tracing paper is placed Fig.7.7
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Let
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Consider Fig. 7.12.
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() By Stmpson's rule
o = 10

O+ 500 %3205 6% 4.
Required arco = ]3) [0+ 0+ 4(2.50 + 2y 4 2,3:},} "
10
10 142,80 + 16.20} = =5~ % 59.00

'4
=10 o 5600 = 196.66 m?
3
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wotal area = B9 A0 4 10 + 188 s -
I{m“ are 106,50 4 152.00) = 354 .00 H‘z
| BY S:m!-'“mis rule.
Ay = 3 (250 + 610 + 4 (350 .
3 3?5&;*7lg5{jn-ag&m-

19, ., .
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8 Sevmay and Leveiing

A e 20 ($80 4 220 + 4(190)) = 13T N aqm

Total area = 8066 + 102 13 « 187 23% = 3822 o'
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65 PORMULA FOR CALCULATION OF VOLUME

" - e T ’f“ e d ™ I wpa— war P
o i I ! Y
! i | I t
\ $ A I A !
2 o .
A, A, Ay | A Ay j I Y
' ) ‘-‘”‘l—””“--*d-"hd B

=D~ Fig. 8.7

A. Trapezoldal Rule (Average End Area Rule)
=D a2 Aty

1))

Volume (cutting or filling),

y common distance {area of 1st section + area of last <.
i.e. volume = 5 £ siea of oth el
of are other secs;
+ 2 (sum Secliong))

B. Prismoidal Formula
' : D + A, +4 (A + A+ A
Volume (cutting or filling), V= 3 {A) n 1)
+2(A3+A5+“.+

‘&5\‘ ]

-

common distance {Area of 1st section + area of last section

sum of areas of even sections)
of odd sections)}

i._e., V=

+4(
4+ 2 (sum of areas
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242  Surveying and Levelling
sectional areas are calculated by Eq. (1);

Solution The cross
Area, A= (b+Sh)xXh RN
4, = ((10 + 1.5 x 0.90) X Ogg = ;ggi m

A, = (10 + 1.5 X 1.25) X 1. p : 28.43 .

5 Z (10 + 15 x 2.15) X 215 = 2843 ™,
2.50) X 2.50 = ] mz
5 =23.63 m

= 1.5 X
44 = (10 + 25 x 1.8 i

2
2

Ag = (10 + 1.5 X 11.35) 1

= (10 + 1.5 x 1. . = X

j: =10+ 15X 0.85) X 0.85 = 9.58 m
1 formula:

(a) Volume according to trapezoida
V= %Q (1022 + 9.58 + 2 (1484 + 2843 + 3438 + 2364 "

3 23
= 20 {19.80 + 23502} = 50964 m )

(b) Volume calculated in prismoidal formula:
v="0 (1022 + 9.58 + 4(14.84 + 3438 +1623) + 2 (28 43 | .

= 20 (19.80 + 261.80 + 104.12) = 5142.9 m?

~ "~ _ a9
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