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FOREWORD

The progress of education in this country has suffered for
want of Text Books, particularly in the field of engineering,
Hardly any text book on engineering subjects has been
published in this country. Foreign text books are so
expensive that most of our students can not afford to buy

PREFACE TO THE THIRD EDITION

them. Attempts to supply students with foreign text books et . has been revised partially anc
through 'Rental Libraries' or 'Lending Libraries’ have not AN TR S R o 14 T;:‘lf:h ?s ok
been unqualified success, because students can retain the a few chapters have been enlarged. Chapter
rented books only for a semester or a session when the Hydrographic Surveying has been added new. The scope and
cuursi is offered i:’;{11 the class and can not refer back to them importance of this surveying has increased considerably in
later. Low priced editions have been brought out for man :
books written long ago, which are not considered quitz Bnghesll et OGS of SuliANCE RGN Acle
suitable for adoption as text books now. : irrigation, navigation, siltation and hydraulic schemes. Account
Fore these reasons, it is very necessary that text books are has been taken throughout of suggestions offered by the many
written and published locally and 1 am very ha that two ;
teachers of fhis institution }lrmvc written 'A Tfﬂy Book of uagrs, of the; bok apd  grateil) acknnwledgem_em il sieiond
Surveying’. [ have no doubt that our students will be them. Further suggestions will be greatly appreciated.
immensely benefited by the publication of this book.
Writing and publication of engineering textbooks may not be
financially rewarding in this country at present. However, it
is always a challenge to a teacher in a form better than that !
presented ever before. It is in this spirit more of our teachers
should endeavour to write text books- one or more in every Bangladesh University of Shahjahan & Aziz
course offered. The University will make every endeavour to Engineering and Technology
assist them.
Dhaka

Dated, Dhaka M.A. Rashid, D.Sc. i
14.11.65 Vice-Chancellor

Bangladesh University of

Engineering & Technology

Dhaka.
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PREFACE TO THE FIRST EDITION

‘The book is maiden venture in the field of Engineering. It has
bgen written primarily as a text to fill the need of the students
for a simple but complete coverage of the principles of
surveying. The book is designed in such a lucid way that it
provides solutions to great many problems which the students
are facing now a days. The book has been composed in such as
elaborated and simple way that the readers do not need any
previous knowledge in this field.

The authors express their heartiest thanks to Dr. M. A. Rashid,
Vice-Chancellor, Bangladesh. University of Engineering &
Technology, Dhaka, who has kindly written the foreword of
this book. Professor and Head, Civil Engineering Department
for his constant inspiration, guidance and help in writing this
book.

The authors also express their thanks to their reverend
professors M. Kabiruddin and S. M. Nazmul Haq who inspired
them 1o write this book by their inspirational teaching and
professional guidance. Sincere thanks are also due to professor
M. A. Jabbar, B. R. Biswas and M. Ali for going through and
correcting some of the chapters.

The authors' thanks are also given to Dr. A. Hasmat, Dr.
Zahoorul Hug, Prof. Mazharul Hug, Dr. 8. H. K. Eusufzai, D.
Jahidul Alam and Prof. M. A. Rauf for thir inspirations and
kind suggestions. The authors also express their thanks to their
students A. Aiz Uddin Ahmed and Saleh Mustafa Kamal for
proof reading and Mr. Md. Shaihid Udding of C. E.
Department for drawing the diagrams of this book.

Bangladesh University of
Engineering and Technology
Dhaka

July 1982

Shahjahan & Aziz
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CHAPTER 1
INTRODUCTION

1- 1 Definition : Surveying is the technique of finding
the relative position of different features on the surface
of the earth by taking m=asuremants and finally represen-
ting them on a sheet of paper known a3 plan or map. The
plotting of plans, sections and maps are madsa by sslecling
a svitable scale. From these prepared plans, sections and
maps, tha area and volume of a particular plot of land can
be calculated. A map represeats tha horizontal. projection
of the area surveyed and not th2 actual arsa. But the
vertical distances can be representad more corractly by
drawing of sections.

1--2 Classification : Surveying can be mainly classifisd
into two grouns, viz., (1) Plana survaying and (2) Geodetic
or Trignometrical surveying. Plane surveying deals with
small areas on the earth’s surface assuming the surface of
the land to be plane. So the curvature of tha earth is
neglected. But in geodstic surveying the curvature is.
considered because it deals with vast areas.

Plane surveying may be again sub-divided in the
following ways ;

(1) Chain Surveying : It is the simplest type of surveying
in which the area to be surveyed is divided into a number
of triangles. The lengths of the sides are measured and
the interior details are recordsd. The whole area is then
plotted on a drawing sheet to a suitble scale to prepare a
map,

(2) Traverse Surveying (Compass and Theodolite Surveying) @
It is a type of surveying in which the plot of land to be
surveyed is enclosed by a series ol straight lines making
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angles with one another. The length of the 1ine.°-_ and the
angles are measured and plotted with all interior details
ona drawing sheet to a suitable scale to produce a map.
(3) Plane table Surveying It is a method of surveying
in which observations and plotlings are don=z simultaneo-
usly. ; ) .
1j'r(-t ) Ordinary levelling : ftis a type of s1_.1weymg in
which tha relative elevations of different points on the
earth’s surface are determind. ; = _
Gaodstic surveying may be again sub-divided in the
following ways : : v
(1) Triangulation : lo this typ2 of surveying a ne{tworx_
of wall-dafined traingles ars formed on toe plt?r. of land
to be survayed. Orly one line known as bass line and all
other angles are measured very carefully. e pe
(2) Reciprocal levelling : This type of surveying if requi-
red to obtain the diffarence in level between tso poinis
' japarate les.
which are reseparated by obstac _ S :
(3) Stadia surveying : Itisatype of survaying in whlc_h.
vartical and horizontal distances are computed from stadia

reading3. ‘ 1 A
(4) Astronomical surveying : It is a special branch of sur

veying in which the meridian, azimuth, latitude, longxtudeé
tme., etc. of a place on the surface of the E:‘Elﬂh an
determined by observation of sume: h'eavenlg.r bodies.

(5) Photographic surveying : - This is a method of survey-
ing in which maps are prepared from photographs.

Basides these classifications there are also the following

branches of surveying : )
(1) Archaeological surveying : To find out the relica of

t time by unearthing. _
anci;&zr; Geo!u;:mf surveying © To determine the different
types of strata of rocks in the earth's crust. _ g

(3) Exploratory surveying : To explore hidden minerals
{rom below the surface of the earth's crust.

(4) Military surveying : To determine plances of strategic
importance.
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(5) Cadastral surveying : To determine boundaries ef
fialds, houses ete. for fixing up revenuss on them. 3

(6) Marine or Navigation surveyinz: To detarmina the
positions of the course of ships and harbours, e'c.

(1) Hydrographic surveying: To determine the shosa
lines, soundings, navigational depth and silting of rivers
and lakes, etc.

(8) Aerial Surveying : Aerial Surveying is comprisad
-of taking aerial photographs and using them to obtain the
qualitative Information and quantitative data required.
Photographic interpretation and analyses are 'tha meaas by
which tha qualitative information is obtzined. Photogramm-
etry, supplemented by control surveys on th2 ground, when
necassary, is used to obtain the ¢uaatitativa data by maasr-
ement procedure.

(3) Electronic Surveying : Electronic survaying is the
precision us2 of light waves and microwaves 1o measurs
slope distances accurately from which, combined with
e:evatlions or accurately maasured vearical angles. or both,
precis=s horizontal distances are compuied, The electronic
surveying instruszmeats are especially eifactive and,efficiznt
for precision m2asuring of long distancas of 1233 thana
mils to many miles. :

(10) Topographical surveying : To determine tha positions
both in plan and elevation of ths differeat natural and
artificial features of a terrain and reprssenting them by
measure of conventional symbols upon map.

(11) Project surveying: This includes ths surveying
required for roads, railways, irrigation canals, water and
sewer lines, dams, reservoirs and other enginzering
structures. ] -

1—3 Importance of Surveying: Surveying is of vital
importanca in any engineering project. Ths first necessity
in surveying is to prepare a plan and a section of tha area
tobe covered by the project and from these prepared
maps and sections the best possible alignment, amouat of
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earth work and other necessary details depending upom
the nature of the project can be calculated. Nobody can
think of a project like railways, highways, tunneling, irrig-
ation, dams, reservors, water works, sewerage works,
airfields, ports, massive buildings, etc. without proper
surveying. Even the measurement of land and the fixation
of its boundaries cannot be done without surveying. Also
the economic feasibility or the engineering feasibility of a
project cannot be properly ascertained without undsrtaking
a survey work.
1—4 Useful data and formulae for computation of survey works :
The following are the data and formulae which are
generally used for computation of different types of survey
works.
| Furlong=660 ft=10 Gunter's chains=40 poles of rods
1 Mile=5280 ft.=8 furlongs =80 Gunter's chains=1,605

kilometers.

1 Naulical Mile=6080 ft.

1 Knote=1 Nautical mile per hour,

| Engineer's chain=100 ft.=100 links.

1 Gunter's chain=66 ft.=100 links,.

1 Inch=2'54 centimeters.

1 Meter= 100 centimeters=3.281 ft.=39:31 inches.

1 Yard=0.9144 meter.

1 Fathom=6 ft.

Diamater of ths Earth=7916 miles

1 Acre=4840 sq. yds.=43560 sq. ft.=10 sq. Gunter's
chains
« 160 sq. poles=3 bighas 8 chataks=100 decimals.
«(),40168 hectare.

} 8q. mile=640 acres.

) Ganda=1 sq. hath=2.25 sq. ft.

1 Chatak==20 gandas.

1 Kathae= 16 chataks.

1 Bigha=20 kathas=1600 sq. yards=33.33 decimals

1 1b.=16 oz. -
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1 Stone=14 1bs,

1Cwt. =112 lbs.

1 Ton=20 ewt.=2240 lbs.

1 Cft, of water weights 624 1bs.

I Litre of water=100J c. c., weighs 1| kg.

1 Gallon of water=0"1605 cu. ft.=4.546 litres : weighs

10 1bs.
22
== =3.14
7 159
e=2171228

i 180
1 rqdlanuT degrees=57°18" (nearly)=3438 minutes
=206235 seconds.

Trignometrical formulae :

2! Right Angke Trioaghe 18] Qeginary Telangre fc) Spnericol Trlangis

ik L

Fig. 11 (a)
i ll a b
Sin B o Cos B:E, Tan B:ET' CotB= 2,

b
Cosec B=E—- SecB=C- Sin’B+Cos*B=1
a

Sec®B=1+-Tan®B, Cosec’B~=1+CotB
Fig. 1.1 (b)

A4B+C=180°

ds=a+b-c, where 8=} a+b+c )=half perimeter,

a b c

SnA~ SinB - S ¢ (Sine Rule)
a*=pb?+c*—2be Cos A-.....(Cosine Rule)

; A A
Sin A=2 sin T Cos 52 y/ S(s-a)(s _bcbj (8—c)
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Moy oA ECB=0)
Cos A= 556 : sz--—v" =

(s—b)is—-0)

sis—a) , A
c s(s—a)

A

Qos— = V- B Tan ;=

Fig. 1.1 (c)
The sides a, b and c are expressed in angular msasure--

ments,

gina Siab Sinc

§n A SinB_ SmC™T™
@os a=Cos b Cos b+ 5in b Sin ¢ Cos A......(Cosine Rule}:

(Sine Rule)

Cosa—-CosbC03C_ _ n3BCosC

Cos A= 4 =
Sinbsinc

+SinBSinC Cosa

A /S (5=1) Sin (s—c)

Ry 3 F |l i, e ek, et
) Sinb Sinec

R i ,E_ifli s 5in (3—a)
LQ";‘. =¥ " Binbbinc
m Sin t’}—_- 3"E'Sir:“{3_-- )

Tani- = /" "§in's Sin (s—a)
Area of a Rectangle =Product of two adjacent
sides=Base x Haight.
Area of a 3quare=Basax Haight:[ﬂasaj’={5ida}’.
Area of a Triangle=1} base x altitude= vrs(s-a}(s—h}[s—-c]
where s=4(a4+b+c), a, b and ¢ are the sides of &

Area !

traingle.
Area of Parallelogram=Bas2 x Height=Product of adjacent:
sides xSine of the included angle.

Area of a Trapezium=} sum of the two parallel
sides x perpendicular distance between them.

=2 "
Area of Circle=nr?= i‘%l where, d=2r=diameter

Surface area of a Cylinder=_2rrh where, h=height
Surface area of a Sphere=4=r*

Area of an Ellipse= ’i— (Major axis x Minor axis)

INTRODUCTION T

Perimeater of an Ellipse= ;—(Majcr axis+Minor axis)
volume : _
Volume of a Rectangular Solid=Length xBreadth xHeight
Volume of Cube=(Lengthy’
volume of a Cylinder==*xh

Volumeof a Sphree=g—=r’
Volume of a Cone= é =rth
Volume of a Pyramid=é~ (Area of base x height)

Frustum of a Cone=g— (A, +Aq.+ /AR, whare, Ay, A;
are tne area at the ends and h is the height.
Volume of Prismold = -%- (A,+4A,+A,) whera A,, A,

and A, are the areir at the begining, mid and end sections
respectively and h tha lengih.

1—5 Calculation of zreas: Calculaticn of area is ona2 of
the primary objectives of surveying. The following
methods are generally applied to compute areas.

A. For fiftres bounded by straizht lines :
By dividing the area into a number of triangles : Ia this
od, the area is divided into a number of triangles.

£ o
- Pl P2
Area of each triangle is calculated. Total area will be
equal to the sum of areas of individual triangles. The
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lengths and directions of each lines OA, OB,......elc. are
measured in the field and  area of each triangle is
computed. This method is suitable for small works where
closing error i:;fnﬁt important The accuracy of field work
may be deterfnined by measuring the diagonal in the field.

(2) By co-ordinate methods : If (X, Y1)s (Xg Ya)s X30 Ya)v
(X, YJ)----etc are the co ordinates of A, B, C, D......etc.

" respectively, the area of the traverse is calculated [rom the

formula :
- Area=3{yi(Xs —%n) +¥a(¥Xs = X2) +y*(Xy= Xa)+ 1+ Y
(%;—Xn—;)} where n=number of stations.
¥

4
LI
Elvgny Blagyg)
Cti; '_‘I
A plearad ;
.-"’ o
- o
Fii. L3

\41}/ By latitude and departure : See Chapter 3.
B. Forfigures bounded by curved lines : :
Qﬂ/ﬂ:e:ga Ordinate Rule : In this method the area is
divided into a number of equal parts, The ordinates at

each of the division points are scaled from the plan or
measured directiy on the ground. The average of these

ordinates are found out and the required area is calculated

by multiplying the average ordinates by length.
Area = (O, +0,+4+0;+-----4-0n ) “‘}' '

n+l
where, 0,0, O, etc. the ordinates at each point of
division, 1=1ength of the base line.
n=number of equal division into which the basé has

been divided. :

INTRODUCTION 9

lr_-l'—hll

o o

e LY

Fig. 1.4 *
Example ; The following offsets were taken at an inter-
val of 20 ft. from a line to an irregular fencing. Calculate
the area bounded between the chain line and fencing.
15.2, 18.7, 20.8, 16.4, 14.3, 17.5, 16.2.
Solation :
1=6x20=120 ft., n=6
152+4+18.74+20.8+16.4+ !.4.3-|~IT.5+1E.2):‘< 120
6+1
=2041.714 sq. ft.

Trapezoidal Rule : In this method the area is divided
into a number of trapezoids i. e., the boundries between
the extremities of the ordinates are assumed to be straigtht
lines. This method is more accurate than the first one.

s (D, +20,+20 +-.. 42051+ 04 )x s
2 n
=~521_(o,+z‘o+z.o+......+zo, -,+o.)

= d(@‘; D}+0‘+“' "‘+On I--1 )
whera d = Commeon distance between the ordinates.

Area::

Example : Calculate the area of the problem given in
the Average Ordinate Rule.
Solation :

Areamz0 (L3 2:133 +la.1+ao.a+1a.4+14.a+1?,5)
=2068 aq. Nt. ' ' :

() Sinpson's Rule : According to Simpson’s Rule, area
is given by the formula,




Brea= —g- (Do+ 40,+20;+40 4= "'20ﬂ"l+';10“'1+o“)

2, Cammm; distance { Ist. ordinate+Last ordinate -2

(sum of even ordinates) + 4(Sum of odd o:di.na,tes.}}

The ruls is applicable to a figure which is divided into
even number of strips having odd number of ordinates. If
there be an odd number of sirips having even number of
ordinates. the area of the result obtained by applying
Simpson’s Rule to the remaining even number of sirips.
Simpson’s Rule is more accurate than the over two msthods.

Example : Calculate the area of the problem given in

the Average Ordinate Rule.

Area=% {us.a+ls,a) +20208+14.8) +H4(19.1+16.4+17.9)}

= 2080 8q. ft.
Example : Calculate tha area by the Simpson's Rule
from the following data:
Chainageinft.: 0 10 20 30 40 50 60 To
Offset in ft : 80 9.5 102 98108 114 BT 7.0

Solation : :

There are odd number of strips (7 in number) and even
of ordinates (8 in number}. So the area of the first six strips
ghould be calculated by the Simpson’s Rule and that of the
last one separately. _ !

Area of the last strip=4(8-T4+7'0) 10=18'5 sq. ft.

Area of the first six strips— ig-{ (B+8T+2(10:2412'8)

4+4(9'5+9:84+114) }=B'l? sq. ft.

INTRODUCTION "

Total area=78:54617=693-8 sq. ft,

(4) Mid-Ordinate Rule : The boundaries between thq-'
exiremities of the ordinates are assumed to be straight
lines. The base line is divided into a number of divisions
and the ordinates are measured at the mid-points of each.
division.

Area=Average ordinate X Length of basa
= 91+ 0,40;+ ———+0a
- - xL

=(0, + O+ O3+ —— 4 Og) xd

Fig. +3
- (5) Cffsets at irregular interval : The lotal area is
calculated by adding {ogether the area of individual
trapezoids. '

d d dy '
Aera= _: (01+01:|+'—':- (0;40,) + —:—(D,-!-D‘H-__—’

l""l- ""'+* ‘}—'f-_- dy -—+ dy :.i-
Fis. -6
C. Compulation of area from map :

(1) By division of the area into geomelric figures . The-
area on the map is divided into a common geometric-

figures like triangle, rectangle, square, trapezoid etc, The

required lengths are sealed off from the map and area of’

. the individual figures are calculated by using the usual




12 INTRODUCTION

formulae. Tofal area is equal to the summation of areas of
, individual figures. :

(8) By sub-division into squares : Small squares of known
-area are drawn on a tracing paper to the same scale as that
of the map. This tracing paper is placed on the map and
the number of squares enclosed in the figure is counted.
‘The portions of the fractional squares at curved boundary
are estimated. The total area of the figure will be equal to
the number of squares multiplied by the factor represented
by each square. The result will be more accurate if the
:#quares ara more smaller.

P

——

Fid- b7

(3) By division into trapezoids ; A tracing paper is placed
<on the map. Two parallel lines, enclosing ths figure on the
map, are drawn on the tracing paper. The distance
between these parallel lines. are divided by a number
-of equidistant parallel line. Midway between each pair of
lines there is drawn a dotted line. The figure is thus
divided into a number of strips. (Fig 1.8)

Area=summation of area of individual strips.
=summation of (mid ordinate X breadth).
=(sum of the length of dotted lines intercepted
within the map) X breadth. ;
(4) Area by planimeter : See Chapter 6.
1-8 Calculation of Volumes -
- The following are the general methods of calculating

y——

| . , ‘ |
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Fidi- 1-8
volumes—

(i) From cross-sections
(ii) From spot levels
(itiy From contours,

Generally, the first two mathods are used for calculation
of earth work and the third method is used for calculation
ol reservoir capacity.

(i) M=asurement from cross-sections :

The total volume is divided into a number of solids
by planes of cross-sections. The spacing of the sections
depends upon the character of the ground and the accuracy
required. The cross-sectional areas are calculated from
the standard formulae discussed in Art 1-7, and the volumes

are calculated by either prismoidal rule or Trapezoidal
rule.

1—6 Calculation of V¥ olumes
(1) Prismoidal Rule

d i
=5 (Aot A+ 2Bt At ot 20 — 4Ryt Re }

d

ﬂT{An"“ﬂn'i‘q{Al'l‘ﬂ;'j' A.'i’ ...... }+2{HI+A‘+ ------ )}
where d=the dislance between the cross sectional
areas,

In the Prismoidal Rule, the number of sections should
be odd. Incase of even number ol sections, the volume
of the last section is calculated separately by Trapeszoidal
Rule and the remaining sections by Prismoidal Rule.
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(2) Trapezoidal Rule

_ -
Volume =5~ (B + A+ 2(A,-+A, 4 Ay b ooe +A—)}

ﬁd{éﬂ%&i FA + Ry At R Ay,

Prismoidul Correction : 1t is tha difference betw2en tha
“volume calculated by Trapezoidal formula and that by Pris-
moidal formula This correction is dznoted by C,. The
volume by Prismoidal formula is less thanthat by Trapezoi-
dal formula. This corraction should ba subtracted from the
volume determined by Trapazoidal formula, In special
cases it is addad. :

Curvature correction (C. ): In the Prismoidal and the
Trapezoidal Rulss, the end sections are assumed to be in
parallel planes, I the centre line of cutting or an embank-
ment is curved in plan, the volume is calculated assuming
the end sections in parallel planes and then the correstion
for curvature is ‘applied, Sometimes the correction is
applied to tha crosc-sectional areas and then Prismoidal
and Trapezoidal rules are used.

(@) Level Setion: No correction is necessary.
(b) Two level section and three level saction :

: b
C. “é%“(wl'— W:l}(d‘l‘"‘is—'
where R=radius of curvature
L=distance between two cross-sections.

- ( For other notions See Fig. 1-10) ! g
(¢) Fora two level'section, the curvature correction to

the area is ﬁa—ﬁa—per unit length

where  e=horizontal distance from the centre line to tha
centroid of the area

e LN :(iw,-{-w.} or notations Sea Fig. 1-10).
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{d) For side hill two level section

C. =A—;—- per unit [ength
where e=—;—(w, +-;;—ad} For larger area

and a=——é—{wg +—§— +sd) For smaller area

(For notations Sse Fig. 1-11)
1—T Caleculation of Cross sectiosal Areas : Tha cross

sections are calculated from: the following different condi-
tions : :

(1) Level Ssction ; _When th2 ground is 1avelled intha
transverss diraction or laterally.

.-,-P_*' —_——— —brn i

Tl T E I
Lui
B

Fig. 1.9

InFig. 1.
b=width at formation level.

d=depth of cut or fill at the centre E.

d, and d,=depths of cut or il at the edges or toe
points or side heights, :

W, and ' W,=side widths or half breadths or
horizontal distances from the central line to the inter-
section of the side slope with the original ground level.
s:1=Side slope where s horizontal and 1 vertical.
Ir:l1=Transverse slope of the original ground,
4Area of the section=Area of ABCD,

_{b+{b+zsd}‘}d' -3
S
=d(b+sd) (.*. d=d,=d, and W,=W,)

(2) Two level Section : When the ground slopes later

ally but does not cut the formation level,
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e

Fig. l.m :
; b idedy
W,=b/2+4sd, ; Now 8 = e
_ dr—bj2
g~ I+s

Putting the value of d,

b
Is e

r+
; ; TS b
Similarly, Wy=b/2+ ~— (d+ = )
: dr—b/2 :
ﬁ.g&m, d‘].# r+3

rd,+sd,=dr—b/2
+. rd,=dr—(bf2+sd))
=dr—W, :
W,

e d-] -d'_ T +

W
similarly; d.=( e r‘,) |

s oo ) o4) - 21
s(b/2)! +1*bd + r*sd? } |
- { (r*—s%) 3

(3) Side hill two level section— When the ~ground:
slopes laterally and culs the formation level in such a
way that one portion is in cut while the other in fill,

INTRODUCTION 1T

; - iy t:.'l
= Graune
L LEv# e 1
Lt ’_,,.-.- ..:- a3 S . '-..‘. ghe
i g e fan - (3 I F ormangd i{\ L
e i Lawet *_'“‘i 7 ’
1 5 L—-—m-—-—dp—*‘ﬂ —
i r:n -ﬂ—ﬂfg::|

FIG. 1.1l FIG. l.12
In Fig. 1.11.

Wi 7tan e}

Wittt 7 {20 ) -
et

& W
a= {42} fidi g

Frea of culting=}'{ s

. - bf2+rd)*
Are: of filling = (—-_———-}
i . =1 { (r—s) ]
(4) Three level section: When the lateral or trans
verse slope of the ground is not uniform. The expressions-

for W, or W, can be applied to both side widths whether
the ground falls or rises {rom the centra to both sidas.

In Fig. 1.12
b

'ﬂ r.s r
W i ot 25}

W= ey 21

X

I—3)
oo Area=f4d (WikWy+ 2 d+d))
d,= { d— _W;,_

d,= {dQ‘ -}ti'}

"
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(5) Multilevel section :

FiSe §:0%
Rrea = 1} [d; [bj‘&—wf_l-}-d,,w,+d(1-.-1+‘.‘;’i}_nlwz_;_pl
(bf2—W,)] -

Example : Calculate the volume of earth work necessary
for a portion of an irrigatiou canal from tre iollowiug data :

Chainage: 0 100 200 300 400 50Cir 1.

Area: 850 B75 860 855 B60' &E3in sq. ft.
Solotipn

Volume by Trapezoidal Rule :

V=100 § -@;ﬁﬁ 4875 + B60+855-- 560 }
L9
=4307E0 cfi,

Volume by Prismoidal Rule :
Volu.ma for the first five cross-sections
= = { (B50-+860) + 4(BT5+-855) -+ 2(860) }

HEAI.EDUJ cft,

Volume of the last crossachon }(ﬂﬂﬂ+5551103==36350 -

cubic ft. Total Volume =345000+4 86250=431250 cft,

3 Example : A coastal embankment at a constanf reduced
level of 60.00is to be constructed. The transvergs ground
is levelled. The following are the levels of ths ground
surface along the alignment at 50 ft. interval, The width
of the formation level is 20 ft with a side slopeof 2: 1,

Chainage: O 50 100 150 200 250 300 350 400
Surfaceleval: 58 56 84 50 48 52 51 58 54

INTRODUCTION 12
Calculate the amount of earth work to construet t]u
proposed coastal embankment,
Area, A=d(b+sd) ;
d,=60—58=21t. ; A,=2(20+2x 2)=48 sft.
d,=60—56=4ft, A,=4(204+2x 4)=112 sft.
c,=—60—54=56ft. A,=6(2012xB)=102 sft.
d,=680—-50=101ft, A,=10{20+2x 10)=400 sft.
d,=60—48=12 ft. A,=12(20+2x 12)=528 sft.
=60—52=81t, A,=8(20+2x8B)=288 sft.
d,=60—5T7=3{t., A,=3(20+2+3)=T8 sft.
d;=60—58=2ft, A,=2(20-+2x2)=43 slt.
dy=60-54=5 ft, A,=6(2--2x6)=192 sft.
Volume by Trapezoids] Rule

V=350 {ﬁﬁwzﬁeaucm 521+2188+78+48 }

=B83100 cubic ft.
Vo lume by Prismoidal Rule

2(192+4528-+-18) }=az 133.50 cubic ft.

‘Prismoidal correction C, =88300—87133.54 =1166.50 cu. fi
Correct vnlumn-ﬂ?laa 50 cu, ft.

Example : An irrigation canal of 2000 ft. long with 20 fi.
formation level is to be constructed. The canal hasa
side slope of 1: 1 and the land has an uniform slope of 1
in 5. The average depth of cutnng is8ft. Calculata the
volume of cutting. .

d=8ft., b=201f., s l==l:1, r1l=5:1

-

Area P/ +ribdirisdt 1(10)" + 57 x 20 X 845 x 1 &

ri—s? 513
# IGU+4DDD+ 1600
24
=231.5sq. ft.
Vﬂlmna—ZST 5x 2000
= 475000 cubic ft.
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Example : -A road 1 mile long having a width of 20 fr

at the formation level is to be constructed. Theroad has &

side slope at 1:1 and the land has an uniform slope of 1, 8.
The average depth is two ft. with one portion of the road
under cut and the other in fill (Fig. 1.6). If the material in
cutting is utilised in filling, find the net volums.

b=201ft., r= B s=1, d=21t.

Area of cutting =3 {.__?::._—W b= {.m_‘éi’%.zl}a 57 sft

Area of ﬁl]mgm{ B/ ““”"} ;{m"a" gl S

Net area in filling = 48.2—2.55=45.65 sft,
Nat Volume of filling=45.65x 5280
=241500 cft.

Ex;mple The following data refer to a certain portion.

of a proposed road. Calculate the volume of filling.
Ghamaga Height of filling Transverss slopa of land .

0 6 ft. 1:10
80 8 ft. 1:T
100 10 ft. 1:8
150 g ft. 1:6
200 5ft. 1:5

Width of formation=20 ft. Sids slope=1:l
1(10)24+10%*%x 20 x 6410, % 1 x6*

Ao= e — 1585 sft
1047t %20 % B84T3x 1 xB?

A=, AU —230.5 fstt.
1(10)%4-8% x 20 x 1D+8‘x 1x10%

ot e 308. 2stt.
1(12)2462 EDxB-I-E'xle

Ay ALAT R an.pm
- 1A ;‘:m r-sH'x 15 1345 stt

Using Prismoidal formula : i

50
Volume =—3- { 183.5+134.9)+4(230. 54211 0)+(306.0) }.

=48516.5 cft.
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1—8 Calculation of Volome of Earth work from Spot Levels :
Un this method the whole irreqular figure is divided into
degular figures of triangles and parallelograms, The spot
Jovels at each corner will be known. The volume is
oblained as follows :

(a) when the area is a traingle;
Volume=Area of traingle x} of the sum of depths -
() when the area is a parallelograms; -

Volume = Area of parallslogram x} of the sum of depths.

Example : Calculate the amount of earth with respect to
1he lowest R.L. of the plot of land shown in Fig. 1.14.

2—104.% =1049.8

e KON NN KA
N NOXKOX(OXKNNON Y
3'4,!,@,'@!01!'19;' l
1 1©1818 (@ & |

032 — WLOC - Q1S — 0.0

h————i@ 28 = 180, O"—-—"-J

Fig. 1.14

Taking the average of the reduced levels at the corners
Jor defferent plot and subtractine 100 ( lowest R.L. ) from
‘these, the following heights are obiainad.

d,=3.628 ft, d,=3.95 ft,, d,=3.05 ft., d,=37.5 ft,, d,=3.928

fi. d,=4.025 M, d;=3.615 ft., d,=3.725 ft., d,=3.1251t.,

dio=3.275 ft., d;=33751t, d,;=3.20ft, d,3 3.15ft,, d,(=

308 t, 4,,=2.70 ft., d,, =2.85 ft., d,,=2.825 f1., 4,,=2.025

., d,y==1.875 [t., dgo=1.85 ft., d;;=1.55 ft., d,y=2.27 ft.
Total Volumes= (25 x 25) (3.625+4-3.805+4+3.05+3.75+3,92+3.678

+3.726+4-3.12843,275+43.375+43.15+3.054+2 T0+E.85+

2,028+ 1876185+ 156+ @;ﬁ"'—*—" x28}
(4.025+2.628) x_{%—s- x28 }(3.zu+z.zn
=341004-3430+-886~38388 cft.
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Additional Examples : s ol

1. A traingular plot of ground has sides 12, 13 andl7 fr..
The area is to be paved except for a circular area tou--
chirg each side. Calculate the area to be paved.

Solution : ' >

. In the triaogle ABC, the lines bisect

tag the angles meet at O, tha centre of

the inscribed circle. OD is the radius.

Area of tringle=1/s(s—a) (3—b) (5—C)

where a. b and c are the sidesand

atbtc 1'1'+1::}—:-12=21

e a 2
Frea of Iriangle ABC=
=1/21x8x0x4
=T7.76 sq. ft.
. Fig. 1.as5
AC+0D_RxAC

Area of triangle oac..__a y
Similarly, areas of trianglas CAB and OBC zre
RTN H'Band R_XEB_CF

total area of lr'ia.ngla A3C= -};— (AC+AB +BG,:l
AC+AB+BC
=R{ e

=Rs, whare R=radius of the circle:

R=2rea of traingle 77,76
] 2l
R=13.703 ft.
Area of circle=-3.142 x(3.703)
Difference of areas=77,.76—43,10
=34.66 sq. ft.
2. Acutting has been formed to provide a watercourse.
Readings from a level on to staff positions across the cutt
ing are as follows ; :

INTRODUCTION 23

Position of araff = Readings Remarks

2.50 proposed water level
2.90

3.56

4.20

4.00

3.10 :
2.50 proposed water lavel

Lo B =- & WU /L B N T

The readings were taken at 8 t, intervals.

Calculata the cross-sectional area of the watercourse and

the discharyaincu, ft. per minute if the mean velocity -
lstobe075% parsecond.

Solution :

-

I‘I‘

(L
108
L! i
1
- 1 30
\nin

Fig. 1.18

By impaSion's Rule
Ordinax's3: 0, 0.40, 1.06, 1,70, 1,50, .30, 0.

m=.;{o+a+z (1.08+1.50) +4m.4+1.m+a.au;}.

= (5.124+-10.80)
==31.84 ft* ;
Discharga =AV=31.84%0.75% 80
w1432 8 cu. ft. par min.

3. Acutting is to be made fora straight lane 40 ft.
long. The depths at 50 ft. intervals are : O, 3, 35, ¢'5, 40,
8.8, 0. The width of the road is 8 ft, and the slope of the
sides is 2 vertical to horizontal. Shini :

How many cubic® feet must be excavated ?
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Solution : _
Area No. Calculation  Areaft* Multiplier Product ft*
1 0 4] 0 0
2 3x94 28'5 4 114:0
4 3:5x975 34-125 2 68-25
4 45x% 10°25 46-125 4 1684:50
5 4x%10 400 2 8000
& 26x83 24'18 4 96 12
1 1] i) 1 0

543.47 f1*

Volume = % % 54347

=0805T cu. f1.

1.9 Volumé from contour pian: Ths following are the
methods of calculating volume from contour plan :

(1) By cross-sections The cross-section of the
existing ground surface is drawa with th2 hslp of contour
plan, The formation level of the proposed work is drawn
on the. same cross-section, The area of cutor fill is estl-
mated by methods discyssed before. The volume of
earth work between adjacent cross sections is calculated
by any suitable method.

]
: 1 i |||
ca ] i 4 Alver groding

Fia

Fig. 117"

(2) By equal depth coatours; Contours of finished ;

surface are drawn on the contour map at the same interval
as that of ‘tha contours, The cut or fill at the points where

<5 INTRODUCTION

1he contours of finished surface intersect or contour of
existing surface is the difference in elevation between
these two contours. By joining the points of equal cut or
fill, a set of lines (equal depth contours) are obtained.
The irreqular area bounded by each of these’ lines are
determined by multiplying the average of the two areas by
the depth between them or by prismoidal rule. The sum of
1ha volumes of all the layers is the total volume.

Fia. 1.18

In the figure the continuous lines are ire ground

.sontours and dotted lines are finished plane surfaces, both

are at the inteaval of 1 ft. At each point where these two
gets of lines maet, the amount of cutting is written ( the
onclosed figures ). broker lines denote the egua! depth
contours.

Lot Ay Ay By---oo etc. e the areas enclosed in each of

‘the broken lines, ( This is the whole area lying within an
.equal-depth contour and that of the strip between the
-adjacent contours ) f

h==contour interval S

“Then total volume




v="s :_{AH-A,} by trapezoidal rule

or.. y=2= %’{ﬁlHAr“ﬁ.) by prismoidal rule.

» 3. Capacity of Reserveirs: Ths capacity ofa reservoir-
can be obtained frem the controur map of of the reservoir-

sita, The area enclosed by each contour can be obtained

by the use of planimeter. The wvolume is thus calculated:

by the use of Prismoidal or Trapszoidal Rele when the
contour zrsas and their intervals are known. The tofal
capacity of the reservoir will be the summationof these
volume be'waen the successive contours. While using

ti2 Prismoidial Rule the area can be conisderedin two-
wiys. The area of thne midsection between two cont--

ours can be interpolated between two suceassive contours.

[a the second mathod area of every alternate contour is

assumed a3 the area of mid-s=ction.

FIG. 1.19

Example : Calculate the capacity of the propesed ressr--
voir in Fig. 1.18 from the following data :

Contour Area in sq. at.

300 2,000
3925 30,000
310 2 : 80,000
313 : 170,000
320 2,80,000
325 4.90.000
830

10,70,000
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Volume by Prismoidal Rule : '
= ${(2,000-+10,70,000+ 4(30,000+-1,70,000+- 4,.
90,000) +2(80,000 +2,80,000)}
=7930000 cit.

== 182 acre ft. : :
Volums by Trapazoidal Rule= {2m°+1§-7°'°ﬂ°+3u_ma

+80,00041,70,000+2,80,000
+4.90,mn}+a

=T586667 cft.
= |T4acre ft.

Exercise

l. Examine the following statements and write whe-
ther they are true or false.

{a) Surveying is a process of determmmg the rela-
tive positions of peints on the earth’s surface.

{b) The obiject of survaymg is to prepare a plan or
map.

() Geological survey is conducted for exploring
mineral wealth.

{d) Surveying is also important in mll:tar;r engineer-
ing services,

(e) 5280 ft. make one nautical mile.

(f) Area computed by the Trapezoidal Rule is mors

- accurate than that by the Prismoidal Rule.

(g) The area of an irregular figure can be determin-
ed by a planimster.

(h) Prismoidal correction is the difference betwsen
the volume calculated by the Trapezoidal formula
and that by the Prismoidal formula.

(i) Engineer's Chaius dre ganerally 66 ft. long con-
taining 100 links.

{I) The hng1.ha of the links ina chmn ara not uniform
(k) With an engineer’s chair the minimum distance
that can be accurately measured is 100 ft.
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(1) With a gunters chain the distance of 56 ft. can be
accurately meausred,

2. Explain the term “Surveying" Why it is impottant
* In engineering projects 7

3. Discuss briefly the different types of surveying and

“lbeir specific uses.
4. Explaine the various methods- of determining the
-area of an irregular figure. Which method do you think
best and why ? Y

5. Discuss the methods of caculating the volume of
earth works. ; :

6. A series of offssts were taken from a chain line to a
curved fencing at interaval of 30 ft. aad offsets were 0, 7.8,
6.2, 6.4. 1.0, 7.8 B.4 and 0 ft. -

Calculated the area of the plot of land bstweenthe fen-
ceing and the chain line by (a) Trapezoidal Rule and (b) si-
mpson's Rule,

Ans. (a) 1278.4 sqft. 1334.2 sq. ft.

1. It is proposed to set up a public hall on a strest side
bounded by a curved fencing bedind. Afte surveying, the
Iollowing data were recordad ;

Chainageinft. 0 25 50 75 100 175 230 300 350
Offsets in {t. 10.12 9.62 7,32 14.09 16.58 15.80 10.12 6.04 12.33

Calculated the area in sq ft. bounded by the road side
and the fencing by (a) Simpson's Rule, (b) Trapezoidar Rule.

Ans (a) 4160.16sq.ft. (b) 4166.72 sq. ft.

8. Calculated the volume of earthwork in cutting for a
Toad by both Trapezoidal and Prismoidal formula at a cons-

" tant R.L. of 180.00 which runs East to West. The ground is
Jevelled in North South direction. The surface levels along
the centre line of the road are as follows :

Chainageinft. 0 50 100 150 200 250 300
Leveinft, : 180 188 187 185 183 188 182
2 11:]1& widhe of the formation level is 24 ft. and the side
: j‘.ns. (a) 21874.98 cu. ft. (b) 21400.04 cu. ft.

20 INTRODUCTION

g, A coastal embankment 20 ft, wide at the formatlon .
lavel with side slopes 2:1 and with an average height of"
bank of 8.00 ft. isto be constructed with an average-
gradient of I in 53 from 200 {t. contour to 680 ft contour.

Calculate the length of the road in miles and the volume -
of earth-work in filling in cu. yds.

Ans. 4.545 mileas, 256,000 cu. yds.
10. Calculate the eapacity of the proposed reservoir -
shown in Fig : 1.7 from the following data.

Contour Areainsq. ft.
650 24,000
670 32,250
B3 - 34,750
680 38,800
6335 38,500
690 41,000
633 42,250

Ans. 208 Acre fi.

11. A railway embankmen®. 600 ft. long and naving the
width of the formation level of 3 ft. is to be constructad.
The ground on which if is to be constructed has a. traus-
verse slope of Iin 34 in the direction of {he railway and
side slopes are 2: 1. Calculata the volume of earthwork in
embankment in cu. [t

Ans, 4,83,333.3 cu. ft.
{ Prismoidal Rule ).
12, What is the area of a triangle having sides 42, 28
and 30 ft, .
' Ans. 54222sq. ft.
13, In a triangle ABC, angles B and C are 48° and 85°
respectively. Side AB measures 65 ft. What are -

the lengths of the other sides ? : :
Ans. BC=41.72 ft, AC=4850ft.

14.

In a triangle ABC, AB and BC are 120 ft. and 108
ft. ressectiuely and the included angle B is 38° 30. -
Solve the triangle. g "
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Ans. AC=T8.56 ft. Angle BAC=59°32'. Angle
ABC=8038'. :
5. Find the area of a triangle in which two adjacent
sides are 130 ft. and 986 ft. and the included angle
is 42181, 3
ft Ans. 4200 sq. it
16. Cross sections at 10" intervals alonge an. embank-
ment contained the following areas :
64.2, 43.8, 34.5, 15.28, 3. 45, 9. 75, 5. 8l.and 71.6 {1*
Find the volume in cu. ft. Ans. 3880.6 cu. ft.
17. A basin formation in land is fo be used for storing
water. A contour p lan is prepared and the areas
at the contour levels are found to to be as follows :
Contour () 0369 121518
Area (ft)* 49 97 188 365 672 1051 1207. 3
Calculate the volume of water in cu.ft. that car: be stored
‘up to contour level 18 ft. '
18. The followlng details were obtained during a
-survey operation alongside the boundary wall of a field :
Distance along chain line Offsets

in metera in meters

0.
50
100
150
200
250

300
Calculate the area in sq. meters contained betweed the

«chain line and the wall. .
- Ans. 900 sq. meters bs Trapezoidal Rule.

19, A short road is to be constructed entirely in cutting
.at a uniformly rising gradient of Iin 100, The natural sur-
face level' are as follows:
Disnce 0 <100 200 300 400 500

Wb oy B

P
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in ft ;
Surface 70.0 71.0 80.0 77.0 71.0 73.0
“level above datum on ft :
_ If the formation leve a1 0 distance i3 63.00 i above the
-essumed datum, esiimate the volume of cutting in cu ft for
.a formation.

width of 32 0 ft. the side slopes are-1 vertical and 4 horizon-
“tal and the original surface level in transverse direction.
Ans. 269600 cu ft. by Trapezoidal Pule.
and 346467 cu ft. by Prismoidal Rule.

20. ‘An irrigation canal of 209 ft long with 20 ft forma-
‘tion width is to be constructed. The canal has a side slopa
of 1 vertical 1 and 2 horizontal and the land has an uniform
slopes of 1 in 5 in transverse direction. Theaverage dep-
th of cutting is 8 ft. Calculate the volume “of earfhwork in
cutting in cu yds. Ans. 24600 cu yds.

21. Aroad one mile long having a width of 20 ft at the
formation Invel is to be constructed. The road has side
slope of 1 vertical and 2 horizontal and the land has an uni-
from slops of in transverse direction. The average depth
is 2 fi with one portion of the road under cut tke other in
fill. If the material in cutting is utiziled in filling find out
‘the net volume of earthwork cu yds. :

Ans, 3580 cu yds.




CHAPTER =2
CHAINSURYEY

2_1 Deflnition : Chain survey is the simplest type of

urvey in which the area to be surveyed is divided into a
umber of triangles. Because of all the geometrical figures
iriangle is ths only one whose shape and size are determin-
sd when the lengths of the sides are known. The perpen-

dicular distance, called offsets. of various objectsin the
Seld from the line are measured and recorded in a book

called filed book. From. thesa records in the field book
the whole area can be plotted on a drawing sheet to a re-
duced scale. The following instruments are used in chain

survey.: -
Chaip, Tape, Arrows, Rarging Rods. Offset Staff and
Oplical Squars. : -

Chain: It is a stéel wire with links connected by steel
rings. It has brass handles at both ends.  There are many
types of chins of which the Engineer’s chain and Gunter's
chain are commonly ussd in our country. The Engingers’
chain is 100 ft. long and the Gunter's chain 66 ft. . The En-

‘gineer's chain consists of 100 links each one a foot long
and at every 10 liuks a tak or tally is attached to facilitate
reading. The Gunter’s chain is also divided into 100 links,

each link is 792 inches.

[%o—-a»m& '
bann =

FIG 21 CHLS 2% BRASS TFLLERS

FIG. 2.1-CHAIN AND BRASS TELLERS
Tapes : They may be either of steel or linen to mea-
sure generally short lengths. They are generally of 100 ft.
50 ft., 66 ft., or 33 ft, and are graduated in feet and inches.
Pegs : These are wooden blocks of conical shape used

in fixing stations.
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Arrows : They are of steel wire 15¥ long pointed at one -

and and the other end i3 looped for convenience -
ling. They are used for making chain lengths on the? Lr]?nauilr?d

Fig, 2.2 ARROW

Ranging Rods : They are about 10 ft. long. l4inches
diameter round or hexagonal wooden poles painted with

o — T R —

Fig. 3.5 mANGING ACD

black and white alternate bands to make it sui '
! : : ke it suitabl -
king station points. Each band is of one foot lengt?l.mr e

S

FIG, 2.4 OFFsSET STarr

Offses Staff : - They are wooden rods 10 feet
foot is painted black and white alternately, Bﬁéﬂ% 5;55
for measuring short lengths. : : 3
‘Optical Square : 1t is used to find the foot o
pendicular from a given object in the field to a gifréia c eji:;

{ald
OPTICAL SQUARE

ria. 2,9 le)

lins, i.e., to take offsets. It congists of 2 'd;-fﬁ‘d. I ;
hollow brass box of about 2 sides and 11" depth w%&ihﬁfa?:
Rt . o verint
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handle about 3" long fixed at the bottem. Two plane mir-
rors. set at 45° are fixed to the inclined sides of the box:
There are two slits above these mirrors. In using it, a ran-
ging rod is held at object for:which an ofiset is to be taken.
A man holding the optical sduare in his right hand stands

on the chain line. He looks towards the freont ranging rod -

on the chain line with the opén face of the optical sguare
towards the ranging rod at the object. Now the man looks
through one mirror as shown'in Fig. 2.5, while the other mi-
rror is turned towards the object. Then he wallis slowly
along the chain line forwards and backward till he sigh:s
the image of the ranging rod at the object in mirror and the
front ranging rod ir the slit in the same line. The position

BF | oo /f\ Cron hre —e
El-l n. MAFE P
"|. i\
:ﬁ‘- K F = E H-\J-

% peder Iv X = Powitige of ﬂh|b{i whEie
..-m,g S0 ofset iy requires
horoge £
FIG. 2.5 (b)

of the man on the chain line gives the exact point at which

the perpendicular from the object meets the chain line.

“The working principle is explained in Fig. 2.5(b).

2—2 Procedure : The entire operation of chain survey
<can be divided into three major groups namely, field work,
keeping of records in the field book and plotting of data to
prepare maps.

wField wrok ; In includes reconnaissance, selection of
.station, measurement of lines and taking offsets of d:ﬁerant
©bjects in the fisld. :

Reconnaissance : ‘This is the preliminary survey in which

the survey party will examine the plot to be surveyed in
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~order to know as to how the works can be executed in the
‘best possible ways. The party will note all details like Io- :
ads, buildings, canals, ditches, culverts and the difficulties
and obstacles that_may may arise durmg the carrying out of the
work. The party shouald locate the suitable points for sta-
tions by driving pegs. somstimes a small triangle ora
-circle is made around the stations and the pegs areinserted
at the centres. The party should then make a rough sketch
of the plot showing th2 possible statioas and from there the
-arrangement of different-lines It is imporiant to givée a
north line on the rough skeich and though the sketch is not
prepared according to.the scale, it should represent the
roximate positions of tnha diferent

hence to be a good quide for further work.

flwoo

Fig, 2.6
A‘ﬁmm : These are points on the ground fixed by dri-
ving pegs. Every station should be located with respect
to three permanent objects i.e., the distances from these
dbjects to the stations should be measured very accurately
and recorded in-the field book. The advamntage of
his measurement is that if in future he peqg at the station is

lost, then .it can be lumdugainhy knowi dml
uidh_untﬂnpe m




a6 : CHAIN SURVEY

\(,Y)/The triangle should be a well-defined one. ie. .

nearly equilateral triangle. .
: \{9)/ Every main station should be visible from the other
| 0. 1 - :
' 4}/ There should be minimum number of obstacles in

h M)/ciru;[inug and chaining..
The chain line should run near the boundary of the
lot.
. The chain line should be as few as possible.
': " (Mhe chain line should be over an-approximately
: .2 14 levelled ground.
> -l})-/ In case of chaining along the road, it iz always
better to run chains at one side of the road soasto
avoid interruptions by vehicles. 1t is better not
o cross the road frequently.
&sets should not exceed one chain.

9) Check and tie lines should be provided in sufficient
number so that-all the main lines, ofisets and other
details can be checked thoroughly.

'iﬁ'ie lines and check fines > A tie line is one which conne-
cts two points on the two main lines of the triangle. It helps
{a taking ofisets of the objects falling within the triangle and
which are too far away from the main line. A check line is
also a tie line which helpsin checking the accuracy of the

I—

line is fiever extended beyond the main lines (See Fig. 2.6).
easurement of lines and taking offsets ; In Fig. 2.6., the

i; main station. A is located with respect to three permanent .

- objects and a ranging rod is fixed on the station..One rang-:
ing rod is fixed at main station B-and another at an interme-
diate point in between A & B. The three rods will be ina
straight line when only the intermediate rod is visible if a
man looks from A to B. Now measurement of line ABig tak-
en by chain, The chain should be properly stretched so that

|‘ rD-j '{“ﬂ .
ﬁm’jﬁ e f:?fﬂ"'ff#‘

work after plotting in a drawing sheet. A check line or tie-
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there is ng saqg in it. As the measurement prnceéds, offsets
ara taken on both sides of the line AB and :Eecurded in the

Keld book (shown in Fig. 2.6). In this w in

_ . 2.8, ay all the 1
ineluding tie and check lines are measured and offﬁ::
taken apd recorded in the field book.

=3 Chbaining across obstacles : Sometimes it will be
observed that many obstructions like rivers, canals, ponds,

‘thick jungles, ridges, dilghes, buildings, etc. lie on the cha-

1 nline, These obstacles can bé avoided in chaining opera-
tion by applying some fundamental geomeftric rules.

(LY To draw a perpendicular from a point on the chain line:

: Fig zr
AC is takan 4 units on the chain line XY ( Fi
! (Fig 2.7). A
and BC. 3 and 5 units respectively. Then / Hﬂ(g'} wil{l bz
90 at point A on the chain line bescause if the sum of the
squares on two sides of triangle is equal of the third. the

Included angle b F i i
Yy tha two sides is i
( BC*=AB*+AC?). v

9/ To draw a perpendicular from an exteraal point to chain iine

e

angle

Ay A Az 1

ﬂ"." 8

XY is the chain line and P is the external i
point. Keepi
the zero end of the tape at P and swinging the tape aﬁf:g
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{he chain line the point of minimum tape "length on the
chain line is noted which should be the foot of the p-erpan
dicular. Because the perpendicular is the shortest distance

( Fig. 2.8,
To draw a line paraliel 10 the chain _h'.-:e. -

e 5
.'T\QE.
3
> "‘E ¥ z ¥
L R
LE- L el

Il TR

In Fig. 2.9 (a), let XY be the chain line and Q ‘{s a poin
through which a line parallel to the chain line is to be
drawn. From Q, perpendicular QP is drawn on XY at P.
Point R is now selected on XY and RS is drawn perpendicu-
lar fo XY at R in-such a way that R8=PQ: QS is joined
wnich is now parallel to XY. ,

In Fig. 2.9 (b), pointR is selacted on XY. QR is joined.

and bisected at O. ‘Another point P on XY is selected and

PO is joined. Now PO is extended to S so that PO=0S. QS:

is joined. QS is parallel to XY.

The following are the geometrical figures by which.
chaining can be done inspite of obstacles lying on ines

chain line.
ke
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B
A
& & l@ € .
Foaid
(1-1]
VIiS0ON FRIE

BUT CHARNING 0BSTRUZTED
Fid 2.0

Hov chaining operation can be done when it is obstruc-
ted by a bend of a canal, has bsan shown in Fig, 2.10 (a)
which is self explanatory.

rig. 2.10(b) shows tha procedurs of chaining opera-
tian when it is obstructed by a rivar. Aand P are the two
#oints close to the bank on opposita sides of ths river. At P
A parpendicular PR isdrawn. Q is ths mid-point of PR, At
F. again a perpendicular RS is drawa. Point S is fixed by
;f:u:';‘c[ijng AQ. From two similar iriangles APD and QRS,
e = .

F18 2.0 Vision OBITAUCTED BUT CHAMNING FREE -

FIG. 2.11 VISION OBSTRUCTED BUT CHAINING FREE
Fig. 2.11 (a) shows the method of chaining when it is

obalructed by a hill or ridge. A and D are the foot-hill
points, each hidden from view of the other on the eithes

L~
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side of the hill. Points B and C are chosen in such a w.ag
that a man at B can easily see ranging rods at C and D,
while at C, can see the renqing rods at B_?nd R, Now C puts
B in the line with A, and B puts C in thi_a line wi.th D. Hancz.
A.B,C,D are in the same line. I the hill is wide enouhgné
then it can be chained in the usx_ml manner, The met

is also known as reciprocal ranging-.

= c b 6 H o

. DN

tal

Fio0 2 12 VISWON AND CHaNInG BOTH
OBSTAUCTER

_2.12 VISION AND CHAINING BOTH OBSTRUCTED

Fig. 2.12 (b) shows chaining 1hrough a thick wood. The
sigure is self explanatory. From the Fig., ﬁcﬂ\f ,FILB!+BCI"

Fig. 2.12 shows the chiaining across a building . 1..*1
Fig. 2.12 (a) wo points A and B are taken on the chain
line and two perpendiculars AC and BD of equal length a.rf:
erected. The diagonals AD and BC which .'_ahould. be equai.
are checked to have correct result. The Jine CD is produ-
ced past the building and two points G ant:l H are taken on
it. Two perpendiculars GE hnd HF e_qual in length to AC
or BD are drawn. In this case also. diagonals GF and HE
are checked. Now ABEFisa straight line and DG=BE.

Enother method has been shown in Fig. 2.12 (b), vfrhera
a point B has been taken on the chain line and perpendicular
BC erected. A is another point on the chain lin_a so that
BC—=BA. This makes the angle BAC=45". .ﬁC is joined and
extended upto D which is roughly opposite tha_ middle point
in length of the building. At D, & perpendicular DF is get to
AD, making DF =DA. On DF, point G is taken in such a way
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1hat DO=DC, By the procedure, explained 'a bove. } GFE '

s made 48°, Pointe Eand F lle on the straight line AB
produced. Now CG =BE.

L

Fig. 2.13 Fig. 2.14
(.4 Chaining along sloping ground :

First method; During chaining along a sloping surlace,
1he horizontal projection or a chain line is found by the pro-
©ons shown in Fig. 2.13. In this method, a portion of the
chain, 15 ft, to 30 ft. is generally used. The length of chain,
ofcourse, depends upon the steepness of the sloping sur -
face.The chain is held horizontally with zero end of itat P
on the ground, while the point Q, vertically below the other
ond of the chain at Q is found by meansof a drop-arrow

shown in Fig. 2.14. The next step is commeénced from—=

“point Q, and the process is continued until the whole hor-
izontal distance is measured. This merhod is also known es

stepping.

e method : In this method, the slpéimg_lemlh. and
the tion are measured and the horizonial
proje is calculated mafhe i
2.15, XY

engt : ;
=I,=measured distanca along the slope, ZX=

.and 0=angle of inclination, which is measured by instru-

ments such as Clinometer, Abney level, efc.

¥

Fie. 2.18
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L
Cos 0= -1:
L=L, Ccs 8

Third method : If the differenca of height h between
the points Xand Y are kuown ( using a ler\relhn.g instru-
| ment ), Lcan be calculated,
Lli_h‘l
ample : The distance between iwo points Xand Y
( Fig, 2.19) measured along a sloping surface is 12.4
l chains. Calculate the horizontal projected distance when
the angle of inclination is 10°30°. Also find the same when
l the elevations of X and Y above mean sea-level are 740 and.
840 respectively.
L=L, Cos8=1240 Cos 10°30'=1220 f1.
Again, L=+/L;"—h*=1/( 1240)*—(840—T740)"=1237 fn
25 Errorsin Chaining : It is always very difficult
{9 practically to measure length accurately. The permissible-
error with a steel tape is 1 in 2000 in a flat country and 1 in
* 3000 for a rough undulating country.,
" The error in chaining may happen in various ways.
Sometimes there may be mistakes or confusion in reading
J : .the tallies such as 30 and 70. There may be also omission

of chain lengihs due to miscounting or when chaining is
interupted by buildings, canals, etc.

The error may also be either cumulative or compensa-
ting, Cumulative errors are these which may either go on.
| increasing or- decreasing when a chain is shorter or longer

{han ils standard length., When the chain is too short, the
| measured length of 3’16 Iine is 100 great. j.e., greater than
| its true length and therefore, the erroris posinive and the:

i gain when 1hie chain is too long.
than i3 true

correclion is negalive. A Tl
} the measured length is too short, i.e., less _
| ! length, So the error is negafive and "the correction 13-
| ] posifive. - i St
Compensating errors are those which cancel one an-

other and finally their total effect remains appoximately-

CHAIN SURVEY 452

#ame, While stretching a chain one may pull it less than
the standard pull of That chain. Again one may stretch it-
with a greater pull than the standard one. As a result
the measured length in the former case will be less and in.
e latter case will be higher. But when these two lengths.
nre added, the two errors will compensate each other

Correction :

(a) Correction in Length, Area and Velume :

Let Le be the incorrect length of the chain and Lc the-
correct leagth of the chain.

The correct distance, L= I": x measurad leagth by the:

incorrect chain or tape.

5y Ley:
Tre correct area. A= (T“) x calculaied incorrect area
W - E

The correct volume, V=(-I‘T-'"—"-) » calculated incorrect
c

vohmme.
/E::::Ie : The road from Dacca to Mirpur is actually
25320 ft. long, This distance was measured by an Engi--
neer's defective chain and was found to be 25270 ft. How
rauch correction deoes the chain need ?

Le ;
=1 measured incorrect length

LxL, _ 25320x 100
“measured length ~ 25210 = 1000.197 ft.

So 1ain should be shortened by 0.197 ft.

\_Example : The length’and breadth ofa plot of land.
were measured by an Engineer's chain exaclty 100 ft. in.
length at the beginning. But it was found to be 100.3 ft..
long at the end of the survey work. The area of the plot. .
drawn to a scale I inch=100 ft. was 2560 sq. inches..
What was the true area of the plot ;

Le \? :
True area—(ﬁ) x calculted incorrect area
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LR - ’
n( %) % 25.6 sq. in=25.70 sq. in~

From the scale on the map 1 in®=100*=10,000 sq. ft.

. 25710 10,000,
Area of the plot = ‘Ta%aﬁ__ (1 acre=43560 sg ft.)

=5.89 Acres.
xample : The length, breadth and depth of a pond
were measured by an incorrect Gunter's chain. The

volume of the pond was calculated to be 1,60,000 cft. Tre
chain was tested at the end of the measurement of the tank.

5 |
True vclume:(—-— ) x Incorrect volume

=159200 cft.

(b’érrectiun'l’or poll : Sometimes, a steel tape is
pulled in excess of the pull at standardization, then the

correction to be made is as follows :

Correction. Cp=l‘_[l.:'£fh-§—ﬂ-

Where L=length of tape, A= cross-sectional area of tape.
Fi=pull applied in the field, F,=pull at standardization, an
E—Young's Modulus of Elgsticity (for steel, =30x 10*
p.si.). Since the effect of pull on tape is 10 make the
measured length too short. the correction is alwaye posi-

tive. .
Example : A steel tape of 100 ft. length, standardized
11 of 35 lbs.

at 25 1b. pull, was used in the field witha pu
The cross-sectional area of the tape is 0.025 sq. inch. Take
the value of Young's Modulus of Elasticity for steel, 30x 10*
p.e.i. Calculate the correction for excess pull.
: 100(35 - 25)
Correction =558 30 10¢ :
—0.00134 ft. ( positive)
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(@ ‘Correction for Sag :
. ; W3L

Correction, Cy=—am3—
ion, Cy=—51

— L ————p]

A - 8
\\ Sag
FIG. 2.16

~_ Where, W=w!, of the tape in Ib., L=Ilength of the taps
in ft. and Fr=pull applied in the field in Ib. Since the affect
cff sag on tape is to make the measured length too largas
the correction is always nagalive. N s
Example : A steel tape of 100 ft. length weighi
lbs. was pulled witha force of 20 Ibs. gin ;Lgh:;?d lti
measure a certain distance. Calculate the correction for
saq.

WL (1.2)*x 100
Corre = = = 1
rrection B4 =24 % 20° __0.15 ft. ( negative )

; {d) Temperature Correction : Since the length of the tape
s increased as temperature is raised, whers measured
distance in too small, itis therefore. essential to apply

thi\s;?ﬁtian.
_rre-:;ticn. L=a (t—t ) =L

.Whem, L=measured length in ft., i,=temperaure at
which the tape was standardized, t;=temperature at which

the tape is used in the field, and a=co-efficient of |
axpansion of the tape per degree °F per foot Iengxig"'lihi;
co-effictent of thermal expansion of steel varies from
55x10-¢to | 6.85x 10-° per degree °F. The sign of the
gorrection is plus or minus according as t; iz greater or
less-then-t,, The steel tapesare generally standardized
g .

Example : ‘A distance of 1840 ft. was measdréd with a
steel taps whxctf was exactly 100 ft. long at 85°F. The
temperature during measurement in the field was 85°F.
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Calculate the actual length of the line. Take the co-sffici-
ent of thermal expansion of tape =6.25x10-¢ per I*F.

First Method
Temperature correction for each tape leng‘h=a(t;—t,)-
x L
=6.25x 10-¢ (B5—65) = 120
=0.012 ft. (positive)
Length tape at 85 F=100+40.012=100.012 ft.
True length of the line = lci%'gmx 1840=1540.23C f1.

Second Method : :

Total correction =6.25x 10-% ( 85—65 )x 1540=0.230 {

True length of the line=184040.230=1840.230 &. /
~6 Record Keeping : All the details including a rougn
Yatch of different types of stations, offsets, eic. in ite field
are recorded in a book called Fisld Book. Itis an Impor-
1ant book or document which should be maintained care-
fully. It is 9"x5" in size with two parallel lines ruled lon-
gitudinally in the centre of every page. These two parallel
lines are imaginary lines representing the chain Ine and
the space in between has no existence inthe field. The
record keeping starts from the bottom of the end page of
the field book. A rough sketch of the plot is drown before-
hand on the last page for reference. Recording of siations,
chain lines and other details are shown in Fig. 2,17 and 2.1B.
Neat figures and sketches with clearness in representing
points to which ofisets are taken should be properly,
maintained. '

27 Plotting of details : Before plotting the details of.

.chain survey on a drawing paper a suitable scale

should be chosen first. Because drawings are prepzared to

a reduced scale. _
A scale is the ratio between the actual length on the

grownd and the corresponding length of the. line on 'th;er

map. Foran example, when the scale of ‘@ map is linch
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= 100 ft., it indicates 2 length of 100 ft. on ground bEing.
@fual to 1 inch on the map. A scale may also be denoted by

ihe tarm Representative Fraction (R F ) which is th :
s ich i
1 Inch to the distance on the ground both redusedﬁori?ﬂtg:s{

As for an example, the Representative Fraction of 1 inch

= Hedos: :
=100 ft. scale is s 1.2, 1 inch to 1200 inches.

-l
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The triangle is first plotied from its kaown sides accor-
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RECORDING IN & FIELD BOOK
FIG. 218

-ding 19 a suitable reduce scale, Then tie linés and check

lines are drawn and'cheacked the . accuracy :
New to plot offsets  like - ..railrades, tge;r mguiré?;];
eleclric posts, etc. lines are taken up one by ons :
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Then the offsets are laid'down on either sida of tha lines.
When the offsets are plotted tha conventional signs for
offsets shawn in. Fig. 2 19 -are put in.

},-8 Advantages and disadvantages of chaio Survey :  This
I'_.rpe of survey wori is suited for a small plain ground
[t requires simple IﬂbthLPlﬂltlng of mapsis very
simple and easy. But this type of surveying is not suitable
for ur@rglaion land_here chaining operation is | tedious
and s subject to ermrs This method is not genEfally reco-
mmended for a cmwdﬁ city with large number of
bvﬂdmgs and ohstacle.s ‘because it cannot be dwlded
nto well conditioned tnangles In casa of route surveying -

.. the survey work of a road, 1rr1g."101 canal, rail l.rra}'
waler and sewar lines, tunneling, elc, ihis method 1z ot
fﬂcomnepdﬂd atall. _

9. Lioear Measurements ;

There are various methods of making linear measura-
ments and their relative merit depends upon the degree of
precision required. They can be mainly divided intc
three heads ;

Direct measurements.
.£./J Me=asurements by optical means.
& Electronic mathods.

In the case of direct measurements, distances ara actu-
ally measured on the ground with the help of a chain or a
tape or any other instrument. In the optical methods,
observations are taken through a telescope and calcula-
tions are done for the distances, such as in tacheometry
or triangulation. Inthe electronic methods, distances are
measured with instrumentas that rely on propagation, reflec-
tion and subsequent reception of either radio or light
waves. The various instruments that are used under the
electronic methods are ;

§—
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(i) geodimeter,

(ii) tellurometer,

(iii ) the decca navigator, and

(iv) the lambda position fixing system.

The method of muasurement in the case of gecdimeter
is based on the propagation of modulated light waves. The
other three instruments use radio waves for distance
measurements.

The various methods of measureing the disiances diract-
ly are as follows ;

1. Pacing

2. Meaaurement with pessometer

3. Measurement with pedometer

4. Measurement by odometer and spedomsiar

(1) Pécing Measurements of distances =y paciny
is chiafly ¢onfinad to tha praliminary survers ani explora-
tions whers a surveyor is called upon to make a rough sur-~
vey as quickly as possible. It may also be used to roughly
check the distances measured by other means.

The method consists in counting the number of paces
between the two points of a line. The length of the line
<an then be computed by knowing the average length of
the pace. The length of the pace varies with the individual,
and also with the nature of the ground, the slope of the
country and the speed of packing. A length of pace more
mearly that of one's natural step is preferable. The length
of one's natural step may be determined by walking on
fairlp level graund over various lines of known lengths.
One can soon learn to pace distances along level, unobs-
tructed ground with a degree of accuracy equivalent
é.ppmximately tol in 100. However, pacing over rough
ground or on slopes may be difficult.

(2) Passometer. Passometer isan instrument shaped
like a watch and is carried in pocket or attached 1o one leg.

mechanism of the instrument is operated by motion of
;rh]:sa body and it automatically registers the number of
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‘Paces, thus avoiding the monotony and strain  of counting

the paces, by the surveyor. The numer of paces registe-
red by the passometer can then be multiplied by the
averarge length of the pace to get the distance.

(3) Pedometer . Pedometer is a device similar to the
passometer except that, adjusted to the length of the pace
of the person carrying it, is registers the total distence
covered by any number of paces.

(4) Odometer and Speecometer : The odometer is an ins-
irument for registering the numker of revolutions of a
wheel. The well khown speedometer vorks on this prin-
ciple. The odometer'is fitted to a wheel waich is relled
along the Jine whose length is required. The numer of
revolutions registered by the odomster ean then
be multiplied by the circumfsrenca of the wheel
‘0 get the distance Since thz i-strument registers the
length of tha surfaca actually passsd over, its readings
obtained on undulaiing ground are inaccurate If the roula
is smooth, the speedometer of an outemobile can be used
'0 measurs ihe dis'ance approximately.

Exercise

1. Examine the following statemenis very carefully
and write whether they are true or false :

(2) Chain survey is a type of survey in which the
survey is done with the help of a chain and tape
only, '

(b) Chain lines canbe mezsured with the help of
a chain only.

(c) Tielines are generally extended outside the
main triangle. .

(d) Inan optical square the mirrors are placed at an

' angle of 60° to each other,

(e) Right angles can also be set with the help of a

chain and a tape.
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(f; The space belween two parallel lines in tha
field book has no existence in tha field,
(g) Check lines are also tie lines.
(h) Chain surveying is suitable for crowded cities.
(i) Gunter chain is most suitable for measuring araas
(j) A chainsurveyisaclass of survey in whica. a
iriangle is formed in the field whu.:e sides ara-
used as reference lines.
(k' In Chain Survay anglaes area measured writh
considerabie accuracy.
() The station ara the poitts from which measure-
ments are taken upio anv object in tha field,
(m) If the triangle is 100 big then it may be necessary
to run few more straigh: lines within ta2 trianals
(n) It is not necessary for the tie lnes to touch any
other tie line or main line. -
(¢) The main lines and the ti= lines hava a commor
name knowa as chain linas,
(p} The ofisets are also chzia line: maasurad un'o
different objec!s in the feld. ;i
(g) Comparing the plotted lergti: of the tie linas or.
the map with the measured length in the field
the accuracy of the survey may be dstermined.
(r) The start with as big a triangle as possible is for-
med and subsecquently the area insidae is subdi-.
vided by tie lines,
(s) Chain isused for measuring tha chain lines and
tape is used for measuring the offsets.
(t) The offsets should not be more than ths ful!
length of the tape measuring them,
(1) The ranging rods which are painted in red and
white are used for fixing stations also,
(v) Arrows are used for aligning chain lines.
2. Fill up the blanks i in the following statemsants, each

with one worked.
(2) Coing around and examining the feld to be sur-
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veyed and praparing the sketch map showing the
positions of stations fixed etc, is known ag:..----

survey.

<b) The main staticns in chain survey are so fixed
that each iS....cce.een from the other two. '

‘c) In order to make the ........ points prominent a
circle or a triangle is cut on the ground encir-
cling it.

{¢) Each statioa is...------by taking accurate measure-

menls from three permanent objects.
{e) Recording of oifsets and measurements of lines
are entered inthe field book starting from the
- of the «-ou .wooee page of it.
(f) The gap betwesnthe two red lines in the field
book is ment for writing -----along the chain line.
3. What is the minimum distance that you can measure

(e

withachain? °

4, What ars the sources of errors in chaining ?
What correction do you apply to measure chain lines due to
the errors in chain ?

(5) What is a ranging rod ? Why it is painted in diffe-
rent colours ?

6. What is an optical square ? Explain its working
principle with neat sketch., What are the sources of error
in an optical square ? How can you detect them ?

7. Discuss the procedures of chaining when it is obs-
tructed by a bend of a canal, a building, a pond and a
bush, Show with sketches.

8. What ks reconnaissance survey ? Why a sketch
qmap of the plot to be surve;ed is prepared ?

9, Write notes on:

(a} Offset (b) Field Book (c) Cross-staff (d) Reci-
% ing (e) Stepping Method of Chaining ()

ell-conditioned Triangle (g) Sag Correclion.

10. The true length of a line was known to be 1500 It.

‘The line was measured with a 100 ft. tape and found to 1503
1. Calculate the correct length of the tape. ~ Ans. 99.66 ft.
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1) The distaace between two sub-stations was found®

to be5305 ft. when measured by an Engineers’ chain and

7946 links by Gunter's chain. Both the chains were incorrect.
What correction is nseded in the Enginef_-:rs' chain if tha

Cunter's chain is 0 4 link too long 2  Ans. 0.748 too short.
12. A draftsman measured a line on a map prepared
by cbain survey by 1 inch=80 ft, scale and found it to bs

3200 fc. long on the ground. Later he discovered that ha
made a mistake and tne scale was 1 inch=60 ft, Find the

co t distance in kis calculation. Ans. 2400.0 fr.

(@ On a map covaring an ar2a of 2.5 5. miles, the

scale’is by mistake recorded to ba 12 inch=1 mile with the

result that the area comes to be 4.sq. miles and 28444sq.
chains. Datermine tha correct scale of the map.,

_ - Ans. 16 inches=1 mile

14. A 100 ft. tape i3 suspended batween its ends undar

a pullof 2] |bs. The wt. of ths tape is [,51bs. Calculate the
connacted length of the tape between its ends.

Ans, 89.976 fi.

13, A survey was commenced at 7-30 Am. when ths

temp. was 65°F with a 100 ft steel tape vrhich was correct.
After chaining a cistance of 12650 ft. the work was suspen-
ded at 1 30 P.M., when the temp. was 102°F. Find the-
correct distance. Taks the coeff. of expansion of stesl-

=6.25x 10-¢ per deg. °F. Ans. 12,652.92 f:.
16. A line was measured with a 20 m chainand found

to be 98,4 m Iong. The chain was subsequently found to
be 0.02 m too short, What was the correct msasurment of
the lina ? Ans, 98.3 m.
IT. ' Chaiaing along a slope the first 30 ft. were on a
slope of 8° and the next 20 ft were on a slope of £°, Whar
is the. true horizontal distance ? Ans. 49.833 fi.
Cl’. A chain line terminates at an inaccessible point D.
hati) E-_-lis continued up to pointBand a p ndicular

BC is laid out 20 ft. inlength. * AtCa right angle DCA is

erected; A being on the chain line. BAis measured and )
found to be -E.IEII]agft. What iathe distance from B to ths

inaccessible point D ? Ans. 46.4 ft.

CHAPTER =
TRAVERSE SURVEYING

3—1 Definition : A traverse isa number of straight -
lines of known lengths and making known angles with each.
other. Trayerses are of two types. (1) open traverse, and
(2) cicsed traverse. In an Open travarse ths end point of’
the last line will not meet the starting point of the first lins.
But in clesed traverse a complete circuit is made ( Fig 3.1 )

(5] 3
Fig 3.,

Angular instruments are used logether with those in
chain survey to ‘carry out the fraversing. Common angular
instruments are (1) Compass and (2) . Theodolite. Theo-
dolites generally give more accurate and reliable results.
than the compass. There are two typesof compass., (ak
Prismatic compass and (9) Surveyor's compass.

i—2 Prismatic Compass; It consists .of a cyli ndrigal
melallic box having a thin magnetic needle pivoted in.
the centre. There isa circular dise around which the
needle swings freely. The graduation of the disc starts
from south end indicating 0° and ends at north with 185°
(Fig. 3.2) the figures being written inverted. Tha 3
magnetic needle carries a sliding colar at its north
ond to balance the dip ( See definition ). The sighting
vane and the reflecting prism with a sighting slit at the
top are placed diametrically opposite to the box. The
sight vane has a fine thread or horse hair stressed
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along its opening in the direction of its length and made
to bisect any objezt by turning round the box horizontally.
A plane mirror is aslo attached to the sight vane, The
mirro- can be tilted to any angle so as to reflect the
object which are below or above the level of the instru-
ment. For making observation a plate witha narrow slit
is fitted above the prism. Coloured glasses are attached
Brass Compass Box

Silver or Aluminum
Graduated Ring

07 o

Pivot
Magnetic Needle
Reflecting Prisim
Sight Vane
Coloured Glass
Sliding Plate
Sliding Socke?
Slit Hole
Mirror

2 Sliding Coliar

i el NP T - ST

(a) Prismatic Cornpass
FIC. 3.2

10 the prismso asto cut the glaring sun rays. The com-
pass can be screwed ona tripod stand providsd with

TT RIADME coLLan

MARMTIC MELSLE
ARATE WEAMNG

i GRADUASED BCALE
: & §
o F; (ARAEULTIONS ARE o
%5;& wATTIN UrsmE . -
E DOWN AN hMEERE
o [7]
: KIvVERSED] -

Ib] SMACVATED CiKCULAA Dg
OF PECIVATIC CONYLES

EIG 12 , -

a ball socket arrangemeut' at the top so that the compass

can be made level.

TRAVERSE SURVEYING 51

_ 3-~3 Procedure of using Prismatic Compass ; The compass
i,8 lovelled firston the tripod stand. Now by turning the
body of the compass the object is intersected by means of
the slit and the sightvane. When the object is at the
north end of the compass, the reading will be zero as indi
cated by 0°at the south, When the object lies between
North and East, the redeing will be in between 0° and §0°.
Whan the object on the East, the reading will be €0°, Hence
with the help of the prismatic compass the angle at which
a particular line is making wilil the Norin, isread. This
angle is called the magnetic bearing of the line,

3—d4 Saorveyor’s Compass: DNowadays the Surveyor's
Compass isireplaced by the prismatic compass. ils prin-
cipleis same asto that of prismatic eompass. It is not
very accurate and takes a longer: time for survey work,
‘“Where the land value is lass and the ground, is woodad,
this instrument 'is generally used.

Since there is no prism, so the readingsare taken by
‘naked eyes. The graduated ring ,sfixed on the nottom
of the box and “moves with the boxz. . The needle ramains
.ateady between North and South.

Y

Yool s

a*

L

Figli3 3

The graduated circle is divided into four quadranis and
-the graduations run in anti-clockwise direction and tnese
are numbered from C® to 90° in each quadrant as shown in

_Fig. 8.3. The 0° degree is marked by N and § while

East is marked Eand West is marked W.
The following definitions will clarify somse useful
terms in travrese survey : P aZ iy
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(1) Tnclination or Dip : It is the angle of the axis of the-
magnetic needle with the horizontal caused by the tenden-
cy of the north end of the magnetic needle to point to-
wards the magnetic north pole in the Northern Hemisphere
and south end towards the South polsin the Southern.
Hemisphere.

(2) Declination : Magnetic north varies from the true
geographical north by a certain magnitude which varies
from place to place and aslo at the same place at different
times. This direction of the needie 1s known as magnetic
meridian. The angle between the magnetic meridian and
tha geographical meridian is known as the declination.

The changes in declination are of four different types :

(a) Secular Variation: The geographical poles are
fized bu! the magnetic poles are Continually changieg their
positions with respect to the geographical poles. This
variation observed aftar a number of years is known as
secular variation. :

(b) Diurnal Variation :, This is variation of the decli-
nation in 24 hours. This is afiected by the locality, season
of the year, altitudes etc. It is generally 2to 10 minutes.
Itis greater during day than night, greater in summer
than in other seasons and greater at high altitudes than at
the equator. :

(c) Annual Variation : This is the variation of declina-
tion in a year which is generally 2 to 3 minutes.

(d) hregular Variation: This is due to magnetic
storms, sun spots and earthquakes which displace the magnetic

needle through an amount in the extent of 1° to 22

(3) [Isogonic Lines—These are lines of equal magnetic:

declination. : e
(4) Agonic Lines—These are lines of zero declination.
(8) Isoclinic lines : These are lines of equal inclination.
or dip,
(6) dclinic Line : The linze which has no dip is knowns
as aclinic line or Magnetic Eguator,
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(7) Bearing : The bearing of a line is the angle which.
the line makes wite a reference direction or meri
dian in -the clock-wise direction. Tha mearidian
may be (a) true meridian, (b) magnetic meridian
or (c) arbitrary meridian,

(8) True Meridian: The geograpical meridian which
is also known as the true meridian passing through a_point
on the surface cf the earth is the line in which the plane
passing through north and south poles and the given point
intersect the surface of the earth. They converge at the
poies. But for small surveys, they are assumed to be para-
llel lines. The angle Letween the true meridian and a
line is called true bearing or azimuth of the line. :

(%) Magnetic Meridian : The direction indicated by a.
freely suspended magneiic needleis called the magnetic
meridian. The angle which a line makes with the magne-
tic maridian is calied the magnetic bearing or simply bear-
ing of the line. In plane surveys magnetic bearing is taken
while in geodetic survey true bearing is considered. .

(10) Arbiirary Meridian ¢ For a small survey work
somelimes (ne first line of the survey orany convenient
direciion may be taken as a meridian which is known as:
arbitrary meridian. The angle between this meridian and.
a liné is known as arbitrary bearing of the line,

3—5 Types of Bearings: The bearing of a line is the
angie which the line makes with the fixed reference line
( Magnetic Meridian ) and is ;
always measured in clock-
vise cirection. In Fig, 34, =
N-S indicates the WNorth-

South line which is the refe- =
rence line. The angle « . Stk
measured in clockwise di- .

rection from North line & hosing

upto AB 1is known as the bearing of the line AB
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Similarly, the bearing of the line. B & is 3, In survey-
ing the line AB is not same as BA, beacuse the direction
are diferant,

(8) Forward Begring (F.B.): The angle x is called the
'forwe_lrd bearing of the line AB and the angie 3 is the for-
ward bearing BA. So the Jorward bearing of a lne is the bear-

-tng in the direction of progress of survey,

(b) Backward Bearing (B.B.): The anale S is the back-
‘ward bearing of AB and tha angle zisthe baskward bearing
of BA. So the backward bearing of a line is the bearing in

the reverse direction of tha progress of suryey.

Ths forward and backward bearings of 2 lina diffar by
1807,

Whole Cirgle Bearing ( W.C.B.): Thsa angle betwesen
the magnelic maridian and the line is called the whole
circle bearing. It may haveany value between C°. The bear-
ing of a line obsarved in the field is the whale circle bear-
ing. The whole circle bearing of a lina which coincides

- with the magnetic meridian is 0%

FIG 3%
In Fig. 3.5, the angle 8,, 0,, 05, and 0, are the whole circle
*bearing of lines AB, BC, CD, and DA respectively.
(A) Reduced Bearing (R.B.): It the whole circle - bear-
ing of aline is greater than 90°, it is reduced toa corres-

‘ponding angle less than 90° which has same value of trig-

nomelrical functions. The corresponding reduced angle
As kriown as reduced bearing. The procedure to obtain
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reduced b2aring from whole circle bearing is shown in
Table 3.1.

Table 3.1, i
Whole cirzle = ; i Cardidal direction
bearing (W.C.3.) H"du'{:‘;ﬂ ; e:;a_ A or
belween g CQuadrant
0*—80° Same= as W.CB. N.E.
80°—150: ~ | 180—W.CB. -S5.E. Fe>
I8P =2T05 W C.B.—180° SV,
T iP=380" 30 —W.CB. - | T NW. i

When the forward bearing of a liae iz known, the back-
ward bearing of tha same can be cbtained by the following
relation :

Backward 3earing=Forward Bearinog—180°

li the forward b=saring fs less than 1800, plus signis to
be used wiiia if ii dxeceeds 180°, minus sign should b=
used. The difference of the bearings of two lines at =

iat tha angia between 1 {included or excluded

_angle).

If the difference between forward and backward bea-
ring ofaline is not 1807, then there are errors in the mea-
sured angies. The errors may be due to (a) faultyinstru-
ment, (b) observation and (c) local attraction,

(e) Local Autraction: The magnetic needle will bse-
deviated from the magnetic meridian due to the influencs-
of magnetic substances. This phenomenon is known as
local attraction. This is caused by the proximity of iron,
steel sfructures. 'ralls, “electric post and cables, keys,.
knives, iron buttons, wrlst watches, pens,” steel framed
spectacles, chains, steel tapes and arrows,

(f) Correction for local attraction : The crractions in the-
bearing of different lines are made in various ways, depen-
ding upon the magnitude of the error: j

() When tho error is smalli.e., the difference of back-
bearing and fore bearing is nearly 1800, the back bearings
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-should be increased or decreased by 180¢ in ordor to
-obtain the'corresponding fore bearing. Then the mean is
taken between this and the fore bearing,

Example : Let the observed fore and back bearings
-of a line are 82018 and 262°30 respectively. The bifference
between the bearings is 180012, Hence 12° is the error
which needs to be adjusted. Half of this is added to fore
bearing and the other halfis subtructed from the back
bearing. New corrected bearing are 82:24° and 252024~
respectively and difference is 1800 exactly.

(2) When the error is considerable ‘then the follo wing
Procedure is adopted.-

In this method the inelu-
-ded angles of affeectad sta-
tions are caleulated frem
the observed bearings. Star-
ting from tne unafiected line
-and using the calculated .
included angle, the correat e 18
-bearing of each Jine is then computeq.

Example : (Fig. 3.6)

Line. FB. .
Firs s2°15¢ 232°15
i - 140°40r 320°55'
= 170°30' 350°10-
DA 280°10 110°15°

From the above data it is founq that stations A & B are

Iree from local attraction as the difference he I
tween the f;
-and back bearings of AB js 180, i

Included ZA=B.Bof [}ﬂ—-—F.B. of AB=-58°0
angle_a £/B=BB, of AB—F B, of BC=9]°35
2 C=R.B of BC—'-.F.B. of CD=159*‘35'
ZD=BB, of CD—F.B, of DA=600"
Sum=3600 ( Checked )
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Corrected bearings :
F.B. of BC=B.B. of AB—,{_B:lWiG'
B.B. of BC=F.B. of BC 418002220040
F.B. of CD=BB. of BC—/ C= 170015’
B.B. of CD =F.B. of CD+180°=23500]5"
F.Bof D.A=B.B. of CD — /. D=230015
B.B. of DA=F.B. of DA—1800=110°]5
3—6 Field Procedure: First the reconnaissance of tha
plot to be traversed and the fixation of stations on the same
should be done as in the case of chain survey. When
stations are fixed, the compass is placed over the statioa
A (Fig. 3.5)and levelled by properly setting the ball and
socket joints and the legs of the tripod stand. The centre:
of the compass and that of the station should be on the
same vertical line and this is checked by dropoing a pizmb
bob from the book attached to the bottom centre of the
compass. Now the sight vane of (he compass is turned
towards the ranging rod at stations B and the forward bear-
ing of the line AB is taken and the lenght of AB is measwrea.
Simultaneously offsets are taken on both sides with the help
of chains, tapes and optical squares as in case of chain
survey. The compass is now shifted to station B and leve-
Iled. Now turning the sight vane towards stalion A, the
bearing of BA is taken. This angle is the forward bearing
of BA and back bearing of AB. In this way the F.B. and B.B.

-and lengths taking offsets of all ihe lines are measured.

To minimise the errors in readings of the angles, at least
ihree readings of a line from the same station should be
*2ken and their mean will be the corror bearing.

The field book 1o record all the details of the plot to

" be traversed, is the same as in chain survey except that the

forward and backward bearings of each line should be re-

-corded on the central column at start and end respectively,

To avoid any confusion afterwards the backward bearing of

" -the previous line and the forward bearing of the front

Jine should be recorded at each station.
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3—7 Plotting of 2 Compass Traverse: The following
steps should be cosnidered before plotting a travarse :

(2) Selection of a suitable scale.

(b) A rough sketch of the traverse to an approximate-
scale lo see a3 to how best way the sides can be arranged.
on drawing sheeis.

(c) Correction of obsarved hearmgs

Method of Plotting © The following are .the diffarent

methods : a
(@) By prralle! meridians through each station : Station A i=

first fixed on the drawing sheetand than a line N3 re-
presenting magnetic | the &
meridian is drawn through
it, The bearing of the lin=
AB is drawn with a proiracs
tof and its length is takan
{from the chosen scale. Tha
station B is now  located.
Now through B again mag- 3
netic meridian NS is drawn. iy P EE 3
The bearing and the length
ofthe line BC are drawn in the sams way as AB. The
same procedure is followed. for the stations C & D (Fig 3.7.)
' (9)" By Included Angles : This method consists in drawing
a magaetic meridiar. NS through the starting station A, The-
beafm'g of thﬂ line AB is dIDwn bj’&prﬂh‘actﬂr and its
length is measured from the chosen Scale. The: station.
B is now fixed. Now the
included angle ABC at B
which was calculated from
~ bearings of AB and BC is »
drawn, The length BC is
taken from the cliosen scale 0
and the station Cis fixed.
AtC.Dand E the same pro-
cedure is followed (Fig. 3.8)

L]

Fi5 38
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(c) By Rectangular Co-vrdinates : In this Inrethgd,gver}r—
station is plotted with reference to two lines drawn at right

angles through some cenvenient point ot the starting sti-
ticn A(Fig 39)

Tha refarencsa ax2s are gznerally the magnelic meri-
clian NS and th2 East-Wast line EW perpandicular to it at A.
!f the bearing ind I&ngth of the line AB are known, its pro-
joclion on the line parallel to the magn-:ic meridian NE
and on the lins perpendicular to it i.e., EW may be obtai-
ned. From Fig :.9 AB,=AB Sin 0, whers 0 is the bearing
of the line AB, and F3,==AB Ccs 0 Knowing AB, and BB,, th=
station can be easily located. Similarly stations C, D and

E can b= located.

3—8 Closing Error: Inaclosed traverse, the end of
last line should maet tha starting point. But while plotting.
it will be observed that the last line dose net generally end
at the starting point  This discrepancy is termed as closing
error. This error is due to incorrect measurements of angles
and sides in th= field. Incompass survey the permissible .
error per bearing should not be more than 15 minutes
because the least value that can be read in the graduated
scale is 15 minuies. Sothe'total angular error of closures

-
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should not exceed 154/N, where N is the number of sides
of atraverse. Inth2 case of lengths of the sides, ths error

-of closure should not exceed Iin 600,

If the closing error is very small, it may ba neglected.
Ifit is considerable, the adjustment can be dons by the
following method without any previous adjustmsn® of the

angies. : -

.IaFig. 3.10, ABCDEA, is a polygoen which has been plo-
tted from the measured field data. According tc defnition
of a closed polygon points 4, and A should coincide. Tha
distance AA, is the closing error which needs to be adjusted.
A&, line is drawn to a suitable scale, in such a way that AA,
eguals the sum of the sides of the traverse. A perpendicular
Fga equals to th: closing error AA, is drawn at A;. Aais
joined and perpandiculars Bb, Cc, Dd and Ee are erected
to cut Aa. These perpandiculars are the respactive correc-
dons or distances through which the stations B,C,D and £

should be moved upwards in this case.

At stations D and E of the traverse, lines parallel
to AA, are drawn. Now the stations B,C, D and E are
shifted upwards by the amounts Bb, Cc, Dd and Ee respec-
tively. Abcde is the adjusted or corrected traverse.

3—9 Adjustment of Aogular Error: In a closed traverse
the sum of included angles must be equal to (2N—4)xright
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-angles, where N is the number of sides. But in practical -
cases there is always angular error. This error can ba
corrected by the following method, :

If the total angular error in a traverse of 5 sides is 20’
then the correction at the starting station will be 20’ divided
oy §,ie. 4’, The corrections in angles at the 2nd. 3rd, 4ta
and Sth stations are &, [2', 18’ and 20° raspectively.

3—10 Computations of data to plot a Traverse : The diife-
rent. locations of the stations are plotted on a drawing
sheet knowing the bearing, latitudes and cdepartures of
different sides with reference to two lines N3 and EW wilh
the origin A as shown in Fig 3.9.

Latitudz : Itis the distance maasured parallel to tha
magnetic meridian{( NS line ). It is positive when measured
northward from erigin. This positiva latitud= is tarmad 13
Northing. The latitude is negative when msawred =o' .h-
ward irom origin and is termed as Southing.

Latitude==Length of the side »Cesine of its bearing

( BB,=AB. Cosh)

Departure : 1t is the distarce measured parallal to the
line which is perpendicular to the mzgnetiz meridian (EwW
line )" The departure may ba positive or nagative. East-
Ward departure is positive and is termed as Easting whila
westwird departure is negative and is termad as Westing.

Depurture=Length of the side x Sine of its bearing

' ( AB;=AB. Sin9)

Consecutive Co-ordinates : The latitude and :lepaﬁuré

‘of'any station with reference to the proceeding  station

are termed as consecutive co-ordinates of the station. The
consecutive eo-ordinates of the station Bare AB, and B,B and
both are positive. Similarly the consscutive co-ordinates
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of the station Care BC, and C.C and both are positiva:

And those of station D are CDy and D,D and are negative-

and positive raspectively,

Independent Co-ordinates : The latitude and departure

ofany stalion with respect to a common origin are termed-
as independent co-ordinates of that station, They are also
termed as total latitude and total departure of a station,
The Independent co-ordinates of any station are calculated
by taking the algebric sum of the latitudes. and departures
of the sides between that station and the origin

The inde pendent co-ordinates of the slation D as for an
example (Fig. 3.9) are departure AD; and latitude D,D,
where AD;=:AB,+BC,—CD, and D,D=8,E+C,C+D.D.

3—11 Characieristics of a Closed Traverse t"

(a) Sum of includad angles=(2N =) % 80°, where
Nenpumber of sides

(b) Sum of excluded angles=(2N 4 4) « 900

(c) Forward bearing and backward bearing of aline
must differ by 180°,

(d) Sum of the Nerthings=Sum cf the Southings
(2) Sura of the Easlings=Sum of the Waestings

{f) Tha difference between the bearings of two lines
- ata slation is the included or excluded angle. .

3—12 Correction for balancing a Traverse : After calcula-
tions of -the consecutive co-ordinates of the different
stations of a closed traverse, it may be found that the sum of

the Northings is not equal to the sum of the Southings, and. -

' the sum of the Easting is not equal to the sum of the Waes-

%

tings. This differerce is distributed to the latitudes and
departures of different stations by applying the following:
rules. - ; 3 . '
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q1) First Rule :

(a) Correction to Northing of any side=} x Total

. : - Northing of that sida
error in latitude x - Sum of Northings:

(b} Correction to Southing of any side=1 x Tolal
utiing of that side
Sum of Southinga™

{¢) Correction to Easting of any sida=21Totsl error
; Easting of that side
Sum o! Eastings

{d) Correction to Westing of any side=2xTotal
Westing of that sida.
Sum of Westings

error in latitude x 22

in departure x

error in departure x

qi) Second Rule ( Bowdich Rl ):

(8) Corraction fo Latituda o any sids=Totzl error
; : Length of the side
2| latitude x Perimeter of th= traverss
(b} Correction to Departure of any side="Total error
; . Length of the sids
‘Perimster of the traverse

in departere x

(ili) Third Rule ( Transit Rule )

(@) Correction to Latitude of any * side—Total error

§ : __Latitude of the side
Lt ¥ Atithmetic sum of all Iatitudes
(b) Correction to Departure of any side —Total error

i Departurs of the side
in departures x Arihmetic sum of all départre

3—I3 Traverse Computation Chart : The computation inclu-
ding Recessary corrections of a closed travers is arranged
Systematically on a shaet shown in Travers chart...1.
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3—14 Open Traverse : This kind of traverse is assential
when a long narrow strip of terrain such as a river, a canal.
TRAVERSE CHART 1 x A railway or a highway, a valley, water and sewer lines, to
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But it is less precice and very often subject to errors
due to the fact that the needle is not perfectly straight or
na2edle is not sensitive. Somstimes the plane of sight is not
vertical or the vertical hair being too thick or loose, Errors
may also arise due to inaccurate lavelling of the compass,
Imperfect sighting of the ranging rods and mistakes in
recording bearings and lengths. There may be errors du e
10 Jocal attraction, variation of magnelic .meridian and
magnetic changes in the atmoasphere,

Example : The bearing of a line AB was cbservad by
a prismatic compass and found to be 240°1E. If the frue
Learing of the same line is 23943, what is the variation ?

Variation -Magnetic beaing--True bearing

=240%] 5" 21095 .. ) %3

Example : Ths following bBearings were obssrvedina
closed traverse ABCDEFA. Calculats the whole ' circle: bea-
rings (W.B.) raduced baarin Js (R.B.) and the included angles,

]
2 . o=

A.I ;} :"\
b [&
i, B,L;I

Line E:B: B B.

AB 2035 W. 23°NE.

BC 133°31' S.E. 313737 N W.
CDh ES*41' N E-. 269°4 'S W,

DE  24°25 NE. 204°26' S W.

EF 314°20° N.W, 134°20' S E.
FA 256°56° S.W. 76°56° N.E.

From Fig. 3.12.
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“Whole circle bearings are the same as the forward baérings.

Roduced bearing of AB=203—180° - =23°8.V/, -
¥ w.  w BC=180°--135°37"  —¢6°23'SE,
' A » CD=82%41" NE.

v DE=24°25' NE.
» o EF=380°—314°20"  —45°40'N.W.

Lk

o w o FA=256°35'—1800  —76°56'S.W.
liclnded angles, A=203"~-7656" = 1264’
B=133°31"—-23° =]10037"

C=E9°41"+(180° —133°37~)= 136°¢"
D==24°25'4+-(180°—898°41")=115% ¢
E=314"20'—(180°--24°25)' = 109°55
F=256"36'—(314°20'—180°)= | 22°39"
Example : The bearings of tira different sides of a clozed
‘raverse  ABCDEFA  (Fig. 3.13) were taken by a pris-
mati¢ compass ana the includad angles were caleula-

ted from the observad
bearings. The lengths of
difierent sides and the
included anqglas are shown
on traverse Chart—1. App- &
lying necessal corrections,
calculate the consecutive A €

and the-independent co-or- F6 3.1

dinates. ;

Complete calculation is shown in “Chart—| page—T0,
Example : C.lculata the area of the traverse from the

calculated data on  Ghart—j, and  the - corresponding
Fig 3.13. . (eh %

Area, A‘:tz"—"-'—ID.;_D’}{Lr—LJ
'68.755 1.(—84.920) Ehe
A

%(482.940 —273.954)=—1690.00

----- "3 X(508.256 —482.940) =+ 4520.00
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fal .?9%_21&33_2}' % (263,295—503.235 = —85200.00
Mjiﬂ“ﬂ‘x(43.155'—-353.295}=—~1mm.ce»
':L{J-?fg—mx{o.cc—{-zz.:ﬁa;;z +23450.00

—84.93030.00 1573 9354 6,00) =—11,629.0)

~A=19186105q. £t
=4.52 acres.
Example: From the oZserved bearingsola traverss
AECDA the llowing included angles were calculatad.

LA 2 =520 « £ ABC=3543",  ~BCD=95%2%,  azd
A£CD3=113"30" [ the raducad bearring of tha sid2 BCis
13’ 30" 3.\, calculate the raduced bearing ofihe othar
sides. ; :

R.B, af BC=T75730", ‘. C.2. of BC=1800475°30' =255°30'
Vo.CE of CD=W.C.B. Df EC“ BCD —130°=258030" +-.95025",

—1800==170035",

".C.B.of DA=W.CB. 0 CD -- ZCDA—180°=104°25"
W.CB.of AB=W.C.B. 0! DA+ / DABA4-180° ==349°45'
R. B. of BC is 75°30" 8. \V. (given), So line CD lies in tha-

szcord guadrant and its R.B'=180"—170°55'==9°§' S. E.

The line DA also lies in. the sscond quadrant and its
F.B.—180°—140°25'=75°35' S E. The lin2 AB lies in the fourth
quadrant and its R.B =360°—349°45'=1G°15" N. W.

Caleulate tha len gth and bearing of the clos-

- Example :
ing side DAcf a clbssad traversa ABCDA from the following:
dala:
side Length W.CB.
AB 300 260°15
BC LS00 : 190°30"
'CD 600 . 80%5' ,

Calculation is shown below -

DA

#
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Side Lengihr R.B. Gdrdmal Lan:ude _Departure
__Uoindysieni d1rect10n e W
AB | 300 | 80°15° |51m 285.00

G| 909 | 105307 |~ “RBAT0 5
o S 164.00
T [see

CD | €00 | 80°54"
- r
1 935.70.592.00 ]460 00

_ I+
— . — I L ..
!
|
X

Sida Latituds .. Departure
£8=300 300xCos 8W51'=51,00 300xSin £0°] S5'=286.00
EC=000" 900x Cos 10°30'=£84.70 900xSin 10°30 = 154.00
CD=970 €00xCos 80°43'=97.20 €00 x Sin BCY25' 502 09

Differencz of Diffarance cf

-5 ' E-W
'-1"8 E0 (1) 132 00 (W)
Tha co-2 atesof the siie DA ars 238,50 (Ny axd 12 2.60 (W)
Di=\/ {3 38.80,7 -(132): =B45.0) (approx.) :
(4 pathe .:'.eﬂucad bearing of DA, S=tan 13-___5;_:9"-3' (4in
cuadrant)

W.C. B. of DA=380"—g0=35]¢
Example : - Calculate the ba:—*.-hg; of the sid2s DE ané
Fﬁ of the closed traverse sown in Fig. 3.14 from the follow-

g tabla.
:-:cta Length Bearing | Calcuiations are shown below.
AB 420" . 135°30 R.B.of AB=44°30' S E.

R.B. of BC=8545" N.E.
R. B. of CD=46"15' N.E.
R. B. of EF=85°30' N.W

EC 430" 85°45'
CcD - 4207 46°]5
DE . .: 500" ST
EF &50° 27420 -
FR 450" =3 ' .

Side Satitude Departure

AB 400 x Cos 44°30° =288,00' 400x Sin 44°30'=230,00"
BC 430 % Cos - 85°45" =31.80" 420xSin 85°45'=429.00 -
CD  450xCos846°15' =311.60' 450xSin 46°15 =324.50"
EF  350xCos 85°30" =27.40' 350 xSin 85°30'=349.57"
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- Lengih) o g [Cardinal |” ™Tatitude _ Departurs — W.C.B. of DE,~180° +-85° <2630
i A e Directionf N [ S W 3 Ey trigonometry, ED*=EE*+E,D* -2 x EE, x E,D Cos/ EE,T
AB , 400 } 44°30' | 8. E. { 283.00 | 220.00 (800)*=(450)*+(68%)—2 x 450 x 686 Cos L.EE,D
I 1 N e e L] DO M TR 250000202500 472880617400 Cos ; EE,D-
' o 5°45' | N. E../| 31.80 429.00 :
| HBG, A30-y Al e J_____ﬁ_ 0 G T, o GBI EE,]:::gf?E:u.ag. ~.. / EE,D=461£"
P T 15 | NLE. 60 324 50! :
i o |45 15| N i 2 = W.C.B of E\E=83°0'—46°]5'— 25542
' B o J : ] W.CB. of FA=180°+36°42' = 215042
g | ¢ L __,!_ Je. . Again, {EE.}“u{EDF-f-[E{Df =2xEDxE;D Coas Z£E D=
-_E_-F I 459 ’ 45230 N. wl 27.40 l I 31':} =7 y {450}3=-[5f30.=-;-{ﬁS‘j]-‘---Z:c g0 < 85 Cos ,{_E;DE
; ) eoNDie peeacy > 3 202500 = 250000 + 472380335000 Cos / E,DE
i 4 i i !‘3: a6 = T |
1 FA | 450 / * l e T Cos LEDEZE0T:9. . - EDE sy |
P Rl A BT (T T R 103,350 345,26 5 b i ; :
| f LT e e W CB. of DE~ 253 £:40°36' = 503 35"
A e s e ST S 317 Theodolite = It i the most complicated bus asoy.
: : TR Vol rat@ instrumant with which both horizonial and . vartica? an.
; S N Gi2s can be measured. This is aiio uged for locating painta,
o establishing slope, extending lines, finding diffsrence in 1
: 2levation, ranging curves ang traversing. _
Y| ERET i ;4” ‘ Theodolites ara of traa t¥ped. nimaly (i) Transit (ii)
I Wye and (iii) Everest. The last two types ara obgolets now-
i ' 2days. The first one i3 used in most of tha works., A transit
. Lk theodolite is ona whosa teleszope can bz transited or revol-
] = ved through a complste circle in the verticla planz about

G, 3.1

The lina EF is shifted to its new position. AL paralle] to

itseli. Dy doing so the length and bearing of the line FE are

not altered. Now ABCDE,A is a closaed traverse, Latitude
-of DE, ==(370.80—288.0) =82.50 (southing) and departure of
DE,1033.50—2349,50=684,00¢ (westing). -

Length DE, = x{(’gg_'gg_}s -F(684)*==688.00

Now in A DE;E, all the sides are known.

Reduced Bearing of DE,—tan-! ai.riilﬁ!‘*?*ﬂ"

its horizontal axis Wye andd Everast typos are non-transit.

There are dificrent sizos of theodolites. The diamatar
of the graduated circls on the lower plata defines  its sizs.
In enginearing Works, generaly, 4 inchssto @ inch2g theo-
dolites are used while intriangulation, 8-inches to |2 inches
are used,

3—I18 Parts of a Transit Theodoslite :

It consists of the following main parts (Fig 3.15).

(1) The Telescope - Tha t2leszopa is fitted caentrally and
a. right angles to the horizontal axis, It consists of an eye
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‘piece glass, diaphragm with cross-haris, an object glass

and a focussing screw.

v (2) The Levelling Head: Ttis the bottom patt which'is
_'_;.'-g,dr_'éﬂ‘ad to the tripod stand. It corsista of two circular pla-
“tes, fixed ata certain distance apart known as parallel pla-

tes and three fool-screws known as-levelling sciewsora
tribrach plate with three arms, each of those carryinga
foot-acrew. Thare is a central aperture in the 1ower vlata,
The plumb bob is suspended ‘through this aperiure to
check whether ths vertical axis of the theodalitais exzelly
.on the station or not.' The upper ‘plate is supporied by
four or three foot-screws.

Azimuinh Bubbig Q—-————-nﬁld‘ﬂ G

e o e T

Bubbie 7 = runion Becring

'I'ruf:!‘on Bectlage— "

Vestical Circle l-“'

. Clip Screw =—__

Focwssing Screw
Clophrogm Screw

Slow Mollon Scicw
Pigte, Bubble Tube
M:.'."l-..l:,rm? -1
ToReod Vernies
Zopsicn Hegdea Siiaw
Upper Clomp :
Tongent Scraw
Contering Clomp

Bote Screw

B-Frarne

Lewer Rigle—"
Molion Screw
Lower Clogmp

B PERSPECTIVE VIFW OF
AT j'li
Fig. 2.18

(3) The Lower Circular Plate : This is a cirgular g:'{.idliETe‘d
plate also kaown as lower plite or s-ae -plate, ;! naa:‘mo
attached screws. Tha first one is known &s I-:;'.r.‘er1:;c.mp
and the second one tang2nt scTew. Tha upper plate 1s “"ﬁda
fixed by tightening the clamp scre. Tha lower]]:-;Iat:al aEd
the upper part of the theodolite can be rotated slightly by
turning the tangent screw. ;

(4) The Upper Circular FPlate :

plate. Tt is also known 25 vernier p

This rests on the Iowezl*
late. It has also a clamp
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acrew and a tangen! screw. These sre provided to fx the
vernier plate to the lower plate very accurately. The upper
plate has two or thiese verniers with magnifying glasses
placed 180° or 1207 apart for reading horizontal angls.

(3) The Vertical Circle: Itis a graduated circle by which
vertical -angles are read. Itis provided with two or three
vernier scalcs with or without magnilying glasses. This
verticala circie can be set wiih the lelescope at any desired
positicn in the vertical plane by m=ans of aclamp and a
tangent scraw,

(6) The A—Frames ( or standards ) : These framss resern.
ble the letier A in shape and suppaitize horizontal axis of
theodolite.

{7) The Aczimueh and Plate Bubble Tuhes: 'The zzinuth
bubble lubs iz fized cn the upper surface of the vertical
circle while the plzate bubble lube i5 fixed.on the upper
surface en the uppser circular piale. Tasy are placedat
right angles to each other, - They are used. to level the
theodolite. Bubble tubss are sealed gisza tube placed ina
brass tube. Whe tupesare nesriv filled up with alechol.
ether or a mixture of both. The uppsr space of the wbe
is occunied by an air bubble. Th=2 cuter shapa ¢f the glass
tube is cylindrical but the upoer part of 1ha inner surface
isan arc of a circle when ‘cut loagitudinaly. Tno outzr
-surface is graduated on hoth'dirﬁclibm with zeroat the
cantre. The axia of the bubble i3 ths tangent to the circular
ars when the bubbla is'at the cenire of its run. 'This axis
is also knowp as the bubble line. The lengih of the
‘bubble viries with the: variation of lemperature,

The sensitiveness or sensitivity of 2 'bubble is its 'fast
moving properlies and is measured by the angle through
which the bubble tube is tilied to cause the bubble to
move through ore division of the scale. Itmay also ba
-expressed in terms of the radius of curvature of the tuba.
Sensitivity is inversely proportional to the number of
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seconds. It varies from 8 to 43 seconds for different
instruments. :

(8) The Compass : The theodolites are fitted witha cir-
cular trough or tubular type of compass mounfed on one
of the A frumas to read the magnetic meridian

(%) The Plumb Bob : A plumb bob (a conical shaped
wveight) is suspended by a string from the heok attached
to the bottom of the central verticsl axis-of the theodolite to
check whether tha vetical axis is exactly over the station
o nct.

({10) Tripod Stand : [V isthres ledgad-support on whici:
tha bettom most part of tha theodolite is screwed up. The
legs are made of s2asoned timber witn pointed stes}
shess at tha'lower ends soas to fix them firmly-on the
ground ;

3—19 Dennitions 1 The {ollowing dafinitions shouid be
minutely studizd in ordar to understsrd clearly and thro--
uahily tha principle of handing a thaodatita.

(1) Herizental Axis { Transrverse or Trunnion Axiv) 1 This is
22 axis abut which tiie telescopeis rotatad ina verticel
plane. .

(2) Vertieal Axis @ This is the axis about which th= teles-
cope is rotated in a horizonta! plane.

(3) Telescope Axis: This isthe line joining the optical
-=nire of the objective and the centre of the evepiece.

() - Line of Collimation ( Line of Sight ) : The imaginary
line passing through the intersection of tha cross-hairs of
the disphragm and the optical centre of the objactive and
its extensicn upto infinity is known as the line of collimation,

t51 Digphragm : tis a ground glass ring consiting of
cross-hairs. This is fitted in the telescope 1ubs The crosa-
hairs may be of spider webs, lines on glass and platinum
wires, The diaphragm may be moved vertically or horizon-
tally by means of screws,
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(J) Face Left ond Face Right : If the vertical circle of ths
theodolite is on the left side of the observer when taking
a reading, the position is termed as face laft. When the
vertical cirels lies on the right of the obsarver, tha position
19 face right. And corresponding observations ara caded
face left and face right observations. ! 2

(T) Objecrive ond Eye-piece © Thass are two lenses The:
object glassis fixed at the fore end of the telescoce while
the eye-piece is fixed at the rear end. The obj:ctivaisa -
?ouble couvex lens while tha eye piaca isa plino.convex
2115

A3) Centering : Itis tha oparatisn of seiting ths theodo-
lit2 exactly over a station with the help of a piumb bob.

(9) Parallax : When th2 imigs of an objsct-is rict
exactly on the plane of th2 diaphragm. insre is rélative
movement of the imaga with .respect to the cr.ss-haire
vinila moving the eye up and down. This. ph2nimnaana is
¥rnown as piralax.  And the error that will arize due to th's
iz known as parallax error. '

(10) Chromatic Aberration : The dispersion of waite light
into its component colours by a lens is known as chromatiz
aberration. Achromatic lenses ara used to miaimisa this
dafact.

(11) Spherical Aberration : Itisadsifect in the imags
formad by a lens of spharical surfaca,

(12) Changing Face : Itisth= art of bringing tha verti--
cal circle to the lelt of the observar if at the beginning it is
to the right and vice-versa. [In case of a transit thaod»lita it
is done by turning the telescope through 180° about its hori-
zontal axis - Tnis can also be done by turning through 180°
about its vertical axis. But in non-transit case it is a:hieved
by lifting the teiescope fromits supports, raversed and
replaced on its susports,

(13) Telescope Normal and reversed : When the position
of the bubble tube is on the top of the telescope, itiscalled

65—
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telescope normal. When the telescope is transited, the
position of the bubble tube is at the bottom which is called
telescope reversed or inverted.

3—20 Adjustment of a Transit Theodolite: If the theodo-
lite is in perfect adjustment, then the following conditions
will be satisfied,

(3) The line of collimation should be at right angles to
the horizontal axis. (b) The horizontal axis should be per-
pendicular ta the vertical axis. (c) The axis of the telescopa
bubble shou'd be parallel o the linz of ¢ llimation. {d) The
axis of the plate levels should be perpeniicular to the ver-
tical axis. (e) When the line cf collination is'horizontal the
vertical circle varnier;should read zero.

If any cne of tha above conditionsis not satisfied, the
theodolite neads adjustment.

There are mainly two tyres of adjustment :

(1) Temporary and (2) Permanent, Before taking any
observation, temporary adjustments are mads= at every set
up of the instrument While permanent adjustment are
made for accuracy of chservations. :

Temporary adjustments :  (a) Sctring : This consists of cens
tering and approximately levelling of the insts uments by
triped stonds.

(b, Levelling : " After se'ting, the Instrument is levellad
with respect 1o pla'e levels by means of levelling screws in
such a way tha' 'he vertical axisis truly vertical. Thisis

_done by turring the telsscopa . until it is paraillel to the line

joining any two levelling screws of foot scre vs By turning
both the screws simultaneously in opposite drection the

‘bubble is broughtto the centre of its run. The othar bubblae

is brought! to ths cantral position by turning tha third screw.
“The process is repeated until both the bubbles are brought

tocentre. Now if the instrumentis rotated through any

degree and if 1t is found that the bubbles rema:n caatrally
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‘then the vertical axis ia truly vertical. In cage of instru-

ments having four levelling screws one of the bubble
should be made parallel 1o diagonal joining the upoéite
Bcrews. Now ths above procedure is followed.

(c) Focussing of Eye:piece and Objective ; Focussing of ths
eyepiece is done to see the cross-hairs distinetly, This is
obtained by focussing ths telescope towards a distinct
object ( whit2 wall or whire sheet of paper) and moving
the eye-piece in and out.

The object. glass is focussed 1o bring the image of tha
object in the plare ¢f the crcss-hairs, To obtair ir, tha
telescope is directed towards tha objsot and the focussing
screw is turn=d untila sharp and clear image is formad,
This is same as the elimination of the parallax error,

Permanent adjustments : Thera are 8ix permanent adjust-
menls in a tran:it theodolire. :

(a) Adjustment of paralie] plate bubbls tubas,

(b) Acjustment of horizantal (tiansverse ) axis of .tha
telescope.

(c) Adjustment of the line of collimation vertically. -

(d) Adjustment of the lire of collimation laterally,

{e) Adjustment of the bubble tube on the'telescope or
T-frame,

(f) Determination of the index error of the wvertical
circle,

Adjustment of parallel plate bubble tubes : The object of 4his
adjusiment is 1o set the bubble ube in such a way that
when it is horizonial, the verical axis becomes truly verti-
cal. If it is not in adjustment then, when the bubble tubs ig
horizontal, the vertical axis will make an angle a with truly
vertical line ( Fig 3 18 ). In this condition the graduated
acale is inclined and any horizontal angle observed wil)
have error, First the bubble is brought to the centre of ils

-run by using foot screws. Now the instrument is turpned
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through 180° in azimuth. If the bubble moves towards any-

side of tha tube, then there is error of this nature. If the
movement of the bubble is 2n, then 2n/2 divisionie. n di-
vizions should be brought back by Capstan hsaded screw
and the other half i. e., n Givisions by the levelling screws. It

should be remembered cle-

DRPEY . Ll arly that when the bubble is

\7" reversed end 1o end, the de-
viation of the bubble is twica
the actual error in the axis of
the bubble. Thatis why the
correciion by the levelling
screws is only half the am-
cunt of the error. The inatru-
wment is rotated through 350°
and if it is fourd that the bubble remains at the cantre then
the instrunient is ready for use. After this adjustmant the
Capstan headad =crew should not be handled.

Adjustment of the horizontal (transverse) axis of the tn’fn-'h"*-’}""-‘l :
The cbject of this adjustment is 1o make e horlzonlal axis
of the telescops at right anglas to the vertical axis. There
will be error in the measurement of horizontal angles if
the instrument is not adjusted. The adjustment is dons by
spire test. The theodolite is set up first near a spire.or an
elevated chject and the ends of the horizontal axis are
unclamped. The telescopsa ls now focussed to an elevatfzd
object O making exact coincidenca of the cross-hairs

with the object The telescope is lowered keeping both.

the lower and upper clamps 1igh1eneﬂ. The foot of the
object is marked as F, on the ground by means of an arrow

where the cross-hdirs cui. The telescope is lifted fromits
supports and the ‘instrument is rotated through 180° in
szimuth by loosening the lower clamp. In doing so the-

position of A:frame is reversed. The telescope is now
placed again on these already revarsed supports. The
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telescope is focussedat tha object O and axact coinci-
dence with the cross-hairs is made. The telescops is
depressed and the cross-hairs must zut the previously
located foot of tha object F, if the instrument is in adjnat-
ment. If not it will locate another point F, whara the cross-
hairs now cut the foot of the object.

To adjust this error, one end of the supoort is lowerad
by screw attachad to A-frame unlil tha cross-hairs ssem
to have be=n moved by }th of ths distance F,F,. By doing
this, the line of collimation is thrown from position OF, to
O,F: (Fiz. 2.17), Again the telascope is directed to O by
adjusting the lower clamp and tangent scraw. The tales-
cope i3 now depr2ssed andif the errer is adjusted by the
-above method ihen the cross-hairs shouzld coincide with
F which is vertically below O.F is the midpoint of F,F,.
If the crosz-hairs do nol coinzide with
F, the above procadure is repeated till
exact coingidence with F is attained.
There will be error aiso in tha measure-
ment of vertical anglas’if the horizontal
axis of tha teleacope is nct at right ang-
lesto th2 vertical axia. But this error,
cannot be corracled by the above mat-
hod. To correct the same, the axis
needs adjustment.

Adjustment of line of collimation vertically : Tha purposs of
ihis adjustment is to coincide the line of collimation with
the longitudinal axis of the telescope and also to put the in-
1ersection of the cross-hairs on the horizontal diamster of.
the telescope: For measuring horizontal angles this adjust-
ment is not essential, But this will affect the msasuremsant of
vertical angles. To adjust this, the theodolite is lavelled
first, A levelling staff is held erect in front of ths telascops
and extreme readings are noted. Now the intersection of
¢he cross-hairs is put at the middle of the exirema readingys
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by means of the vertical diaphragm screw. Now itison
the horizontal diameter of the telescope.

Adjustment of the line of collimation laterally : The purposa
of this adjastment is to make tha line of coliimation at right
angle to the horizontal axis of the telescope. If the line of
coliimation is not perpeandicular to the horizontal axis, it is
said to be horizontally out. The horizortal angles measured
with fuch an irstrument give error specially when the two
pcirts ere at different levels. This error comes into picture
becaise the line of coliimation traces a curve very close tc
4 hyperbola en the ground instead of a plane surface which
s described by tha revolution of the telescope when tha
line of collimation is in adjustment laterally.

Totest this adjusiment, the instrumentis setup ona
ccnivenien! station O (Fig. 3.18) and levelled. The telescopa
15 focussed'to a point A; on a wall, situated at a convenient
distance (generally 50 ft.) awsy from the instrument  station
and exact conridence of the cross hairs with the point A, iz
made by mears of one of the tangant screws. The telescops
13 lifted from its subports and replzced very gently upside
down. The telescope is again
focussed to the wall. If the line
of collimation is at right angles
to the heorizontal axis of the te-

- leacope, tha cross-hairs shoud

] A ‘\).. cut again the point A, on the

F A wall. If not, another point A,
will be cut by the interseetion

of the cross-hairs onthe wall. Now, the point A which iz
the mid-point of A,A, will give the position on the wall
where the line of collimation will be exactly perpendicular
to the horizontal axis. To adjustit, diaphragm is moved
laterally by the Capstan headed screw till the cross-hairs

coincide with A. The procedure is repeated until the error

is eliminated.
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Adfsutment of the Bubble tube on the telescope or T-frame :
The purpose of this adjustment is to krow that the line of
collimation or th2 longitudinal axis of the teles-ope is para-
llel to the axis of tha bubble. Tstest this condition, two
stations A & B are fixed at a convenient distarce apart on
an appreoximately levelled ground The instrument is pla-
ced at the station C & levelled. The vernier is set at zero
if possib'e, o'herwise the vernier reading is ncted as index
error. Siaif readings are taken at A & B. The “ifference of
these two readings will give the true diifzrence of eleva-
ion betws2en A & B, bs-ausa the error di1s ta tha lines of
collimation being inclined will ke equal on both the stations

a A& B. The irs'rument is then

L=

13 iE f placed to another station D
—_— very c'os= 1o station A ( Fig.
3.19) and levalled. Staff ;23-
dings are taken againat A& B
: and their difieren 22 is found

o ; out. If tais difierence i3 same
W—Ic/’_ as in th2 previcus cass, then
o a 8 1he line of coiination is

iv) parallel to th= axiz of the
FIG. 3.1 bubbla. If they are not equal

then by trial the telescope is continued turring till a set of
readings on A & B gives the same difference as in the
case of the insirument placed at the midpoint of A & B.
Now the bubble moves to one side of the tube. And this
1s brought to ths centre of its run by adjusting tha Capstan
beaded screw of the bubble wbe. This testis also known
as two peg fest. 5

Determination of the index error of the vertical ecircle : The
object of this determination is to ses that when the teles-
cope bubble is at ils central run i. e., the line of collimation
is horizontal and parallel to the longitudinal axis of the
telescope, the wertical circle should read zero. This is
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Fietermined only in those cases where ths aliitude bubble
:-g attached 12 the top of the telescope. But in transit theodo-
lite tnere 13 no ind2x error because the vernier can he
clamped at zero and the telescope 1s then brought into
horizenial position by the help of the screws provided for
the purpusae, ' ;

I! the vernier circle does not 1ead zero then the ma }F
tude of the jrniual reraingis known asindex efror. Th:s
1s determined by setung up the 1psttument and leveliing
it propzniy. T'he telescope bubble s then brough: to s
cenlral run by vertwal langeat screw. The reading con tha
vermer circle 1s roted. liit15 zero then there is o indeax
error. I not, the value 1s the index error. This error may
be added to or substracied rom cvserved angles of eiava-
1on or dep:ession: ;

3—21 Methods of measuring hovizontal aogles by a theadolite :
There are two methods by which herizomal angles can b=
measured. g

(@) By Repetition: Hare ths same angle is measured

several umes and their average 13 taken. [ this method

( Fig. 3,20 ) the instruments is set up at the staticn Band 1
13 ragured to measure th2 hiorizantal angle 0 betwa=n
two atanons A and C. The :
instrument s centered and -

levelled. Toe telescope 1s :

now focussed at tha foot of

the ranging rod at A bythe

lower clamp and the tan-

gent screw, The vernier

arrow should coincide with e
zaro of the main scale. FiG. 220

C

The upper plate is unclamped and the telescop2 is
turned clockwise to the foot of the ranging rod at C and the

exacl coincidence of the cross-hairg with it is obtained by:

the upper clamp and tangent screw. The angle is now
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read and it is found to be 0. Leaving the vernier unchan-
ged, the lower plate is unclamped and the telescope is

-turned clockwis e until the foot cf the ranging rod at A 1s

again bisected accurately by the cross-hairs with the help
of lower clamp and tangent screw. The vernier is now
checked. It should indicate the same reading as before.
Keeping the lower plate fixed, the upper plate is unclam-
ped and the telescope i3 turned clockwise and focussed 13
the foot of the ranging rod at Cand exact coincidence of
the cross hairs witn it is obtained.

The vermer should now read 20. The procedure i3
repealed any number of imes and final reading alter »
repetitions should be 0. 360° is added for each complate
revolution to get the value of n0. This sum divided by tha
number of repetitions n will give the value of angle ABC.
The averags of -1l the values of angles read by different
vernier should be taken - By this mathods any error arising
due to eccentric centering, imperfact bisection of the
object, imperfect graduatuon of scales, and any personal
.arror in reading the verniers, is eliminated. .

(b). By reiteration ; This is easiar and quicker than repeti-
tion. This is less tedious and is always preferred when a
Jarge number of angles are to be measured from the same
staotin, In Fig 3.2]1 'S is the instrument station and it 13
required to measure the angles f,, 6,, 8. 0,, and 6, subten-
.ded at 5. Tha theodolite is set up accurately on station S.
The leading vernier is clamped so that its arrow reads

FIG, 1,21
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zero with the main scale by the help of upper plate clamp
and tangent screw. The telescope is now directed to the
foot of the raging rod at station A, which 13 taken as the
**Referring Station™ and exact coincidence is obtained by
the help of lowerclamp and tangent screw. The vernier
readings are noted. The upper plate is loosened and the
telescope is turned clockwise until the foot of the ranging
rod at B is exactly bisected by the cross-hsirs by turning
upper tangz2nt screw. The vernier readings now noted
will give the valua of the angle 8,. The upper plate is then
unclamped and the telescope is turned clockwise to the
foot of the ranging rcd at C and exact coinecidence of cross-
hairs with it is obtained, The vornier readings are noted.

This will "give tha wvalue of the angie ASC=0,+8,.
So the angle B3C=/ASC—/ A5B=0, In this way stations
D and E are bisected and angles CSD=:0; and / DSE=6, are
calculated. Finally, the telescope is turned to siation A,
the “Referring Station" and the leading vernier shouid now
read 360°, because the lower clamp and the tangent screw
have not been disturbed during the complete revolution of
the telescope. The angle ESA=0, is calculaied. If the
leading vernier does not read 360° the reading is noted.
This is the error due to slip, etc. If the error is small, it is
equally distributed. among the observed anjles. If it is
considerabls, the readings should be disregarded and &
new set will have to be taken in lien of thosa,

The second set of readings is taken in anticlockwise di--
rection from the **Referring Station" A by changing face and
turning the telesbope through 180° to eliminate the effect
of instrumental errors. Generally the leading vernier is
clamped at any where other than zero ( 45° 60° or 90° ) and.
the angles are measured by the same procedure as in first

set, with the new index reading. Now tha average of these:

two sets of readings is taken as the truse value of the angles.
3—22 Metbod of measuring vertical aagles by a theodolite :
The angle between the inclined line of sight and the hori-

v
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zontal is known as the vertical angle and it is positive when .
the angle is above the horizontai plane and negative when
below the plane, In Fig. 3.22. the verlical anjle BOA is
required to be measured. The theodclite is placed at S and
properly levelled with respect 10 both parallsl p.ate and

4+ altitude bubbles. The

o arrow of the vernier is

t a‘f set to the zero of the
===--" Lo m et i o vertical cirl+ by means
of veruesl circle clamp

"\.J‘,Jﬁfiﬁr\_,_'_b____‘-\- | and ta ngent gcrew.
Tl Since the aitituds bub-

(i L 5 bla is at the centre of

its run, the vernier should read zero because the line of
collimation is horizeontal. Now the vertical circle clamp is-
loosened and the tsleszope is fecussed towards A and
exact coincidence of cress-hairs with it is obtained by tura--
ing the tangent screw. Both the varaiars in tha vertical cir-
cle are now read and their mean is taken. This gives tha
value of tha verlical anale BOA. For greater accuracy the
fac= ©f the instrument is changed and the same procedurs
is re peated and ancther value of the angle 0 is oblained..
The mean of this latter angle and the previous one will
give the more accurate angle BOA.

This angle 6 is the angle of elevation because A lies-
avobe the horizontal plane OB. If A lies bzlow B, . then the-
angle will be termed as depression angle.

A3—23 Permissible error in aogle measorement : In case of
single observation the angular error should nat exceed 30°.
For greater -accuracy the maximum permissible error
should not exceed 15"4/N, where N is the number of angu-

lar measurementas.

3—124 To obtfain the magnetic hearing of a line with =




<93 TRAVERSE SURVEYING

theodolite : The bearing of the line AB ( F ig. 3.23 ) isto bs
' measured. The theodolite is set at A

-f 0
**'/ and propsriy levellad. The trough
7 compass is screwed to the bottom of
L € the lower plate and the needle is
allowed to swing freely. The lead-
ing verniser is set to zero of the main
horizontal scale. The lower parallel
plate is unclamped and the theodo-
Iite'is rotated until the magnetic na=-
dle assumes roughly North-South

direction. The lower clamp i3 fixad and the neadls is
broughtin its exact N-S direction by the help of tangant
screw. Now the telescope is pointing towards the magnetic
north and the vernier reads z2ro. The telescope is rotatad
towards the station B by unclamping upper plate. Fxac
coincidence of the cross-hairs with it is obtained by the tan-
gent screw. Now the two verniers are read and the mean
of the two angles gives the bearing of tha line AB. When a
trough compass is not available, tha bearing is taken by a
prismatic compass.

325 Traversing with a theodolitc : In case of a closad
traverse (Fig. 3.24) the bearing of the line AB from the star-
ting station A is taken. By reconnaissance tha stations A, B,
C, D, and E on the plot to ba traversad have been already

-fixed.

FIG, 3, 14
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The included angle EABis measured either by the
repslition or by the reiteration method. The theodolite i3
now shifted to station B and the included anlge ABCis
measured in the same way. Similarly by shifting the theo-
dolite at C, D and E, the other included anglas are mea-
sured. Instead of measuring the interior angles, exterior
anales can also be measursed,

In case of an open traverse the sama procadure of mea-
suring angles can b2 adopted as shown in Fig. 3.25.

3—26 Traverse computation: The calculation is exactly
similar to that explained in case of a compass traverse;

3—27 Advantages and disadvantages of using compﬁqs and
theodolite in surveying : In both cases linear and angular mea-
surements are taken. The angular measurements are taken
either by a compass or by a theodolite and the linear mea-
surements are taken by the tape and chain. Theodolite
surveying is more accurate than the compass surveying.
Moreover, the range of vision is more in theodolite than in
compass. Compiss measurmants ara fister than thesdslite.
In compass survey there is a possibulity of local attraction
but theodolite is free from this phenomenon, Ths handling
of a theodolite is more complicated than that of a compass,

EXERCISE ,

Examine carefully the following statements and write
whether true or false. .




!
{

.'ﬂ,‘

@)
(b)

TRAVERSE SURVEYING

The graduation in a prismatic compass starts from
north. :
The body of the prismatic compass remain fixed

“but the scals moves in taking the bearing of a line.

(c)
(d)
(e)
(f)

Q)

(h)
()
()
()
0]

{m)

{n)
(e)

®)
(@
0]
(&

Y

In prizmatic compass angles can be read upto 1°,
The bearing of a line AB and that of BA is same.
The F, B. and B. B. of a line differ by 180'.

The differencs baiween the bearings of two linus -

at a siation is the included angle,

The error in measuring the included angles of a
ciosed traverse 1s distnibuted proportionally oo
all sid=s _

Ifthe W. C. B, of a line is 305°15’' then its reduced
beari=g is 35°15". e

Th2 W.C. B and the R.B. of aline is same in the
second quadrant, ;

A €+ theodolite means the length of the telescope
15 6. i

A theodolite can be used as a levelling instrument.
Tha bubble tube is nlled up wi:h distilled water.
In theodoli'e traversing no bearing is required to
be measured. '

The babble tube is cylindrical in shape.

Ir a transit theodolite the 1elescope cannot be rota-
ted in the verrical plane, _

For each theodo ite there are two vernier constants
for the tw2 verniars, :

In a th-odalite the upper paraliel plate conta_ina the
main scale.

Dip is the angle of axis of the magnetic needle with
the rue geograrchical north.

The variation in the dip in 24 hours is known as
dwrnal variation.

The R. B. of a line in the third quadrant is the W. C.
B. of line minus 180° and its cardinal direction is

Nl w-
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“(0) Inaclosed traverse of siy ‘sides the sum of the
included angles is 540°,

{v) The sum of the exterior angles of the clossd tra-
vers of four sides is 1080, -

(W) The lin= of collimation does not generally coincida
with the longiludinal axis of the telescope tube.

{x) If the transverse axis of the theodolite is not in ad-
justment,” there will be error in the measured ver-
tical-angles,

(y) The lanwude of a line is equal to the langth of the
line mul'iplied by sine of jis R.B.

(z) Tne inaependent co-ordinates of the last pointin a
closed traverse are 0,0,

(3’) The airea of a closed traverse can be calculated by
knowing :nhe independent- co-ordinatss of different
slations only.

(b’) Tne line of collimation is the imaginary line joining
the intersection of the cross-hairs and the optical
cente ol the eye-piece,

(€’) Telesicope axisis the line joining the optical centre
of ihe vujeclive and the intersection point of the
cross-hairs on the diaphragm,

{d’) Effsact of local atlraction may be eliminated by
taking forward and backward bearing of a line.

(e) There will be errors in the mesuremenis of both
horizontsl and vertical angles if the plate lavels
are not in adjustment,

A There wiil b2 error ia horizonial angles when mea-

sured batween points at widely differeat elevations
due 1o line of collimation not being perpendicular
to the horizontal axis.

{¢) There will be errors in both borizontal and vertica)
angles dus to horizontal axis not being perpendi-
cul4r 'o the vertical axis, =

{h) Due 1o non-parallelism of the axis of the lelescope
levgl and the line of collimation, there will be

o e
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error in the measurement of vertical angles.

(i) Bearing of a line is the. acute angle that the line
makes with the reference line.

(j) The bearing of a line is measured ina clockwiss
direction from the referencea line.

(k) In surveying, direction of alins is not so impor- -

tant as its bearing,

(1) The forwird baaring of a line AB is the same as.

the beckward bearing of line BA.

{m) The magnetic needlein a prismatic compass is
rigidly fixed.with the circular graduated scale.

(n) The direcnion of the magnetic reedle is taken as
the direction of the reference line in a prismatic

cCOmpass sUrvey, _
(0') The effac’ of local attraction of a stition may be

detected by taking forward and backward bearing
of the lines maeting at the station., and also of the
adjascant sides, provided the staiions of on2 of
which 13 free from such attraction.

(p') Printing of a north line oa th2 man and also the
scale 1n which it is drawn are essennal.

(q’) The lines are not usually taken in a prismatic com-

pass survey
2. Fill up the fellowing blanks each with nae word.

(a) The forward and...........ccoswunee...b2arings of a  line

e BY v nimimnases gusmssus
(b) The included angle between two lines measuring

at a point is th2 .. ......w......—0Of their beanings.

(c) Local .. ..............at a station is dus to the presence -
ofa......... .... substance near the station.

(d) In aciosed polygon the sum of all the includad
angles plus .......... right angles is equal 1o .........a38 many
right angle: as the No. of sides of the figure. 3

* {(e) The error in the included angles s ........distributed

amongst the angles in a prismatic compass survey.

& (f) The closing error occurs due to the errors in mea- -

suring inciuded angles and..................t1he sides.

A
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(g) The closing error at ths end of each side is.........10
the total length of the perimater up to the end of that side
from the stariing point.

(h) If the bearing of AB is 70°-20" and the bearing of BC

- 13 280°-20’ then the angle ABCis ........

(i) If the forward bearing of AB is T0°-30' and the back-
ward bearing of BC is 230°-20 then the angla ABC is ... ...

(i) If the backward baaring of the line BA is 70°.30' and
the forward bearing of the line BC is 250°-20' then th=
anjla ABC is .. ...........

(k) If the backward baaring of BA is 70°20° and tha
Fackward baariny of CB is 230°-20° then the angle ABC
(1) 1f the forward bearinz cf BA is 70°-20" ard the back-
viard bearing of CBis 230> 2) then the aagle ABC is......

(m) If the forward bearing of BA is 70%-30' and the for-
ward bearing of CB i3 280°-2)' thea the angle ABC is.......

(n) Ths telescope in a theodolit= i3 fittad o0 two...... .
frames throrgh a horizontal ....... .. .. about which
ltcan...... ...ovee = «... in a vertical plane.

(0) Theodolites can measurs angles correct up to ..... ..

(P) Tne telescope of a theodolite hastwo ....... . ona
through which tha surveyor sees is known as the eye piece
and the other 1s known as the ........... g.ass.

(9) Tae pointin the................. glass through which a
Tray passes undeviated is known as the........... centre.

(r) Two thin lines cut a right angle on tha ....... B 1 =
RROWIEE e il i o bialing;

(s) A theodolite should bs ....... before measuring any
angle in order to effect correct measuremsats.

(t) A transit ...........is one whose telescope makes a
cOmMPlete. . ......cuiemaess N seisnmansacenplane.

3. What is meant by traverse surveying ? List ths
points on which it differs from chain surveying. Compare
between a closed traverse and an open traverse. Suppose

¥
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you are asked to conduct a traverse surveying for an
frregation canal, which type of traversing do’ you prefer
end why ?

4, Write explanatory notas on the following ; ;
Surveyor’s compass, Declination, Annual variation, Isogonit_:
lines, True meridian, Local attraction. Cioa:.ng arro-r, CPﬂ'
sectuive co-ordinatas, Traverse chart, Cardinal direction
and Adjustment of anguler errors. : -

5. Name the factors that are to be considered before
plotting a compass travzrss. Explain_ brisfly the methods
of plotling a compass lraverse.

6. What are 'he different types of correction for balan-
cing a traversas 7 Explain. ;

"iscuss the merits and demerits of theodolite sur-
veyiny over compass surveying.

B. Explain clearly tha following in a theodolite ; Footl
screws, Tangent screws, Vertical circle, Levelling head,
Vertical and transversa axis, Bubble ax's, Sensitivity of the
bubble, patallex error, Ind=x error, Transining, Centering,
Face left and taze nigh!, Diaphragm, Cha nging face, Teles-
cope axis, Chromaiic and Spherical aberration, Capslan
headedscrew, Altituds bubble, Line of collimation, Azimuth.

8. What are the necassilies of adjusting a theodolite ?
"What are ths lemporary and permamaat adjustments of a
#ransit theodoli'e ¥ Whan and how are they performed ?

10. In a closed traverse ABCDA 1he following bearings
were observed by a prismatic compass :

Side F.B. : EB.

2B 51000 e R 5 1
BC ; B4°15’ 262°00°
cD 326°15" 151°20'
DA 224°30° 45°30'

Is there a1y local atracuon at any station ? Detect the
game and eliminare it.

TRAVERSE SURVEY] Na

: 99
11. The magnetic bearing of a line AB is 133°15%, caleu-

late its true bearing if the direction of the magnetic north

at A is 10°15" West of true North and 7°30' East cf true
North,

[ Hiats ; To solve this problem, ses additional informa-
dons on page 102 ]

Ans. 120°, 137°45
12. The following lengths and bearings of different
sides of a closed traverse A3CDA are gbserved :

Side Lengih Bearing
AB 248 30°
BC 320’ 140° .
CD ' 180 : 210°
DA

Calculate the length and beari ng of DA,
Ans. 3435f{t, 307°50
13. Find the bearings of line BC and DE of the closed
traverse ABCDEFA from the following data :

Side Length Bearing
AB : B72 41°35' N W,
BC 322 s

CD 70 63°12° S.W.
DE 406"

EF 1079’ 26°39" S.E,
FA 1480 53°30' N E.

Ans, 300°57’, 197°55',
14. In a closed traverse AB CDEFA the following length
-of sides and included angles were observed :

Side Length Angle

AB 164 A=pg°12
BC L 125 B=169°34*
CD 152 C=129°50"
DE 157¢ D =]17°45
EE 185° E=93.7
FA ! ) F=121°5]"

! Caleulate the corrected inzluded angles. whols circla
‘‘bearings, coasecutive and ind3oandant ca-ordinates. Show
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all the necessary corrections and tabulate the calculated:
data in a traverse chart, Also find the area of the traverase.

15. Compute the area of the closed traverse ABCDA.
from the following data :

Side Latitude Departure
AB —116.1 —44.4

BC +6.8 +58.2

CD : -+80.5 +17.2

DA : +28.8 —31.0

Ans. 4723 sq. ft.

16. The magnetic bearing of a line by a prismatic
compass at a station was found to be 90°30'. If the local
attraction at this station is known to be 6°45' E and the
declination 4°15°E, calculate the true bearing ot the line.

-Ans. 101°30'

17. A compass traverse ABCD was surveyed round a

building site and the following readings were taken;

Line Length (ft)  Whole circls bearing
AB 1481.7 0°

BC 121.58 261°15

CD 133.5 1E3°32"

Calculate length and W.C,B. of DA.
Ans: Length of DA=TI1.65 ft.
W.C.B. of DA=04°]8"
18. Given the following data find the length and baar-

ing of line AF :
Line Distance (ft)  Bearing
AB 155.0 N 66°E
BC 203.5 5 859E
CD 112.0 5 53°E
DE 151.0 N 68E
EF 83.0 N 12°E

Ans : Length of AF=603 ft, Bearing of AF=NT78°10'E
19. In a four-sided traverse PQRS the whole circle
bearing of line PQis 42°20’. From the internal
angles shown below calculate the quadrant bear-
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ings of line QR, RS and SP. Angles are, atP :
21030, at Q, 22°20", at R, 6'1°30° and at S, 65040,
Ans : QR=20°10'NW, RS =41030'NE, SP=T2°50'NE,

'20. The distance between two points A and B oppo-
site banks of ariver is required. Compass bearings
taken from A are AB 42°, AD 68, From C along
AD the bearing of CBis 220. If the distance AC
is 20 ft, calculate the distancs AB.

Ans : 42.08 ft.
Zl. Convert the following Whole Circle Bearing to
Quadrant Bearings : 2130, 140, 103040' 252 ., 2100,
Ans : TI°NW, 14°'NE, 76920'SE, 72°SW, §0°W.
22. In a traverse ABCDE, AB=267 ft, DE=34l fr,
EA=411fi. Lengths BC and CD are unattainable.
Included angle A=287°51', B==294°09', C=not
known, D=267°, E=308°,
Find the lengths and bearing of BC and CD.
Ans. §7.9 ft 131e, 540
23. The following readings were obiained on a theo-
dolite ‘raverse ABCDE :

Theodolite Readings

station Bank station Forward station
| A E 00°00' B 259°32'

B A 259°32 C 161°1T

C B 161°1T7" D B52°48

D . C 52°48' E 297°18

E D 297°18' A 179°59

“Calculate and correct the cbserved angles and deter-
‘mine the bearing of BC if the bearing of AB is 48°52".
Ane : Corrected angles :

259°32'12*

261°45'12

asl°alria’

244°307]12¢

242°41'12 :

Bearing of BC=130°37"12",




prr———

102 TRAVERSE SURVEYING

“ADDITIONAL INFORMATIONS REGARDING DETER-
MINATION OF BEARINGS*

Determination of True Bearings: All revenue survey
maps are plotted with reference to the true meridian, If &

survey is made with a compass, the readings observed are™"
the magnetic bearings. Knowing the magnetic declination

at a place, the true bearings may be deduced by the follo-
wing rule. ;

Rule1: True bearing of a line=magnetic bearing of
the line4 declination.

Use plus sign, when the declination i3 east, and minus
sign, when it is west. !

If a line of old survey is to be relaid on the ground
with a compass, the magnetic declination now must be
known to obtain tha magnetic bearingof tha line, which
may be deduced by the following rule.

Rule 2 : Magnetic bearing of a line=true bearing of the-
lineFmagnetic declination, :

Use minus sign, when the declination is east, and plus
sign, when it is west.

Nore : These rules are applicable in the case of whole
circle bearings enly.

Example: The magnetic bearing of a line AB is 134°45’

Find its true bearing, if the magnetic declination is 13°15* W.

Solution :

Since the magnetic meridian is to the westof the true
meridian, true bearing of AB=magnetic bearing of"
AB—declination  =134°45'—10°15'=134°30".

Example : The magnatic bearing of a line AB i3 S32°E.

-and the magnetic declination is 8°16' E. What is the true-

bearing of the line ?
Solution !

True bearing of AB=magnetic bearing of AB—declina-
tion \ =32"—8°16'=23°44' S F.
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Check : Convert the given quadrantal bearing to the
whole circle bearing and then apply the Rule (1.

W.C. B. of AB=180"—32°=148°, :

True bearing of AB=magnetic bearing of AB+magnetic

declination
=148°4-8°16"=156°16
=23°44" S.E.

Example : The true bearing of a line is £25°38' and the
magnetic declination is 12°I4' W, - Find the magnetic bear-
ing of the line,

Solution @

Since the ncrth end of the needle points to the west of
the true meridian,

magnetic bearing of the line =true bearing of the line-
-+declination.

=1i5"38"412°14'=237°52",

Exsmple : A linre was drawn to a magnatic bearing of
234°40’ on an old map when the magnelic deciination was
4° 16’ E. To what bearing should it ba set now, if the
presentmagnetic declination is 2°20° W. ?

Solotion :
True bearing of the line =magnetic bearing of the line
+declination =234°90"-} 4°16'=238°56",

Present declination=2°20" W,
Magnetic bearing of the line=true bearings of the
line +declination. _
=238°56" +-2°20"'=241°1¢".
The line should be set now to the bearing of 241°16".

Example; The true bearing of a tower as obse-ved
from a station A is 348°38' 12- and the magnetic baaring of
the tower as observed by a theodolite s 2°15' 44, The
magnelic bearing of the line AB is also observed with the
same instrument and found to be 148°26' 10°. What is the
true bearing of the line AB'?
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Solation ; .

Since the true bearing of the tower is 348°38' 127, it is
to the west of the true meridian. Also, its magnetic bearing
2°15' 44°. The magnetic meridian is, therrfore to the west
of the tower,

Magnetic declination=2° 15 44"-(360°—348°38" |2
=2°15'd44"+11°21" 48" -
=13°37"32"W

Now the magnetic besring of AB=148°6" 10-,
Since the declination is west,

true bearing of the line £B=14B8926" |0°—13°3T" 32°

= 1349248’ 38°,

Example : Find the magnetic declination, if the mage-
tic bearing of the sun at noon is (a) 186°30* and (b) 356042",
Solution ;

(a) Atnoon the sunis exac!ly on the geographlical
meridian. Since the magnetic bearing of the sun is 186032,
it is at the south pole. The magnetic bearing of the south
pole is, therefore, 185°30. Hence the magnetic bearing of
the north pole is €230, I, therefore, follows that the mag-
netic meridian is 6°20" to the west of the true or geographi-
cal meridian. ;

Magnetic declination=6°30' W,

(b) The magnetic bearing of the sunat noon being
356°42’, the magnetic bearing of the north -pole ig 355°42"..
The magnetic meridian is, therefore, 360°—356°42'=13°15’
to the east of the meridian.

Magnetic declination=3°18'E.

CHAPTER <
PLANE TABLE SURVEYING
4—1 Definitlon : It is a method of surveying in which

- -observations and plofting are done simultaneously. This type

of surveying is very suitable in plotting the interior details
like buildings, trees, roads, eleciric posts or any other
permanent objects. It should be remembered that in plane
tabling the main stations and lines are fixed by traverse
survey. This is particularly used in small scale mapping
and allows the work to be done very gquickly. Since ine
observations and plottings are done simultaneously, so
there is less possibility of any mistake. The handling of
the instrument is very simple. The main disadvantage is
this that during rainy season it cannot be peformed.

4—2 |Instroments: Instruments raquired for this type
of surveying are (3) a drawing board, (b) tripod stand, (¢)
alidade, (d) trough compass, (e) plumb bob, (f) plumbing
fork or U fork, (g) spirit level, (h) tape or chain, (i) drawing
sheet with board+pinsor clips ( Figs. 4.1, 4.2, 4.3 ).

TRIPOD
STAND

PLANE TABLE

. F.IB. 4.1
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The drawing board or table is made of finar variety of”
wood. Its sizes are generally 16" x 127, 24+x 18+, and 30« X 24+
The table is fitted to a fripod stand by a ball and socket
arrangement attached to the central bottom of the table,

..;Fl'iiuuiun“H [LII1T

ALIDADE
FIG- 4-2 FJ [ =) 3

TROUGH COMPASS

The alidade or sight rule is a piece of flat wood 2« wide-
and 1+ thick and length of 20°. It is fiited with sight vanes
ofbrass at its ends. In one vane. there is a narrow slit
through which the objects are sighted while in the other
one there is a broad opening Faving at its centre a horsa
hair stretched vertically. To sight objacts at higher levels
a string is connected between the vanes. The line of sight
Is parallel io the working edge and the same edge socould
always be used throughout the ‘whole survey.

- 4—3 Procedure: (a) Serting up the Table: The table
is placed over the station A ( Fig. 44) and centered
with the help of the plumb bob in such a way that the point
on the drawing sheet should be vertically above station A on

the ground. The table is now levelled by putting a spirt

level at any position on the table. At every position on.
the table the bubble should be always at the centre of its
run. If not, then this is done by adjusting the legs of the
tripod. In case the spirit lavel is not available, levelling
of the table may be done approximately by a round shaped
wooden pencil. The pencil should remain fixed at any
position on the table if it is levelled, '
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FIG q 4

(b} Orienation : A plane table is sard to be ‘oriented
when a Jine drawn on the drawing sheet to represent 2
corresponding line on the greund in such a way that the
line lies in the same vertical plane with the line on the
ground. All the plottad lines on {ha drawing sheei wil}
then be parallel and proporiicnal to the corrasponding
lines on the ground. From Fig, 4.4 if the pointa is exactly
vertically over the corresponding station A on the ground
and if ab and ac are exacily on the two vertical planes
passing through AB and AC respectively, then the table is
oriented, and the process is known as orientation. After
orientation, any object in the field can be located on the
drwaing sheet by sighting it through the alidade and
drawing rays or lines parallel to the line of sigtt. Orienta-
tion can be done by the through compass or by back sight-
ing. :

(i) Orientation by a Trough Compass: The table is setup
over slation A . Noewa through compassis placed at one cor-
ner of the drawnig sheet and moved in such a way that the
needle assumes its normal North-South position. A lins
drawnalong the longer edge of the cormpass and an arrow is
put at the north end The tableis now oriented with respect
to the magnetic meridian. When the table is placed over any
other siation, the trough dompass is placed with its longer
edge in coincidence with the previously drawn N-S lina




‘lcs PLAINE TABLE SURYEYING

"The -ﬁb!ﬂ I8 now rotated i
until the needle assymeag ;
; - ! ' : =) [
mal N.§ ::_nrecnon. The table is clamped by the scf'el:f r:z
; ; . v

not a very accurate method.

(ii) Orientacion by Back Siphy; i .
4 ghting ; It is required to orjer
;I;;;if; at s!auon. A ( Fig 4.4). The table is first set up Ia;r;
scall over station A. A line gp ig drawn in Proportionate
Lo ?hon the drawu'llg sheet after sighting the ranging ro.-’
o grsﬁugh ';_'r;a alidade ang measuring the distance AR c:
nd. e table is now shifted : ‘ '
n [ H = B & and ]a 'or
:gotfner stalion B and Canlered so that the poirﬁ b?ix:‘:f‘

Tbmce!]iy over the corresponding station B on (he 1'\e=1‘:1~t:111'r
Hr.: a;:;iajﬁ I:s blaced with jts edge incoincidence wgirh tlh-::l

€ a0 and the table jg turnad till the r fng re '

i : : . 8 anging rod is
1slzg;r!-lre-r:i_ through ths alidade. The table ?s -:?Iam &Zt P:hIs
line bf‘ IS paralel agne ovyer the line BA op the grfunci ';"ha

: | . The

ﬁe]dAfterhorien!a!ion over any station,.any object on tha
€an ke located op drawing sheet by sighting it thraugll.'x

‘the alidade and draw;i ,
-of sight. "INg rays or lines parallel to the Jirg

(a) "R—;- P?.ﬂhuds Of plave Tabling :  There are four methods
adiation, (b) Inte : _ i :
Reseclion, ; wkolion. e} Tes versing and (d,

(@) Radiation: Thigme thod is i
: _Thisn very suitable for a s
; gtot of la_nd which i3 vigible from a Centrally located p:;z?
-hays or lines are drawn form this point op the drawing shae;

ABCDEF ( Fig. 4.5% is the plot of land tq be survayed,
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F Is the centrally located ﬁoint from which all the stations

are visible. The plana table
is placed over P, levelled
and centered .so that the
point p i3 exactly over tha
station P ontha ground. A
pin ioserted at ths point P
and the alidide is plazed
with its edgs touching the pin.
Now the ranging robat A is
sighted through tha alidade.

The -distance PA iz m:a-

FIG a5

sured. A line pa is drawn in the diactionofa and the dis-
iance pa is cut according to a suitable scale fromit. The
Same procedure is followed for other stations. Finally,
abedef will ba the plot of land on the drawing shast. All
the interior dstails can be located by this method.

(b) Mutersection : In this method an objact i3 located on
the drawing shest by the intersaction of tha rays or lias;
drawn from two stations. This isthe swifiest msthod of
locating an object which is inaccessible. This is also used to
locate details like rivers, ponds, caoals, broken boundaries, roads,
mountainous terrain and aslo distant objects. It is also used to
check objacts, stations, etc. In this metnod except the
base line, no linear measurement ig requirad.

The base lina connacling two points P and Q on the
ground, is measured (Fig. 4.5, The lina is selected in such

a way that maximum numbar of objects in the fiald are

visible from both P and Q. Tiz plane table is sat over the

station P, levelled, centered and oriented. From point P,
on the drawing shest rays of ths object A, Cans D are
drawn by the alidade. Now the table is placed over station
Q and oriented with respect to QP. From this point q again .
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N "I I3 " L3
‘xays of the same object are drawn wtih the alidade, The 4 =alerssction method. Now the table is Riaced ovar ttatlmn
.®positions of the objects A, B, C and D are obtained on the : . -
. t o RS AR R e SR AL Ll s b ';
A'l:-‘""-.__ : .--"fﬂ'\ ‘MH m.__(Chock IinIS-},.-"" - f
I" b, PN o S - \.‘ 1 ~ Sy
1 e i . | \ Pt i :
! - = - — \\ 3 \. = e T .' :
hr - e ] b L pa et
ﬁ‘§ “““““““““““““““ ' F‘F J»
L1_q it 2 - "E 0 _fr 3 t s T e
' % n Kip - <o ) f‘f 2
T 7 H-“ 2.3 L
. ¥ o - Bl s '
-LF,.."" h-'h"'-q"; FIG . 4 7
5 | i 8 and oriented by back sighting on A and clamped. Wit
: the alidade at b. the station C js sighted and a lins or ray
is drawn. The line be is scaled off from tha meisured djs-
1 ; tance of BC  The derails are located as before. The same
FIG. 4.6 Procedure is followed for stations G and D
(d) Resection : hIn this method only the sationg are
= a . b, d respectivel : fixed. [i l~cat=s the same station oyer which the " instru-
_drawmg Hhhe tasa, b C;f"d ESF; clively  when the rays ment is pliced This method will have small errors if the
from q cut the correspouding rays from p. sacle of the map is very smal],
(¢) Traversing : In this method the plane table is shifted A base line 8B (Fig4.3)is measured very accurately
from ona station to next station fixing all details by radia- . on thr? QTO_Uﬂd 1"]-;1,‘51:!'293 I:? a Suhabma'ns:m!e ?.1 the ld!a\;
{ o : . ing sheet in a su = Dasllon as ab . € table 13 place
. ‘tion. Thisis method is used to run a Sirvey where main sta- bt station 2, cent-red and levelled i er®) e s
‘tion have been fixed previously by thaodolite or compass, _ poirt on th» drawing shest js exactly variically over
This is very useful for the survey of roads, canals, rivers, ete ] station A. By the help of a irough compass. 3 magnetic
‘This method also chacks the accuracy of a survey work. ; c ; north line is drawn on one
Station A, B, Cand D are selected on the ground in such Job, ”{ side of the drawing sheet.
& way that from each station the preceeding and the forwar- 3 iy The alidads is plased just
ding stations should be visible 1he table is placed at A and it i touching the pointaand the
-oriented with respect to a. The North. South line also drawn ; : % ranging ‘rod at C is sighted
with the hlp of a trough compass on one corner of the dra- g e through jt. Also wiih the
'Wing sheet (Fig. 4.7). A ray abis drawn from point a by O - RIS *B  edge of the alidade touching
,sighting_ siation B, j A a ranging red at C s sighted
The leajin of ab is plotted from the measurad lerigth of & , and a ray is drawn in that
AB in ths fisid. All the dstails are fixad by radianation or ' . Fi16, g g direction. The position of ¢ is
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marked on the ray drawn by rough estimation, The plane-
table is then shifted to C, centered and levellad in sucha
way that the point ¢ i3 exactly over C on tha ground. The
table is oriented in the direction cb and clamped. Arayis
drawn backward with the edge of the alidade just touching
b. The intersection point of this ray and that previously
drawn from a will give the required point ¢. This is the
correct position of the station C. Tha Procedure is repeated
for other stations. :
4—5 Two-point Problem ; The iwo point preblem con.
sists in locating on the drawing sheat the position of a point
which is occupied by the plane tabls con the ground by
:nzans of observations to two known points which are
visible from the instrument staticn and whose postions
are already plotted on tie drawing shest.
This method is generally applied to varify an old map
prepared by any method of surveying in which thzre are twe

“nown points drawn. N_c.iw it is required to locata 4 faw more
details on the same old map. This problem g:ves the soly:-

‘on as to how the posjtion of the plane table should be fixed
vith refereaca to these two known PIIIsS 35 that tha pew

objects to be surveyed now will fit nicely in tha old map.
A and B are two known points on the field ( Fig. 4.9 )
and a and b are their positions on the drawing. Pis the nay
instrument station the position of which is to be losated

B on the drawing with
3 reference to points A
and B. The instrument
is placed over a suit-

» able station C which
“" Oy will provide good in-
N i tersection from P, B

LS pl and A. Thatabla is

b centered and levallaed .
in such a way that the
point ¢ onthe draw-

1
I
|
1

I
1
1D
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ning sheet is exactly above C on tha ground. The table js
then oriented so that ab is parallel to AB. Thet able is now
clamned. Ths ranging rod at A is sighted the alidade
touching a and a ray or line is drawn through a. Again
the ranging rod at B is sighted through the alidade
‘ouching b and a ray is drawn though h. This ray intersects
the ray drawn throcugh a at ¢,. The point ¢; gives the posl-
tion of ¢ approixmately a3 ths orientation is abproximate

Now the ranging rod at P is sighted witn the alidade
centered at c,, and a ray or line op, is drawn through «,,
Jiving approximate position of p,.

The table is now shifted over the station P, Itis lave-
iied and centered in such a way thatp, is exacily over p.
“he alidada is placed along ¢p, and the table is rotated
Jently until ¢ is disectaed, Tha table is now clamped The
ranging rodat Ais sighted with the alidade touching against
aand aray or line is drawn thraugh a, intersecting the line
eppat p,. With the alidade touching p the ranging rod at B
is sighted and a ray is drawn through p,. If the pravious
orientation is correct, this line should pass throuch b. The
orientation of the table at C and p might be incorrect. This
ray then will pass through b, but not tarough b. The point
b, which is the interesection pointof p, B and ¢, b is marked.
Now 1he p:int b, represents B and hence ae,p,b, represents
ACPB. Since ab is the trua representation of AB, so the
angls byah is the error due to inaccurate orientation. To
eliminate this angular error a station D is fixed along the
line ab,. The alidade is placed alcng ab. The ranging rod
at D is sighted through the alidade by turning the table.
The table is clamped. Soab is parallel to AB and the table
18 in correct crientation. The true position of the point p
can be obtained by sighting throughato A and throughb -
to B. Thsintarsecrion of these two rays will give the trus
position of the station P.

8—
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4—6 Three-point Problem: The three-point problem
consists in locating on the drawing sheet ths position ofa
point which is occupied by the plane table on the ground
by means of ovservation to lhree well-deflned poits, .whose
position are already plotted on the drawing sheet. The
three points should be visible from the instrument station. -

A.Band C are the three well-defined points on the
ground ( Fig. 4.10 ) and they have been plotted as a, b and
c respectively on the drawing sheet. P is the new instru-
ment station which is to be located on the drawing with

referer ce to points A, B and C. This problem can be solved -

by (1) Tracing paper or Mechanical method, (2) Graphical
method and (3) Trial and Error method.

Tracing Paper or Mechanical Method : The table is placed
ovar the station P.(Fig. 4.10) centered. oriented and
clamped. # piece of tracing paper is laid over the drawing

sheet. A point P'is chosen on the tracing paper s sush a
way that it approximatiy lies over P. Nw rays are
drawn towards A. B -nd C fiom: P". These ravs will not
generally pass through a, band ¢ The tracing paperis now

unfastened and rotated over the plane table until three rays

LA pass simultaneously thro-
ugha, b and c¢. Nowit is
: pricked through P- and

this will fix the point P
//pl onthe drawingsteel. The
table is turned with tha
alidade placed alongpa
until A is sighted The

) b table i3 oriented slong
PA. If this orientation is
correct.- the rays Bb and
Ce should now meet at P,

FiG. 4 .10 if not, there will bs an

error in tha f>rm of .sman triangle P,P,P,. This tri 1e of

error can ba eliminated by repeated trials.
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Graphical Method : This is also known as Bessel's
Method. The plane table ig placed over the station P, cen-
tered and levelled. The alidade is placed along ca and by
furning the table, A is sighted. The table is clamped. Now

e
s % CA. B
\ N A 1 c
" ;f \ Fe R v
e
@E @ A Fu
a\.
(a] (b) (c)

FIG 4.y

« ray cB ls drawn by placing ths alidade at e ( Fig. 4.11a ).
The alidade is now placed along ac(Fig. 4.11 b) and ths
table is turned unil Cissighted. The instrument is clam-
ped. B is sighteg by putting the alidade ata and a ray a8
is drawn through a. This ray aB intersects the ray cB at
peoint t Now with the adlidade along bt, the tabla is turned
(Fig 4.11 ¢ ) until B is sighted The instrument is clamped,
By doing this the table has been oriented and P should lia
on tb and also on Aaand Ce. A issightsd by putting the
dlida1e at a and a ray is drawn through a which intersacts
the ray bt at P. This Pis the instrument station P. If the
‘work is correct then the ray Ce drawn with the alidade
at ¢ must pass through p, if not, there is error and to

-elimate the error, the procedure is repeated.

Trial and Error Method : This'is also known'as Lekmann's
msthod or triangle of error method. The instrument is set
over the station P, levelled, centared and oriented aproxi=

-mately, Rays towards A, 8 and C are drawn through pointas
. a, b and c respectively ( Fig. 4.10). If the table is correctly

oriented then all these three rays will meat at p. But it
will not be possible to orient the table correstly in first
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trial. So there will be an error in the form of a triangle-

which is known as the triangle of error. This urmr. depends
upon how much the table is out of azimuth, The distance to
the polnt p (in case of triangle of error ) from each of ths
rays Aa, Bb and Cc is proportional to the distance of A, B
and C from P respectively,

The point p may lis on two position. If the position : of
P is outside the triangle ABC, the triangle of error lies
outside tha triangle abe and the point p falls outsids the

A
FaY
- s \i
; f,ru !
s 4
C ,”A "\
V3 TR TEF R
& C
(b}
FIG. 4 12

triangle of error (Fig 4.12a). When the position of P is
within the triangle ABC, the triangle of error falls inside the
triangle abc andjhe point p also falls inside the triangle of
error ( Fig. 4.12b ).

If the point sought is outside the triangle of error, then
it can ba eliminated by applying Lehmann's Rules which
state that the point P will be found on the same side, either
right-or left, ef all the rays when looking in the direction of
each of the distant objects and the distance of the point p
from the three rays Aa, Bb and Cc will be proportionalto the
distances of A, B and C from the station P. So accroding
to the above conditions, sector 3;;5 the only place whera P
can be located. The exact position of P will be decided by
trials. If the point p is within the triangle of error, its exact
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Fposition is located by trial and error method. The rays are
Tubbed out and placing alidade along ps, pb and pe, the
station A, B and C are intersected respectively. Then the
intersection of theserays will locats the exact positionof the
point p. If the rays do not pass through the same point,

then a second and near appriximation is made and so forth.

Generally three or four trials will ba required to find the
exact positien of the point p.

4—7 Errors in Plane Table Surveying : The common sour-

ces of errors are : (a) The plane table not being horizontal, -

(b) Inmaccurate centering of the table. (c) Incorrect orien-
tation, (d) Inaccurate sighting through alidade, (e) The
alidade not being correctly centered on the station point
on the drawing sheet, () The expansion and the contrac-
tion of the drawing sheet and (g9) Inaccuracy in plotting

4—8 Advaniages and Disadvantages in Plane Table Surveying :
The plotting and observations are done simultaneously in
the field with the different objects to be surveyed befors
the eyes of the surveyor. The surveyor can, therefore. com-
pare the plotted work with the actual features of the area
surveyed. So there is less possiblity of overlooking of arny
important featura, It is very rapid and suitable for prepar-
ing small-scale maps. Measuremsant of lines and angles
are almost avoided as most of the plotting is done by gra-
phical method. In this type of surveying no field book is
Tequired and hence the error arising due to faulty writing
is eliminated. This is very suitable for surveying a magne-
tic area where compass survey is not reliable and also in
hilly terrains and forests. where sirict accuracy is not
required. When the scale of the map is very small and great
number of details are to be filled in, plane table surveying
-is considered 1o be tha most speedy, less costly and fairly
-accurate than theodolite surveying,

This type of snrvey is not suitable in wet weathe:.
‘When ihe scale of the map is largs, this type of surveyis
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not preferred. Ifthe areato be surveved is very large..
frequent change in drawing sheets is necessary to carry
out the survey work as the size of the tabls is limited.

Exercise

1. Examine the following statoments very carefully
and write whether true or flase : :

(@) A bass line must be the north-south line in
_plane lable survay. : ;

(b) Inplane table survey, no distance is requirad

1o be measured, A

(c) Inplane table survey, at least two stations sho-
uld ba located on the table.

(d) In plane table survey, theraysor lines ars drawn:
along the line of sight.

(e) In plane table svrvey, no bearing is required to
be measured.

(f) Orientation is the process of levelling the plane
table over a station.

(¢) The plane tabling by resection method locates:
the same station over which the instrument is
placed. ;

(@) Abase line must be measured in plane tabling:
by traversing method, -

(1) Intersection method of plane tabling requires no.

- measurement in the field.

(j) Plane table survey is not suitable when the scale
of the map is large. }

(k) The surface” of the table should be a perfect
plane. _ it

(1) The surface of the table should be perpendicular
to the vertical axis of the instrument,

(m) The ruling edge of the alidade is a strainghe

" line.

2.  Explain with a neat sketch the fundamental princi~
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ple of plane table surveying., What are the merits and
demerits of plane tabling over theodalite surveying ?

3. Discuss with neat sketches tha'various matheds of

plane tabling. Which'method do you recommend for a hilly
terrian and why ? :

4. Suppose yov have gotan old mapola plotof lang
and there are three known poilng on the map ; it is now
reqgiured to locate a few more details of 1he land on the
same old map. Explain how the position of iha plane table

should be fixed on the ground with reference to these
three known points, '

S. Explain withaneat sketch how can you fix your
position on a survey ofa plot of land by means of plana
table when two well defined points which have alrsady
baen plotted on the drawing sheet are viisble, ;




CHAPTER &
LEVELS AND LEVELLING

' 5—1 Definitions : A lsvel isan instrument by which the
ative heights of different points on the surface of the earth
t determined. And laveling is the process by means of

E:n the difference in elevalion of various points on tha

's surface is calculated. The main instruments that are
lential in carrying out the levelling operation are (1)a
Lal and (2) a staff,

'Levels: There are different iypes of levels, suchas
Dumpy level, Wye or Y-level, Cooke's Revarsible lavel,
Cushing's level, and Zeiss, Wild's and Watt's modern
levels, Among these the Dumpy and Y-levels are very
commonly used for their simplicity and compactnegs, '

Dumpy Level : In this type of level tha telescope, the
trame and the vertical axis are rigidiy fixed. Because of iis
rigidity it retains its two adjustments ior along time, moreo-
ver, it has greater optical power than the Wye level

( Fig 5.1).
6 -
: ﬁls
ziﬂ]ﬂﬁ 4
5
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FIG. 5.1 Dumpy Level

. Telescope 2. Eye Pjece

3, Ray Shade 4, Level Tube

5. Fom:in': Screw 6. Diaphragm Screw

7. Cross Bubble Tube

8. Level Tube Nuts 9. Levelling Head
© 10, Levelling Screw
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Yor Wye Level : In this type of level the telescope is
fitted on two Y-supports. The heights of these Y-supports
an be adjusted., But this adjustment doesnot last long
{Fig.52). '

FI1G. 5.2 ¥-Level

l. Telescope 2. Eye Piece 3. Ray Shade
+. Clipe 5. Diaphragm 6. Focussing Screw
7. Wyes B, Levelliog Screw 9. Level Tube

Cooke's Reversible Level : In this typs of level, tha cao:n-
bined advantages of Dumpy and Y-levels are provided.
The telescope is suppbrted on two collars and these collars
are connected by a rigid socket. The telescope can b=
rotated around its longitudinal axis within the socket,

Cnshing's level : In this lype, the telescope can not be
removed from its socket and also the telescope can not be
rotated about its longitudinal axis, But the eye-piece and
objective are interchangeable to make (he telescopa
reverse. s ; '

Zeiss, Wild's and Watt's Modern Levels - These are for
precise levelling works and are self adjusting, They are
-also known as tilting levels bacauss the telescope hasa small
‘motion about its hdrizontal axis, .
Levelling Staff : The levelling staft which ia most com-
monly used is shown in Fig. 5.3. It is made of best variety
-of seasoned timber and is in two pieces, each 7 ft. long
“when pulled out to full length, the staff measures 14 ft. and
is held in position ba a brass spring catch. It is graduated
into feet, tenths and hundredths of a foot. The hundredths
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wre coloured in black and white alternately. The line
showing the first place of dacimal are longsr than others.
The figures indicating tenths of a l’o:t_ are painted black
while the figures indicating foot are painted red.

|

oo |

e

IUII]J LLLL il |I'Ilill|:ll l i iyq:u

- A W h

FIG. 8.3 Levelling Staff.

5—2 Adjastment of L évels : Thers are mainly two types
of adjustments : (1) T‘u'm'i:nran' adjustments and (2) per-
manent adjustments,

: ) 8 ed at each
Temporary Adjestments : These are perform
set up of the level. These include planting the II'.in_:'d and
levelling the instrument by foot scre ws and focussing the
eye-piece and objective to eliminate perallax,

Permancat Adjustments : Inspite of all the care of the ins-
truments, the relative positions of the principal pa.rts are
very often disturbed and henca the level does not give co-
irect results. So, it is reqired to test all these parts and set
them in their proper position. This Operation is termed as
the Permanent adjustment of the levelling instruments. The
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number, nature, orderand the procedure of adjustments
are different for diffarentinstruments,

8=3 Permanent Adjustments of the Dompy Level : It has
got two adjustments ; (1) Adjustment of the bubble tube
and (2) -ﬁdjustm_ent of the line of collimation,

Adjustment of the Bubble tube : The purposeof this adjust-
ment is to set the vertical axis of the telescope at right an«
gles to the bubble 1ube g0 that when then the bubble tube-
is horizontal, the vertical axis is truly vertical end when
the telescope is turned horizontally i always remains ina
horizontal plane, It is adjusted in the same way as the
parallel plate bubbla tubs of a transit théodolita.

The level is set up on a fairly leve] ground and tempo-
rary adjusimsents are performed. Then, the telescope is
tirned in such a way that itis cver two opposite foot screws

BUNMe Tube T
#]sfﬂ'jﬂezﬁ ,"f""x\‘:@;'

Fa
1 : L Y o " -
i = Nedgeer ~7 17
Cavimatan
F'"”"ﬁ%?ﬁmm Auiy i
Betaro £diviionie Y- Shoporty Atter
Adjuiimeny Lajustrmgely .

FIG. 54 Dumpy Level

(levelling screws), The bubble is brought to the centre-
of its run by turning both the screws inwards or outwards,
‘The telescope is turned now through 90°and the bubble -
/i3 bronght to the centre ol its run by means of the second
pPair levelling. screws or the third screw, The process
i8 repeated for two or three times. The telescope is now
trned through 180° in azimuth, -if the bubble remains in .
the centre of its run, the level is in adjustment. Ifnot,
the\nuber of divisions through which the bubbie has moved:
from its central position, are noted, Half of this error jg=
comgcted by means of foot Screws and the other half by

L
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means of Capstan headed screws attached to the bubble

tube. The process is repeated until adjusted.

Adjustment of the line of collimafion . The purpose of this

-adjustment is to set the iine of collimation at right angles fo

the vertical axis. It is tested and adjusted by two peg test.

Stoff
e e Y Rty . -L

FIG. 5.5 (a)

Two ranging rods A and B are placed about 200 ft. apart
on an approximately levelied ground. The level is placed
at C which is the middle point of the line AB (Fig. 5.5a).
The instrument is levelled and the bubble tube is mabe
perpendicular with the vertical axis. From this mid positior:,

staff readings at A and Bare taken. Now, the instrument
_is shified to another position D alongthe lin2 AB. (Fib.5.5b)

f rase Lime of Co ‘migtinn

gl N fn) g rn b
i ::!‘ 1 .._"
oy ___*_‘L-'!'F—'r'r-wu‘—?"'_"h iy
b g =5
FIG. 5.5 (b)

_Again staff readings from this new position are taken. If
the instrument is in adjustment, the difference between tha
first set and second sst of readings should be the same.

I there is a diffarence. that is due to inclination of the line |

of collimation to the horizontal axis. It {s adjusted by mov-
ing the cross-haris with the help of diaphragm screws until

-the difference is same as it was when the instrument
-was at C. : /

Let x, and y, be the staff readings at.ﬁandﬂresp/ed-
wtively when the instrument was at the mid-point C. If x,';f ST

By

L

Fe
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then the station A is at lower level than B and vice-versr or
j_n otherwords, there is arise from A to B if x, <y,, there
is a fall from A to B. While the instrument was at D. the rea-
dings are x, and y, at A and B rspectivaly.

If the line of collimation is parallel to the horizontal axis
let then the readings at A and B be x and yreapeclivaly'
The correction is applied in the following way. z

(a) y=x, + True difference.

Plus sign (+) is to be used when the true difference is
a fall and minus ( —) when it is a rise.

(b) If ys>y, the lineof collimationis inclined upwars
and if y,<y, it is inclined downwards. Tha line of collimi—

~ tion error in the distance L is either y—y, or y,—y

(c) Correction on the far staff B

L4/ L4/
——T—L—W“"'Y:} or ‘—]:L'{Y: =¥
(d) Correction on the near staff A
I [
=L ) or —=(y,—Y)
Ifthe line of collimation is sloping downwards, the
correction is to be added, and if sloping upwad .
be subtracted. apegniaprs: on e gl
"Example: To test the line of collimation of
a Dum
level, 1?13 lnstrument was placed exactly mid-way batwaap i
two points A and B, 200 ft. apart, on a farily level ground.
The staff readings at A and B were 6.78 and 3.92 respacti-
".ra.l}r. The inswument was then placed at D, 45 ft. behind
Ain the same siraight lina and staff reading at A and;B'
werf.h 5.{.'.5 an«_r_l 2.20 ft respectively. (a) Isthe line of colli-
mation in adjustment ? (b) If not, is it inclined upwards or
downwards ? (c) What should be the staff reading at A

and B when tha leveal is adjusted ?
Sulution :

True difference of level between A and B=6.78—
2.86 ft...(i) d B=6.78-3.92=
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Since the staff reading at B is smaller, it is at higher
level. The apparent difference of level when the instru-
ment was shiflted=5.25—2.20'=3.05ft .....

(a) As (i) and (ii) differs, so the line of collimation fs
not in adjusment.

{b) In.order to have B at the same Jevel as A, the reading |
on B shouid bs y, which equals t7 525'=2 86'=2.39", '

Since 2.39>2.20, the line of collimation. is inclined
downwards.

{c) Correction on staff reading at A

_%(Y'—m; 1‘—5—(3 33-220)=0.043 ft .

Correct reading on A="5.254-0,043=5; 291 ft.
Correction on staff reading at B .
LH{?-» Ya) = 2—"12-*—-45(2 39--220)= 0,233 fi.
Correct readig on B=2.20+0.233=2 433 1.

Example : A Dumpy levsl was  placed atthe mid-point '
C of A and B which were 2C0 ft. apart. Tha readingsat A
and B weré 2.5t .and 4.6 1t raspectively The instrument
was then shifted and plac2d midway betewen A and C. The
reading at A and B were 3.2 ft, ani 56 ft. respeciively.

il R e A, ~ b

Find the correct readingson Aand B g

Solution .* 2
True differencs between A and B=48_25=2,10 ft,
When the reading inthe second case at A is 3.2' the

reading at B should bs 3,242.1=53 ft. But the reading a#
B ia'5.6 ft. Wich indicates that the line of collimation is inc-

lined upwards,
x

‘Let x be tbe error in I fi. which is same as tan a= o
(Fig. 5 5b) :
. S T e KT +

58 . (150—50) = "
Staff readingat A=3.2-0.15=3 05 fi,
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¢+ Staff reading at B=56—0.3-0.15=86.15ft. °

Check .*. 5 15—-3.05=2.10 't.

Example : Two ranging rods were placed 200 ft. apart
on a fairly level ground. A Dumpy level was placed in the
midway and the readingson A and B were 392 ft, and 5.48
ft.. respectively. The instrument wa3 then shifted very near
to A and the readings on A and B were foand to be 5.23 ft.
and 6,44 f respeciively, Calculate the corrsct readings on
A and B. '

Bolution

True difference between A & B=5.48—3 92=1 SBH As
the reading at B is higher, so thara iza fall from A to B, Ap-
parent difference fro n second position of ths [nslrument=s
6.44—5.23=1.21 fi, Since1h2 instrument was placed very
nearto A. so the s=cond reading on A i.e.. 523 ftis raken
to be correct. The reading on B should ba 523+ 1.56=619 ft,

Example : 1n the two peqg test of a Dumpy level, the foll-
owing observamns were recorded

Instrument station Staff reading Staff reading
A A B
B 539 833
5.9 732

When the instrument is at B, what stalf reading onA
ahould be obtainsd 3o that line of coilimation be adjusted r

Bolution :

When tha inatrumaat is at A, the appisrent differenca of
1zval barwaen A and B=853-6.42=2.11 f1.

When the instrum=nt is a1 B, the apparen' difference ol
level between A and B=T7.32-5.32=1,93 1, :

wﬂg 02 ft, |

For a staff reading on B,of 7:32 ft.. tha staff reading on
A should be 7,32-2 02=5.30 ft. but the observed reading
on A=5.39 fi. : ; N

True difference of levels=
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Hence, the line of collimation is not in adjustment and
it is inclined upwards and should be titlled down to read a
staff reading of 5,30 ft.
5—4 Permanent Adjustments of Y—Levels: There are
three adjustments in this type of instruments : (1) Adjust-
_ment of the line of collimation, (2) Adjustment of the bub-
ble tube and (3) Adjustment of the height of Y=3upports.

Adjustment of the line of collimation : The purpose of this
adjustment is to set the line of collimation along tha longi-
tudinal axis of the telescope tubas. Ths instrument is pla-
ced firmly on a firm ground. The telescope after opening
the Y—clips is then directed towards a staff placed against
a wall at such a distance that the graduations of the staff
can be read distinctly. After recording the staff reading
the telescope is lifted up and placed upside down on the
Y—supports, and another reading on the same staff is taken.
If the two readings are the same, the line of collimation is
in adjustment, if not, the horizontal cross-wire is rasised or
lowered by the vertical diaphragm screws till the mean
reading is obtained 'The instrument is then turned back to
its original position and the reading on the staff is checked.
If it does not indicate the same reading, the process is re-
peated till the ssme reading js obtained in both positions
of the telescope. :

Adjusment of the bubble tube: Tha purpose of the ad-
justment is to bring the axis of the bubble tubé in parallel
with the line of collimation = This is done in the same way
as described in the case of Dumpy level

Adjustment of the height of Y—Suppurts : The purpose of
of this adjustment is 10 set both the line of collimation and

the bubble axis at right angles to the vertical axis, The-

procedure is same as the adjustment of the bubble tube in
the case of Dumpy level, except that the bubble is bro-
ught half way back by the Y-nuts, and the other half by the-
foot sgrew between the telescope.
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FIG. &6 Y-Leval

5—3 Definition : The following t2rms should be clearly
understood before procesding with lavelling eparation

Aldevel sucface; A lavel surface may be dafined as the
aurface which coincides with the <ha pe adapred by tha sur
face f’f a free liquid The surface cf a !l lake may ba
considered as a level surface The tangent plare at ayva
pointof a level surface is perpendicular to tha fredii

y =03 1 {0 d! b
it : i rectios

Mean Sea-level (M.S.L It is tha average elevation of
‘1ha surface of the sea. In Bangladszsh, tha mean sea-Ievei
at Cox's Bazar is taken as zaro.

Geoid.:.. The surface of the eartn at rean

is térmed as geoid. sea-lavel

Datum : 1t is an imaginary surface with
which the heights of different points on tha eart;?: p::f:rar_:z
are determined. In almost every couniry the mean sea‘:
level is considered most suitabls for datum. The M.S.L
atCox's Bazar is the datum in Bangladesh, In leve]llih.
operations, a certain datum is assumed(a]sb known ag
as.?:umed datum ), and the relative heights of different
poinis are calculated .with respect to this datum.
e The elevation of any point with reference to the
thssmat Pomgatum_ is termed as the Reduced level (R.L.)of

g—
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Elevation: The elevation ‘of a point is iis vertjcal
distance ebove or below the datum,

-Benek Mark-(-B-M*): A benchmarkis a fixed point on
the ground of known elevation. Thera are generally four
kinds of bench marks (1) G.T.S. ( Great Trigonometrical
Survey ), (2) Permanent, (3) ArBitrary and (4) Temporary.
C.T'S. bench marks are established with high degres of
precision at reguliar intsrvals throughout the country and
their elevations above the mean sea leval at Cox s, Bazar
are given by the Survey Department of Bangiadesh. Perma-
nent bench marks are ths fixad- painis of reference of
known elevations between the G.T.S. b=nch- marks given

by the Bangladesh P.W D. Arbitrary benzht marksare the.

reference points woesa elavations are assun.ed arbitrarily
fer small lavelling works. Temporary banich mmari:s are the
refezence points which are ‘generaliy -estaplishi=d at the

break of any lavelling work on some Parmaneat objects.

Level linz, Horizontal line and Verticol line : A lavel line is

~a line lying wholly in the geoidal or corrponding spheroi-

dal surface, while a horizontal line is that lying in a plane
tangential to Jevel surface. So, a level line is a curved line
while a horizontal one isa straight one. A vertical line at
any point is a line  nommal to the leve] surface through that
point and the plane containing this line ig termed ags
vertical plane.

Height of the Instrument (H I.) : The elevation of the line
of collimation above datum is termed as the height of the
instrument. This is also knownas the R.L. of the line of
<collimation. '

Station: A station is a point whose elevation js to be
determined. It is a point where staff reading is taken but
not the point where the level is set up.-

Change point : It is an intermediate station on which two
readings are taken while the position of the instrument iz
shifted, 4 :
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:_Bnck. Inter and Fore Readings: In any set up of the levall.
ing instrument, the first staff reading on a station is termad
A8 back reading (B R.) and the last staff reading on a étarion
i termed ssthe yore reading (F.R ) And the reaging on the
late stations are termed as inrer reading (IR )

" E Purpose of levelling, : This is pefformad to know tha
andulation of ths grouad alon and across the alignment or-
a4 roufe projec such as rbﬁigﬁmmmm
water and sawer linns, ete, 53 as 1o datarmins T anmnT
of earth work i cutling and in embankmenr. Tt also deter-

mines the area from €ontour maps (such as reservoir arsa
catchment area. &tz +—This helps in setting out 158 forma.

dion levels of roads, canals. sewer lines, eic AL
]

~ 9—=T Procedure of Levelling Oparation : We know thit
by levaliing ths relative heigars of diffarent voints on tie
earth’s surface are determined w;th raspeci 10 a ‘datum. in
Fig. 87, it is requirad to determine the neights of tha
points P.,P,.B, atc. These heighis can be determinad with
reference to a bench mark p whose R. L. ( reduced leval )

d

i
£
My

Fig. 57

is known ('say 100.00).  The level is pajceq at A Aftsr

performing proper levelling and adjustments of the ']afel, ;
staff readings are taken at P.P, P,P,P, and Cp. The instru.
ment is now shifted to B and staff readings are taken at Gb.
PuPyP.Pyand P,. In"taking readings on thess different
points, care should be taken so that the staff is always par-
pendicular to the line of collimation. This is achieved by
Swinging the staff backward and forward and récording the
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Book" (Table 5.1). The accuracy of the work can be checkeq
smallest reading. Sometimes negative staff readings are ' ®Y applying the follawing rule :
taken when the ground is above the line of collimation,
And this reading is taken with the staff upside down. In The difference of the sum of fore and back readings is equal
this case, the image of the staff is erect and not inverted. fo the difference of the R.L. of the first point and the last Ppinos,
This negative reading is added  to the R.L. of the line of This rule only verifies the calculation of the R.L. of the
collimation-to obtain the R.L. of the required point. el line oi collimation and change points, But this does not
R RTIEITL Aol PiaGT B oiu e o ign check the R.L, of the intermediate points,
A - _m;hod;ofcﬂculatﬁiﬁ ‘Reduced Levels: Thare ara . :
two methods, (1) Line of collimation method and (2) Rise- . Rise and Fall Medhod : In this method the difference of
od. 3 : ] level between consecutive points is found out by compar-

and Fall m
: ing each reading with the preceeding one. If the staff read-

ing ata point js greater than Ihe‘preceeding. one, it indi-
cates afall. And if the staff reading ata point is smaller
than the breceeding one, ijt indicates a rise. The R, of

ne of Collimation Method ( or Height of Instrroment A fo- {
thod ) : In this method the elevation of the line of collima-
tion for every sef up of the instrument is found out and the

reduced levels of different points with re ferencs= (o ths lina different points are then calculated by adding the rise or
of collimation are obtained. Afier setting thz insirumen: } sublracting. the fall, 1o or from the R.L. of the preceading
at a point on th2 ground, staf reacling is takznon a bench Pﬂl'.n_E (Table 5.2), The accuracy of the work can be checked
mark.  This staff reading is added to the known R.L. of ; by 2Pplying 1he the following rule : : |
the B.M. which gives the R.L. of the line ‘of collimation. :
Now, intermediate staf readings are taken. Each of thess Sum_of b ceadings— Sum of fore readings =Total Rjse—
readings is subtracted from R,L. of the lina of collimation Lotai fallL=Last R.L.—firs; RL 3
giving the elevations of the intermediate voints . When it I Though the method 1s laborious, there isa complete
is found that no more staff readingsare possible by the teles- 1 <heck on the Ccompulation, since there are three checks as
cope, the instrument is then shifted to another suilable shown sbove. . 5
position. From this second set up of the instrument, again
a reading on the last station of the Preceeding set up is tak- . Example : In Fig 5.7, there are IWo set-ups of the instru-
en. This reading ts added to the R.L, of this last point (cha- -ment at A and B. From the position A staff readings on p,
nge poiny) which will now give the R.L. of the line of collir. : TPaPyPy, and Cp are 5.42 7.24, 6.46, 5.38, 6.55, and 8.02
ation %6 15 Secnd "2kt up of the instrument, The reduged Téspectively. From position B staff readings on Cp, p;, Py
levels of the intermediate stations are now calculated by :Pu Py and P, are 78, 8.52, 6.24, 5.06, 6.35and 7.54 Trespecti-
taking reading as before, The process is continued till the vely. Ifthe R L. of the bench mark P is 100.00, calculate the
work Ralihaa. : reduced levels of the above points by both the mehods and
apply necessary checks. Draw also the profile of the earih
All these readings for different positions or set up of e thrdugh_ﬂm:sf P bl s .

the instrument are Tecorded 'in a book termed as “Laval
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Line of Collimation Mathod
Table 5.1
Staff Reading Ht of 4
Stalion|B
talion|Bearing |Distance R i e I‘..-L. Remarks
A lee15° | co |s5.42 105.42 |100.00| BM.
50 1.24 08.18
100 6.46 98.98
150 5,38 100.04
200 6.55 et
] 3 i Change
B | 75°45"| 250 1 818 6.921 107.78 [98.50 | oy
[
300 8.52 98.78
350 624 10104
400 5.96 101.32".
50| le3s 100.93
500 154 " 199.74
[ il a2
| sum- 14.20 14.46 J

Cﬁm& “Sum of fore readings—Sum of back mdingss-l-t 20

—14,46=0.28

First R.L.=Last R.L,=100+~99.74=0.26
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Rise and Fall Method
Table 5.2
g Staflf Readings Difference * g
Station| Beariog | Distance S L TFors ;Ri" Fall R. L, | Remarks
{ A 46°15 00 | 5.42 100 00{ B. M.
} 850 1.24 1.82| 98.18
100 6.46 0.78] £8.96
180 5.28 1.08 100.04
200 6.£5 1.17} 98 87
W Change
B | 7545 | 250 |8.78 6.92 0.37 98.50| point
300 B.£2 086 98.76
350 6.24 2.28 101.04§
400 5 08 0.28 101,32
] 450 E.SE] 0.39/100.93
! 500 | 7.54 1.19/ 99.74
1sum 14zu 14.46] 4.68( 4.99|

Tolal Rigs—Total Fall=4.68--4.98=0.26
Last R.L.~~First R.L..=99,74—100=0,26.

Check : Sum of back readmgs-—«.Sum of fore réading=14.20

— 14 46=0.26
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O b i e . Solution 1
[ [ Cutticg In the first set-up of the instrument between 0 and 150
- by applying usual chack.
P> o= O L oac B B S : 4,26—11 78=108.6—x _ :
B ol / where x=R.L. of tae first point.
- x=116.13
_ : In the second set-up be&w?en 150 aud 300
x—1321=105€0—108.60" -
palym m [ _T-—iu_ . x=1021 M
Dexir of Conitg? 8 = R B B W e 2 m E I where x=Back reading of the second sat-up
RNy = pin = BT R A In the third set up between 300 and 400, 7.24 —x
e A o 3 08 2 O 8 - =103.75—108.€0
DR Ll s . x=9.00
b g ea b o wnn B - where x=Fore reading cf the third set up.
Bl E Q@R E e TP Results of all Caleulation ar= shown in the following Table.
e MT.S 8 28282888 % [ Distance] Back [Inter | Fore | Rise | Fall 2L
- T R T ] &
potreft 0@ $3 28324838 8 0 | 425 ] : | \ps.a3
o AL : ;
q Fig. 58 Longitudinal Section or Profile g 50 1.65 3.40 tb2.73
Example: The following is the page ofa Level BooXk. - = - o
Galcufgrépﬁﬁe missing dala and apply necessary checks. y 100 983 2.21 110,52
Distance| Back | Inter | Fore | Rise Fall R. L. 1 150 10 21 11.78 1. 1.82 108 60
| 0 4.25 , —_— ]
L 200 584 | 437 112.97
l 50 1.65
| 250 4.96 0.88 112.85
100 983
1 300 | 7.24 | iae8 8.25 105.60
150 ' 11 78 108.6
- i 350 6.38 .86 108.45
200 | 5.84° ; | _
- 3 400 3.09 2,71 103.75
250 498 o 3 .
- - Sum 21.70 3408 | 6,11 | 18.49
5.60
| il B 12w m i Check + Sum of BR —.Sum of F.R.—Total Rise— Total
: o . : ; : Fall=Last R,L.-First R.L, e
350 6:88 ; 21.70-34.08=12.38 T
| - ; o 6.11-18,49=12,38
'. _ 400 , : 103.75 b 103.76-116.13=:12.38,




138 LEVELS AND LEVELLING

Example : In a levelling operation the reduced levels:
of the first and last bench marks were 108.78 and 114 95.
respectively. The sum of ths back and fore readings were.
24.88 and 18.64 respeclively. Determine the closing error.

.Solation :

Sum of B R.—Sum of F. R.=24.88—18.64=6.24

The R L. of the last B.M. should be=108.78+6.24— .
115.02 But it is 114,95

Closing error=115.02—- 1 14.95

=0.07 (—ve)

5—8 Effect of Currature on Levelling : The effect of cur-
vature is to increase the staff reading because the line of
collimation is not a level lins but a horizontal one. For ordi-
nary small survey works this effect is not generally consid-
ered but for precise levelling and longer sights, correction
for curvature is to be applied. As the distance AB increas-

- @s, lhe difference BC between the level line and coll-
imation line (horizontal line) goes on increasing (Fig. 5.9b) .

Ab—{¢ oy

Line of
A collimation,

@ .

Fig. 5.9

From Fig. 5.9 (a),
(OB)*=(OA)'+(AB)®
Or, (OC+CB)*=(OA)*+(AB)*, for small distance, AC=AB..
Or, (OC)*+20C.CB+(CB F=(0A)*+(AC) :
Or, (R*+2R.h+ h*=mRt 4 2

e hmﬂR:-h_ 2‘; h is very small .in comparison to 2R.
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| !
HB—. where D=Djameter of the earth=T916 miles,
and h is the correction which is to be subtracted from:
the staff reading. -
When / is in miles

I x 5260 a 2
hn:—-—,m-m_-u 5 I* (approximately).

.

So the error due to curvature in {t ig equal to two-third
of the square of the distance in miles. This is approximat--
ely 8 inches for first mile. :

-, Correct staff reading=Observed staff reading_-g- P

59 Effect of Refraction on Levelling : In case of the effect -
of curvature it is assumed that the rays of light follow a hor--
izontal path from the staff but actually they trace a curved
path due to refraction (Fig. 5.10). The effect varies with-
atmospheric condition, v

Line of
A (Colllmatlnn
=3 e
Refrocted line C
of sight
Fig. 5.10

This correction should be added to the staff reading. [
is generally taken as 1/7th of the correction due to curv--

ature, ; ; 5 5
Correction due to refraction— _;_ X TF = oy !
Correct staff reading=0Observed staff readj_rg—.%ﬂ+ %f'

Observed staff’ rea{.m_:g'—-%l'.

Example : A Dumpy l.avel was placed at Con a line
AB, 2200 ft from A and 4500 ft from B. The back reading on




| ‘Is 20 miles. Calculate the height of the light house.
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‘A was 4.98 and the fore reading on B is 12 76 Calculate the
true difference of lave] between A and B.
Solution ; - :

Combined correction for 2200 ft4/7/*=4/7x (2@)'
_ =0.0095=0.10 f1
Corrected staif reading on A=4.98—0 10=4.83 ft.

3 : 4500 \?
Combinad correction for 4300 fr=;f=_-g.x ( S?EE_}')

; =0.417 fi. _
Corrected stasff raading on B= 12. 76— 0.417=12.343 1.

Hence the difference of level between A and B=]21343

Example : The top of the Kutubdia light housa is visible
‘just above the horizon from a certain place in the Bay of

Bengal. The distance of the light house from tha observer

“Solutivn : :
Let the height of the light house be h
e = (20)1=228.5 1,
Example : In the above problem if the height of the

observer is 50 ft from the sea-leavel, what is the height of
the light house ?

Solution ;
4 /3 4 :

: h:““f‘ 1 h:""f!’n A=l 41,

hy=50 it and /=20 miles

_1:=V"—:—xh1 =v".§_ x 50 =0.35 milas.
I h=20—9.35=10.65 milas.
 he= - (08Sy=65.2 1,
-2 Height of the light house=65.2 f1,
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le : A ship having a must 100 ft Jras.leaving the
ittagong Port sailing at a speed of 15 mijles per hour.
How long the ship will be visible from a jetty 10 fi above
the sea lavel. Assume the height of the ovserver to ba
5'=8".. ;
Solution :

h,=10"+56-=1551.

.’l=\;‘.,%_ x 15.5=5.21 miles

I,-_=\’..4_!x 122 =132 miles.

f i =88] £13.2% 1841 miles.

ol 13_,41 By b
Tima= —15—-_...,33 hrs

5—10 Different Types of Levelliog: Tha fOHDwi.':g ara

tas most common types of levelling :

(@) Fly or Diferentitial Levelling

(b) Check Levelling. :

(c) Profile or Longitudinal Le velling-

(d) Cross-sctional Levelling or' Cross Sectioning

(e) Reciprocal Levelling

{f) Contouring.

(9) Trigonomstrical Levalling.

(h) Precise Levelling.

(i) Barometric Levelling.

() hypsometry,

Fly or Differential Levelling : This consists of taking back
and fore readings without mesuring distances beatween the
stations, It is a very quitk method in which the difference
in elevation of two distant places is found out, This method
is also needed when it ig requirdd to carry the raduced
level froma B.M. to a point near the propesed work,

Cheek Levelling: This operation is similar to that of fly
levelling. But tha object is different, Its purposa isto.
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-check a series of points whose levels bave already been
fixed by a surveyor,
Profile or Longitudinzl Levelling: The obja:t of this type

-of levelling is to determina the undulations of tha ground
surface along a predetermined line. This line is generally

determined during reconnaisshace of the whale Jland
through which a road or a railway or a canal or a pipe line
will have to be aligned. This line may be & single straight
line or a series of lines connected be curves and it passes
along the c2atra line of projesct for which the survey isto
ba condusted From he longirudinal Drofil2 the land and
also a f2w sestioas perpeadizular 1o t1is lina whea plotted
enable to caculitz tha quaitity of earth work thatis to be
filled (in case of embankmant) or cut (in case of excavation).

In Fig. §.8. alongitudinal profile is shown, It shows
the ground level. formation leval, the finished surface
level, highast flood level, the deptas of cutting and the
haights of embankments, the Proposed gradient and the
type of soli. On the profils two parallel lines are drawn,
The lower line in red indicates the formation leveli.s,, the
line uplo which the earth work will have to be carriad out.
The upper line in blue indicates the surface framing

top of road, railway, etc. The gronnd level, depths of

cutting and heights of embankment are. generally shown
in black, The horizontal scale for plotting the profile is

-generally 100 ft or 200 ft to an inch,

Cross-Sectional Levelling or Cross Sectioning :" These are
‘sections run perpendicular to the longitudinal section on

--either side of it so as to determine the undulation on both

sides of the centre line. Generally for highways and rajl.
ways cross sections are .taken at 100 ft interva] along the

-centre line.’ The length of the Cross-section is 180 ft on

either side in case of highway and 300 ft. for railways,

-Generally, staff readings ars takﬁ_m at 25 ft interval when
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“the land is more or less flat. This interval is shortened it
"the land is undulated. :

Reciprocal Levelling : This type of levelling is used to

- obtanr the diffsrence in level between two points which

are separaled by obstacles such as river, canal, marshyland
lake, etc., where the Ieve[ling instrument can not be set up
midway bejween them.

InFig. 5.11, A and B are the points on either sides of
the river. The difference of lavel batween A and B is to ba
found out. The instrument is placed at C at a certain
distance from A. Staff reading h, and h, at A and B

_Tespeclively are taken. The instrument is then placed at

D at a certain distance from B and staff readings h, and R
at A and B respectively are taken.: -
; : d;+d,
True differehce of elevation between A and B =Z119;
where d, =differece between h, and h,
and d, =«differenee between h, and h, :
Example : In levelling across an irrigation canal (he
following obsarvations were made ( Fig 811);

Instrument Staff readings
Station A B
C 6.72 5.88
D 4.96 4.18

1t the reduced level of B is 108,92, caleulate R.L. of A.




144 LEVELS AND LEVELLING

Solution :
True difference of leval betwean A and B
= (6.12—5.8¢ 96—4.1
(6.12—5 86};—{4 9 ,a]'=ﬂ,82 .
- RL.of A=108.92—0.82=108.10 ft.
Contouring : Contours are 1maginary lines joining
points of equal altitudes upon the earth's surlace witk
reference 1o a fixed datum.- The process by which a
contour map is prapared is known as contouring, And tha
map showing the altitudes of all thes2 points is called
contour map or topegraphic map. By studying a contour map it
is easy to predict the ratwure cf the terrian such as ridge.
vallay, deprassion, atc. [t alss indizates as to> which way
the land i3 sloping. Contaurs are gansrally plottad at
equal verticsl intervals. The verlical distancs batwesn any
two consecutive contours is knowa as contour interval wail»
the horizoatal distanca b2w=2aa twa cpazezaiive zoataurs
is known as horizontal eguivalznr.  Contaur intacvals
dapend upon the nature of the terrain parposa af the
survey, scale of the map, expenditure and extantoftimz irn
its determination. For enginearing purposes as c4aals,
reaarveirs, town plaoning and building sitas, contour inta-.
val is generally 5 ft to 10 ft. For graater accurasy as in tha
case of earth work computation it may b2 1 ft. For hilly
regions it is generally 50 ft 1o 100 ft.

Fig.
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Characteristics of Contours : (1) Two contour lines of
different elevations do not cross each other. (2) Contours
never split or run into one except on an overhanging cliff.
(3) All points on a contour line have the same elevation.
(4) Contour lines run close together near tha top of a hill
which represents very steep ground. and wide apart at
the foot of the hill indicating flat ground. (5) If the
conlours are uniformly spaced it indicates a unif ‘rm slope
while a plane surface is represented when the contrours
are straight, parallel and equal spscad, (8) Contours cross
ridge or valley lines at right angles. (7) Each contour line
must be a continuous on2 until it either goas off the map
or closes itsell (3) A sarias of closed contours on the map
indicates a depression or a hill according to th2 lowar or
higher valuas inside them. (9) A series of contours indicate
either a drainage or a watershed. If the centre «f the curve
1s towards the low side it is a drainage whila if the centre
of the curve is towards the high ground. it 1s a watershed.

Uses of contour map : (1} A contour map indicates
whether the country is hilly, flat or undulating. (2) 1t helps
lo locate suitable slrate:_;iq position for rlacing guns,
amunitions and Tresarves for military purposes. It also
enables to locate sites for taking shelters. (3) It enables
to select an economical and suitable alignment for impor-
tant engineering works like irrigation canals, drainage
canals, water and sewer lines, highways and railways.
(4) It enables to determine the area of a drainage basin and
reservoir capacity. (§) It enables to calculate the amount
of earth work in cutting and in embankment,

Methods of contouring : ‘There are two methods, viz.
(1) Direct methed and (2) Indirect method,

Direct Method: In this method the different contour
lines are first assumed (say 100, 105, 110etc,) and the
points on each contour line are located on the ground by

10—
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alevel. These points are fixed on the ground ang their
Positions on the map are plotted by Plane tabling or by
Aany other method. As for an example, it is required to
locate a contour of 1090 ft. The height of the instrument
(say) is 104,56, The required staff readings on each point
located at 100 ft contour line should be 4.56. Now the staff

is held on diffrent points and the required staff Teading

(here 4.58 ft ) are obtained within the range of the instm-
ment. These points of required staff readings are marked
with pegs and are plotted on the map by plane tabling The
instrument is then shifted to a new position, the height of
the instrument taken and the required staff readings
claculated in the similar manner The same process is
Tepeated for evrey sat up of the instrument, This is a slow
and laborious process but Very accurate for small areag,

Direct contouring can also be done by the method of
radial lines,

1997>r
Fig. 513 Contouring by Radia) Line

In this method radial lines from a common and suitable
point are ranged out by a theodolite nr A prismatic compass
by measuring the angles between them Now the required
staff readings are taken along the radial lina- 4and pegs are
Placed. These points are now plottad o tha map by plane
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1abling and the contours are drawn by joining the pointa
-of equal altiludes. ;

Indirect Methed : This method ig very fast and less
.laborious. Thne lollowing are the different systems of
indirect contouring.

(8) Square or Grid System : In this method the area to be
‘contoured is divided into a series of squares and the
-corners of the squares are fixed by pegs ( Fig, 5,14 ). Staff
reading are taken at the corners of the squares with a levell-
ing instrument. The calculated reduced level with respect
10 a bench mark are written at the corners of the squares,
‘The required contour lines are then Interpolated.

I — he Py s, 00.6— W, p—|5{ 2

10
L] a7 ?—59.7— coe :
Mol T

29
Fig. 8.14 contonring by Squares.

(b) Radial System or Tacheometric Method : This is
suitable for a hilly Tegion. A number of radial lines from
4 common and suitable point are set out by the hlep of a
theodolite ora prismatic compass. From a suitable instru-
‘ment station, staff readings are taken on the radial lines at
& regular interval. The calculated reduced lavels with
Tespect to a bench mark are written at the corrésponding
‘poitns and the required contours are then interpolated,

(c) - Cross-section method : This method is generally

Aused in highway and railway projscts. Cross-sections are
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taken at right angles to the lengitudinal section. In hilly
region the spacing of cross-sections is genreally 100 ft.
while in flat counry, itis 200 ft to 300 ft. Staff readings are-
taken at regular intervais along the cross-section on either
side of the longitudinal section. The interpolation of the
contours is done exactly in the same way as discussed
above. : _
To determine the catchment area and storage capacity
of a reservoir, longitudinal sections along the main river
and its tributaries are taken with the help ofa level,
compass and chain. Cross-sections are also taken at suita-
ble intervals ( Fig. 5.18 ). From the plotted contours the
storage capacity and the catchment area can be:

determined.

Riwer

Pig. 5.15 Contouring in a Valley to determine the Catchment
Arer and Storage Capacity fora Proposed Dam.
Interpolation of Contours ; This means the process of
drawing contours proportionally betweenthe plotied polnts
on the map. It is always assumed that the land in between
the contours is uniformly sloping while spacing the con-
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Jours. Contours are gener_ally interpolated by (1) Estima-
tion Method, (2) Graphical tMethod and (3) Arithmetic
Method.

Estimation Method : This is the quickeat method but not
very accurate, In this method the locations of contour points
between plottad points are roughly estimated and the
contours are then drawn through these pointa.

Graphical Methad (Kennedy's Method) : This method is
quick and gives accurate result. Ona drawing sheet (Fig.
5.16), aline XY is drawn and itis divided into a number
of equal parts. ~ Z is the mid-point of XY. A perpendicular
70 is drawn ait Z where O is any suitable point. From O,
rays are drawn to the points of division.of XY. In joining
from O, every fifth line is made thicker than the rest. Now
70 is divided into 4 or 5 small divisions by drawing lines
parallel to XY, This diagramis traced ona tracing paper.
As for an example, it is required to interpolate the conto-
urs of 100, 105 and 110 in between two pointsaandb
-whose reduced levels are £8 and ll12r1espectively. Itis
assumed that the lowest radial line OX will represent an
elevation of 95 ft. Now the other thick Jines will represent
the elevation of 100, 105, 110, etc. respectively. The tracing
-paper is now placed on a in such a way that the third radial
line falls on a and the verticai line XY is parallel to ab. Now

iby pricking through the thick lines betwen a andb, the

esxact positions of 100 and 105 contours are obtained.
: Y

12
10
—z 0%
—100
a8
8%

Q

Fig. 5.16 Graphical Method of
Interpolation of contours.
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Arithmetic Method : This is a very acaurate mathod., X

and Y are two ground points and their reduced levels are
103.6 and 108.8 respectively. The distance between X and
Y is 30 {t and the contour interval is 2 ft, So between X and.
Y, 104 ft, 106 fr. and 108 fi contours can be spaced. Now the
total difference of level beiween X and Y is 108.8— 103.6=

- 8.2 1t

The difference of level between X and 104 ft contour is
101—103.6=0.4 ft. Hance the distanee of the 104 fi contour

from point x is the g—'-;x30=".31 ft. In the sames way,

the distance of the 105 ft and 108 ft contour points from X
are 12.87 ft and 25.4 ft raspectivaly and they can be plotted
on the map.

Trigonometrical "Levelling : This is also known as indirect

levelling. In thj are rheasured
Milmmm—u%w
hilly regions whare ordinary levelling is very laborious

v
+f
N = o
\[ ‘=%
ET B2 E:J*I
T
hr.a ha

.

Y Asih S 7
kL.E —f— | —'——-)-i‘r

Fig. 6.7

Case I : InFig. 6,17 TM s a transmisson tower whose:

foot is inaccessible. [t is required to dstermine the-
height of the transmission tower. On a fairly levelled.
ground, two stations A and B are chosen ata known distance
[ apart. The poinis A and B should be along AT. Itis:

assumed that the elevations of A, B and T are approximataly

same. By placing the theodolite at A and B, the virtical
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angles 0, and 0, are measured and staff reading ha and b,
are also taken.

H—h

tan B’=L+I 4 (1).
H—h

tan 0,= ? e @)

In Equations (1) and ba, heo 1, 0, and 6, are
known an and L can be found cu ¥ solving these

WO simullaneous  eguations.

~Mitample : Find the height of the transmission tower in
Fig. 5.17 from the following observations,

Inst, station Staff reading Vertical angle
R . 893 20730
B 5436 27°3¢
Th= distance between A and Bis 100 1,
Salution :
wallH=hy' rogm,  H—B8'88
tan 6, = L-;f ortan 20°30'= mﬁ
H =0,3T33L+-458-37 2 (1
ien ﬁ;=:iE—h—sor tan 27°54" e
L=188H—10.15 (2)
Putting the value of L in equation (1), we get

H=155 ft.

. Case 2—Fig 518 shows an elevated water tank whose
diameter is to be found out. Two stations A and B are
fxed at a known distanaa apart on a fairly levelled ground.

-

= gt e b

]

i

Il
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The theodoiite is firs! placed at A aad any . point C of
the edge ol tha tank is focussed.. Ths taiesm_npa is now
rotated horizentally and th= central poalat Dis focussed,

generally employed to establish bench marks at widely
distrituted poiats throughout the whole country. Thisis
mainly conducted by the Govt Agency like Geodetic

The angle 4, is recorded. Similariy tha aﬁng]e a is o?taine.d
by focussing the ranging rod at 1. The instrumant is now
placed over B aud tha aagles 0, and p ax2 obtiined. CD
istha2 radins of'tha tank as denoted by r. © 1wl 3 )
AN YT 5 s P X
NoW I~ AREC g, ey =S 7 s
AC=HB sin (3—f,)

R o R SRR 8
B LY AD AB 5
28d i ARED, e == bl
AB sin f (2)
i3 AD =g ZADB _
Again iz AACD, 1*==AC*4+ AT2_2AC AD Cofh, (2

Pulting th2 valuz <f AC and AD in sguation (3), we
gal tha valus cf r.

Djame=ier cf the tank:=-2r ; = e
xample : In detetmining the diameter of a water tan

lowi ali nada.

Hig, 5.13), the foliowing observations ware ma
: gﬂm?"éﬂ' 0,=6%18" %==E£0%42" p=50°34" AB=I100 [
Caluculate the dizmeter fo tank.

Solution :
AB Sin (5—0,) _ 100 Sin (50°54'—6°18°)
AC="Sin/ACE .~ Sin (180°—aTB=0,1
RENXNA |
0.815 : 4
AB Sing 1C0xSin 50°654' 7 _ 100x0 776
AD=o 7ADE — & {180°—(3+a—0)  0.528

=93,8
P=AC*+AD*—2AC.AD Cos 0 ' _
r=4/(86"+03.8'—2 x 86 x 93.8x.0,99=14.34 ft

Diameter=2x14.35=28,7 ft

Precise Levelling: This is a spacial of lml'allin.g
where high degree of precision is required. This is

Survey of Bangladesh,

Barometric Levelling : 1n this method, baromster is used
to determine th2 difisrences in heights of pointsina hilly
Or mountanecus conuntry where ordinary levelling is not
Possible ' This mathad is based nn the relation that the
atmospharic pressuyrs varieg ipyerssly with the haight This
is generall employad on exploratory or reconnaissan-e
surveys. This is nol a very accurate method asg ths
atmospheric pressure =t any point is constantly changing

and the readinjs ars afasted by tha temperature of
the air. ; ;

Hypsometry ; 1n ty's m2i19d, ta2 aliitudas of different
poinis are detarmined By the hzlpof a hypsometer which
is nothjng bui a thermo-barometar. Tha working priacple
of a hypsomster is based on the fact thata liquid boils
when its pressureis equal to the atmospheric pressura,

It onsis’s of a graduared thermometer and a small boiler
filled up with water,

Tne warer is bsilag by a spirt lamp and steam temper-
alure is rezorded by tha ‘hermomager. Tha boiling point
of water depends upon the pressure .> which it ig subjec-
ted. It is lowered at hizher altitude where the atmasheric
Pressure decreases, The boiling point temperatures are
recorded at varicus stations and corresponding pressures
are calculated. Then, using baromeatric formula tha diffe-
Yence in elevation of differeat points are calzulated. This
method is generally employed in mountaneouns regions
where ordinary levelling is not possible. Byt this is not a
Vary accurate method, g ;

S—11 Errors io Levelling ;: The errors in lavallhig may
©ccur due to (a) imperfect adjustment of the instrument, (b




(D) Accurate Levelling, e=+0.05 v”d‘

linez is called the contour intarval,
(¢} Levelling of High Precision, e=-0.004 Vv d,
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defective fnc_uaamg aud bubb_le n_l_t_}e. {c}_fau_lty sighting, heighthetween two points W-E-Ih adevel without
(d) settlement of the _!evel and the a_laff (&) eurvature, bringing the bubble. in the cent £i
‘refraction and the effects of wind and temperature, (1) e i 29 Solusaciisipun,
faultly recording of field data such as recording fore and : () T;he R.L. of the line of sight is higher than that
back readings, reading the wrong number in the staff, oot _tha ﬁ-?tum. : ;
omitling an entry, ect,, (i) gnplt;srvellmg staff is graduated. to feet and inches
' 5—12 Accuracy Required in Levelling Operation | The: : Rl TET Pl ps
| ; : 1} Line of collimat . COix { x
| allowable 'errorin different types of levelling operations * it {_\T tmation should. coincide withthe lon
| 1. : i _ : gitudinal axis of the telescope tubs for correct
is as follows : i staff reading _
(a) Ordinary Levelling: e=¢0_.11;'d. where e is {x) The best position of the staff is when it is held |
1 ths allowable error in ft. and d is the distance in pPerpendicular to the surface of tha earth.
} ey _ (i) The horizontal distance batween any two contour

L. Examine tha following statements carefully and
writa whether ths statement is true or false:

{ (@) A'level line on the aurfice of the earth isa
|
t
]
I

\l ' EXERCISE

curved line equidistant from ' the centre of the
earth atevery point.

(b) A horizental line at a point on tha surfacs of the
! earth is a straight line perpendicular to the line
L of gravity at the point and extends infinitely on:

both directions, bBha
. .. (c). The lavel is an instrument for determining rela-
_ tive distances of different point on the earth's

surface. _ Vil : = .
(d) Banch mark is a point of known RL. on a perma-
nant object. I 0 i

(e) Reduced level of Datum. is always 100.00
«f) Itis possible to determine the R.L.ofa point.
~ underneath an overhead electric wire by holding; +
I the levelling staff upside down. _ . ' : :
19) It is possible’'to determine the difierence of ; .




(v)
(w)
(x)
(y)
(z)

(a)

ib)

2.
3.

2]

(@)

o
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readings are known as fore readings and back
readings respectively.

The higher staff reading indicates elevation and

lower staff reading indicatea depression.

The error due to curvature inftis equal to two-
third o! the square of the distance in miles. .

The effect of refraction is to makza observed stafl
reading higher.
Formation‘lavel is the finished surface levelef a
road.
In levelling, a station is a point on which .the
instrument is get up. ;
Stagnant water-surface maintains equal elavation
at evary point. - .
Small vertical angles can be measured by a
levelling instrument.
Enumerate he objectives of levelling
Explain the essential differences betlween a
Dumpy level and a Y-lavel,
Dizciss briefly the temporary and parmaneit
adjustinents of Y-Levels.
Narrate the conditions for perfect adjustment cf
a Dumpy Level.
What is two peg test ? Why do you go for this
1est 7 Explain.

Discuss the methods of reducing levis. What
are the merits and demerits of rise and fall
method over the line of collimation method ?

Write explantory notes on the following with
neat ska'ch wherever possible.

Levelling Staff, (b) Check Levelling, (¢) Profila
Levelling (d) Cross-sectioning, (e) Reciprocal
Levelling, (f) Trignome*rical Levelling. (g)
Difféerential Levelling.

Explain the term *Contouring”. Discuss briefly
the warious methods of contouring with their

merits and demerits,
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10, What are the ures of contour maps? Name the:
chaactaristica of contours.

1. PgDumpy Level was placed midway between A
and B. 200 ft apart on a fairly level ground and the staff
readings on A and B were 7,78 and 4.92 respectively. Tha
level was then placed at C, 40 ft behind A on the line BA
produced and the staff readings on A and B were 6.24 and
320 respectivly. (a) Is the instrument in perfect adjust-
ment ?

(b) If not, is the line of collimation inclined upwards *
() What should be the corract readings after the ad,ust-
ment of the line ¢f collimation ?

Ans. (a) No. Inclined downwards, (c) 6.2715ft, 3.416 ft

12 In alsvelling oparaticn. tha bsnch marl: whose
R.L.is 10.50 ft is 3.20 ft. below tha h2igh’ of the instruman:
i1 the first setting of the instrument. From tha first cat up
of the instrument the staff readings 4.72. 9.60, 7.2 & 8.73
wers taken on points A,B,C, and D respactiysly From the
the secord setup. of the insirument, staff readings 6.72.
3.58. 4.82, and 7.78 were taken onD, E, F and G respecti-
vely. ' Calculate the reduced levels of A,B.C,D.E,F and G
which are 50 [t apart from one anoiher, afier entering them
in a level book form, Apply necessayr arithmetic checks.

13. Rule out of a level bookand enter the following-
staff readings which were taken at an intervel of 50 ft.

Ist set up cf the instrument : 5.72, 5.08, 3,42, 9.45

énd ,, i o 6.54, 7.68, 5.12, 6.5T7

3rd ,, - 2.64, 4.58, 524 (B.M.),

. 4,22 and 1.72

The B. M. occurs in the 3rd set up 200 ft right of the-
chain line onthe top of a mile-store. The R. L.of the
Daach mark is 98,50 Calculate the difference in level
between the starting pcirt and iast point. Apply necaessary

chacks.
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14. Inlevelling across a wida river, the line of colli-
mation of the telescope placed on one bank cut an alaciric
post 12 45 ft above the level of the . ground on the other
bank. The distance between the instrument . position and
the electric post was 4250 ft. Ths back reading to a bench
mark close by was 6.26 ft. and the R. L. of the bench mark

“was 100.64 ft Calculate the R.I. of the ground al th2 electrie
post. Apply combined corection for refraclicn and
curvature.

. ol Ans: 94.82 ft. .above datum.

15.  The light house on the Kutubdia Island near Gox's
Bazar is just visible above the horizon from a distance of 50
miles in the Bay of Bengal. Calculate the height of the light
house. Ans. 1425 1.

18, A ship having a mast 110 ft was leaving the Mor gla
Port. An observer having a height of 59« standing over
the jetty of 12 fi high above the sea-level] reporied that
the mast of the ship was visible for 1 hour and 1§ minutes
after leaving the port. What was the speed of ‘he ship 7

. Ans : 15.5 miles per hour.

17.. P and Q are two points 250 ft apart of the ground,
A theodolite was placed on P and directed towards Q and
another point R and the angle~3°2'8.and 15°12' were

~Fecorded respectively. Th height of the instument ai P was
4.15 ft, The instrument was then shifted to Q where the
height of the instrument was 512 ft and angle

-of elevation of R from Q is 20°26" Ifthe R L, of P is 'TZE.G{I,
calculite the R.L. of the point R.

o : Ans: 1010,76 fi

18. A theodolite was set up atPata distance of 500 ft

froma tower al Q and the following observations were

-recorded . A e
{8) Vertical angle measured o the top of the _

tower=49°43"

- i o s i
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{b) Vertical agle measured to the foot of the
tower=—13°24'
-~ {c) Height of the instrument at p=4.76 ft
Calculote the height of the tower if the R.L. of
: P=2448.75 ft
Ans. 266,47 ft

19. A tower slands on the ground the level of which is
40.722 ft above datum. From a theodolite’ 58 ft away
horizontally an angle of elevation of 12°42’ is obtainad.
If the height of the instrument is 1.43 ft and “the R.L.
-of the inslrument station 'is 44.502 ft, how high is the
tower ? ' i Ans: 18.28 fi.




CHAPTER .
SMALL INSTR UMENTS

6—1 Scales : After surveying ‘a particular plotef land,
it is required to draw it on a sheet of paper to produce
plan or map. Since the tiza of the paper is limited, it is not
possible 1o, draw the area surveyed to its full size, . Itie

generally drawn to a reducad sizs. The proportion of tao
drawing tothe jactual.arai js krown as  its scafe. Tnis is
&Xpressed as ; T :

(1) linch=:10fti.e., I inch leagih on the drawing repre-
sents 10 fi leagth of the land gurveyad.

(2) linch=§ milesie, 1inch length on the drawing
represents 8 miles lengih of the land.

(3) &full sizajie,, if tha length of tha objectis | inch
then its leagtn on the drawing 1s & iach.

(4) Reyreiemative_ Fraction (R.F)y: Ths scile may
also be ex:ressed by a fraction Whose numerator is unity.
This fraction is knowh as representative fraction. Itis there-
fore the ratio of tha length on the object with tha numerator
raduced to unily.

: i 323 1
."’._ = hi=——— o
() R.F. ofa i [ull size drawinf 2375

(b) R.F.ofa {full size drawing=1

T —

40x 12 — 480
1 I |
: §x 5280 12 506880
Types of Scale : Scales are of three types, viz., (1) Plain,
(2) Diagonal and (3) Vernier,

Plain Seale :  Plain scales show two units, a major and
a minor units, viz., feet and inches. miles and furlongs.
inches and fraction o} an inch.

(¢) R.F.ofa40ft to an inch scale ~

d) R.F. of € miles to an inch scala=
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' } 1
Example: Construct a planscals, R, F.= 50 to show
yards and feet. Show also 6 yards 2 feet on this scale.
Solution ; 5
Iinch represents 60 inchesi.e 5 it or—_j-yards
52. 6 inches represent 6x g—-_ﬂ_lﬂ yards

Take a length of 68 inches and divide it into 10 erual
parts to show yards and the left hand division again into
3 2qual parts'te show feet (Fig. 6:1)

e——— 5 Yds 2Ft ——

'f'ig 6il
Diagonal Scale : A diagonal scale shows three units, one
major and two minor units, viz, yards, fest and inchas :
miles, furlongs and yards etc.
Example : Construct a diagonal scale having a

) 52 -=-21—4to show yards, feet and inches. 'Show also 2

yards 1 foot and 5 inches on this scale.
Solution :

2
Iinch represents 24 inchesor 2 feet or-5- yard

: 5
So. 6 inches represent ﬁx—3—=4 yards

Take a length AB of 6 inches and divide it intr.:i 4 equal
divisions, each division representing 1 yard. . plfzdep the
‘extreme left hand division into 3 equal sub-diw?m_rna_, each
sub-division representing a foot, The second minor unit is

11—
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x I
e
s 1z th of the first minor uni which is a foot.
= sl «
DIAW a Perpandicular rat A Chooss a suitable height

{generallyl inch) ang divide it into 12 equal parts. Draw
lines paralle] o ag through each point. Join 3-2, 2—{ and

Fig 632"

Verniers :  Vernier is a devica used for measuring frac-
tonal part of the smaflest division of tha mair or the
primary scale. It is used both for linear ang anguar frac-

tion measurement. It s placed parallel to the main scale -

and moves along the edge of the latter. The vernjer CalTieg

an index mark which forms the xero of the vernier divisions

main scale by tha required fraction Thers are mainly two
types of verniars, viz. (1) Direct Vernier and (2) Retrp-
grade Vernier,

Direct Vernier ; In a direct vernier both the scales are
graduated in the sams direction either from the right
towards the left or from the left to the right and each divi-

is the vernier scale. Itis geen that the spage occupied by

9 divisions of the main scale is divided into 10 divisions of -

tha verni-?r seale. If d is the value of the smallest divisian
oF'thB main scale, v, the length of One divsion'of the ver-
nier and n, the no. of divisions on the vernier, then. '
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n—1
oa 5’ i == d
An-1)d=nv ooy = X
Agﬂﬂ.in, d—-—-?::d-—l}_,.n_ o dz_n_d

This difference, (d _v};—% 13 known as the least count

<of the vernier. The value of the least count of the vernisr

may. therefore be obtained by dividing the value of ihe
smallest division on tha main scale by the numbar «f

+divisions on the vernier,

0. s TE :
2619 15 (A c 26 5 1o ] o

t e

Fig. 5.3'

The first division of the vernisr Scaie [1lls short of the
“first division of -the'main- seale byTi-cf one division «f
the main scale. The second division of the vernier falls
short of the second of the main- by%d and sy on. For

example, in Fig. 6.3:(b), the 6ih division of ‘the vernisr
coincides with a- division of the maiin scals. So, tha indax

arrow of the vernier should be moved to the left h}r—g-'
of a divison 61’ the maiﬁ scale; Therefore, the reading will
ba {1+%?'=1.6. In the above ciss, the least count is T%
But if the 29 division of the main saals aredivided into 20
-divis_[ia_:ins ol the vernier, the least count would ba 3% 3.

? 1o |

[T TITI
I'.EH:ILM'IHH “Illrur
I_ - &
nas) 20 12 0. 5 i i

Fig 6.4
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Retrograde Vernier : The retrograds vernier is one in.
which ilie graduations of the main seale are marked in the-
direction opposite to that of the vernier scale and each
division of the vernier is longer than each of tha main
scale. Fig. 6.4 shows the construction of a retrograde
vernier. Thea space occupied by Ll divisions of the main
scile is divided into 10 divisions of the vernier.

nv=[nild; = v=-(l-l-—-+—]):l
_ n
T : n+l l
na. least coun,r,=(u~.-d]=(——)d—d= —d
n n

Tha only advantage of a retrograda verniar is that the-
graduations are not so fine asa direct varnier, Since, tha
direct vernier is simpler to read, it is generally prafarred.

gl

Fig.6. 5§ shows the vernier attached to the circular
scale of a theodolite. The lower one is the main scale and.
the upper ons is the vernier, The graduations on the main
scale are made to read 30' minutes or 1 degree, and the
Space of29 divisions of the main scale is divided into 30
dl'ns_lons of the vernier. Sometimes, 20 divisions of the
vernisr coincide with 19 smallest divisions of the main
scale. Tha circular scale on a theodolita is graduated in
dagr&ﬁa and then each of these graduations is sub-divided
Sometimes in 30 minutes and somatimes in 20 minutes,
Depar;ding upon the type of instrument, the readings may
be taken upto 30, 20, 10 or 5 seconds by the hel_pi of a

~ vernijer.

Example : The primary scale is divided into inches and.
thenths of inchs. Construct a vernier to read upto.
hundredth of an inch.
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Solution :
Least count= -:l—ur the primary scala division

lﬁ% inch= —?1{ ® Té—inch orn=10

A lencth equal to 9 smaller divisions on the primary
scale is taken and divided into 10 equal parts.

Example : The Hhorizontal circle of a theodolite is
divided into degrees and onse-third degrees. Construct a
vernier scale to read upto 20 seconds. .

Bolation :

Leasi caunt::—i— x valua of the smalles: division of tha

main scala.

- d iy e : 1
Now, tae smallest division on the main scale:-a-

degree=27

?.U"-—-—ll_l- x20x 6) or n=E0.

A length equal to fifty nine o.ae-third degree divisions is
taken as the length of the vernier and it is divided into 60
equal parts. :

6—2 Bubble Tube : The bubble tube, cylindrical shaped
small ‘instrument, is curved to a strictly uniform radius
which varies from 50 to 1200 fi. 'The sensitivity will. be
high if the radius is longer. It is partially filled with alcohol
or ether leaving an air bubble inside which occupies the
-highest position of the tube. Whon the bubble is at the
cenlre of its run. the imaginary tangent lins, ( bubble line )
becomes horizontal. The top surface of the tuba is gradua-
ted either in inches or in mm in both directions with zero at
the centre. erii

The sensitivenss of the bubble tube which denotes the
quick acling property of the bubble as relating to the rapi-
ity and amount of its movement, depends upon the radius
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of the curvature of the tube and is directly propotional 1o  it.
It is mesured by the angle through which the line of sight
moves in order to cause the bubble o move  over one divi-
sion of the scals, The following is the procedure to deter-
mine the sensitivity and the radius of curvature of the bubbles
tubsa.

In Fig. 6.6, A and B are two points on the ground at &
distancal of 100 ft apart. The instrument is set up at A and:
correctly levelled, The stafi reading h; at B is taken with
the bubble at the centre of its run, By turning the foot
actews beneath the telescope, the forward end of the teles-
cope is gither raissed or, lowered so that the bubble moves-
through the arc EF=d, the distance measured in divisions-
on the top of the tube. In Fig, 6.6, the forward end of the
telescope has been raised. Now, the staff reading h, is again
takenatB. Then, h,—h,—=h, From the similarity of thes
triangles AEF and CED,

AP EC A
EF D g e
. d/
g I=T

Sensitiveness of the bubbl = d i Yok
e = ot

where x=angle between tha line of sight in radians
and! redian=206265 seconds, '

Exumple: The bubble of a bubble tubs moves throughs
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8 mm for a change of 30 seconds inclination, Calculate the-
raldus of curvature of the bubble tube and the sensitivity -
of the babble.

Bolution :

Sensitiveness per second= %= 0.167

Sansitiveness of the bubble 1ubs=*E.g.§§5

E 5 ! 206265x 6
206265 — 30 ..r_-——ﬂ—h-— 34377 mm
=234,377 meiras
6—3 Hand Level : This is a small and compact instru-
ment generally 4 to 6 inches Iong used by hand. This hand
instrument is used for rough survey works like reconnais-

sance and preliminary surveys, locating contours in topo-
L]

Bubkie Tube

Fin hpla
" W—

R
Fig. 6.7 Hand Level

graphic surveying and taking cross-ssctions in case bl
height of embankment and depth of cutting. There are
different types, the simplest and commonly used one has
been shown in Fig 6.7. It consists of a cylindrical sighting
tubs, a pin-hole at the end, cross-wire at the other end, a
reflecting mirror in the middle sat at 45° and a small bubble
tube at the top. The lower end of the mirror coincides
with tha diameter of the tube. The line joining the pin-hole
and the intersection of the cross-wire gives the line of sight.
The horizontal plane of the tube and the bubble tube have
been adjusted ia such a wiy that the central line becemes
horizoptal when the bubble is seen by the eye, through the
pinhole. To use the lavel, it is held in hand against a rang-
ing rod ata known height above the ground. The staffat a
known distance apart is then sighted. Tke forward end of
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the level is raised or lowerd until the image of the bubble
as seen in the mirror is bissctad by the cross-wires, Tre
reading of tha staff at whizh the Cross-wires appaar to cut
is recorded.

: 6—4 Clinometers: Thesa are light and compact hand
instruments, They are used for rougn but rapid type of
survey works for measuring vertical angles, tasing cross

sections, obseiving ground siopes and locating points on a
grads. There are vatious lorms of clinometers, t:s

simplest and the most ¢ominonly used ona has bean showa

in Fig. 8.8 Itconsistsofa graduatied semi-circle resé:‘.‘.—
bling a protractor, 1wo pins P, and P, for sighling ard a Lizghs
plumb bob on a long taread suspandad from the cenra.

In using this instrument. a point is marxed on a ranging

road at the height of tha surveyor's eye. Tha surveyor is

then sights along F, P, to the mark on ihe ranging rod keld

al a place whose angle cf slope is to be determined. Afer
£ighting. the surveyor is then clips the ihread with his

thumd and n=t2s the graduaiions under the siring which

gives the angls of slapa.
Fig. 6.9 shows another common type of clinometer

known as Aoneysleval It is a very light. compact and
hand instrument and suitabls for rapid survey works, It is
usad for measuring the anjles of elavations and de prassioas
measuring fhe slope of the ground when chaiming operation
1s performed along uneven ground end tracing a point on
arising or a falling con'our. It consists of a telescops tube

L:lumb-'-aot

Fig. 6.8 Simple Clinometer
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fited with an eye piece at ons end and at the other
ond, a mirror at an angle of 45° and occupies half the width
o! the tube. A wire is fixed across the tube behind the

.~ bein Scale.
-

‘ Eye Pioze
- T
g NG L

L Te'esccpe Tube

Fig.6.9 Abnsy's Level
mirror by m=ans of which objects can be bisected. A small
spirit level is attached to a vernier arm which can ke
rotated by means of milled wheel over an arc on which
graduations of the angles are printed with zero at the
cen're and up to 90° on both sides. Bv the help of the
vernier, vertical angles can be red upto 10 minutes.

To use it, the telescope is sighted on 1o a vane and the
bubble is brought at the centre of its run and the object is
in‘ersected by the line of collimation. The bubble tube
should always be adjusted to the horizontal position while
the telescope ls parallel to the slope of the ground. The
inclination is then read from the scale by the help of the
vernjer and the magnilying glass.

6—5 Sextants: Thess are small and compact instru-
ments for measuring botb horizontal and vertical angles.
There are different types of sextants of which box sextants
and nautical sextants are commonly used.

Box Sextant : It consists of a cylindrical box of about 3
inches dimater and about 1 3 inches thick. It is just like the

«optical square having a half-silvered and half plane horizon
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glass can be moved by a screw so that it can be used to
measure any angle. Attached to the same axis as the index
glass but on the outside of the box, is an arm carrying a
vernier which moves over a graduated scale. An adjust-
able microscope is attached to the top and a pair of colou-
red glasses are provided in the interior for use during
, -observations to bright objects or the sun.

Fig. 6.10 A Box Sextaot.

1. ‘Telecope Tube 2. Eye Piece
3. Main Scale 4. Vernier
5. Magnifyiog Glass.

In using the instrument, it is held in right hand exactly
over the station P at which the angle is to be measured,
The left hand object A is sighted by direct vision through-
the lower portion of the horizon glass and the milled head
Bis turned until at the same time the image of the object
F is viewed in the silvered upper porition of the glass..
When the two objects A and F apparently coincide, the
reading indicated by the vernier on the main scale gives
the vaiuae of the angla APF, : -

The angle APF between two objects A and F is double
the angle between the mirrors i.e. 8=2« ( Fig. 6.11 ).

glass and fully silvered index glass inside. The index
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FIG. 6:11

In the Fi3. 6,11, mn is the hoizontal glass and rs is ths
Index mirror. At the point C, the lines of the two mirrors
villen produced, mesat, ADP is the ray of light coming
directiy through the plane glass and ihe ray FB, reflected
frorm the index :nirror goesto the: silverod part of ths
horizon glass in the direction BD and reflected back as DF
t3 the eyaat P, marking the angle 0 'a' P,

+BOE=/BCD+ £ CBD or 8=x+ /CBD, ( InABDC }
But /CBA=(8—=x) and also LFBG=(3—a)
. £ DBF=180°~(/ CBD—/ FBG )=180"—23 424
Again; /PDC=BDE=38
.*." /DBP=180°-~ / PDC— / BDE = 180°—23 -
Now, in tha ABDP,, /. DBP= / BDP+ /BPD

lEﬂ_“—zﬂ-f- Sa=180°—2840
or 2xz=H

Nautical Sextant; This is a very simple and handy-
instrument. Itis specially adopted for use in aboator &
ship on water where the motion rerders the use ‘of fixed
instruments impracticable, Fig. 6.12' shows a nautical
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Fig. 6.12 Nautical Sextant
}. Index Arm 2. Telescore 3. Clamp
+. Graduated Arc 5. Verniec i
6, Tangent Screw 7. 9 & 12, Coloured
Glass B, Adjusting Serew 1), Arm or
Limb 11. Horizon Glass
sextant with its differeat par:s. It is used lor measuring

angles and also the altitudes of celeslial bodiss.

To measure the horizontal angle between two objects
at different altitudes, the plane of the limb is held inl2i
hand in the plane containing the two objects and thea
looked through the telescope towards the less distinct
object The index arm is moved by the righi hand until
the reflected image of ths brighter object comes in contact
with the direct imarge of the less distinct cbject. The
.index bar is now clamped and exact coincidence of the two
images are obtained with tha tangeat screw. Now. the
vernier reading is noted which gives the desired angle.
-Correction for index error is to be applied if there is any
.index error, :

To measure the altitude ofa heavenly body on land,
.an artificial horizon is required, The sectant is held in
the left hand and the telescope is focussed towards
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the image of the heavenly body (star, sun, etc)) asreflec-
ted from the mercury. This is seen from the unsilvered
partion of the horizon glass, The index arm of the sextant
is then moved with the right hand till the image of the
heavenly body as reflected from the mirrors of the sextan

is brough into exact coincidence with the image reflected
from the mercury, Tha vernizr is then fixed and the angle
1s read though the magnifying glasses, The value of the
angle is thus obtained will be twice the raguired .altitude
of the heavenly body,

When the altitude of a hzavanly body is observed from -

the sea by a saxtant, correction for dip is to be applied.

The nautical sextant is specially used for coastal sur-
veys. marine and navigation surveys, and ma king observa-
tions on heavenly badies for latitude, longituds, tims,
meridian and altitude. :

6—6 Proportional Compass : !t is'a small insirumant used
to copy plans to any seala, ts reduce linss to any ratio, tc

Fig 6.13 Proportiocal Compass,

1. & 2. Braas Arms. 3. Milled headed

Screw. 4. Pivot, 5. Projecticg Pins,

8. Slots,
inscribe a regular polygon iaside a circle of given rading
and to reduce or enlarge given areas or volumes to any
desired ratio,

This consiats of two brass arms having a slot down the
middle of each, along which a pivot can be moved and,
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locked in any desired position by means of a milled-
headed screw. The arms have four scales, generally tivo
on each arm, marked as “lines,” “plans,” -‘solids™
and *“circles' respectively. Touse the instrument
the arms are first folded one upon the other. After
loosening the milledheaded screw, the slider is moved by
means of the screw until the index mark on it accurately
registers with the line of the scale of ratios (say 3). The
screw is then tightened and the arms are pulled apart. The
-distance batween the points at cne end will be exactly
thres times (hat of the other. If it is 1epuired !o enlarge
a figure, then two points are marked on the poundary of
the original figure, with the help of the shorter end asa
divider. Let us suppose, it is § inch The points at the
other end will be 1.5 inches apart. Now the longe:r end
is used asa divider to enlarge the figure three times on
the copy. Now, o reduce a figure toa certain ratio, just
the opposite is done. The distance on the original figure
is to be measured by the longer end and then transferred
it by the longer end. .

6—T Panotageaph ; This is a small instrument, This is
used for copying, enlarging and reducing plans to any
desisd scales. Fig. 6.14, shows the sketch of a pantagraph
It consists of two long bars pivoted together atone end
and two short bars pivoted together to a point, and each
again pivoted to the centre of the long bars, The instru-
ment is supported by small roller wheels, A weight,
pivoted at one of the long bars holds the instrument in
position, The other long bar carries a tracing point for
tracing lines of original figure, one of the short bars again
-carries a pencil point for copying, enlarging or reducing
plans tothe desired scale. The position of the tracer,
pencil and weight is interchangeable, The pencil is
connected by a cord to the tracing point where a loop is
placed for the fiager in order that the pencil may ba raised
- -when passing over the space between two lines. There
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are fixed sharp points on the under side of the weight to
keap the welght firm and steady in poslt_ion. The shorter
bars are pivoted with the longer bars in such a way that
the four sides forma parallelogram,. Shor_t bars anc} one
.of the long bars have figures engraved in tha ratio in
which the plans are to be enlarged or reduced,

9

Fig. 6.14 Pantagraph
1,2. Long Bars 3, 4. Short Bars
5. Traciog Point 6. Pencil Point
7. Fulerum Wt &, 8. Roller Wheels ~
10. Pivot 11, Cord.

The principle on which pantagraph works is that if any
jointed parallelogram is intersceted by a straight line, the
four points thus obtained will lie in a straight line, and [hs
distances between these points will remain in the relalive
constant proportion to each other, even though the angles
of the parallelogram are altered. When the percil and the
tracer are fixed to the same figure which are engraved on
the short and the long bars respectively, the instrument is
adjusted in such a way that .the weight, the tracer and the
pencil lie in the same straight line. Now, it is required 1o
reduce a given figure in a proportion 1:4. The index of the
fulcrum weight which slides along graduated scale bar (o
read 1:4. This is now clamped in that position. The sliding
index carrying a pencil Is also set to read 1:4. on the small
graduated bar and by doing so, the fulcrum weight, pencil
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and the tracer shall be now in a siraight line. The given.

figuze is now traced by the tracer and the pencil itself will
race the same figure in the raduced proportion of 1:4. By
interchanging the positions of the tracsr ana the penzil, the

figure can be enlarged in the ratio 4:1.
6—8 Plapimeter : It is an instrumant which can measurs

- araas of all reqular or irregular figure very accurately. Thia

consists of twoarms pivoted at a point. One is called anchor
arm and its length is constant: It carnea a needla point
:nown as anchor point, which is fixed in the paper and held
in position by a small weight which is detachable. Tha other
arin is called the tracing arm Its length is adjustable and
carries a tracer point, which is moved rourd the boundary
of the figure to be measured. Tne total displacement is
measured by a wheel  whose axis is parallel to the tracing
arm. The wheal carries a graduated drum divided into 109

th part may be

equa! parts. By the help of the verniér, T

: Fig. 6.15 Plaoimster
1. Traciog Arm 2. Anchor Arm
3. Tracing Point 4. Anchor Poinl
5, Fulcrum Wi, 6. Pivole

7. Counting Dicc 8. Roller Wheel
@, Vernier 'l0, Areato be Measured.

SMALL INSTRUMENTS 117

raad. The complete revolutions of the roller wheel are
raad on the counting disc to which the roller wheel is
gaared.The counting disc is divided into 10 equal parts and
advances one line at each such turn of the roller wheel .and

thereby performs one revolulion at every 10 turns of the .

rollar wheel. Each complete reading is a figure of four

i |
. digits, the units are read on the counting ﬁlﬁc-l"ath and

-—1%5 th on the drum and ths lﬂéﬂ th on the vernier.
i$'orking Principle of the Planimeter ! The working princi-
pla of a planimeter can be explained by considering the
molion on plane of a bar of any langth. In Fig. 6.6, AB1s
a bar of length ! which after a vary small displasemsant
mavas to A,B, IfBA and BA, are produced; they wiil mest
ata point 0. The area swepl over by AB is AA,BB,. This
area is considerad as the differenca between two triangles
B3,0 and AA,O.
Area Swept over=} OB.BB,—10AAA,
=10B OB, sin é§—} OA. OA, sinad
.-=i~ sin 80 (OB. DB;—OA, G.Fll)
Since the movemant is very small, Sin 89=30. OB,;=0B
a=d OA,;=0A. '
The area awept over=3430(0B*—0 A?)
=§30[OB+DM(C}B-UE)

—30 OBJE%x (OB—OR)

bmf_l'_ﬁ.i_f‘"xoc, and OB—OA= I where C=mid-point of

., Area=0C,80. /, but OC, 80 is the small displace-

ment of C at right angles to AB,
Therefore, the area=Ix8C; where 5C=0C.30: Then for
a considerable movement of the bar AB, the area swept

12—
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over=f1.3C. This means the area swept over is equal to
the lenght of the bar multiplied by the  summation of the
amall displacement of its middle point at right angle to it,

Now, 3C=3C'+C'C.80. .- [fdC= fdC'LC'C fde

Again if the bar moves out and again comes back to its
original position without any of its end making a' complete
turn about the other end then,

d0=f O, and [ dC=dc

Therefore; area swept over=/ SdC’, where fdC'is the
sum of all the small movements of any other point on the
gar atright angle to its length recorded by the graduated

am. . !

Use of the planimeter : The indax mark on the levslled
edge of the side is set 10 the scale to which the figure is
drawn. The anchor Poiat is fixed firmly on the paper
inside or outside the figure according as tha figure big or
small. The tracing point is always moved in tha clozkwisa
direction around the figure so asto ses that all ponts in
the boundrry can be reachsd without any difficulty an4
also the dial is observed in ordar to 308 whather the total
rotation of the weee! is a forward or a backward direction,
‘Marking a definite point on the outline of the figure, the
racing point is set exactly onit. The inital raadings on
the dial and wheel ar recorded. The tracing point is then
moved exactly around the outline always in a clotckwise
direction until it again reaches the starting point exactly.
Again, the dial and whee] readings are recorded as final

-ver the fixed index mark.
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F.R.=Final reading on the dial and whe;e;ll.

I i{.;alnitial reading on the dial ani w];le; E.l A s

I i ro marg o

N zI;El}usl sign is to be used whez;
xed index mar

dial passes over the fi : :
s zelrzlz?:;?;o;itrt?:ﬂon gnd minus sign for anti-clockwise
inaclo R .

e+ f the
dlrec Value of the constant engraved on the top ©

. ; oI

ingi e figure. : . : L
1“5“:::; ze?‘u of the roller wheel is setat the index ma
t

p r

-ggion for area becomes a3 follows :

Area, A=M(F.R +10N) : i |

le : The perimeterof an irrrlgul'flr ﬁ'gu.m g 4

e ter in clockwise direction yrith tt g

s Elm;iz the tracing arm was so set that onar T A

ﬁiii:f;[tj;liamuar measured 8 ng‘zimhdqﬂngtf:r ;::;J;Gt.ivaw-

i 925 and 2.z24

ooy andmﬁallﬂ f[ﬂ‘il: ggi:car:;:sed the fixed index mark

The zero :

ﬂgum;mﬂ R —3.245, IR.=10.825, N=1, C=0

N4-C)-
A=M(F-R.— LR.+10N+C
ke —8(3.245—10.925+10x 1+0)

=18.66 sq. inches, »
Calculate the area of an irregular figure

in clockwise direclion with

Example :
the tracing arm set to the

lanimeter
measured by a p
anchor point inside and with

| scale from the following : ; S
IILalt“Zﬁ.al reading=2.425, Final reading=9.236, C 20.21

i mark

dial sad the fixed index

Tt;e z;;ﬂr:lra:mk nfdmtt.m ﬂnﬂ’nd one ravolution of the
twice in the .

roller measured 8 sq, inches.

readings. The number of times the zero mark of the dial
Passes the fixed index mark in a clockwise direction
or anti clockwise directton, during the movement of tha
tracing point along tha outline of the figure, are noted.

The area of the figure obtained by a planimeler.

A=M(F.R.—LR. +10N+C) ¥ o

where A=sarea obtained by the planimeter, M=Multip-
lier whose value is engraved on the tracing arm next to
s scale divigion, i
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Initial reading=1.054, Final reading=0.459, C={0.425"
Area=M(F.R.—LR.—I0N+C)

=8( 9.326—2.425~10x 24-20.215 )
=56.928 sq. inches.

Example : Aa irregular figure was measurad by a.

planimeter in clockwised eireclion with anchor point inside

and with tracing arm set to natural scale. The horizonta’.

and the vertical scale for the figure were 50 fi to [ inch and
§ ft to I inch. The zero of the disc passed thz
Lxed index mark once in the reverse direction and ona

revolution of the roller measured 10 sq. inches.

Calculate the area of the figure from the following
readings : Initial reading=1.054, Fina! reading=%450_
C=20.425 j

Area=M(F.R.—10N + C)
=10(6 450—1.054—10x 1 +20.425)
=15.821 sq. inches.

Now, one sq. inch on the papar represents £0x 5 =287
3T, It

.- Arer of the figure=15.821 x 250=32¢0 sc1. f1.

EXERCISE

1. Examine thz following statem ents very carefully and
writa whather thay ara true or false

(3) The ratio which the lengths on a drawing bear
to the actual lengths on the objects is callel the-

 scale of the drawing.

(b) Representative fraction is actuafly the ratio of
lengths on the drawings to the lengths on tha
objects with the numerator reduced to vnity.

(c) Plain scales show only two units, one major and

___one minor. :

(d) A diagonal scale is used to measure distances
in one major and two other minor units.

(e) A vernler is used fer angular measurements only_

&5
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{f) In a direct vernier, both the scalesare graduated

: in the same direction.

(g) The least count of a vernier is obtai:}ad by
dividing the valus of the smallest division on
the main sdale by the number of divisions on
the vernier.

.1) Each division of a retrograde vernier is smaller
than each of the main scale. n

(iy A hand level is a small instrument by which
vertical angles can be measured.

(j) Ground siopes can be measured by a clinomeler.

fk) Only horizon'al angles can be measured by 2
gextant.

(1) Altitude of the sun can bs determined by a box
sextant.

.¢m) A pantagraph isused for measuring the areas
of irregnlar figures. ‘

(n) A figure can be en}arged or reduced lo a suitable
acale by a planimeter. '

. (a) Define a scale, Discuss the types of scales with
their individual uses,

1
(b) Construct a plain scale of RF,=—35— 10 show
feet and inches.
1 :
(c) On a drawing, 1* repersents 1 —— miles. Draw

a plain scale to show miles and furlongs. On this
scale, show 3 miles and 8 furlongs.

3,(a) Construct a full size diagonal scale 3" high to

. 1
show inches, ilﬁth of aninch anﬂm-th of an inch.

{b) On asurvey map. 16’ represent one mils, Draw
a diagonal scale to show furlongs and yards. On
this scale, show a distance of one furloug and
one hundred and eighty six yards.
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il Whatisavarnier? Name the differant types of

veriiers and discuss thejr merits and demerjts.

5.(a) A scale [ft long is divided to 109 equal parts,
Construct 5 veraler for the scale by means of’
which it can be read to the thousandthg of a foot,

(b) A theodolite circle is divided into degress and
half degrees, Construct a vernier toread uptc.
one minute,

6.(2) What s tha sensitivity of a bubbla tudba ? How je.
It measured ?

(b) The bubble of a bubble tube moves through 4
milimeters for 2 change of inclination of a¢
seconds. Calculate the radiug of the curvatyre
of the bubble tube and the Sensitivity of the
bubble. Aps, 471502 m.m, 0,13 m.m.

7. Write explanatory notes on the followings

(a) Hand level (b) Box sextant (c) Pantagraph (d}
Simple Clinometer (g) Proprotionaj Compass,

8. Whatis @ Nautical Sextant ? Explain jts working :
principles with jtg special uge, i

8. Explain the working princiles of @ planimetar,
Deduce an 8Xprassion for the area swept over by a planij.-
meter in anticlockwige direction wity anchor point fixed
outeide the area, ;

10. The arez ofan irregular figure is g 8q. inhes..
with anchor point fixeqd:
inital_
final Teading on the.

: - , ‘mersured ijp clockwiss
direction with anchor point outside, The difference .-

tween final ang initia] Teadings wag 1862 thig time,.
Compute the area of the second figure,

Ans, 2942 8g. inches..

‘CHAPTER "7
TACHEOMETRY OR STADIA SURVEYING

1—1 Definition : ‘Tacheometry i‘s the type of surva]:?;;fil
in which vertical and horizontal d;atan?es are :on‘t};;ia X
[rom stadia readings without using cl;;l:t:r:;;ialp tt';eodolita
ial type
done by the help of a speci : _ .
known as Tacheometer and a 5ta{ft‘ known ;st.;ra;; ;::'a bis
: j i survey _
The object of this type o + i
i [ location surveys for roads,
t>ur map or plan as in cases o aey Vot
i , T@servoirs, canals and sawaers, aic. b
EIEZ to check accurate measurements jn locam{;gtl
i dGic surveys wi
ontours and complating thGrgap. .
fi:ﬁgrsdatails. Though the method iz not very a.c,cura_t;
s:'lilln itis used in places where the ground is h:il}r‘ wit
5;_}; gorges and whera there isaswamp ora masrzhy
- i nis 3
7—2 Description of lastrume : ¢ :
Tacheometer : It is a gpecial type of tralnmt ths;doi;?.
I's telescope contains two herizontal hau.? calle ::E x[ 1:-,
ﬁ.air.r in addition to the regular cross hairs. The

D D D

Fig+i T4 '
stadia hairs are equidistint from ths central cross +h:1r3 :'f:;
they are specially termed as stadta lines or x:adtia ::4_,- J.I 1
common types of stadia diapnrqgma are shou_wE_Tq '!g;:a;ﬁ' A
Stadia Rod.; This is a_special {ypeof level ing m;'t
is graduated in feet and decimals of a foot and the sm

t for
ivisi 0.01 ft, It is usnally of ona piece bu
ggg;glniﬂ:;g El: 1dt1':gr'rj|'ing the rods are sometimas hmgo_d at

the middle,
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7—3 Theory of Tacheomelry :

(8) Horizomal Sight : In Fig. 7.2, C is the optical cenire
of the object glass. A,, B, are the stadia webs placed at a
distance i apart and 0, is the axial web of the diaphram.
A,B, is the image of the staff AB when the telescope is focu-
ssed correctly. Inthis case, A,CA and B,CB are the two
siraight lines passing through the point C and O,CQ i3 t=e

Fig. 1.2
line of colliation. f, aad J; are the conjugate focal ieng'hs
of the lens and / is the length from C to the princpal focus
of the lens F. The distance from the point C to the verticz)
axis of the instrument is denoted by d.
From the similar triangles, ABC and A,8,C
Ao, OO0, .5 A

af, S I g N ol L
' We also know that for a lens :
-L- 1 —-1—-- . ﬂ' 'rl' 5
f Tl-+ﬁ =% ?.'_' f anw saw [2}
Putting the valus uf—‘{-g‘-inl-:qn,{l}, i
H]

S
- _-?r —] e f;wS'{--i-f
Adding d on both’ sides
fitd=SL 4r4d

o D=sL 4(rta) .. @

This formula is to be used when the stadia rod is perpen-

- dicular tothe line of collimation keeping the telescope
horizontal, :
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(b) Inclined Sight : Due 1o the great difference in alti-

tudas between the instrument station and staff position is

will be seen that the observation is impssible when the
telescope is horizontal. So an inclined sight must be taken.
For this inclined sight the staff may be held either vertically
or at right angles to tha line of collimation.

\

/1\
v Pl = .
Fig. 7.3
(i) Staff Vertical : Ina Fig. 7.3, M and N are the instru-
ment station and stafi position respectively. A, O and B are
the points on the staff cut by the stadia hairs and 6 is the
angle, tha collimation line makes with the horizontal. A,B,
is drawn perpendicular to M,0 thiough O,
In AOM,P, £/ OPM=90° .. /M,OP=080"—8
++ £BOB;=90°—/ M,OP =90°—(90°—0)=0
Now, A;B,=AB. Cosf=S Cosb '
We know from Eqn. (3),

D=sL+7+d), when the sight is horiznotal.

In this case, fn:ﬂlﬁlx—"ii +(f+d.) : _
=5 Cosb fi+(f+d) wss:_vas - (4)

Now, De=I Cosl=S Cos? Hﬂi+(f{-d ¥Cosh ... ... (B)
andl}l =5inf
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.. H=I8in 0=S Cosb, Sin® ffi+(f+d)Sind ... ... (6)
=S S"f“ J/i+Cf4+d)Sino
Tha elevation of tha staff station N=R.L. of instrument

axis+H—h. =
When the observed angle is an angle of elevation, tha
sign cf H is Positive and it is negative when the angle is an

angle of depression,
(li) Staff Parpendicular to the Line of Collimation :

FIG. 7.4

In Fig. 7.4, the stadia rod is placed perpendicular to thas
1Ina of collimation and all other notations ars as before.

The distance along the line of coilimation,
I=8 —-iL +(/+d)

Now, D=/ Cosd+h Sin0 =S4 Cost+(f+d) Cos+h
Sind (7)

and H-/ Sind= L Sing4(f+d) Simb................®)

The elevation of the staff station when the observed

angle 0 in the angle of elavation
=R.L. of the instrument axis4+H—h Cosad,
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When 0 is the angle of depression,
D=5 —T"r-Cosl'.i:(f-{-d ). Cosg—hSind .. .. ... (9}

And the elevation of the ataff atation
=R.L, of the instrument axis—H—h Cosb ... ... .. (10)

7—d I?ltﬂuiullun of Tacheomelfi: Cuu:lauﬁ: These -
constants are -{-—-and ( f+d ) of a techeomater,

To determine these two constants, the following proce--
dure fs adopted, ,

The Inatrument is placed ‘on a fairly levelled groun @.
aflcl & far distant object is focussed properly, The distance
batween the objective ( object glass ) and the plane of the
Cross hairs is measured accurately with a scale, This
measurad distanze is [ of the objec! glass, Again the distnce
ffom the object giass 1o the vertical axis of the instrument
15 measured carefully. This distance is d, Now serveral
lengths of D,, D,, D,, etc. along a line from the instrument
Station are measured and' the stadia intercepts S,,'S,, 'S,,.
elc. respectivelly are taken, By appiying formula (3) serve-

ral values of- -{—_'nm calculated from known values of (I+Db).

The average of these values will give the valus of f/i is
also known as miltiplying constant and its value is different

for different instrumens, Generally, this value varies from.
50 to 200, The constant (£4+d ) is also know as addirive

constantand it value varies rom 1to 2 ft.

7—5 Anallatic Lens ; An_additicﬁai lens i3 sometimes
piaced between the object glass and the eye piece of the-
telescope in order to eliminate the additive constant (f+d).
This is done to make the exprassion for the . distance D-
between instrument station and staff position. more simpli-

' fed. The anallatic lens is Provided only in an external focus—

#ing telescope but not in the internal focussing one which
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_is virtually anallatic since the value of ( {4+d)is onlya few

inches. This arrangement simplifies the calculation cf
heights and distances from field book, speially for inclined

. sighta. But the drawback is that it reduces the brilliancy of
the image due to absorption of light.

The expression for distance is

D=5 { +(f+d), term S —{—inﬁicaies the distance
of a point from the staff and it is less by an amount (f+d)

from the vertizal axis of the instrument, If this point caa -

be made to ccincide with this axis, the ex pression for
Dis D::S.—{ =m S, wherem = -{—'~

By choasing a suitable value of m which is also termed &
as multiplying factor, the distance D is easily calculated by
knowing the stadia reading S. The value of m is generally
_gelected as 50. 120 or 200. 5

7—86 Field Procedure : Suitable station points are selected

.on the land io be surveyed A base line AB is sst out and
‘measurd accurately. The instrument is set up over 1he
_station A, centered and levelled., The heightof the instru-

-ment axis is meansred very accurately. The telescope is

‘then directad to a B.M, and the bearing, the angle of eleva-

‘tion or depression and the stadia readings are observed.
“The position and the R.L. of ‘the station A can be easily
.calculated from these observed readings. From station A,
.a number of side shots or observriioas are taxento pro-
-minent objects withinthe range of telescops. All these
.data are recorded in a field book, Completing all observa-
‘tions from the station A, a final complete set of observa-
-tions is made to the next station B and the instrument
-is shifted to B keeping the vernier of the horizontal scale
.clamped, The telescops is transitted and the staif at ‘Ais
observed, The vertical angle, stadia reading and the

#height of ths instrument above B are observed. From
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these readings the distanca baiween A &B and R.L. of B.
are calculated and checked. After transitting the telescope
side shots are again taken on prominent objects within th-al: .
range of the telescope and recorded in the field book. The
instrument is then shifted to the third station and the same
procedure is follwad. :

T—:‘j Errors and Accuracy : Th=2 errorsin  tacheometric
surveying may occur dus to (1) imperfect adjusiment of
the tacheometer, (2) incorrsct values af«";—-an-j (f+d), (3):

man?pulaiinn and =ighting such aa non-verticality of ths
stadia md, erronsous stadia readings elc, (4) natural.
causes such as high veiozily of wind, refraction, bad wvtai-

 bility, ete,

Average error in distanza should vary 1 in'500 tolin
920. Closing error in a stadia travarse should not b graater -
than 0.14/P ft whre P is tas psrimater of the traverss iaft .
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Sofe
e Ieuey SagAa TACHEOMETRY OR STAIDA SURVEYING 101
v - | 3T 8855<8 ' '
-8 8 s © Example : A tacheomseter was placed over a slation
& HORRIRINES 8 = e R whose R.L. is 100.00, Stadia readings were taken on another
o = point with the staff vertical and the telescope horizontal,
EIXE % 3 The readings were 4.28, 5'88 and 7.48, The height of the
jusmnyedy o > instrument axis over the station was 5.30 and the values of
2 B4 (f+d) and f/i were 1and 100 respectively. Calculate the
led & R.L. of the staff station and the dstiance between the staff
E TI' 3 position and the instrument station.
I Elj— o8y < 0 ' & Solation :
| 5 SR « D=s L 4 (r+4)
Il DL e R T I ~(7-483—4-28) 100+1
= =32l It I
- e H 8 :-"3'- 5'? s R.L. of staff station =(100+5.30)—5.88=09.42 ' |
2 |usuodwoo [eontap| 8 ] @ @ -
-§ 3 _i' = Example : Determine the techeometric ~constants from |
§ p s o = = ihe following ovserved readings : ! '
S © a s - o i Distance measured Stadia readings ‘
@ .~ | @oueeIp [RJUOZIIOH | @ =] [+ =] ngs
T il dla i & S & S 400 8.980, 5.975. 7.970
= E = = = o 600 5.760, 8.755, 11.750
¥ E uonewiop joeull | & & o & Solation :
O S | e Buope soueisig | el o = 7 .
g _§ : 400=3.99 ——4(f4d) (1)
= ™ o3 03 L) LD (=] w I
B od — - 2 '
g _I. Buipes: eipe)g gc‘; :g.ﬁ §~: :f Bﬂcnﬁ,gg—-—{ +(f+d) (2)
=S ’ = 2 z f
S ,1# o|bue [eop1ep = = = & Solving (1) and (2),—;—=100 and T+d=1 ,
& &a & &® - ; s
_E = £ e I + Example | A techeometer was set up at a station S and 5
8 : ; - : the readings on a stadia rod held upon a bench mark A
A it § 2 il g whose R,Li. is 110.00, were 322, 4.82, and 8.42 and the
E g ~ Y § P vertical angle was 4°12’. Againthe stadia readings at a '
E' 5 arxe e = station B were 2.00, 4.12 and 6,24 and the angle of depres- . i
g yweumneuijoyy | & = sion was 7°36". Caloulate the horizontal distance between
- _ i = Aend Band the R.L. of the station B. Take f1i=100 and
o B uonels Jieg 2y m < f+d=1," Draw the Figure first, '
uopes yuemnnsuy | < = |2 m
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Solution ; :
Congidering left side of the Fig. §=5.42—3.22=3.2C:

Hl=s-{- 5‘; 29 L (f+d) Sino
g2y

=3,20x= 100 sin 5

22.84-0.073
=22.813 ft,

R.L. of the instrument axis =R,L, o! A—H,4-h.
=110—23.873+4.86
=91.947 It,

Considering the right side, 5=35.24—2.00=4.24

-
H,=4.24x 100x Sin 21 4| xSin 7°39"
=55.601+0,132
=5B6.732 ft.
R.L of the station B=R.L. of inst:ument axis—H,=h,.
= 91.947—55.732—-4.120
=32,095 ft,

+1x8Sin 4°]2’

D,=Sx { Cos*0+(f+d ) Cosb
=3.20x 100 Cos®4°12'x | x Cos 4°]2*
=318+40.997 : :
=318,897 fu.
; 0 o H, 55,732
Again -b'——tanﬁ oo Dy= e = 01383 —Heft.

', Distance between A and B=D,;+D,=31 4419=733 ft.

Exampls : The following observations were made witk:.
n anallatic tacheometer with the slaff veriical.-

Instrument Ht. Inst. Statff- Vertical = Stadia readings.
station axis.  station. angle.’

A 650  onBM. 7712 3.20,820,720 -
¥ 580 B ... =58 2.50,6.00,7.50:-
B 6.24 C o 140300 6.40,7.40,8.44-.
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Calculate the horizontal distances AB and BC Also
find the R.L.of A, Band C.
. Take R.L. of B.M.=1000 and-L-=100.
Solution o
D-J;-s Cos

. AB=100 (1.5—2 5) Cos?5°18'=495ft. =«
BC=100 (8.4 —6.4) Cos® 14°30’ =188 f1.

Ho= L5, 322 _1c07.20-3,20 222 50,13 1r.
f . Sin28 §/Sin 10%36"_yone g0

Hy= -8, =5 —=100x 3
Hy= 100 x 2 2B 2905007 1t
RL. of the instrument axis at A=100C+5.20—50.13
=955,0T ft. :
R.L, of A=955,07—5.5=949.51 ft. ,
R,L. of B=955,07—45.15—5.00 =904.32 It
R.L. of instrument axis at C=904.324+6.24=910.56 ft,
R.L. of C=910.56+50.07—T7.4=953.23 {t.
Exercise
1. Examine the following statements and write whe-
ther they are true or false.
(a) Tacheometer is a transit theodolite.
(b) The stadia hairs are equidistant from the central

croas-hairs, ; |
(¢) Stadiarod has similar graduation to that of leve- |

lling staff.
(d) Anallatic lens is a plano-convex cne.
(e) FAnallatic lens is placed between the cbject glass
‘and the eye-pice.
(f) The function of the anallatic lens is to eliminate the
. additive constant. '
(g) Different tacheometers have different constants.
13— : '
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q:} In stadia surveying no bearing is taken.
(i) Abase line is accurately measured in a stadia ~
surveying.

. 2. Explain the fundamental principle of stadia surve-
ying with its merits and demerits.

) 3. Deduce an expression of distance for inclined
sight whemthe staff is held vertically.

4. What are the tacheometric constants ? How are
1hey determined ?

5. What is an anallatic lens ? Explain its purpose.

6. Discuss briefly the field procedure of stadia surve-
'ying including necessary details.

1. Atacheometer was placed with its axis horizontal
5t1§: ft, t_ab;:;ve a;ration A whose RL, is 320. A staff was held’
dat B varlically an i i
8.50. Galcula'; the c‘!lil;ag:::di}aat::ea:::_nf f& E"if,%‘ﬁfg Rﬁl?ﬁoafnﬁd

Take f/i=100 and f+d=1, Ans40l, 318.60.

8. Calculate the tacheometric constants from the follo-
wing observations ;

Distance measured Slaff intercepts.
200 © " 'l.088
30 2901
Ans. 100.1,

9. The following observations were made wi
anallatic tacheometer with the staff vertical :ma T an

Instrument Height Staff position Verlical Stadia

station of the angle’ readings.
instrment axis :

P 4.80 B.M, —35%30".  3.02,5.76,8.50

i 4,80 R +3°24"  * 3.12,5,58,8.04
R 4,60 5 +6°12' ~ 2.94,6'46,9.98

If the R L. of the B:-M. waa 685.40, calecutate the horizon-
tal distances PR and RS and also determine the alev;?ggs
of P,R&S. : .

Ans. 4903 ft, 696 ft., 738.65.
767.01 and 840.78

CHAPTER 2
CURVES AND CURVE RANGIN

8—1 Defioition: A curve which is a circular arc
required to connect two straight lengths and these must }

langential to the curve in order that there -shall be)
abrupt break at the junctions.

In general, curves may be classified in two ma
groups : (1} Circular Curves and (2) Parabolic Curves.
Again there are three types of circular curves ;

(a) Simple, (b) Compound and (¢) Reverse, and
There are two types of parabolic curves :
(a) Transiiionand (b) Vertical.

Simple Curve : It i3 a circular curve connecting two

lengths of straight lines mesting at an angle, shown in
Fig. 8.1.

Compound Curve: A compound curve consists of two
arcs of different radii bending in the same diraection and
lis on the same side of their common tangent, their centres
being on the same side of the curve, shown in Fig. 8. 2.

Reverse Curve : A reverse curve is composed of two arca

-of equal or different radii bending in opposite directions.
with a common tangent at their junction, their cantres being
on opposite sides of the curve, shown in Fig. 8.3.

Transitian Curve : Whenever itis intended to change
‘the track of a train from a straight to a circular curve as
easy and free from shocks as possible. Circular curves are
.always connected with their tangents by transition curves,
also known as easement curve. It is in fact a means of toning
-down the abrupt track from a tangent to a circular curve.
‘Transition curves are of three different types: (i) Curbic
parabola, (i) Leminscate of Bsrnolli and (iii) Spiral,
shown in Fig. 8.4, :

Vertical Curue : They are generally arcs and parabolas.
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Tha.q-\r are used where an ‘ascending grade is followed by’
a descending grade or vice versaas in highways and
railways, shown in Fig. 8.5.

P
T T
£ 2
" R
- 0
2 o]}
FIG 8.1
FiG. 8.2
1
" LIPF"lll"'!-tUi‘
at Berno'li
Cubic
Porabels
Spiral
o ; x
FIG. 8.4
P o N

{a) F ';{h]
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8—2 Notations for Circular Curves: Referring to
Fig. 8.6, EP and FP are two straights or tangents meeting
at P, the point of intersection or the apex. T, and T, are
tfangent points. The angles EPF and P,PF are called the
intersection and deflection angles respectively and are
denoted by 6 and @ respectively.

By geometry, angle ® is equal to the angle T,OT,
subtended at the centre by the tangent points. The hori-
zontal line T,NT, jonining the central pointsis called the
long chord (L) and tha arc T,MT, is called the length of the
curve, denoted by /. Its mid-point M is the summitof the
curve and PM is known as apex distance, The distance MN
is called the versed sine ormiddle ordinate. The line OP bisects

Fi

Fig.a.e

the angle p atthe centre and 6 at the vertex and also bisects _

%he longchord andthe length of the curve(due to symmetry). ;
) /P PF=2/PTyT; .~ /PT\Ty= Z.PT:TL""N' 2
8—3 Elements of Circular Corve :

(a] Tangent Length=PT, =PT,=OT, lan .p,iz -R tan ¢/2
* where R=raidus of the cure.

{b) Length of the long chord. L="T,T,=20T, Sin ¢/2
= 2R Sin ¢/2
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(©) Length of circular curye, f=’-;§3f

If it subtends D° at the centre, /— lﬂg:c ¥

(d) Length of raldas R of the
fs known,

_ The degree of curvature is the angle subtended by a.
1CO ft chord at the centre. If I°at the centre subtends a.
chord of 100 ft at the circumference, for 360° at the centre,,
length of circumference will ba 380 x 100 ft.

il Tlamasi aur 380,100
AT Dlamqier 31416 =2x 5130 ft.
Radius, R =5730 ft.

730 \
R= Snu --whare D is the degree of curvature.

Thus the raidus of 1° curve=58T30 ft, that of 2° curve:
= 2865 ft and so on. -

(e) Apex distance = PM=PO—-OM=0T,, See p/2—OM
=R See p/2—R =R(See pf2—1)
(f) Versed Sine =NM = OM—ON=R—OT,Cos p/2
=R—R cos ¢/2=R(1—Cos 9/2)
Another expression for Versed Sine is
(OT)*=(ON)*+(T:NJ*, (OTy),=(OM—NM)! + (T,N)*
R!=(R—NM)*+ l%’-}‘

(R—NMy?= Ri_( Ly

of Ranging Curve : There two methods :

(1) Linear methods where only a tape and chaim
“are used. i

(3) Angular methods where a tape_; a chain and a
theodolite are’ used,

carve when degree of curvature
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Linear methods :

(1) Ordinates from long chord
(ii) Offsets from tangents
(iii) Offsets from chords
Angolar methods :
(ii) By one theodolite
(ii) By two thedolites.

Ordinates from Long Chord: Let ET,=first tangent.
T,N = half of long chord, MN =Versed Sine denoted by Vs.
O the centre of the curve, and Ox the ordlnate at a distance

OM.
- Emmﬂow GH=0QN=0, an GQ=HN=x, and MN =V,
From Fig. 8.7, 0G*=0Q*+GQ*=(ON+NQ)*-+GQ*
or RI=(ON+0O, )*+x*

or ON+ Oy =/ R¥—x*

FIG -8.7

O; =4/R*—1{*—0ON
But ON =OM—NM=R—V;
D:=JR.:_—;?—‘{R-—V5} ol ;
Example : Calculate the ordinates at 25 ft. distances for
4 circular curve having a long chord of 200 ft and a versed
sine of 10 ft. :
Salation ;
From Fig, 8.7., [
OT,* = ON'-T,N* = (OM— NM)*x T,N*




200 . CURVES AND CURVE RANGING

or R'=(R—NM)*+(L/2)*
or R—NM=./R3_(L/2)
. NM=V,=R—\/Ri_[L]2)
Hence, 10 =R—+/R*—(100), R=505 .
and R—V,=505—10=4951t.
0,=10.00 ft.
Ops=1/505"—25—495 =~ 9.37 ft
Oyo=1/505"—50"'—495=17.53 1,
Oys = 4/5052—75:—496 = 4,42 fi,
Offsets from Tangents : o
(a) Radial Offsets : Let Osx be the value of radial offset at
a distance x from T,, the tangent point of the curve along
T,P. (Fig. 8.8). ' '
: In the right angled triangle CT,0,
CT,*+0T,*=0cC*?
or X*4-R?*=(R-+0,)*
or R+Oy =+/x*+R?
. Ox =V X*FR*—R

Flg. 8.8

When the radius of the curve is large as campar'a to
the length of the long chord, the offsets may be claculated

from the approximate formula which may be deduced as
follows ; ' i '
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‘Expanding the factor 1/R*-+x% we get
x? x4 '
Ox =R[] +__3R= _-__BR"' e .}._..‘R
Neglecting other terms except the first two, we get

b in
O«=R+ JRT R :
u?
2R

=

FiG. 8.9

(b) Perpendicular Offsets : In Fig. 8.9, let CG be the per-
pendicular offset at distance x measured along the tangent
EP from the tangent point T, so that T,C=x. Through G,
GO, is drawn parallel to CT, meeting OT, at G;.

Then CT,=CCG, =X, T,G,=CG=0s

0G,=0T,—T,G,=(R—0x)
From tringle OGG,. 0CG'=GG,*-0G!
or R*=x'+(R—0,)*
O,=R—4/Ri—x*
Example : Calculate the offsetsat 50 ft interval along

tangents to locate a curve having a radius of 1500 ft.

Solution :
1
(1) Using formula O,= zx_n

B0t
Oso = 515500 — 0022 It
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100*

Olﬂ"m— =3.33 ft.
150°
Ouso= 51800 = 1-50 It

=13.33 ft.

200°
Oreo = 251500
(2) Using fomula 0,=vRF+x*-R
O =4/ 1500° +80°—1500 = 0.833 ft
Oyqo=\/ 1500° + 100 —1500=3.33 ft.
Ohgo= 1/ 1500° + 1502—1500=T7.48 It,
, O 400 = v/ 1500% - 200° — 1500 = 13.30 it.
(3! Using formula O, =4/FF—%*
Oj = 1500—+/ [600°—50* =0.833 It.
O 100 = 1500—+/ 1500 —100* = 3.337 ft.
Oy0=1500—+/ T500A—150° =1.52 It
000 = 1500—+,/ T500°—200" = 13.39 [t.

Offsets from Chords 1 The point T,. Gu G, and G are on-
the curve. T, is the starting tangent point. [t is assumed
that T,G;-T.é;- the first chord of length ¢1,G1Ca. GaGs ®tC-»

- FiG. 8.10 :
be the successitve chord lengths Cy Cs, 8IC. G,G;=0,=the
offset from the tangent PT,. PT,. G, is the angls 3 in radian
between the tangent PT; and the chord T,G,.The tangent

ing
the
for
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at G, onthe curve meets PT, at U. T,G, is produced to+
C, in such way that it equals chord ¢;.

Since chord T,G is assumed equal to arc 'TIGI
S0 T,G,=Rx28 .. 3= Téi*
Similarly, chord C,G,=are C,G,
CIGlWT,.G’.E.
Putling the value of 8

c,c,= TST

z
O1- 7R

Again UT, = UG, because both are tangents to the circle
from U.

2 UT,G=<UG,T, and A UG,T,= /£ C.G,] (*.r oppo-
site angle). The triangles C,T,G, and C,G,] are similar

o, A ==  6,0:x GiCa
= g or bl S 3brr

C. 2
|I+ GJ;Gli = _x S—
c,

As ]G, being the offset from the tangent G,], hence

3
1= 3
Now the second offset C,G,=C.J+]G.
0,= o0 . % Sz (cy-+Ca)

Smilari}r. O,= &&!’z_g‘i if c, & c, are aqual then

i
Ds"ci

The last chord length O, =

Example : The new diversion rail road meets the exist—
one at Tejgaonat an angle of 130 The chainage of

point of intersection 186. Calculate the necessary data
seiting out the 4° circular curve to connect two straights

CalCn1 +e.)
SER

of the road.
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Deflectionangle =180°—130°=50*; R = %ﬂﬁ. = 1432.5 ft.

= 1432.5 tan 25°

=668 ft.
100x30 1250 tt.
Chainage at T,=(15600—668) ft.= 14932 ft.
Chainage at T,=(15600+668 ft.=16268 ft.
Taking the leugth of the first chord ¢,=70 ft. and
Cy=0Cy=0C,=Cy=Cy =100 ft and c. =155 1.
ot 700

Tangent length PT,=PT, =R tan 53

Length of the curve -

Dl- ZR A, 2)(1432.5 =],71 ft.
ca(C,+C5) 100(704-100)
Oy = {alnc' = a:E_l-;az.s fl.=593f
£ 3
0,=0,=0,=0¢= E;z‘ & 11403% 5 ft=8.08 1.
o ci{ce+c;)  55(180 + 53) i}
Oi=—"p— = Zx1432s ' 28I

Agnular Metnod by One Theodolite : From Fig. 8.11, the

Fig.. 8.1l

angle PT,G, is angle 8. Subsequently the angle T,0C, is
23, If the second chord G,G, is drawn equal to the first
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chord T,G;, then the angle PT,G, will be 25, Similarly if
three chords of same length are taken, their combined
tangential angle will be 35 and so on.

In this method the calculation of chord length and
tangential angle is as follows :
8 _ Length of are
3B0° 2=xradius
chord )

( . Length of are=Length of

or a__l..aé._u_ )(._E'_

R

=1718.9 -%‘-—in miaujes.

Procedure of setting the curve in the filed : First the theo-
dolite is set up at T, and the lelescope is directed towards
P. The vernier of the horizontal scale is set to zero and
then the lower plate is clamped. Now the telescope is
turned round through an angle of 8 which will be shown by
the vernier. At this stage other vernier is clamped again.
Keeping the zero of the chain at T,, the other end {s pulled
towards G, in such a way that the man looking through
the telescope sights the other end in the line of angle &
An arrow is put at G,. Now the vernier is unclamqed and
and telescope is turned in the same direction at an angle
25. The vernier is camped. Keeping the zero end of ths
chain at G,, the other end is pulled towards G,, and by
swinging the chain, G, is fixed when the man on the teles-
cope sights the other end of the chain. An arrow is now
fixed at G,. For subseqnent points the tangential angle is.
to bb added to the previous vernier readings and arrows
are fixed accordingly, '

Angular Method by Two Theodolite : From Fig. 8.12, the
angle PT,G, =the angle G,T,T, (the tangential angle made
by a chord is equal to the angle subtended by the same
chord in the opposite segment).
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<208
Solution :
R=2n=1146 1
Tangent length, PT, =R tan (ﬂ%ﬂﬂjn 1146 xtan
. 10°=212 fr.

Length of the curve, /= 222400 ft
Chainage at T,=3540—212=3,328 ft.
Chainage at T,=3328+400=3.729 f1,

Assuming major cords of 50' length, then there will
be 7 major chords and two minor chords at the ends.

First minor chord =3350'—3328'=22'
' Last minor chord =3728'—3700=28"

1 FIG.B 12 .
i - 3,=1718.9x {146 = 33'—0e

_ Procedure of settieg the curve in the field: One theodolite

'at T, and the other at T,. The theodolites are leveled and

the two verniers of the horizontal scales are brought to

5,=1718.9 Tﬂ—a ~1015'—0-

5,=1T18,9% 20 =42'—0*

zero. The telescope is turned towards P from T, and other 1146
;Ee Irlctm T, is turned towards T, so at to interesect it. . R B

@ telescope at T, is turned through an angle and thi h : 0" L1015 - 1048¢
?rerniar clamped, Similarly from T, the telesmgpeistumzz ] i':i‘ﬂ':ﬁgﬂ ;;55_53..3.1 o
in the same direction through an angle 8 and the vernier is ﬁ’_ ﬁ’ T 33_ 303" 4 1°15' =4018"
clamped. A man with a ranging rod in hand should move | ‘; a ﬂ: +; =4018'+1°15" =5°33'
‘in the Vidﬂif}' of G, I.!.l'lﬁl his rod is eXactly Bighted by both 1 ; -hA +; =5033"4.1°15' = 648
the instruments. An arrow is them fixed at G, which will : A ! n.'.;-a ‘-5043'+1'15'-B°3’
be first point on the curve. To get the subsegent points, | . ;iﬁ +3T=Bﬂs‘+1'15*=9“13'
the verniers are set to the corresponding angles explained 3 5:=¢:+a:=-9°18*+u°43'- 100

-above and the procedure is repeated. , e 20° -
" ¢ . ' " Check : ﬁ,:nq;fﬁ:- —2-=100

Example : Two straight EP and EF meet in an inaccessible
point P and are connected by a circular curve of 15 chain
radius. A straight line- XY _interescts them making
/XEY=110030" and £FYX=140°20", The length of XY=4

Example : Calculate the necessary data to set out a §°
curve by one theodolite between two straight roads inter-
séoting at an angle of 160°. The chainage at the point of
-intersection is 3.540.00 fi. -
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chains, Chainage at X is 40.50 chains. Calculate the

necesgary data to set oul the gurve.

FIG.8.13

Solution :
ZPXY=180°—110°30" =69°3("
Z PYX=180°—140°20"=29°40"
/ XPY=180°— ( 69°30'+39°40" ) = T0°50' ; =~ 180°—70°50
=109°10" XY=400 ft.
PX Sin/ZPYX Sin 39°40’
Y ~SinzXPY  Sin 10°50°

0.638
. PX= 400399“—2?0&

Sin 66230 0.931
Slmllﬂﬂ}", PY=400x m = 400 x{,’l 944539I fr.

Tangent leng th, PT,=R tan [ B 1500 tan%

-=15!‘.}Q:< 1,407=2,110 ft.
YT,:PT,--PY a,11u-391:-1 T13 1.

=Re 109.167
Length of the curve= Tiu—:u "% 1500 x 180

=2,858 ft.
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Chainage at T,=40504270—2100=2,222 fi.
Chainage at T,=22204-2862=75,082 1. \
Assuming major chord length of loo I, there will be
28 major chords and two minor chords at the ends.
First minor chord=2,000 f1—1,950 ft=50 ft,
Last minor chord=4,812 fi—4,800 ft=12 ft.
The rest follows the previous example.

Example : Detarmine the chainazes of the tangent poi-
nts and the point of compound cur vawre from the following.
data of the compound curve :

- Deflaction -angle, 5 =60° ,

Chainage of tha paint of intarsection =80.5 chains
- First arc radius=10 chains

Sacond arc radius=135 chains

The angle between the first tangent and the line joining
the intsrsection point and the paint of compound curva-
tura measured in clockwise direction from the f[irst lange
i3 310 ; the distance of the point of compound curvature
from the interesclin point is 420 fi.

Solution ; :

From Fig. 8.2
= i ﬂ":
Chord T,N; =2R Sin—z-—— x 1000 Sin 5
£ TpN,=360°—310"=50°

PN, Sing/2 . PN, 400 Sin 50°
Now T_*N;=Sin5f}°°r Sin 'FIFEHT lem. EQe= ‘m
Sin. 32 - 400 Sin 80
2000

o3 :plfz 23° ,', ‘9,=46°
P1=0¢—¢; =060"—45 =] 40
Length of first tangent PT,=T,P,+P,P=R, tan ¢,;z+{R.

Sin ¢,
tan ¢,/2+R, tan ?szxsln

14—
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1000 tan 23°+(1000 tan23°+ 1500 tan 7°) x iAo
~1000-+0.424 + (1000 x 0.424 + 1800 x 0.123) x o0

—424 + (424 + 184.6) x 0,270
=424 +608.6 % 0,219 =424+ 170
~594 ft. , .
Length of the first arc= %ﬁ=‘{g{] ft.
nx 1500 % 14

Length of second arc= e — =366 ft.

Chainge at T,=8,050—585=7458 f1.
Chainage at N,=17, 456 + 790=824¢ f1.
Cainage at T,=8,245+ 366 =8,612 f1.

Compound Curve Setting : The curve isset out by the
method of deflection angle from two points T, and N,, the
first arc from T, and the second one from N, as in the case
of setting simple curve,

Example : Two straights EP, and FP, intersect at X. The
common tangent P,P, ineresects EX, at P, and FX, at P, res-
. pectively. Itis proposed to introduce a reverse curve of
raidius R between them. The angles EP,P,and P,P,F are

146°30" and 126°48’ respectively. The lenght of the common
tangent PP, is 1200 ft. Calculate the- common radius R and
the chainages of the tangent points and the point of reverse
.curvature. The chainage at P is 2,0C0 ft.

0
A
e TIF|!/ Gﬂ
h
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Bolution :

= 180°—146°30'=33°30'

pa=180°—126°48"'=53°]2" .

P,P,=P,N, +P,F, =R(tan ,/24-tan ,/2)
=R(tan 16°45'1an 26°36')=1200

Re 1200
tan 16°45'+tan 26°36'
=500 ft.
Lengtk of tangent, T,P,=R tan 5,/2=1500=0.301=451 ft. .
Lenght of tangent, T,P,=R 1an 5,/2=1501=0.501 =752 ft.

[~
Length of the first arc=“.f.l_._“?g€._.3_..m=318'lt.

Length of the second arc= - 151%%" 53.2 _yago .
t T,=2000"—45]1"'=1549 f1,
Chajrfage at N,;=1549"-878'= 24217 {t.
inage at T,=242T7"—1390' =381 ft.

—5 Tranosition Curves ( or Easement Cuorve): This may
be defined a& the prosess of easing the abrupt passige
from a tangent to a circular curve.

Objecrs ; Tiansition curve obtains the transtion from

the tangent to the circular curve and from the circular
curve to the tangent. It also obtains a gradual increasse of
curvature from zero at the tangent point to the required
magnitude at the meeling poin! of the transition curve with
the circular one, It also provides a means of obtaining a
gradual increase of super-elevation from zero on the
tangent pointto the required magnitude on the main circular
curve so as. to attain the full superelevation simultan-
-egusly with the curvature of tha circular curve at the
1neeting point of the transition curve with the circular one.

Advarages: It lessens the danger of derailment, waar
.and tear of the running gears and discomfort to the
passengers. It also enablesthe centrifugal force to be

applied gradually to avoid literal shock.
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Characteristics : 1t should meet the cirular curve andl
the original straight tangentially and at the meeting points-
its radius is the same to that of the circular one. The rate
of increase of curvature and the Jf superelevation ‘should:
be equal along the transition curve.

Types : There are three common types of transition.

curves ; cubic parabla, spiral or clothoid and lemniscate
of Bernolli as shown in Fig. 8.4, The first two are used in
Railways and the last one in Highways.

Superelevation : - If a vehicle moves from a straight path
to a curved one, there will be two forces acting on it. viz.
the weight of the wvehicle and the centrifugal force.
The effect of the centrifugal force is to push the vehicle
off the rails or track. Inorder to balance this action the-
outer rail or the outer edge of thé road is superetevated
or raised above the inner one. This raising is called
superelevation or cant. The speed of the vehile and the radius:
of the curve will govern the magnitude of superelevaticn.

Fa A
AR
h
i %«- -
Refe  yw 1
k » M
FIG. 8.15

In fig. 8.15
W=Wt. of the vehicla

F.=Centrifugal force
F,=Resultant force
h==Super elevation

R=Radius cf the curve in ft.
v=_Speet of the viehicle in ft/sec.

g=~Acceleration due to gravity, ft/sec’.
e=Inclination of the road of rail surface.

R o w o vi
F.=massx acceleration = _g X5 W BE}T
tan a= F_‘:__‘f.l_
W gR
"Again, tan = 3 or tan a=
G b
B TR —:Efumlfr
- G o gR . W -_— q .

: bys, - ;
o B - for highways. -
ﬁgam h gk

For broad guage (5'—9*), h=61" and for meter guage
(3'—33"),

; 2 2
h=4", Centrifugal Ratio= _F“,‘}_— = ;‘;‘:ﬁ{_ = .g_";{__

The maximum value of centrifugal ratio is 1/8 for railways
and 1/4 for highways.

s
Length of Transition curve. L = :R where a is the

be any two points on the transition curve at a dis-
tance I and I4+d! from tangent point T, measured along the
curve, The tangents from X and Y meet the tangent T,M at
P and Q respectively, making anglesz and «+dz Ris t13
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radius of the curve atX. Fora small strip d/,R may be

k1] P, Q

E

FiG. 8.16

assumed same at Y.
It is assumed that the radius of curvature at any point

on the curve varies inversely as ths distance /from the:.

beginning of the curve.

(o ) or*—l—; =KI, where K is a constant.

Hence

R
Now dl=Rdax
s da
TR odE
da
A HETI
d-‘f-knfi d!

" Integrating, ==K —g—-+lc1

when /=0 and a=0, then K,;=0

a=K3/[2
2

I=K,4/ay where K=/ ——

So the true equation of an ideal transition curve is of
the from I=K,q/ a :
~ Now the above equation is Identical to ‘the known
of cubic parabola, y =cx? for small deflection angle, where
x is the distance alorg the tangent and y is the offset.
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4

dx=dl cos a=dl{ 1 — ;’; +—:°r- )

i S e r » I

I=Ks\/a . K e a= 5, and o= e
4

dx:df{l—z—lw—.p......:'

Integrating,
I+
x::f{i—-i—ﬁ-KT_l_n...-,..)

But as tha angle « ig'in radians and very small, and ks
is very larga, so the second and the following terms are
neglected for all ordinary cases.

Hance, x=/(approximately)
Again, dy=d/ sin «

»

"d"(l_“"a——- -‘.""'—ET* B R |
: s :
=dl( Kz‘-'_ o a K;i_.. il B A

P !
Integrating. y F{"ETKT'-'"- '_-i'Z,T,,ﬁ “praer)

3
yo= 3‘;( ;- (approximately )
2
xE e
Since, x=1. w, V= apE

;. y=cx? where c-n-,d—:-c;_i-

This is equation of a cubic parabola. This may be
written also in the form

= x’ ‘-—.r—-—nm.—ll-—— "'- (=
y=grre. Whete, g g (" K= VERD)

Now loc —: wheare r=radius of the curve

. Ir=const.=LR, where L=Iength of transition curve
at each end of circular curve.
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- dax 1 !
Agaifl = T—== yp
idi
or dx= IR
b =1 'fi E _L__
R 1 where L_.L, & R

Shift ;- To fitthe iransiiicn curve belween the straighl
and the circular curve, the circular one is shifled parallel
to itaslf by a magaituda S called the shift.

Py

Shitt
Shifted Cireylar Curve

. Wous' 1 F v
Transition ransition Curye
Curva !

Fie. 8.7

T InFig. 8.17, Sift=5 =]JE =JH—EH = NM—NQ

Equation of the transition curve, :
3

Y-.-I:%{L_R where, X=L and y=MN
| Fig L
“8LR T BR My
From circular curve we know

|
0= g

i
R ||, g

-2‘—R—. where ¢, =L/2

. (L2 L2
o MH“' p._-a-ﬁ
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: L2 1> L?
and. 5= 58 8K " 24R
BN ———— i i

6LE L?
ents of a transition curve

: x? L
ation, y= IR LP X

Shift: §=— O

. 24k
3. T,]=4L

4, TF~2L : i
5

6

Now x?

y = 5/2, when x =L/2
¥ =45, when x =L

L
7. Tangent distance, T,P=(R+5) tan ®/2+ 2 (when o

is very small)
T,F = (R +35) tan _g}2+ 5 ( 5R
{ when ¢ large )

. 8, Apex distance, PK::(R+S) Sec ®f2—R

s dﬂ
9 Length of the combined curve;=23L+ .-1.0{;3"_._.‘1—.'—

10. Length of the {ransition curve, T;M=2xcircular

-arc ME.
e ~R(®—2L) =R®_,
11. Length of the cirzular curve= 80 °F T80

12. @, = 1/3a
g
13, == —g-

8— 8 Procedure Lo set out tha transition curve in the field.
1. By mecans of offsets from tangent
43

¥ X :
2, Deflection angles from T, P,
X3 § e
¥=  6LR
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y x?

=R

but i =tan a=a, when «, is very small

or

: xi o 1 I %
e Elﬂwmdlanﬂ i = V"
— IEG X %60 minutes S

BLR W

X* minutes,

nRL
xample : Two broad guage lines meet at an angle

112¢ 0, It is the proposed to ingert a circular curve of 8

chain radius with transition curve at each end. The speed
of the train is 60 M.P.H., super-elevation, 6°, snd the gra-
dient is 1;300 Calculate the necessary data to. set out the
combined curve ( chainage at the intersection pomt is 12.30
chain). M

/s -_ff-—ux-(g' =" |

Solution !
in Fig. 8.17, Length of the wansition curve =300 x 1 =150 ft.
1502
Ehlftu SE—R— W =1:18 ft.
Deflection angle, ® =180°—112°30' =67°30".

Tangent langth T,P=(R+S) tan ®/2+L/2

~(80+1.18) trn "“’T;aﬁ' ¢ 15;

=610 ft.
Length of ‘the circular curve = --BR+L
-__——gﬁ-_-_‘”‘ac?"ﬁ""? —150,;
=790 ft."- -
Chamage at T;=1230"—810" =620 ft. "
Chainges at M=6205¥150==770 ft. .
Chainage at M; =770"+780'=1560 ft.

N
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Chairiage at T, = 1560’ + 150'=1710 ft.
Deflection angles for the transition curve assuming 50 feet

intervals, :
1800 ° . 1800 x 30¢°

SN Tl =x800x 180 cAles
_ 1800 x 80° - 3036
#2= T =800 x 150 |
1800 < 130* A
s PR T (s s
1800 = 1507 1°47'30-

M7 T=xB00x 150
Deflection angles for the circular'curve assuming 100 ft
interval, there will be 7 major chords, each 100 fest long
and two minor chords 30 feat and 60 fee!l at thea baginning
and at the end raspectively. :

5 'gé?:-x——go “ 1424
1885100 e o
1718.9x 60

Sy g =2°8748°
A =5, -=1%4r24*
Ay=A, +8,=4°39'18"
&|=ﬁ=+ 8;‘8“14'?.2'
&l"ﬁl"“g.t" 110596«
Aj=D0g+8;=15°24"0s
< Bg= Ast+8¢=18°5854"
A= VAV & 8,=082°23'48"
Ag= A\ 1+ 8,=25°68"42¢
Ag= &54- 8= "23‘1'23'
For the transition curve on.other end, the same proce-~
dure is followed. :
Example : Two highways intersecting at a deflection
angle of 40°30' are 1o be connected by a 5° circular curve
by means of two equal transition curve «to each end. Ths
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-

width of the highway is 12 feet. Maximum speed of the
car is 30 M.P.H, rate of superelevation, 1.5, inches per
second. Calculate (a) Tangent length, (b) Length of
transition curve, (¢) Length of circular curve, and (d) Bhift.

Solution ;
R=E§E =1146 It. 30 M.P.H.=44. ft/sec.
po BV _12x48 ;0. 768

gR ~322x1146
Since 1.5 inches of superelevation is gained in second,
Time roquired to gain 1.367 of supereleavtion

1.56
“.TE'S'GE sec
(b) Length of the transition curve=44 x5'03=221 0
(approx.). .
© shin= 280 _ 17751,

24x 1146
‘d) ‘Tangent length=(R'+S5) tan 20“[5'+?i§l-

(11464 1.775)%0.368 + 110.5
~532.5 ft.

(el Langt'hrof circular Curve=%@-221// :
=591 ft 5 :

§—8 Vertical Curve : Itis either the arcofa parabola
or the arc of a circle. Generally, the arc of a parabola is
used. It is set in railways and highways where horizontal
portion meets an ascending or descending grade and also
where the ascending and decending grade meetona
summit or a sag. There are different types of vertical
curves according to different ground formations as shown
in the Fig. 8.18. ! -

' Gradient can be expressed in two ways.
(1) As percentage, i.e., 1%, 2%, etc.

/ : . % -9,%
*95 % y‘;"—\
'MI |
(v) (
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(2) Aslin60, | in 80 where 60and 80 are the hori-
zontal distances in feet corresponding to 1 foot rise or fall..

-g2% ;
(e)

4)

_FIG. 8.18

Ascending or upgrade and descending or downgra.ia
are expressed by +sign and—sign respectvely. Generally
in our country for first class railways, ihe gradient is 0.1%
at summit and 0.05%; at sag per 100 feet station. For s2cond
class railways, twice of these values are to ba taken.

Length of Vertical Curves : It is obtained by dividing ths-
algebric difference of the two grades by the rate of change
of grade. .

L =Lenght of vertical curve (projected length)
=Ps.!‘c_:pat:ﬂri-:: differnce of the two grades

~77 Rate of change of grade

An ascending gradient of 1 in 60 is joined to a
descending gradient of I'in 80 in atrack with a rate of
change of 0.1%;, then ;

" 1x100 r1x 100
60

Bu.
L= 1 x 100 -

10 R,
n_-‘_—--—l'aﬁl"'ﬁl'zm”“x 100 —2.917 x 1000

=29117 ft
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Notes: L is expressed in nearestcomplete chainsand

the vertical curve is to start at L/2. chains from the crown
.and it finishes at [/2 beyond the crown. v

H

F1a.8.19

Procedure to locate a vertical curve : Assuming the equation
of the vertical curve as a parabola (Fig. 8.19), the offsets
from the tangent are proportional to the square of the
distance along the tangsent. '

3 Sl 5. oy PO
PO TJ_F’E T T.P

The ordinates can be calculated by applying the above
-equation, The ordinates mustbe parallel to the main axis
of the parabola to obtain a true curve but for simplicity of
calculation, they are made vertical. |

N is the middle point of T, T, line and PN j HK
PT,=PH, and PQ -=-}H'I‘3

Example : Calcuate the necessary datato set out a
vertical curve which connects an upgrade of 1%with a
downgrade of 0.5%. Chainage at the point of intersection is
20,50 chains and Reduced Level is 210 feet, Take the rata
.of change in gradient, 01%per chain of 100 ft length.

B
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Solation :
In Fig. 8.19, -
o _nEe
Lengih, L = “”50*%_.0'5*’” « 100 ft=1600 fr.

L/2=150 1t.

Chainage at T, = 2050—750=1300 ft,
~ Chainage at T,=1300+41500=2800 ft,

R.L. of T1=210——1~— % 750 =202:50 ft,

100 2
: 05 x7150
R.L.of R,--210— — 00 = 206.25 ft.
13150
RL. of H=210+—c=" =217.50 ft.

HT.=R.L. of H—R.L. of T, -217.50—206.25
=11,25 ft.

PQ =3HT =1x11.25 =281 ft.
"Taking 100 ft intervals,
PQx*®
e ¢
2!
y1 =281 3z =0.05 ft,

2 !
ya=2.81 % 75, =0.20 ft.

a!
Y3'=21'B]. n ﬁ!=no4stgt-_

42
Y;=2.Bl ® ﬁ==‘ﬂau H
2.81 x5°
el

281 %6 o
Yo "o =1.80 ft.

2 i o,

2'3-}’;3 5 _ze1n.

Ya=

223
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Chart A
Chainage R.L.onthe Tangent Offset K L. onthe Curve-
1300 ft. 202.50 0.00 ft, 202,50
1400 ft. ~ 203.50 0.08 203.45
1500 ft. 204.50 0.20 204,30
1600 ft. 205.50 0.45 205,05
1700 ft, 2086.50 0.80 205.70
1800 f1. 207.50 . 1.25 206.25
1900 ft. 208.50 1-:80 208,70
20 00 ft, 209.50 2.45 207,05
2150 ft. 210,60 231 207.71

- Calculation for the other half is similar.

(a)

(b)
(c)

(d)
(e)

()
Q)

(h)
)
0

EXERCISE

Examine the following statements and writa wha..
thar they are true or false :
A curve may be defined as an arcofa circle ora
parabola.
The radius of a 1° circular curve is 5730 ft.
The purpose of a transition curve is to minimise
the speed of the vehicle on the track. :
The difference in level between to rails is known
as superelevation,
Superelevation varies directly as the square of
the speed of the vehicle ¥
The superelevation {smaximum atthe tangent point.
For a cubic parabole, the curvature is proportional
to the length. '
The shilt is directly proportional to the radlus of
the curve.
A compound curve is one where the curve bends
in two opposite directions,
The rate of change of grada is the algebric differ--
ence of the grades at two points on the curve-
divided by the langth of the curve.
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(k) When a horigontal grade meets a down grade,

thera will be a sag curve,

2. What are the different types of curves that are:

_ generally used in Railways and Highways ? Explain
with sketches.

3, What are the meothods of curve ranging ? Explain

the angular method by two theodolites.

4, Whatisa transition curve ? What are its uses?
Derive an expression for the id=al easemeut curve,

5. What is shift ? Deduce an expression for tha same.

6. What is a vartical curve ? What are its usax ?

7. Calculate the ordinates at S0 ft. intervals for =
circular curve having a long chord of 400 fi, and verssd
aine of 18 faat.

Ans. 16 it v5fr, 12 f., 11,

8. Calculate the ordinates at 25 ft intervals for a cir-
cular curve, given the length of the chord 200 it. and the
radius 600 ft. :

Ans, 7.8ft., 6.3ft, 3.8 ft. 0 ft.

9. Determine the ofisats to be set out at hali chain
intervals along the tangents to locate a 20 chain curve.

? Bns. 0.26ft., 2.5 fr.,'5.62 fi., 10.03fi.

2.62 ft., 40.41 ft., 63.51 f1.

10. Inaligning an irrigation canal aturn is taken to
the right after recahing a certain point through an angle
of 32°40’. The trangent point is at 29625 ft. 1t is proposed
to join the tangents by a 2° curve. Calculate, (a) chord
length, (b) middle ordinate, and (c) depth of the curve
gshowiug a table of angles and distances upto half ways.

Ans. 1611.4 ft., 114.66 ft., 120 5 ft.

11. Two roads intersecting at deflection angle 33°%40

are to be connected witha 4° circular curve by means of

15—
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equal transition curves at each end, Tha speed of tha
train is 40 MPH and the rate of superelevation, 1.6” par
sec and guage length, 4.71 ft, Calculale (a) tangent dis-
tance (b) length of transition curve. (¢) shift [d} deflection
angles.

Ans. 513.6 ft., 160 ft., C.73 11

12. A circular railway curve isto be set oui with a
radius of 1000 ft connecting two straights which interesect
at 150°. The chainage at the first tangent point is 8642 ft.
Calcuiate the chainage at the intersection poin; ani the
second itangent po.nt

Ans. 38909.9 ft, 0165.33 1.

13. The straight EF ane FG intersec! at an inaccessible

point. A straight line AB intersects themm making

£LFAB=107"35" and /GBA=135°%', The langth o® AB is
404 ft. If the radius of the curve is 2000 ft and the chainage

at A is 3558 ft, calculate nezesary data to set out the curve
with 100 ft chord length,

Ans, ﬁ_F:Sl-i ft ., BF =430.2 ft., Tangent length=1700.8
ft. length of curve = 4064.4 ft.

14. Calculate the redudced levels of the various points
on a vertical curva connecting two uniform grades of 1.5%
and 0.7%. The chainage and the reduced level of the point

of intersaction are 1400 ft, and 850.75 ft raspactwal]r Take

the rate of change of grade as 0.1%

Ans. Length of the curve=1200 fi. chainage. at the
beginning =800 fr. and at the end=2000ft RL. of the lst
tangent point=841,75 [t. and at last tangent point= 846,55 ft.

15, Two straight roads are to be connected by a verti-
cal curve, Calculate the values of offsels to the curve for
sefting out the curve if chainage at the interesection point
is 1540 ft. A descending of 0.6% will mee! an asceding
grade of 0,8%, TakeR.L, of intersection point as 152.50
and the rate of change of grade 0.05% per chain.
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Ans, Length=2500 ft. Chaiange at first and las: tangant
points= 1.4 ohains, 29.40 chains.

16. ‘Two roads meet at an angle of 150°. Itis decided
to join them by 4° circular curve, The chainage at the star-
ling tangent point is 154.00 chains, It is reqired to locate a
point P on the curve ata chainage of 157,30 chains. Calcu-
late the necessary data and explain the procedure with a
neat sketch to locatae P only on the curve in the field by the
help of & chain, a tape, ranging rods and a°theodolita
(Rankin's method of tangential angles is not permitted).

17. Two broad gauge rail roads intersecting at an angle
of 144°.00'. were connested with a 5° circular curve by
meana of two equal transition curves at each end. The
combined length of the curve was 1010 fi, the rate of
guperelevation, 1.2 inches per sec., guage length, 5—%°,
What were the length of the transition curve, and
seperalevation ? Ans.. 230.ft,, & inches.

18, A horizontal grade meets @ down grads of I in 84,
It is required to insert a vertical curve bstween them for a
highway for a maximum speed of vehicles 30 miles per
hour. The R.L. of the point of inlersection is 760,50 ft at a
chainage of 232,50 chains and the rate of change grade is
0.1%per 100 ft station, Calculate the reduced levels of
different points on the curve taking 150 ft station along tha
tangent, Ana. L=119 chains, ' °

19. Ina road projeci, the alignment was deflected
from its original diraction due to an obstruction at a station
A and the measured length of the deflected section AC was
8 chains. It was deflected at C at an angle of 52°30' so as
to reach the original deflection of the alignment at B. Tha

measured length of BC was again 8 chains. It is 1ntan:led
to connect AC and BC b:.r a simple curve with tangent points
at AandB. Galuulate the radius and the degree of the
curve, Ans, 1620 f1, 3. 54" J




CHAPTER
GEO DETIC SURYEYINC

9_1 Defination : Geodesy is the science with deals
with the investigations of the shape and dimensions of
{he earth's surface, And geodetic surveying is that type
of surveying which determines precisely the relative posi-
tions of a system of widsly separated points with their
lengths and divections on the surface of the earth, It

differs from plane surveying in which the curvature of the:

sarth is not considered. Thisis also known as  trigonome-
(rical or triangulaticn surveying, Fora large and extensive:
area, this type of surveying is prefered. The relative poasi-
tions of different points are detsrmined in terms of azimuth.
and the lengths of th= lines joiniag them, and thair absolute-
posttions in terms of latitude, iongitude and the elevation
ahove the mean sea-level. Since this typ2 of surveying is

very extensive and expensive, this is generally conducted
by the state agency such as the Ceodeiic Survey of

Bangladesh.

The methods generally applied are either triangulation:
or precise traversing, Triangulation is the common and
accurate method while precise traversing is followed when.
the country is densely wooded.

Triangulation : In triangulation, a net work of well defi-
ned triangles are formed. The vertices of the triangles:
are known as friangulation stations and the whole figure is
called a triangulation syetem, It involves a minimum distance:
measurement and a maximum of angular measurements,
The measured distances are called basc lines, Ina triangu--
lation system, generally, one line known as baseis measu-
red very accurately and all the angles  are measured:
carefully. While the lengths of the remaining sides are-
«computed on the basis of trignometrical rules that if three-
angles and on side of a triangle are xnown then by~
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applying sine rule, the length of the remaining sidescan’

‘be computed,

9—2 Forms of Triangulation : The main forms trian-
gulaticn are as follows :

Simple Chain of Triangles : This is very rapid but less
sccurate system generally applied for a narrow strip of

land for less important works. This isa less expensive
‘method. '

Duable Triangles ; This is very reliable and more accu-

rate and is generelly used for important works.

Quadrilaterals : This system costs much but very accu-
zate. This is generally used where a very high degree of
accuracy is needed.

Polygon System : This system is more economical and

covers, a greater area. This is generally used for a
*‘opographical survey.

Gridiron System : This system is usad for extensive areas

(o) Singie Chain of Triangle

Q0000

‘It) Double Triangles

(o) @ridiron Systam

sic) Quadrilelerais or Interlocing
Triangies

KRRy =

€4) POLYSON SYSTEM if) NET WORK OF TRIANGLES

Fie. 9.1
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where two serie3 of chains of triangles are formed, One-
series is laid ouf along the north-south direction while the
other cuts it at right angles and the enclossd area is
fiald up with a net-work of smalle:'triangles. Thisis very
accurate but very expensive.

Net-wark of Triangles : This is generally employed for

the survey of a whole country. In this system the whole-

area is coversd with a net-work of triangles extending
outwards in all possible directions from tha base line,

9—3 Triangulation System : Triangulation system may-
be classified into (a) primaiy triangulaticn, (b) secon-
dary triangulation and (c) tertiary triangulation. This classi-
fication is based on the degrees of accuracy reguired and
the volume of the work,

Primary or First Order Triangulaiion : The first cnain ol
traingles which covers the whole country is knownas
primary traingulation. The important characteristics in this
class are (i) the length of the base line varies from 3 to 15
mniles or morse, (ii) the length of ihe sides varies from 20 to
100 miles or more, (iii) the degree of accuracy is 1 in 500.0C
and the check on the base line 1 in 25,000 (iv) noc angle of a
triangle should be less than 30° or more than 120°, (v) the
permissible error in the sum of tha three anglesof atriangle

is only one second and (vi) generally, theodolites of 10 to-

12 inches diameter are used.

Secondary or Second Order Triangulation: The orimary
triangles are sub-divided into smaller triangles :o form a
chain of secondary tnang'.les The important characteiristics:
are (i) length of the base line veries from 1 to 3 miles, (ii) the-
length of the side of a trirgle veries from 5 to 40 miles, (iii)
degree of accuracy is Iin 50,000 and the check on the base-
line is I in 10,000, (iv) . the permissible errors in the sum
of the angles af a triangle varies frcm 3 to 8 seconds and
(v) the angles are measured with 8 to 10 inches theodolites.
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Tertiary or Third Order Trianglation: The secondary
triangles are again subdivided to from tertiary triangles.
The essential characteristics are (i) the length of the base
line varies from % to 1} miles, (ii) the length of the sides
varies from less than a mile to 6 miles, (iii) the degres of
accuracy is more than l in 5,000 and the check on tha
base [in 5,000, (v) the permissible error in the sum of the
angles of a triangle is 10 to 15 seconds and (v) the theo-
dolite 1s generaly 5- to 8-,

9—4 Field Procedure and Office Works: The following
steps are generally considerad to corduct a triangulation
survey ! (i) Reconnaissance, (ii) Selection of bsse lines,
check lines and station points, (iii) Erection of towers
and signals, (iv) Measurement of horizontal angles, (v)
Computations of th2 obsarved angles, including adjusi-
ments, (vi) Camputaiion of the length of the sidas of each
iriangle, (vii) Computation of latitudes and Imguudas of tha
stations.

Reconnaissance : [n reconnaissanca survey the important
consideralions are (1) investgation ofihe countiy 10 be
surveyed, (2} different poassible and suitable sites for
base lines, (3) selection of numerous station poin's
considerirg the intervisivility of the stations, (4) probable
sites and heights of towers and signals, (5) probable
volume of jungle cutlicg and clearing in order to make tha
line of sight clear. (5) seclection of suitable camping
ground, (7) informatians regarding communicaion, access
to different stations, supplias of foad staffa, water efc.

The instruments required in this case are a theodolite.
a prismatic compaas, a barometar, ladders, ropes, tapes,
binoculars, and drawing accessories.

Selection of Stations : In selecling stations, the !ollowing
points should be considered carefully :

(I) Each station should be visible from the adjacent
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stations, For this purpose the most elevated places such as
hill tops or mountaing are selected.

(2) The triangles formed by the stations should ke
well-.conditioned.

(3) They should be easily approachable.
(4) The length of sight should not be too large or oo
small. )

(3) Permanency of stations.

() Cost of cutting and clearing of obsti uctmns and
the construction of towers should be minimum.

(1) Marking of Station : The station are marked with
copper or bronze tablet on which the name and the year
in which it is set, are mentioned, It is set with reference
to two reference marks. Somtimes, an iron post or a
masgonry pillar is used as station-mark.

Height or station or towers or scaffolds ;. When the distance
between two stations is large and the difference in altitude
between them is small, it is essential to raise both tie
instruments and the signals to overcome the curvature of the
earth and to clear all the in‘arvening obsetructions.
in such a case, a structure known as a scaffold or tower is
errected over a station for the support of the instrument
and the observing party. The height of the towers or
scaffolds or the signals depends upon the distance betwee:
the stations, their altitudes and the profile of the intervea-
ing ground.

Line of
Collimation

FiG. 9.2
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InFig. 9.2, Aand B are ‘the two stations on which
towers ha and haare to be erected. The distance between
Aand BisL=L;+L,, The heightof the tower which is
just visible at a given distance L, from the tangent point
C, is calculated from the expression,

L 2
h, (1—2m)x =2 5K
where R=WMean radius of the earth,
m=coefficident of refraction
=0.07 on land and 0.08 on waler

When L, and R are in miles and m is 0.07, the resuli of
ha will be in ft.

h,=0.574L,*

Similarly, h=0.5T4L,*

Example : Two stations P and Q in a triangulation sur-
‘vaey hava elevations of 970 and 900 respectively, Tke
distance between them is 30 miles. Assuming the inter:
vening ground to be of uniform level of BI0 ft, find the
height of the scaffold at Q so that the line of mght may be
10 ft clear of earth’s surface,

Soluation :

Minimum ht. of the line of sight=180+10-=820 1t,
he =970—800=150 ft,
T B . T
JTST «/0 = = 14.50 miles.
L, =L—L, =30—14.52 = 15.48 miles -
h,=0.574 % (15.48)*=137.8 ft
The elevation of the line of sight at Q=820L+1378=

. 957.8 ft.
The ht. of the scaffold =957.8—900=57.8 ft.

Enmﬂa : Two stations P and Q 60 miles apart, are
600 ft and 2,000 ft above datum respectively. The two peaks
R and S lying in between them have elevations of 600 ft

and 1000 ft respectively, The distances PR and PS are 20
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and 40 miles respectively. Is'Q visible from P? If not
calevlate the height of the tower at Q, assuming P as the

station on the ground.

f Solution :

./ BV 600.3 i
PT= e =V 5ot 2.4 miles
BT« 32.4—20=1.24 miles.
1N TC=40—324=1.6 miles.
| TD=60-32.4=27.6 miles.
. The corresponding heights BB, CC,, and DD, are
- BB, =0.574 x (12.4)* = 88.2 ft.
CC, =0.5T4 x (1.6)*=33.2 ft.
| DD, =0.574 x (2.76)*=44 1.
To test whether the line of sight PQ will clear peaks
Rand 5
B,B,_ PB,_ 20 CC._ AC, 40
D,0 PD, 6 DO PD, 60
‘Again D,Q=DQ—DD,~2000—440- 1560 ft,
BBa— 22 x1660-520 ft and C,Ci=-g3—x 1560~

60
1040 ft.

The elevation of the line of sight at BB, +B,B:
=88.2+520=608.2 ft
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The elevalion of the line of sight at §=CC,;+C,C.
.=33.24- 1040 = 1073.2 ft,

The given elevation of R =600 ft and that of 5= 1200 ft.

So, Q ig not visible from B. 8 fails to clear by 1200—1073.2=
. 126.8 it.

The line of sight should be raised at Q by the amount
- PR 60
i o i e oyt =
QD= pg * SCs™ 50 % 126.8=190 ft.
So, the minimum ht. of the tower.at Q=190'f"

Example ! Pand Q are the two stations on the surfacs
of earth and their elevations are 8,500 ftand 6,100 It res-
cectively. The horizontal distance of Q from P at tae lavel
27 O is 1G miles. Calcu'ate the horizoria! distance from Q
-7 F at the lavel ofP. Take ire diamater of the ear:n at

Q to b2 7,920 miles.

Solption :

Height of statioz P over Q=8,500—5,100=2,420 ft.

Two arcs are drawn through P and Q with tha cantre
&f the earth as-a common centre. R;and R. are the radii
of the arcs passing through Q and P respectivelv.

R.=(3960 % g;gg ) miles.
sirce the concentric arcs areé proportional to their radii

: 3950 x 2200
Distance PQ at the level of P _R. 5280
Distance PQ at the level o TR 2960

3960 5000
Distance PQ at the level of P=10X —gg5

: - 2400
=100+ 3960
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24000
5280 x 3930
= 10 miles +6.05 f1.

Signals : These are devices erected on stations to
locate the exact position of the stations. Signals may be of

different types such as daylight signals, sunlight signals
and night signals.

=10+

Daylght Signals: They are also known as. non-lurinous
or opague signals. Their various forms may be of poles,

targeis and tin cones. These are used for direct lights of
less than 4 miies. -

t

(e) TRIPOID SIGHAL l.'-bl‘ GUYED MAST SIGNAL

Fie.9 4

L ]

Sum Signalas : These are mechanical divices by whizh
sun rays are reilected to the observer. They are generally
used when the distance between two stations is more than
20 miles. The common types are heliotropes, heliographs and
tin-foils, A heliotrope is a plane mirror with some device
for pointing it in such a manner that the reflected sun light
will reach the observer’s eye of distant station,
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{a) HELIOTROPE (b) TIN FOIL SIBNAL
FIG. 9.5

Porabolic Mirror

®
l’-é_ Ball of fima
FIG. 9.6

Night Signals : They are used for mnight observation
The common types are latge kerosine lamp, acetylene gas famp.
electric lamp and Drummond's light. A Drummond's light
consists of small ball of lime placed in the focus of 2
parabolic reflector which emits white light when it gets
heated by oxyacetylene flame. Even stations ata distance
of 60 miles are visible in foggy nighs.

Base Line Measurement : Base line should be measured
with utmost care bacause the accuracy of the other sides
of the triangulation system depends upon it. The main
considerations to selacta base line are (1) the ground
should be fairly levelled and free from sudden undula-
tions, (2) the whole length of the base line should be free

from obstruction, (3) the endsof the line should be ao
located that the base may be connected with the main.

scheme by a few well-conditioned triangles, (4) the ondn
must be visible from the neighbouring stations.




-atcorrect intervals by means of tapes and at the same time

-final check, otherwise, the mean length is taken. The
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The various instruments usedinbase line measuremen:
consists of (1) steel tapes. (2) straining devices with spring
balance. weight and pully, (3) marking and supporling
tripoids. (4) thermomsters, (5) compound bars, (6) thes
dolites, (7) levalsand (8) readings glasses

The prozedure in the field is to dear the bas» lins site
of all jungles and obstructions. Two concrate biliars are
built at each eniof the bise line for marking 1he ends
permanently. The line is then dividad into small .section
of about { to § mile in length and a series of lins—marks
are stablished with the help of tripoid posts. in condus-
ting this measurment, there will be two pa:cties: (1) set-
ing out parly and (2) measuring party. Now the setting
cul party will put stakasin advance of the measurment at
correct imervals of ona tape, while the actii! measurment
of the line will be done by ths latter. Ths firipaids are se:

STRAINING POLE - FORWARD
REAR MARKING NABKING S0e e
/ STAKE
bl

K /Q—H:LL‘I’
GEIGHT

SUPECTHG STAKES

7

j .
L

FiIG . 9.7

the pull should by a spiring balance. Each tripoid has its
head levelled by a levelling instrument and adjusted into
alignment at the proper distances. Setting of tripoids and

-measurment of‘base line go on simultansously and tripaids

from the rear finished length are carried forward and the
process is repeated until the end of the section is reached.
The section is again medsured in the reverse direction as
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soyrce of error in-base line measurement is due to the
difficulty of the measnrment of the actual temperature of
the tape, Thatis why. it is better to use invar tapes in
which the expansion is vary small.

Correction to Base Line Measurement : After field measur«
ment, the base line should be corrected for the following
faclors :

(1) Correction for Temgperature
(2) Correction for Pull
{3) Correction for Sag
(4) Correction lor Slopa or Vertizal Alignment

S i Bh 0 TP

#

S

]
FIG. 9.8

(5) Correction for Horizontal Alignment

(6) Reduction to Mean Sea level.

Correction for temperture, Pull, Szag and Slope have
been discussad in chapter 2,

Corretion for Horizontal Alignment : When a bage line is
not possible to set out in one continuous straight line, it
rocessary to deviate it. It is then called a broken base.

In Fig. 9.8, AB=AC cos 0;+BC cos §;

In this cass. B, anc By are measurad by a thoeodolite,

The correction te be subltracted from the apparent
length of line is AC (! -c0s0,)+BC (1—cos 6, ).

When 0, and 0, are nol possible to measure due to

mutual invisibility of A and B, then the angle and 8 can be
measured. ' i 2

AB=./RC*+BC°—2AC.BC.cos8




240 y GEODETIC SURVEYING

Reductian to Mean Sea-level : If the length of the base line-
be reduced to its equivalent length at mean sea-level, the
computed lengths of all other lines of the triangulation.
system will correspond to this level. And it helps in the:
comparison of all bases, In Fig. 9.9,

FiG. 9.9

L—=Measured length of the base lirie A B in ft.
!=Equivalent lengiat of AB at mean sea-level in it.
h=Height of the bage above mean sea-level in fi.
R = Radius of the earth in ft,

R
T R=h
! 1 s |
i T il (1= E‘] 15[1——E' o T pm P
‘I“R_ A
Since h is very small in comparision to K
l h Lh
_-]:-I:“_-_R_]' or I=L——E~'—'

Corraction=L— I= _I“Eh-{-ve)

Corrected base line 2]
—Measured base line + Temp. Corr. +Pull Corr.—Sag
Corr.—slope Corr.=Horiz, algin. corr. —Red, to MSL.
Corr. \ :
"Example : A base line 2 miles long was measured with.
2 tape of 300 {t in length which was standardized under no
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pull at 60°F. The tape is g—wide and 5 thick. 1 the line

was measured at a temperature of 80°F and the tape being
s'ressed with a pull of 50 Ibs, calculate the corrected
length of the base line. Take co-efficient of thermal expan-
sion of steel=6.5x 10-6 per deg F, E=29 x 166 pai, Wt. of
steel =0.28 Ib. per in%R = 4000 miles, Ht. of base line above
mean gea-lavel =400 ft,

Solution :
5 &
Correction - for pull=“%
\ ey | [
(FLI'EE. Pt=—8—*- Eﬁ- = ED—m )
~=0,0828 ft, '
Correction for Sag _:3?{1?_ * {5__5%.]'.

(W=%m 300 x112% 0.28 6.3 1bs)=0.1984 fi

Correction for Temperature = 300x6.5x 16-% x 20 =-0.039 ft.
j ciunt) J 400
Reduction to mean sea-ievel cerrection =300 = 000 <5280

=0.005T7 ft.
Corrected length for 300 ft. = 3004-0,0828—0,1984 +0.C3¢
—0.0057 =299.9177T ft.
Correction for 300 ft =300—2998.9177 =0.0823 1t.

o
Correction for 2 miles= O.U&Saaagxszaﬂ =2.8987

Corrected length =2 miles—2.898 ft. =1 mile +5277.102 ft.

~ Example: In measuring a base line a steel tape of 400
ft. long was used. It was standardized under no pull at
60°F. The cross-section of the tape was 1/8"x 1/20° and the
measurement was taken at a mean tempeature of 85°F.
The measured length was 1000 ft with the following slopes.

16—
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Distance Slope
0—400 ft 2°30"
400—B800 ft 3°18-
ﬂm——lmﬂ f 1°42¢

Calculate the actual length of the line if the co-efficient
of expansion is 6,5 x 10-¢ per deg F.

Solution :

Correction for temperature =1000x 6.5 x 10-¢ x 25
=0.1525 ft
Correction for slope=400(1—Cos 2°30')+400(1—Cos
3°18) +200 (1 —Cos 1°42")
=0,280+4-0.66440.088=1.032 fr
Actual length -= 1000—0. 1625—1.032=598,8055 ft
Measurement of Horizontal and Vertical Angles : In measur-
ing angles generally two types of theodolites are used in
triangulation, viz. (1) the repeating theodolite and (2) the
direc iheodolite. The former one has two vertical axes and
is provided with two or more verniers which can read upto
5 seconds. The latter one has one vartical axes and is

provided with or these micrometer microscopes instead of
xerniers.

The horizontal angles are measured by two methods,
viz, (1) repetition method and (2) the direct or reitera-
tion method. Both the methods have already been desribed
in chapter 3. For the first case. repealing theodolite is
used and for the second case, the direct one is used,

The vertical angles are measured face left and face
Tight as discussed in chapter 3.

Sometimes it is impossible to set up the instriment
excatly over a station. In that case s subsidiary station is
chosen very near the main station. This subsidiary station
is called a satellite station and the distance bstween the
'main station and the satellite station is known an eccentric
distance which is determined by trigonometical levelling or
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by triangulation. By placing the inatrumer_n over the
-satellite station, all the angles are measured w1t1_1 the same
.accuracy as would have been taken from the main station.
Thess measured angles however, will not I::a the same as
‘those when measured from the main station. 'I‘.hﬂraforﬁ,
‘they are reduced to the centre. This operation 13 known
as reduction to centre, _
Extension of a Base Line : In primary or first ord{e]r trl‘i::;
gulation the sides of the main traingles are 30to 60 mi
or more in length but it is not often po§s1ble to measure
directly a base not longer than 6 to lLtJ miles. The com:-nog
practice is to measure a short base hr_m and then ex 831;9
it by means of well conditioned triangles. There

various methods of which the following two are more
‘practical. '

ib)
FI1d.9.10 " ,

(1) Base ABis tobe extendsd upto C (Fig. .10 a).
ither side of AB in such

“Two points E & F are chusap on eit
a way? that they are clearly vigible from A & B and'._ from
well-conditioned triangles. The station is now fixed on
AB prolonged by a theodolite placedon AorBin such a
-way that E & F are visible from C and the triangle ACE and
ACF are well-conditioned. By setting theodolite on A,B,C,E
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and F the angles ABE, ABF. BCE, BCF, ACE and ACF
are measured. From these observed angles, the length.
BC is calculated in four different ways and the mean is
taken. By following the same procedure the base may be
extended upto D,

(2) In Fig. 9.10 (b), the base ABisto be extended. Two
suitable stations C & D are selected on either side of AB..
Two values of CD can be computed from the known length
of AB and the observed angles of the trirngles ABC. ABD,
and BCD. The mean value is taken. Ths new base. CD is
then enlarged to EF by selecting two suitabla stations E
and F with the help of wriangles ECD and ECD, By repea-
ting the same procedure. the base EF can be extended

to GH.

Exercise

1. Examine the following statements and write whe-

ther they are true or false :

(a) In geodetic surveying, the curvature of the earth.

- is not considered.
(b) Triangulation surveying is preferred when the-
: country is densely wooded.

(c) Triangulation involves a minimum of distance
measurement and a maximum of angular measure-
ments.

(d) Simple chain of triangles form.of triangulation is
‘generally adopted for an extensive area.

(e) When the survey of the whole country is needed,
double triangles form of triangulation is most
suitable. -

(f) The accuracy in the first order triangulation is I'in.
50,000. : :

(g) The permissible error in the sum of the angles of
a triangle in the third order trianguation is 10 to 15

seconds.
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<h) Each station in a triangulation should be visible
from the adjacent stations: ; -

(i) Scaffolds are needed in triangulation to overcomse
the curvature of the earth and to clear all the
intervening obstructions between stations.

(j) The height of the szaffold will be large if the
value of the co-efficient of refraction is high.

(k) A signal is a device erected on stations to locate
the exact position of stations. :

(1) The entire length of the base line should be f{ree
from obstructions,

(m) The correction for pull is negative.

{n) The correction for reduction to mean sea-level is
additive.

(0) It is necessary to reduce each triangulation line

separately to mean sea-level.

(p) The repeating theodolite jsused to measure hori-
zontal angles by the method of reiteration,

(q) The distance belween two satellite stations is
known as the eccentric distance.

2. WWhatis geodeuc surveying ? Expléin its merits

.and demerits over plane surveying.

4. Whatis triangulation ? Discus the advantages and
disadvantages of different forms of triangulation. Suppose,

-you are asked to conduct a triangulation survey of Bangla-
.dess, what form of triangulatiou -would be most suitable

.and way 7

4. Enumerate the field works and offiice works necess-
.ary for a triangulation survey with a complete list of equip-
;ment required. adh A

5. Discuss different orders of triangulation with respect
10 (a) length of the base line, (b) length of the side of the
triangles; () degree of accuracy on base line and also on
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checklines, (d) the permissible error in the sum of the:
angles of the triangles.

8. What are the points to be noted in the selection of

stations for trangulation survey ?

7. What is a signal ? Why is it used ? Describe with
neat sketches the differnent types of signals that are used.

in a trigonometrical survey, -

8. (a) Explain the procedure of measuring a base line -
with a neat sketch in a trianguation survey.
(b) Discuss the corrections that are to be applied.
to the measurment of the length of a base line.

9. (a) Discuss briefly the operation of measuring ver-
tical and horizontal angles in a triangulation.
(») Why a base line is prolonged ? How will you
exlent it ? .

10. In measuring a base line, two station P and Q, 40
miles apart were selected. The elevations of P and Q were
900 ft, and 1500 ft. respectively, The intervening ground
has an average elevation of 800 ft. What should be the
height of the scaffold at Q so that the line of sight may be-
10 ft clear of the earthe’s surface ? Ans. 105 [t.

11. The stations P and Q 75miles apart have eleva-
tion of 420 ft and 1530 ft respectively. There isa peak of"
530 ft high at R, 25 miles from Q, This peak R obstructs:
the line of sight from Q, Calculate the height of the-
scaffold at Q so that the line of sight will clear the peak at-
R by 4(} ft.

12, Three peaks P, Q and Rare ina straight line. The-
distances PQ and OR are 9 miles and 14.5 miles respec-
tively. . The elevations of P,:Q and R are 650 ft, 600 ft and:
700 ft raapactivat}r. Ca.lmlata the height of the tower to ba»
‘erected on R, the top of which will be just visible from P.
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13. Four hillP, Q.R and S are in a straight line and
their elevations are 900 ft, 870 ft, 1100 ft and respectively.
The distances PQ, QR and RS are 10 miles, 20 mles and 12
miles pespectively, Calculate the height of the sacffolds
on P and Q to sight over R and S with a clearance of 8 ft,
( Two scaffolds are to be of same height ).

14. A line 2 miles long, is measured with a tape of
length 300 ft which is standardized under no pull at 60°F.
and the tape is stressed with a pull of 50 lbs, find the
corrections on the total length. Co-efficient of expansion
-5 5x01-%, wt, of 1 cubic inch of steel of steel=0.281b :
E.-29:¢10¢ p.s.d,

Ans. Sag =-—5.935 ft, Pull = - 2.814 ft, Temp = +1.37 1,

Total=—3.041 ft.

15. A base line 1} miles long was mesured wilk a tape
of length 300 ft. This tape was suspenced in three equal
spang of 100 fi each, to measure the line The tape was
stressed with a pull of 25 Ibs. The tape was standardized
under a pull of 10 lbs at 54°F. The cross sectional area of
the tape was 0.008 sq. in. and the mean temperature dur-
ing mesurament was 80,F. Calculate the correct length of
the base line, given that the co efi. of expansion
~6.8%01-%, E=30x 10° p s.i.

- Ans. 7919,338 ft.

16. A base was deflected from the base line proper
at a station P and the measured length of the deflected
s=ction PR was found to be 3000 ft. It was again deflected
at R atan angle of 3°15° so as to reach the original direc-
tion of the base at Q. The mersured-length of RQ was 3665
fi. The tape, 300 ft long, was standardized on the flat and
was correct under a pull of 20 lbs, at 64° F. The mean
temperature during measurement was 80° F. The tape was
used in eatenary, in three equal spans of 100 ft each during
measurement and was stressed with a pull of 30 1bs.
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:I‘ha supports of the tape were at the same level. The
sectional area of the tape was 0.004 sq, inch, and the wt, of

one cu. inch of steel, 0.28 Ib. Calculate the length of the
borken bajs PQ when E=:23x10* p.s.i. and co-eff. of
expansion=6.2x 10 &,

3 Ans PQ=E8663.1717 ft.

17. The length of a base line AB 1746.58 meters
measured at an average elevation of 34.5 meaters from the
mean sea level. The latitude of the middle point is 38°30°.
The azimuth of the base is 16°48- What is he lengfh of the
case reduced to the mean sea-level ? Assume R in meter
= Antilog 6.80355 !

Ans, 1748,57064 meters,

; CHAPTER 1O
ASTRONOMICAL SURVEYING

10—1 Definitions : Astronomical Sureveying may be
defined as that branch of surveving in which the meridian,
azimuth, latitude, longitude, tima. etc. of a place on the
surface of the earth are determined by observation of
some heavenly bodies . Tounderstand the principles of
this branch- of surveying, the following terms should be
carefully studied. =

Sphere : It is a solid formed by the revolution of a
circle or a semicircle about its diameter and every point
on its surface is equidistant frcm ths centre. The section
of a sphere byany plane is a circle. 1f the cutting plane
passes through the centre of the sphere then the section
of the sphere is called a great circle otherwise It forms
small circle. The shortes' distance between any two points
on the surface of a sphere is along an arc of a great circle
passing through them. Great circle which pass through
the poles of another great circle are called secondaries to
that great circle. A great ciycle and its secondaries cul
at right angle. ; :

poles : If at the center of a circle on a sphere a p.arpan-

aBC =Spherical triongle
nre 8C=Spherical anglg at

orept Circle

Small Cirele
FIG. 10.1
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dicular be erected to its plane and produced bothways.
the two points in which it cuts the sphere are called the
poles of that circle. In Fig. 10.1, A and F are the two poles,

Spherical Triangle : A spherical triangle is that traiangle-

which is formed upon the surface of a sphere by the: -

intersection of three great circels. Any two sides of a aphe-
rical triangle is greater than the third one. The greater
angle is opposite the greater side and vice-versa, The-
sum of the three angles of a spherical triangle isnot exactly
equal to 180° asin case of a plane triangle. Their sum
exceeds two right angles by an amount known as sperical
excess.The magnitude of the spherical excess is expressed
in degrees by the expression

Sa= Rred o:Rt:iangla » 180¢, whera R=Radius of the Sphere

But the sum is less than 3= Thae area of a spherial.
traingle is ;

. (A+B+C—180% _ =R'Se
Area==R 5 T80

where A, B, & C are the spherical angles. The sides:
of a spherical traingle are expressed in angles and hours.
If the sum of any two sides of a spherical traingle is equal
to = or two right angles, the sum of the angles -opposite:
them is also two right angles or =. When degrees, minutes.
and seconds are to be converted to hours, minutes and
saconds of time, the folowing conversions hold good.

24 hours=360%, 1 hours=15° 1 minute=15‘, 1 second =15+

Celestial Sphere : The celestial bodies with which the.
surveyor Is concerned are the fixed stars, and the sun, the
moon, and the planets are of minor impomnance. The stars.
are at varying distancec from the earth. But all of them
are so remote that a straight line from a star to different
points on the earth or even on earth's orbit around the sun
may be considered parallel for all practical purposes. In

ASTRONOMICAL SURVEYING 25F

ohter words, the orbit of the earth may be treated as a

point in comparison with the radius of the calestical
sphere. Since the surveyor is concerned wtih the angular-
positions of the stars and not with their actual distances,

it is very convenient to consider all these heavenly bodies.
studded upon the surface of an imaginary sphere called.
the celestial sphere.

Torrestrial Equator : It is the greatcircle of the earth
the plane of which is perpendicular to the axis of rotation.
The exlremities of an axis of rotation (polar axis) of the:
esrth are known as the poles. They are called North and
South poles, _

Celestial Equator : It is the great circle traced upon the
celestial sphere by a plane which passes through ths-
centre of tha earth and is perpendicular to the polar axis
In Fig. 10.2, E, E E, is the celestial equator,

Celestial Poles : These are points at which the polar
axis when produced interesects the celestial sphera P;
and P, are the celastial pules (Fig. 10.2).

Zenith and Nadir : © Zenith is the point on the celestia:
sphere above thasurveyor's station while Nadir lies on the-
celestial sphere vertically below the surveyor's station.
They are denoted by Z and N respectively. (Fig. 102)

Celstic) Sphert
FIG. 102
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Horizon: The celestial horizon (or Trus or Rational
Horizon) is the great circle in which a plane at right angles
‘to Zenith and Nadir line and passing through the centre of
the earth intersects the celestial sphere. The Zenith and
Nadir are the poles of the celestial horizon (Fig. 10.2).

The sensible horizon is a plane passing through the eye o
‘the surveyor at right angles to the direction of gravity at
the point of observation. Itisa great circle in case of 2
celestial sphere (Fig. 10.3). But the True or Rational Horl-
zon is a plane parallel to the sensible horizon passing
through the centre of the earth.

The visible horizon is the great circle in which the more
distant visible {eatures of the earth's surface appear tocul
'he celestila sphere (Fig. 10 3).

FIG. 10.3

Terrestrial Meridian : These are the great c¢ircles of in-
-teresection of the earth by planes passing throught its axis.

Celestial Meridian ; It is the great circle formed on the
-calestial sphere by the interesection of a plane passing
‘through the two celestial poles. The meridian of a place

is the great circle passing through the Zenith, Nadir and

the poles (Fig. 10.4),

Vertical Circle : It is a great circle passing through the
‘Zenith and Nadir. Therefore, the meridian of a place isa
‘vertical circle, The vertical circle passing through the east
.and west pointsis known as a prime vertical. The plane
~which traces the prime vertical on the celestial sphere thus
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passes Z and N and at right argles to the meridian of
a place. :

Ecliptic : The ecliptic is the great circle which the sun.

FIG. 10.4 _

appears to describe on the celestial sphere with the earth
asacentre in year. The plane of the ecliptic makes an
angle of 23°27" with the plana of the equator and is known
.as obliguity of ths ecliptic. The points of interesection of the
ecliptic with the eugator are known as eguinoxes. The sun
is at the Vernal Equinox or the First Point of Aries ¥ on the 21st
March when it crosses the equator from south to north and
it is on the Autumnal Equinox or the First Point of Libra Uon
23rd September, The Vernal and Autumnal Equinoxesmark
the beginning of Spring and Autum regpectively (Fig. 10.4).

Latitude : The terrestrial latitude of a place is its.
distance north or south of the equator measured on the
meridian through the place. The latitude of a point upon
the equartor is 0° while on the poles itis 90°. Ina celes--
tial sphere, the latitude is measured by the arc of the.
meridian intercepted between the Zenith and the equa-
tor. The remainder of the quadrant between the Zenith
and the pole is known as co-lafitude=80° latitude. The
latitude is also the declination of the Zenith,
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Longitude : The longitude of a place is ita distance
East or West of the first meridian and is measured by the
‘number of degrees in the arc interecepted on the equator
between the meridian of the place and the first meridian.
The meridian of Green which iz called the first or stan-
dard meridian, Longitude is measured east and west from
0° to 180°, ' All places situated on the same parallel to the
equator have the same latitude and situated on the same
latitude and situated on the sams meridian have the same
longitude. Ina celestial sphere, the Ilongitude is the
.spherical angle at the poles;, included between the stan-
dard meridian and the meridian of the place.

Nautical mile : A nactical mile is the distance maasured
along the great circle joining two points which subtend
one minute of are at the centre of the earth. Taking the
radius of the earth to be equal to 3960 miles,

Circumnference of the great circle

One nautical mile= s
360° % 60
2= x 3960 5280
60260 6080 ft.

The distance betwesn two points in nautical miles

‘measured along the parallel latitude (a parallel latitude is

a small circle of which P, is the i

rel ] e pole, and points on the
parallel latiude having the same latitude) iz called the
departure.

,*» Departure =Difference of longitude in mi
: gitude i )
Cos (Latitude) n minutes x

Declination : The declination of a heaven! i
! y body is the
angular distance from the Equator to the heavenly body
Flaaaured allong‘ the celestial meridian and the co-dzdinau'or;
.13'1119 _rem_alndar at the guadrant: i.e it is thé arc 'of thea
Eandlan interecepted between the heavenly body and

e nearer or the elevated pole. Therefore inati
iagpe o e e » co-declination =
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Right Ascension: It is the angular distance between
the meridian of the heavenly body and the meridian
through the Vernal Equinox. It is measured eastward from
the First Point of Arise and is exprassed in hours, minutes
and seconds from 0° to 363°.

Declination and Right Ascension together define the
position of heavenly bodies on the celestial sphere.

FIC. 105

2imuth : The Axzimuth of a point is the angle between
meridian and the vertical through the
point, i.e. it is the spherical angle at the zenith, batween
the plane which passes through the. zenith, Nadir and
poles and the plane which passes through the Zenith,
Nadir ‘and the point in question. The Azimuth is" there
fore, the arc interéepted on the horizon between the
foot of the vertical drawn through the body and the meridian
The celestial pole which is above the observer's horizon is
xnown as the elevated pole and the value of the azimuth
computed from the asironomical observations is the nearest
angle from the elevated pole to the heavenly body measu-
red either to East or West and is not greater than 180°.
The computed value is then transformed .into a whole
circle azimuth measured from 0°to 360°in the clock wise
direction.

Hour Angle : Itis the spherical angle of a heavenly
body at the pole, between the meridian of the observer

the plane of the
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and the declination circle of the heavenly body, The arc
of the equator intercepted betwaen these two planesisa
measure of the hour angle. By knowing hour angle, itis
possible to calculate the time that must be elapased be-
fore the star crosses the meridian or the time which has
elapased since it last crossed it from the fact that the star

completes a revolution of 360 round thecelestial pole irn.

23 hrs. 55 mins. 4 secs.

Altitude : The altitud= of a heavenly body is Us dis-
tance {from the horizon measured on the arc perpendicular
to the horizon drawn through the body, And the co-alt-
tude is the remiander of the guadrant=90°—altitude. This
is also known as zenith distance. '

Solstices : The pointa on the ecliptic at which the north
and south declination of the sun is maximum are known
as sofstlces (Fig. 10.5). The point C, at which the norta
declination of the sun is maximum is called the sumimer
sofstice while the winter selstice at C,. the south daclination

of the sua is maximum. In southern hemisphere the reverse-

is the case. The declination and the right ascension are
each equal to zero at the Vernal Equinox on 2lst Marca,
On 218t june the sunisat C,on the eclitic and 90" from.
= and its declination is maximum and equals 2327+ N and
it right ascensionis 6 hours (or 90°). When the sun is at
Autumnal Equinox on 22nd September its declination is.
zeroand the right ascensions 12 hours (or 180°). When.
the sun isatC, on 22nd December, its right ascenson is
18 hours or (270°) and the declination is again maximum.
and equals 23°27' S. On March 21 and September 22, tha
days and nights are equal all over the world.

10—2 System of co-ordinates of a Heavealy body

The position of a heavenly body on the celestial
sphere can be located by means of three different systems
of co-ordinates, They are:
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(1) The Altitude and Azimuth System.

(2) The Declination and Hour Angle System.

*(3) The Declination and Right Ascension System.

The Altitude and Azimuth System ; In this system, the
reference plane is the horizon H,WH. and co-ordinates
of the heavenly body Sare the altitude « (or the great
circle arc S5, or the angle SoS,) and the azimuth A (or the
spherial angle P,ZS or the great circle arc H,S,). This
is shown in Flg. 10.6(3). Here the azimuth of tha heave-
nly body S is measured from the north point towards

I

b

- ¢ )

FIG. 10.6
west and its value lines between 0°nad 1€0° The great
circle arc ZS is called the zenith distance or co-altitude.
Zenith distance =Z5=Z 5, =55, =90°—«
- =90°—altitude

Inthe Fig. 10.6 (a), the star § lies in the western
part of the celestial sphere through which the small
circle L,SL, passes parallel to the horizon H,WH,. Ifthe

star lies in the eastern Part of the celestial sphere then
the azimu'h is measured from the north point towards
east i.e,. fram !4, to E iFig. 10.6b,). As before, the sphei-
cal angle P,Z5 or the great circle arc H,S, or the angle
H,0S, is the azimuth giving the cardinal direction E.
Zenith distance=25,—S85, =90°—«
=90° —altitude.

a1

17—
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When the azimuth of the star is 90°E or 80°W, the slar
is on the prime vertizal. It may be noted here that this
co-ordinates are variable due to the diurnal motion of
the star.

Now, is 8 be the latitude of the observer, then co-
latitude l.e., ZP,=80°=6 And the altitude of the P, =P,
H,=Z7H,—ZP,=90°—(90 -~ 0) =6. Hence, the altituda’ of the
pole is equal to the latitude of the observer. _

The Declination and the Hour Angle System : [n this sys-
tern, the reference plane is the equator E,WE, and the
co-ordinates of the heavenly body S are the declination 3

_ (or the great circle arc S35, or the angls SOS;) and the

hour angle H (or the pherical angle ZP,S or the graat circle
arc E.S,). This ig shown in Fig. 10.7(a) and (b). The declina-

Fic.. 0.1

tion (3) of the heavenly body S is measured along the
great circle P,S,P; which is termed as the deciination circle,
when the heavenly body S is north of the equator i.e.
between the celestical equator and the north pole P, its
declination is north and positive (+38N), while it is south

.or negative (- 33) when the body is south of the celestial

equator and the south pole P,, The arc P,S is known as
co-declination or north polar distance.

P,S =P§,--58,=90°—35 = 90°—declination = co-declination.
When the declination is south, the north polar distance
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or the co-declination=:90"—(—3)=80°+8=90°-declination
and the declination is north, the - south polar distance=90°
—3=90° declination,

The Declination and Right Ascension System : In this system,

‘the reference plane is the celestial equator E,\WE,and the

Vernal Equinox or the First pointof Aries, t is chosen as
a refrance point. (Fig. 10.8). The co-ordinates of the
neavenly body S are the declination 3 ( or the great circle
are YS;, or the spherical angle YOS; ). The right ascension
of a heavenly body is measured eastwards from ¥ along
the equator from 0° to 369° or in time ,units from 0 hours:
Now, the spherical angle E.P;S, or the arc E.§, is the hour
angle (H) of the hevenly body S.

Here, it is 1o be noted that the direction of measuring
the right ascensionis opposite to that of the hour angle.
The declination and the right ascesion of a heavenly body
are constant. Hence, this system is the mos! convenient for
specifying the relative positions of the heavenly bodies on
the celestial sphere,

‘IS
FIG. 20.B
The most important points to be noted regarding the

-azimuth and the hour angle are (1) when the observer is in

northern hemishere, the azimuth of a heavenly body is
measurod from the north point to the east or to the west,

.(2) when the observer is in the southern hemisphere, the

azimuth is measured from the south point to the east or to




e
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the west, (3) when the heavenly body is in the weste.m

hemisphere, its azimuth is west and its ho

ur angle i
batwe_an O hour and 12 hours, (5) when the iea\::n:;:
!md:.rmum ea?tern hemisphers, its azimuth is east ana
its hour angle is in between 12 hours to 24 hours.

_‘Circmdar Stars : The stars which are above the
horizon are always visible and they do not set. These
stars are called cirmumpolar sta.rs.' They will always appear
to thg surveyor to describe a small circle about the pole
Py (Fig. 10,7a). Itisto be noted that for all circumpolar
stars the distance from the pole is less than the latitude
of the place of observation i.e., the declnation of a circum-
polar star must be greater than the co.latitude P,E,/P,L
for the circumpolar star S. \iakeH

_C:{J_’mfnmfdn: When a heavenly body crosses the
meridian it is said to be culminated or transited. In one revo.
iut'ion round the pole each star crosses the meridian
twice. Asaresult, two culminations or transits (upper‘
cutlmination and lower culmination ) are cbiaiﬁed. A star is
said to be in the upper culmination ( position L,) when
its altitude is maximum and at the lower cul}ninati;‘“
( position L, ) when its altitude is minimum, i

10—3 Instruments for Astronomical Observations: The
following instruments are used in astronomical observa-
tions : '

(1) Transit theodolites

(2) Saxlants

(3) Photographic telescopes

(4) Microscopes

(8) Micrometers .

{8) Chronographs

(7) Alt-Azimuth instruments

i8) Sclar Attachments,

The transit theodolite and the Sax 5
discussed in chapter 3 and chapter 6 'resp:lﬁtvet;?:‘ SR

generally used for reading
bodies, Every trangit theodolit
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Photographic Telescope: Most of the observations on
fieavenly bodies are made photographically by a Photo-
graphic telescope. Thisis nothing but a telescope fitted

with a camera.
Microscopes and Micrometers | The miscrocopes are
the observation on heavenly

e or photographic teleacope

is fitted with a micrometer for measuring small angular
distances such as the angle subtended atthe obseverby the
two neighbouring stars in the field of view of the telescope.
h: A chronograph is a small instrument

he transits of heavenly bodies’
This is a particuar type of

3 towards the zenith.
It is

Chronograp.
for observing t

Alt-Azimuth Insirument :
instrument in which the axis point L
it admits a double motion in latitued and azimuth.
generally used in ex meridian observations.

Solar Attachment : It is a special apparatus ﬁtta:_i to the
telescope of an ordinary theodolite for determining the
.direction of the meridian, the altitude and local the.

10—4 Astronomical Corrections : [n determining llha
true altitude of a heavenly body the following corrections
are to be applied in its observed altitude.

(1) Correction for Refraction

(2) Correction for Dip

(3) Correction of Index-Error

(4) Correction for Parallax

(8) Cormection for Semi-diameter. :

Carrection for Refraction : Due to variation of density of
air the rays of light passing through the atmosphers are
3

FIG. 109
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refracted or bent. As a result, the heavenly body &
appears to be located at 5; (Fig. 10.9). Therefore, due to
refraction the observed altitude of S appears greater. So
the correction is to be subtracted from the observed alti-

tude, The refraction correclion does not depend upon

the distance of the object but_is dependent on the allitude,

baromertric pressure and temperature, Itis0 when the:
heavenly body i3 in the z2nith and 33 when on the hoti-

zon. The following formula is generally used t‘or rough.
calculation.

Refraction in seconds= 53' # CD: o -53" %xtan z, where &
and z are thes apparent altitude and the zenith distance
respectively of the hsavenly body and the correction is at
a pressure of 30* of mercury and temperature cf 30°F.
For more accurate results, Chamke-'s or Bessel's Refrac-
tion Tables should be consulted.

" Correction for Dip: The ancgle betwe=sn the sensible
horizon and the visible horizon is callsd the angle of dip. The:

p'.

Fig. 10.10
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angle BAC =« (Fig. 10.10) is the angle of dip. AB, is sensible
horizon, AC is the visible horizon and h, the’ height of the
observer above sea level in ft. The correction for dip
i.2., angle « ia applied when observations of the heavenly
5 is taken with a box sentant only at sea,

AT
Tan &= OoT

The altitude corracted for dip=SAB==5AT—BAT=0b-

sarved altitude corrected for refraction—correction for dip.

It is seen that the correction for dip is negalive, The
various values of correclions different heights are obtai-
ned from Chamber's of Molesworth's Table

Correction for Index-Error : When the altitude Is z=ero,
the vernier reading of the Insirument should also be zero,
if not, there will be a small angular error e weich is known
25 index-error. Now the reading of any vertical angle
observed with the instrumsaat either will be too large or
tco small by this amount =,. The correction is either+e
or—e according as e is above orbalow zero. Asforan
example, let «,=6°2530" and @ «.=6°26"20" whers «, and
%, are tha face left and face rightobservations by the
theodolite on a top of an elec'riz post,

Mean vertical angle - (502530 +6°26'20"")

=6025'35"

Index error correction for face Jefi and face right
observations are --25" and—25" respectively.

Correction for Parallax : This error is requied only in
case of the sun but not for distant stars. It is the angle
subtended at the object observed by the radius- of the
earth, when the sun is on the horizon, the angle subtended
by the raidus of the earth is known a3 tha sun's horizontal
parallax. .

The angle OS;A is the horizontal parallaz and the
angle DSF. is the parallax for any position of the sun
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(Fig, 10.11), OB is the true horizon, SOB the true.altiude.

SAS, the apparent altitude.

A 5
F
[} o B
fii
Fig. 10.11

When the sun is on the hoizon at 5,

Horizontal parallax error =P, = £05,A=5in / O35,A
- (+. small angle)
do O 4000

_'_DS, = -G08 radians.
ol SA000 ® ?
=R 10" 206265

(.~. 1 rad=206265")=8.9"
The average value is taken to be 8.8"
‘When the sun is at tke pesition 5,
Parallax error=P, = 405ﬁ=sin /. OSA
Sin £ OSA_ OA
Nowin A OAS, s 58~ 08

g OA . OA . ,
- Sin LGSA‘_’“D_E- sin /OAS= og sin (90 + a)
OA OA
oS Cosa= ﬁs_l Cosax
" (Assuming OS=05,)
' =88"xCosa
‘This errror is always additive i. e,
Parralax error=+8.8" xCos
Correction for Semi-dlameter : In taking the altitude of
the eun the centre of it should be observed. But practi
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‘cally, itis not possible due to the diameter of the sun
considerable. As a result, either the upper or lower

Fig. 10. 12
edge is focussed with the telsscops. The aliitude of the
sun's centre is obtained by applying the correction of
semi-diameter. The half of the angle D subtended at tha
centire of the earth by the diameter of the sun is known as
semi-diameter. Due to the variation of the sun's distanca
from the earth, the semi-diameter varies throughout thas
year and its value can be obtiained from the Nautical.
Almanac. In Fig. 10.12, = is the altitude of the sun's centre,
x, and x; are the observed altutides at the lower and
upper edge respectively. :
* Then, z-—-ml++,-aD— 3:,—-]-?2-

The average value of D/2 is 1530". This correclion
is not taken into consideration while observing the stars
because observtions can be made upon their centres as
they appear as points of light..

Example : Calculate the difference of latiude between
iwo places P and Q from their individual given latitudes :
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() P,42°36'N ; Q, 76°58' N
(2) P, 22°18'N ; Q, 52°54'5
Solution : -
(1) The diff. of latitude =T76°58'—42°36" -- 34722
(The difference of latitude=22°18" —(—52°564")=76°12"
Example : Calculate the difference of longitude be-
tween the two places P and Q from their given longitudes -
(1) P.2362¢W, Q. 68°18'W
(2) P.51°42°E; Q120°12'W
Solution :
(1) Diiference of longitudde=68°18 —36°24'=31°54"
2) Difference of longitude=>51°42 +120°12°:+171%54"
Example : Anobserver 30 ft, above the level of ths

sea was observing the altitude of thesun. Wkat is the
correction to be applied for dip ? Take D=7612 miles

Solution :

.Tan a:==‘v'?: ;X JEDB- x 30

o=§'—42- (approximately)

=0.C01€81

Exaple : An observation was made on the sun using
the lower limb and the readiag was 46°40'25- with face lefl.
The semi-diameter of th=2 sun at thatime of osbhservilion
was found to be 13°58.7+ The face left and the face right
observations of the theodolite on the top of an electric
post were 12°15'56+ and 12°13'42~ ruspectively Calculate:
the truw altitude of the sun.
Solation :

Correction for index efror =$(12°15:56"—12°13-42¢)

=1'Tr(—ve)

Cur:&ﬂ&d altitude = 46°4025+—1'T*
= 46°39' 13-
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Correction for refraction=—58+ Cos 46°39'18-

=-—55~

Correction for semi-diameter=--15'58.7~

Correction for Parallax==8.8-Cos 46°39'18~

i =+6,05"

Net correction=—55+15'68.7++6.05~

=4159.75¢

True altitude of the sun=46°398'18-+15'9.75"

=46°54'27.75-

10-5 Time: Time is measured on the basisof the
apparent motion of the heavenly bodies caused by the
rotation of the earth on its axis from West to Ecst. Asa
result, it appears that the heavenly bodies rrovs /rom East
i0 Westin a clockwiss direction arcund the earth and
cross the observer's meridian twice 1n a day. Similarly,
ihe 3un appears to move relative to tie stars in a direction
from West to East and makes a complaie revclution of the
stars in one year.

10—8 Systems of Time : There ara four djferent sys-
tems of measucring time. They are: (1) Sidereal Time.
(2) Apparent Solar Time, (3) Mean Solar Time. ard (4)-
Standard Time. The former two systems are convenient
for the astronomers snd latter (wo are useful for everyday
life . '
 Sidereal Time : This system of time measurement is.
based upon the complele revolution of the fixed stars
around the celestial pole. The time interval between two
successive upper transists of the Firt Point of Arias over:
the same maridian is known as the sidereal day and the ins-
tant of crossing is termed as sidereal noon. The sidereal day
is divided into 24 hours, the hour into 60 minutes and the:
minute into 60 seconds. The sidereal time is measured.
from the instant when the First Point of Aries just crosses-
the meridain of the place of observation. Therafore, it is C-
hour when ¥ is on the meridian and 24 hours when ¥ i=.
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-again on the same meridian in the sams direction of the
next transit. The sidereal time at any instant can be mea-
sured by the interval that has elapsed since the First Poin:
of Aries was on the meridian. So the sidereal time at any
instant is the Hour Angle of the ¥ expressed in time at the
rate of 15° to one hour. The Right Ascension (R.A.) of the
meridian of a place is known as local sidercal time (L.S.T.)

LS, T.=R.A. of a star + Hour angle ol a star,
Also L.S.T.=R.A. of mean sun + 12 hours+mean time !
the place.

Apperent Solar Time ; This system of time measurenmen:,

ia based on the daily motion of the sun. Time interva.
between two successive lower transits of the sun across

' the same meridian is called an apparent soler day. It is divi-

ded into 24 hours, each hour into 60 minutes and each
minute into 60 seconds. The Sun Dial givas the apparen!

" splar time. The apperent solar day is not of uniform length

as the sun does not move at an uniform rate along the
ecliptic.

Mean Solar Time : This system of time measurement i3
based on an imaginary point called the :mean sun which
moves along the equator in such a way that its Right Ascen-
gion increases uniformly. This system is adopted to over-
come the disadvantages in the sidereal and apparent solar
times due to their fluctuations. The mean solar day is the
time interval between two successive lower transits of the
mean sun. Therefore, the mean solar time of the mean time
al any instant is the westward Hour Angle of the mean suu
expressed in time plus 12 hours The mean time is recc-
konend 0 hour at midnight. This time is recordsd by ord:-
nary clocks. The meansolar time is also known as civil tinte.
A mean day is divided into 24 hours, each hour into &
minutes and each minute into 60 seconds. . There ara two
ways by which mean solar time is recokoned viz, (i) Civil

-time and (2) Astroncmical time. Both of them begin at &
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four midnight, The civil day is divided into two periods

The one which occurs from midnight to noon is denoted by

A.M. (Anti Meridian) and the other from noon to midnigh!
by P. M. (Post Meridian). The astronomical day is conti-

nuous from O hour to 24 hours. In railways, airways and.

navigation, the astronomical time is used.

Greenwich Mean Time (G.M.T): It is measured from tha
wower transit of the Greenwhich meridian by the mean sun
i.e , from Gresnwith Mean Midnight, 0 hour to 24 hours.
This is same as Univeraal Time (U.T.) as reommended by
tie International Astronomical Union.

Local Ttrme or Local Mean Time L M.T. ;' [tis measurad
from the lower ftransit of the meridian of the place of
nbservation.

In an interval of 24 hours, the m=2an sun dascribas an
ara of 3680°. So a difference in the longitude of 1° corres
ponds to a difference of 4 minuts in local time. So,

LM.T.=G M T.—West longituda

=G.M,T. -+ East longitude.

Standard Time ;: In order to overcome the difficullizs
arising from the use of different local times at different
places, the country as a whele adopts the local mean time
of a place corresponding to a particular meridiar. In most
cases itdiffers from Greenwich Mean Time bya whole
number of hours. A country somelimes may have more
than one standard time. In Bangladcsh the standard time is
the Madras tims. 82}th meridian (E) which corresponds to
3 hours 30 minutes ahead of GM T. In Bangladesh therae ia
only ona local time viz Bangladash Local Time (B.L.T.)

10—~7 Equation of Time ; The squation of time is the

difference between the mean and the apparent time. It ia.-
positive when the mean time is greater than apparent time,.

and negative when the latter is greater than the former.
Equation of Time (E)=Mean Time ~ Apparent Time..
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=Clock Time (C)-Dial Time (D)

=1(Length afternoon—Length morning»

=Hour angle of the Mean sun—Hour
angle of the apparent or true sun.

The cause of the equation of time are : (1) the variable
motion of the true sum in the ecliptic owing to the occen-
tricity ol the earth's orbit, and (2) the obligquity ci the
acliptic to the equator.

The equation of time is z2ro four times during the year,
i.e., about April 15 June 14, September 21 and December
g5. On these dates, the tru2 sun and the mean sunarzon
the same meridian and as a result, the apparent time and
the mean time are equal. in the Nautical Almane, the equa-
tion of time is tabulated for every midnight.

Example : Calculate the G,M,T, of a place (140°E longi-
tude) on 2nd January, 1939, when the time -wvas 4 hours 30
minutos (P.M.)

Solution :

15%=I hour

140%= —E-‘l!-g--=9 hours 20 minutes

G.M.T.=4 hours 30 minutes+12 hours—9 hours 20 mirutes
.=T hours 10 minutes (A.M ) on 2nd January 1939.

Example : Calculate the local apparent time at a place

(80030" E) whose local time is 10 hours 20 minutes. The '

equation of time at Gresnwich Mean Moon (G.M N.) is 3
minutes 12 seconds (subtractive) and decreasing 025
seconds per hour,

“Solution ;

90°30" == 9_:; 5?2.. 6 hours 2 minutes.
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“Sreenwhich Mean Time of observation=10hours 20 minu-

tes—6 hre.
2 mins.=4 hours 18 minutes.

‘Mean Time intarval bafore G.M,N.=12 hours—4 hours 18

minutes
=T hours 42 minutes.
ﬁ?-TD houra
Total increasa of time =0.25 « 7.70=1.825 seconds.
Equation of time of the place of observation.
=5 minutes'12 seconds+1.923
=5 minutes 13.925 second.
Greenwich Apparent Time of observation=4 hours 18 mins.
<5 mins. 413.945 seconds
=4 hrs. 23 mins, 139.25 secs
_,s:nca] Lpparent Time=4 hours 23 minutes 13.925 secs.+
Long. in time.
=4 hours 33 minutes 13.925 secs.+46
hrs 2 minutes
=10 hours 25 minutes 13.925 seconds.

Example : Calculate the Lozal Mean Time correspon-
-ding to 15 hours 18 minutes 22 seconds local sidereal time
on Janeury 3,1965, at a place of longitude 6 hours 34 minu-
tes (E). Take acceleration or retradiat!c:-n of 9.88 seconds
per hour of longitude.

:Solution ;

G.5.T, corresponding to L.5.T. of 15 hours 18 minutes
22 seconds.
=15 hours 18 minutes 23 secs.—08 hrs 34 minutes

=§ hours 44 minutes 22 seconds.
Total ratardation=6 hours 34 minutes x 9.88 second*
per hour

15.5375 x B.Bﬁ
=58 seconds
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L.5.T. of local mean noon==8 hours 44 minutes 22 secs..
—53 secs..
=8 hours 43 minutes 28 saconds
Sidereal interval from L.,M,N.=15 hours 18 minutes 22
“ seconds.
—8 hours 43 minutes 23 seconds
=8 hours 34 minutes of 56 seconds
~cceleration=9.96 x 6 hrs. 34 mins. 56 seconds + | min-
ute 7.5 seconds..
Local Mean Time=6 hours 34 mins. 56 seconds+1 min_
1.5 secs
=8 hours 36 minutes 3.5 seconds

Example : On January 2nd, 19;!9, the sun dial was 18
rainutss 21 seconds faster than the clock If the sunrise time
wag 65 hotlrs 57 minutes A M,. caiculate the ume of sunsat.

Solution :

E=}(Length afternoon—Length morning)
—16 minutes 21 seconds=} {Leng'h alterron (12 houra: -
" —6 hours 57 minutes}

Length afternoon=1 hours 30 m.nutes 18 seconds
S0, the sun sets at 4 hours 30 minutes 18 seconds P.M.

10—8 Determioation of the Azimuth und the Bearing of a:
Survey line : X 13 the station on the surv=y lime CD. The
azimuth, Aisto be determined. Th= theodslita is setup-
at X and properly levelled and adjusted Sis the position
of thesun which is to be cbserved (anyother heavenly body
can also be observed) The proper adjustment will be
indicated if both the horizontal and verucal cirecles read
zero. The telescope is focussed towards the reference
point D onthe survey |ine and the vertical and horizontal
circles are turned till the sun 1s sighted The angle of
altitnde = and the horizontal angle 8 (Fig. 10.13) are-
obtained, v
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Fig. 10.13 Fig. 10.14

Considering the spherical triangle, P, Z5in F;'g:. 10,12
P,Z=90°—latitude =90°—7 = co-latituda
ZS—Qﬁ"~latitudezGG""—u-—-—co-al‘litude s
P,S=90°—declination=90°—i=co- declination
/P,25=180°— / E,Z5—180°—A

From the spherical trignometry. in the spherical tri-

: : 180°—A  _ ogelPilS:

angle P,ZS, Cos 5 = Cos'=——

L SinSSin(S—P3)

=V T SnP,Z Sin 25

where 25=P,Z +ZS + P,S = (80°—3)+80° &) +(30°—38}

=2T0%—(7.4-a-+35)
= 180°=—(».-L o+ 5—82°)
- 3.-=80° 4-8)
g s GAloS(aH 90" haq
Again, 2(S—P8)=210% = («+ 1.+-8)-=2(30°—8) =90
={z-Fr—5)
=180 —(x 42+ 90°—35)

+n480°—38)
5.-..91559::;&_,&1"". T
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' Cos(e +72.—90°+3 (m+i+ﬂﬂ°— Fo
Hence.. sm%u ( 7 )c‘“‘ ————

Cos 7 Cos =

Knowing the azimuth A. the bearing of the survey line
CD=08-—A.

It is to b2 noted that in taking the above obser vations
all necessary corrections are to be applied bat fa staris
observed instead of a sun. a-lantern isto be olaced on
the survey line and only the refraciion correctior is 1o be
consideraed.

10—-9 Determination of True Meridian ; In determining
the true meridian of the place the latitude of the place of
ovservation must be known, This can be obtained from a
map or fro.n the altituds of the Polaris. Polaris c- Pole Star
is a bright star on the northern hemisphere. Tke altituds of

" the Polaris is very nearly equal to the latitude ofthe place
due to its proximity to the pole. There are many me:hods
of determining the true meridian of a place of which the
following are very common :

(1) By the direction of shadow at apparent noon.
(2) By observation Polaris ai elongation.
(3) By magnetic compass.

By the Direction of Shadow At App:'rent Noon : The dires-
tion is found out by observing the shadow of a vertical pole
AB at apparent noon. With this pole as centre a number of
concentric circles are drawn and on these are marked the
points whers the shadow of the top of the pole intersects
them at equal interval of time before noon by means of
-arrows 1,2 and 3 ( Fig.10.15). Similar points are marked by
means of arrows 3, 2 and 1 at the same interval of time after-
noon. The points 1 and 1, 2 and 2, and 3and 3, are joined
o the foot of the pole A. The angles 1A1, 242 and 3A3 are
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|

Direction of
Meridian

i9)

rig. 10.15

‘bisected. This bisecior NA gives the direction of trus

meridian.

By Observation on Polaris at Elongation : The lims of elon-
gation ( i.e., the greatest distance of the Polaris east or- was|
of the meridian ) must be knowa in this msthod. The Pole
Star is at western elongation abuut 5 hours 55 minutes after
upper culmination and it is at easiern elongation about 3
‘hours 55 minutes before upper culmination, The instru-
ment is placed over a given station M and properly lave-
lled and adjusted. The telescope is directed to the refe-
rence object 0 (Fig. 10.16) and the raadings of the verniers
of the horizontal scale are noted, The telescops is then
directed to the Pole Star about 10 minutes before it is at iis
greatest elongation fo the east. Exact coincidience of the
Pole Star with the cross-hairs is obtained with the tangent
screw. The verner readings are noted and ths horizontal
.angle OMS, is computed. At this instant, another value oi
the angle OMS; is obtained by changing the faca of tha
instrument in order to eliminata the error dus to improper
-adjustment. When the star is on the opposite side ol the
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[l
Fig. 10.16

pole about 12 hours, the angle OMS. is similarly observed
( western elongation ). The mean of these two angles g.h'es
the value of angle OMP, where P, is the celestial pole
Therefore, the angle OMP; is the azimuth of the line OM‘
The direction of the trae meridian can be obtained from its
known azimuth. e .
By Magnetic Compass : The mag netic meridian of
-_:ranhba obtained by a magnetic compass. The Inl::ngzgz
:; ; ;.t:l ::fcu':atad by knowing the magnetic declination of.
10—10 Determination of Longitude, Time a : .
lc.:-ngiluda is calculated by comparing the zoﬂlﬁ;;rd\:ﬁhﬁﬂ
time al the standard meridian ( Greenwich meridian ) i
Time is determined by the sun's shadow and b : the
sun-dial. Local apparent noon is obtained nha;rvinY thuh
time when the shadow of a veritical pole shows tha?nini |
mum length. “The local time is then calculated from the--

equation of time. The sun dial gi ;
time from which Jocal time can bg;v&ﬁcﬁgta? paran}t i 8

e

of the Pole Star at upp®
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The latitude of a place can bs obtained by the altitudes
r and lower culminations.

‘Example ¢ From the following ohservaﬁons,'calcu'lada

\ke altitude of the star, the azimuth of the line CD and the
local time of observation ( Fig. 10.13 ). The observation
was taken when star was at its western elongation.

Latitude of station X=46°36' N

1ongitude of station X=58°18' W

Mean horizontal angle §=92°24" 48°

Declination of the star=60°12"' 4" N
he star =9 hours 30 mins. 42 seconds

Right Ascension of t
Greenwitch Sidereal Time of GM.MN.=5hrs. 18 mins. 30

ssconds
Jiven. latitude. A =45°2%' N
declination. 3—=60°12'4" N

Solution :
If « is the altitud2 of the star, then -
i Sin & Sin 45°26" = i
e = e S—— 5 - )
Sin 2= §;s Sm eI & 0.8574 5. »=50°54
% cos 3  Cos60°12' 4 3 '
1 — —— = = A45%24"
21N .ﬁ E—a;—.:‘ COS 45‘36' U 1235 PL 45 24 ‘N -
tan tan 46°36' -
CosH= t_“_an 3 an 50."1-274: -D.ﬁﬂ:}z
H=52°48'=3 hours 31 minutes 12 seconds,
Azimuh of the line CD — Azimutn of the star-+ 08
=A+0=4624" +92°24'48"
—128°48" 48 (clockwise from North)

Losal Time of Observaion : .
Longitude = 53°18'=3 hrs. 53 mins. 12 secs. = 3,887 hours

We know, acceleration at 9.8206 seconds per hour of 8.1

. Total acceleration=9.8296x 3 887=38.2 second. (+ve)

LS.T. of LM.N.=5 hrs, 18 mins, 30 secs+38.2 seconds.
=5 hour 19 minutes 8.2 seconds.

Local Sidereal Time (L.S.T.) =R.A, of the star4H.A.
the atar

of
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=9 hrs. 30 mins. 42 secs+3
hours 31 minutes 12 seconas:

=13 hours I minute 54
second,

Sidereal Interval (S.I.) of L.M.N,
= LIS i T-_L-S I-T. Of L- M -Na

=13 hours I minute 54 seconds—5 hours 19 minﬁtas
: 8.2 secs.

=6 hours 42 minutes 45.8 secs=6.7127 hours
Total retardation = 9.8286 x 6.7127
: =66 seconds=1 minute 6 seconds:
Mean Time Interval from L.M.N,
=86 hours 42 minutes 45.3 seconds.—1 minute § sans
=8 hours 41 minutes 39.8 seconds.

Local Time of Observation=8 hours 41 mioutes =
saconds P.M. 3 minutes 258

Exersise
1. Examine the following statements very carefully-

and write whether they are trus of false

(3) Any two sides of a spherical triangs is greatas:
‘han the third ons.

(b) The sum of the three angles of a sphariza!
triangle is equal 1o two right angles.

(c) Sensible horizon is the plane in which the mors:
distant visibla features of the earth’s surfacs.
appear to cut the celestial sphere.

(_d} The great circle passing through the Zenith and
Nadir is called the vertical circle. .

(e) The ecliptic isthe great circle which the sun
appears to describe on' the celestial sphere with
the earth as a centre in a year.

(f) The plane of the ecliptic makes an angle of 65°33"

* with the plane of the aquator.
(9) First Point of Libra is known as Varnal Eqninox.

(k) ‘The longitude of a place is its di
ro west of the first mé} ot dianfs its distante east:
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(i) Tha Declination of a heavenly body is the angular
distance from tha Equator to the heavenly body.

(i) Right Ascension is the angular distance between
the fist meridian and the meridian of the heavenly
body.

(x) The Azimuth is the arc intercepted on the Equator
batween the foot of the vertical drawn through the
body and the meridian.

() A star completes a revolution of 360° rourd the
celestial pole in 23 hours and 55 minutes.

(m) Zenith distance is also known as co-altitude.

(n) The altitude and the hour angle of the zenith are
90° and 0° respectively. '

() The latitude of the caelestial pole is 66°31".

{z) Right Ascension of the First Points of Aries is (.

(1) The latitde of the First points of Aries is 80°.

(r1 Tke sun's right ascension on 2lst March is &°

¢(s) The hour angle of the sun at sunrisa on 21st Marck.
is 900

{) The time of sunriss and sunset at any place during
the equinoxes is about € A.M and 6 P.M.

(1; Tr2 latitude of ‘a place a' which the ecliptic coin-
cides with the herizon i3 €6°33".

(v) Tae latitude of a place a! which the celestial equa-
tor coineides with horizon is 90°,

(w) Trae stars which do not setara called the circum-
polar stars. :

(%) When-the haaven!v body is in the eas'ern hemisp-
here, its azimuthe is east and its hour angle isin
between 12 to 24 hours. 3

(y) Tha declination and the rtght ascension cfa hea-
valy body are constant. :

(z) Due to refraction the observed altitude of the sun
appears smaller.

(a;) The refraction corraction depends upen the dis-

larce of the object.
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(b DIP is the angle between the sensible and visi-
bla 1101175:1:,.
{z1) The cotl rection for index error is always positive,
(dy) Error due to parallex is always negative.
(e;) The correction for semi-diamster is generally
considered while cbsaiving a sta:.
(f;) The earth rotates on iis axis from West to East.in
ockwise direoting.

!
{g,} Ziderzal time measuremeni.is bazed cn the daily:

motion of the sun.
(hy) Apparent time. measiurement s bis=d on the
compleie revolution of ke fixed stars arocund
'ha celestial pole.
(iy) Sidereal iime is generally used in qur everv A4v
il.r':'.
(y): Slanderad time is us
(ky) in.railways, civil tir:

Dy the astrehomers.
isused

sed
=
=

{1;) Thersis cnly ore standard time for eizh couniry.

(m,} The eguation of time 13 the difierenze belwsen
sideral time and apparen! time,
i) The only cause of the ecualion of fime is th=
obliguity cf the ecliptic to the equatzr.
{2, 'Fh-a Polaris 13 a bright star in the southarn
T.esphers, :
2. Whatis a celestial =phe;a ? Draw anez: ske'ch of
a celestial sphére-and show 1h=ifollowing on i:.
(a¥ Rational’ Horizon. (b) Ecliptic, (c) First Point of
Aries (d) Hour Angle, (e) Right Ascension. (I} Azimulh.
3, Pefine a spherical triangle and give its chizracteris-
tles. What is spherical exzess 7 Cive its expression. ;
4. The declipation, right ascension, latitude and ‘longi-
tude of the First Point of Aries are zero. Do you agree ?
Justify your answear,
5. Write explanatory notes on the following mih suita-
ble sketch whersver possible :
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«a) Great Circle, (b) Terresirial Equator, (c) Sensibie
Harizon,(d) Celestial Mer id;an, {&] Prime Veari-
i cal, () FirsiPoint of Libra, (g) Altitude, (h) Solr-
tices, (i) Zenith Distance, (j) Coaltitude, (k) C
cumpoiar Stars and (i) Naulical Mile.

3 What are the diferen: systems of co-ordinales o
iccate the position of a hsavealy body on the celestis]
cphete ? Discuss thair merits and demerits. ‘Which of 1re

sys‘ems, do you think, is tha beat and why' ?

7. What are the corrections ihat are generally appli=d
in' determining the tiue alitude of a heavenly bedy ?

Supposy, you are deternmiining the irue altitude of a fued
star. what are! the gofrection yc:.. will epply and why ?

B. Whatistime ? Diszuss the merils and demerits
liffarent systems of tims measurement, Which ol
ws?emé is used in our everydav lifle 7

9. Write shortson:

Local Time, Standard Time, Sidereal Time, Salar Tim=.

IZquation of Time, Greenwizh Mean Time.

1u, Exolain with'a neat ske!ch how the Azimih ani tha
‘td Boaring of a survey line are de:ermined.

1. An observer 25 it above tixe level jof the se: wwas
obsarving the altitude of the sun, VWhat was the correciion
for dip ? Take D=7916 miles Ans ;512

12. P lias 10 the west of @ and the meridian distar e
between them is I-hour 30 minutes.' The longitude ef O is
62°— 30°--40" (W), Calculate the longitude of P.

Ans: 85°—00"—40- (W)

13, An observation wis inade or January 3,1837, on the
sun uvsing the upper limb and the reading was 41°45.257
with face left. The semi-dimeter of ‘the sun at the tims cf
observation was found to be 15°4". The face-left and face-
right observation of the theodolite on the top of a ﬂag-—
mast where 5°%4'20% and 50840+ respectively. Datemin
ithe true altitude of the sun.

e

Ans : 40%453°44 8¢




ASTRONOMICAL SURVEYING

14 Calculate the number of sidereal days ina year,
Civen the msan time =4 hours 12 minutas 20 seconds P.M.
aad the equation of time:=+5 minutes 25 seconds. Calcu-
lste the apparent time,

Ans. 366%, 5 hours 6 minutes £3 seconds P.M.

I8, The Sunrise and Sunsst times ona ce-tain day on
M svember 1965 were 6 hours 54 minutes A.M, and 4 hours
53 minutes P.M. respactively. Determine the eguation of

time.
Arg :—16 minutes 3C seconds.

8. Calculate tie G M.T. to correspond with 2 hours §
—:nutes 3 seconds A.M, L.M.T. of a place on January 2,1937
wrosa longitude is 537807157 (E)

Ans : iC hours 19 minutes 2 saconds P.M.

17. Given Sidereal time 5 hours 32 minutes 37 seconds
124 the right ascension of the msan noon=—: neours 37

-irutes 32 saconds. Calculate the Mean Time,
Arna: 9 hours | minuats 30 saconds A ML

18. Calculate the time at New York (Long T4°10°W)
4mer it ia 8-00 P.M, at Dublin (Long. 6220"W)
Ane. 10 hours 28 minutes 40 seconds AM.
19. An observation for dstermining the azimuth of the
512 on May 9, 1955 from a siztion whose latitude and longi-
tude ware 52% 26'40" N and 50°22'15" W. was made by
1aking readings on the sun’s Upper limb and the following
chisrvations were recorded. Calculate the azimuth of the
line applying all necassary cot ractions.
Horizontal angls 8 =4812"13"
Observed a'titude of the sun=46°32
1.M.T. of obsarvation =9 hrs. 30 mins A.M,
sun’s declination at GM.N. on May 9, 1985517035’
17.5 N increasing at the rate of 31,18" per hour
Ans; Ble4288.13"

 CHAPTER 11
PHOTOG RAMMETRY

!1—1 Difiition: Phologrammetry is a method of sur-
veying in which plans or maps are prepared from photo-
graps taken from suitable cemera stations. This is also
known as photographic surveying. The various purposes of
photogrammet-y are : (1) Preparation of topographic
maps, (2) Preparation of composite pictures of the :_:]mund.
(3) Aquisition of military intelligence, (4) Soil classification,.
and (5) Interpretation of geology. Photogrammetry are of
two types : (1) Terrestrial or ground photogrammetry and
12) Aerial photogrammsatry. The term terrestrial photogram-
metry denotes that branch c! photegrammstry wherein
maps arz prepared: froms pholographs taken from 1he
carmera axis  horizortal. The terrestrial photcgraphic
surveyiag is considered s a fartner development of plane
1abla surveying. The terms waeric! photogrammety danotas
'hat branch of photogrammetry wherein maps are prepared
from photographs of the terrain in an erea talien by a prezi-
sion camera mounted in an aircraft fiy:ng over the area.

At present, ground or terrestrial photograpk. surveying
is not much used except for small scale mapping of open
hilly ormountaineous couutries and reproduction of plan
and elevation viewsof buildi.gs and structures, motion
pictare photograpy to make measurements involving tran-
sitory phenomena such aia wave motion, currents, moving
machinery, humans ‘and apimals in motion, and for
furnishing supplementary ground coatrol for aerial phote
graphy, 1t is not suitable for woodad couatyy., moreaver,
vagaries of climate have been agamst its extensive use.

Aetial surveying is economical for quick rapid surveye
of difffoult and highly developed urban areas though for
gelting precision ofdetails and forlarge gcale maps, ground

halngummotry is better and cheaper. Aerial surveying:
# uped with great success for tue following purposes :




.with camera fixed in tha aircrafts, while ground photc-

‘photographs and in all these casestha exposure  slation is

‘the positions of a slow moving object at various circums-
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Reconnaissance and vreliminary survays
Roads and Railways
Water supply :
Power schem3s aud tranamission lines
Acquisition of land
Town and village planning
Flood control, irrigation, drainage and soil coaser-
vation. oy,

8. Harbours. navigalion channels and coastal daience.
. 3. Mining prospects

10. Study of geslogy

11, Soil and agricultural studies '
12, Military installations, camping aod forbidden zonss
(tactical us=)

i e

-
-

In terrestial photography phototheodolite and favoura-
b.e atmosphere for photography are the necessary requi-
rements. Air photographs ara taken in “'strips” or “iuns’’

jraphs are taken in pairs from the ends of a measured
basa with camera sst on the stand.

11-2 Terrestrial Photogrammetry .

Classification : Terrestial photographs are taken by a
phototheodolite, The camera station is usually fixed in
position. Photographs taken from automaobiles, moving
vehicles, boats or trains are considered to be tlerrestial

not fixed. Photographs of still object such as building is
classified as still photography whereas a series of photo-
graps taken in fairly rapid sequence in order to picture

tances, is termed as quasi static photography. The photographs
of the movements of ships near a port or traffic flow after a
regular interval of time is quasi-static. photography. When
measuremenis of an objecte which changes its size, shape,
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position or orientation from one instant 1o another are made-
through a motion-picture camera, itis termed dynamic
photography. 7

11-3 Photo-Theodolite ;: Tarrestial photographs are taken
by the help of the photo-theodoliie (Fig 11.1) which is a
combination of a camera and a theodolite. It does.the dual
wiork of recording .orizonal angles or bearings of objecls.
at the same- time takes the photograph of the area as vie-
wod from that angle. = There are 1wo typas of photo-theodc
lite, ona known as the Bridges Les Photo-theodolite (Fig.
11.1) and the other known as Wiid Photo theodolite, the
principle being th2 same.
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The photo-theodolite consists of a camera of iixed focus
typeand a lens which is free from any distortion. The camara
can be removed from the theodolite. Atthe back of the
gamera, immediately in fornt of the photogaraphic plate,
are a vertical and a horizontal hair which intarsact at right
angles at the centre of the plate, and images ol these hairs

" .are formed on the plate when it is exposed ead develo-
ped. The intersection of the images of the hairs incalled

. the Principal poim and when the camera is in proper adjust-

ment, this point coincides with the point when the optizal
axis of the lens mesets th2 plite: The image of the hori-
| : zontal hair in the plate is called tha horizential’ lin: and that
of the vertical hair the principa! line, and tha horizsn‘al and
vertiza! planes through these linesacecalled horizonral and
principal planzs respestivaly.,

The other paris are the same"e¥m&8ociated with a theo-
dolite namely the horizontal ane vertical circles with gra-
duations, the tangent screw. Qubble lavel, etc. The eguip-
ment consists of the following parts and aczassories:

Theodolite
Camera
Tripod stano
Metal dark slides for plates 10x15 cme
Field glasses
. Plate nolder boxes containing pla‘es
.Prismatic compass
Light meter or Exposure meter
. 8. Steel tapes

10. Field book,

COND B E WD~

11-4 Defination : Some of the following deiinitions are
.grouped here for convenience ( See Fig. 11.2 ).

Vertical photograph : A photograph taken with the optical
.axis coneiding with the direction of gravity.

PHOTOSRAMMETRE 2E1
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Fig. 11.2

Tilted photograph : A photogrcph taken with the optice!
axis unintentionally tilted from the vertical by a small

amount usually less than 3°. The photograph shown in
Fig. 11.2 is a tilted photograph.

Focal length : The distance from the front nodal point of
1ne lens to the plane- of the photograph, as the dtstance
10y, . _

Exposure station : The space position of the front nodal
point at the instant of exposure. as the point L.

Flying height : The elevation of the exposure station
above sea level or above the stated datum.

Primary camera statian : 1t is the control point over which
the photo-theodolite is centered for taking picture. This
instrument station may be a primary triangulation station.
or a secondary triangulation station. This can aslo be a
bench mark. . -
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Eccentric camera station : When it is not possible to gev
a greater pﬁqmgraphic coverage from the main station,
the phototheodolite is placed over a position ecceniric tc
the control point from which greater coverage is obtained.
This station is teamed as eccentric camera station.

Side Camera Station : When the main or eccentric camera.

stztioms are found unsuitable 10 obtain greater photo cover-
age, the photographs-are taken from the primary or ecce:i-
tric camera stations. This station is called as side camerd
starion.

The x and y aves of the photugraph : The line on the photo-

graph betweex opposiie collimation marks which mos:
nearly parallels the direction of flight is calied the X=AXEN,
waile the lina normal to tha x-avis is designated as th=
y-axis. ;

Principal point : Tha point where a perpendicular drop-
r-=d from the front nodal point strikes the photograpli as
iha point 0, The priacipal point i3 considered to concid»
with the inter-section of the x-axis and y-axis,

Nadir point : The point where a plumb line dropped
f-om the photograph, The point I is called ths grotnd
niadir point.

Tile : The angle Gy L (=) formed between the optical avis
and a plumb line. |

Principal plane and principal line : The vertical plane 0,Ln
(or OLN) containing the optical axis isthe principal plane.
The line n0, which is formed by {ne interseciion of the prin-
cipal plane with the plane of the photograph is called the
principal line, i -

Swing : The angle S meas ured in the plane of the photo
graph from the positive y-axis clockwise 1o a radial lina
irom the principal point to the nadir point.

Azimuth of the principal plane : The clockwise horizontal
angle measured about the ground nadir point from the
ground survey north meridian to the principial plane of the-
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photograph, as the angle TNO. Thisisalso called as the

azimuth of the photograph and is the ground-survey direc-
:ion of the tilt, : !

Isocenter': ‘The point where the biseclor of the angle
of 1ilt strikes the photograph, as the point i since the angle
of tilt lies in the principal plane, the isocenter lies on the
orincipal line and ata distance f tan (Y2 ) from the prin-
cipal point.

Axis of tile : Tra line in the plan= of the: phctograph
oarpendicular to the ptincipal lin2 anl passing through
tha igocenter (i @ a horizontil line . :

The tilt, tha swinj aad fhe azizmuth cf the principal
lane define the orieatitioa of s phiotograph in 'spaca
with respect to the ground survey axes On a vertical pho-
:ograph, the isocenter and th2 nadir point concide wilh
the principal point, Also, the swing and th= azimuth of the
srincipal plane are indetermini‘e, and the axis of tilt does
.ot exist. Thete is. howevsr. a dzafinite relaticnshic
Latwaen the grouni-survey axas and the'coordindte axés
of a vertical photograph. It
:1.—5 Field Work in Terrestrial Photogrammelry :

The field work of lerr i ygram: i
of (1) reconnaissance, E(Z) ﬁﬂﬁéhnﬁgfﬂﬂﬂ*gtﬁeff I::}LS,

Reconnaissance : At first, the existing map3s of the area
to ba sucrveyed should be collectad and caraful study
sould be made ag'it i3 very helpfullin selecting suitab'e
camera stations so that the entire area will be covered
with a mimmum pumber of photographs and the work can.
ts done with speed and economy. Next, a careful recon-
naissance of the area should be performed with a view to
selecting suitable triangulation stations and camera stations

The foliowing factors are to be considered in selecting

camera stations and base lina :

1. The stations are chosen so as to gi i
rage of the terrain as possible. e mur.:.t! covel

19—
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2. The stations should be located on points of higher

elevation than the surrounding terrian.
3. The camera station should be selected in such a

manner that it will be a good triangulation station.

4 The siations should be so fixed that the object to be
plotted on tho map can be clearly and easily recagnised on _
at least two photographs taken at different stations, J

5. Base to be nearly horizontal or uniformly slopiia. A

6. Slope of a base line ah.guld not exceed 9°.

. Triangulation ; All camera stations should be connecied
by a triangulation system. The triangulati-n stations may
semetimes be used as camera stations. The ele vations of
the camera stations should be determined by direct or
irigonometrical levelling.

Camera work : Photographs are taken by photo-ta=ods-
lite in pairs from the ends of a base line i.e, a line joining
the camera s:ations which is oarefully measured. The mors
important points should appear on three or more photo-
graphs and each photograph should coniain at least one
triangulation station. R

Adjacent photographs should sufficiently overlap. The
number of photographs to be taken at each station depends
upon the area to be surveyed and the fisld view of the
\camera. '

The following precautions should b2 taken to achieve
accuracy of work !

1. The slide should never be removed or replaced in
the direct rays of the sun. While the slide is removed or
replaced the camera should be shaded with a focussing
cloth. ;

9. All bubbles on the photo-theodolite should be chez-
ked if no bubble has drifted before taking photographs.

3. The horizontal circle of the theodolite to be setto
.00°—00'—00" and pointed at the initial triangulation station ’
from which all horizontal angles are to be measured. '
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s« 4. Vertical anglea should be read carfully, once direct

zand once reveraad.

5. Displacement of the bubble by one division results
of the axis by 30 while the camera is calibrated for 15.

8. Sufficent stereoscope coverage of the area being
photographed, which is the essential to the cross-identifica-

“lion between the terrestial and aerial photographs.

11—6 Principle involved in plotting :

Fig. 11,3 shows A&B two camera stations where thebase
line ABis accurately measured. Photo-theodolite ia kept
over station A and camera axis fixed in ths direction A and
the angle m AB=#0,, is read with the theodolite attached to
the camera. P is a point which needsto be plotted. The
direction of camera axis is so set that P is visible. Camera
is shifted and set up over B and again camara axis is so tur-
ned as to include P again. Angle m’ BA is m=asured on tha
theodolite=0,. The camera is exposed and the left and
right photographs are obtained as shownin the figure. The
point P is photographed on lelt and right photograpns. Let
1he photo-coordinates of the imaga P on the left photograph
be (%, ¥,) and on right photograph be (xp,. ypi).

—a
oy =y on

LIFT PHETOGRAFH RIGHT PHOTOGRAFH

FIG. 11.3

Now plot line AB, a base lin2toany conveniant szale -
and draw the directions of the camera axisat .A and B by
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2. The stations should be located on points of higher
elevation than the surrounding terrian.

3. The camera station should be selected in such a

manner that it will be a good triangulation station.

4 The stations should be so fixed that the object to ba-
plotted on tho map can be clearly and easily recognised on
at least two photographs taken at different stations,

5. Base to be nearly horizontal or uniformly slopina.

6. Slopa of a base line ahi)uld not exceed 9°.

. Triangulation : All camera stations should be connec:ed
by a triangulation system. The triangulatin stalions may
semetimes be used as camera stations. The elevations of
the camera stations should be determined by direct or
irigonometrical levelling.

Camera work : Photographs are taken by photo-th2oda-
lite in pairs from the ends of a base line i.e, a line joining
the camera s:ations which is carefully measured. The mors
imporlant points should appear on three or more pholo-
graphs and each photograph should contain at least ons
triangulation station. R

Adjacent photographs should sufficiently overlap. The
number of photographs to be taken at each station depends
upon the area to be surveyed and the fisld view of the
\camera.

The following precautions should bz taken to achieve
accuracy of work : :

. 1. The slide should never be removed or replaced in
the direct rays of the sun. While the slide is removed or
replaced the camera should be shaded witha fozussing
cloth.

2. All bubbles on the photo-theodolite should ba chez-
ed if no bubble has drifted before taking photographs.

3. The horizontal circle of the theodolite to be set to
00°—00'—00" and pointed at the initial t-iangulation station.
from which all horizontal angles are to be measured.

-

ALk "
il T
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« 4, Vertical angles should be read carfully, once diract
:and once reversed.

5. Displacement of the bubble by ona diviainn rasulis
of the axis by 30 while the camera is calibrated for 185,

8. Sufficent stereoscope coverage of the area being
photographed, which is the essential to the cross-identifica-
1ion between the terrestial and aerial photographs.

11—6 Principle involved in plotting :

Fig. 11.3 shows A &B two camera stations where thebase
line ABis accurately measured. Photo-theodolite is kept
over slation A and camera axis fixed in the direction A and
the angle m AB=#,, is read with the theodolite attached to
the camera. P is a point which needs to be plotted. The
direction of camera axis is so set that P is visible. Camera
is shiftad and set up over B and again camara axis is so tur-
ned as to include P again. Angle m’ BA is m2asured on the
theodolite=0,. The camera is exposed and the left and
right photographs are obtained as shownin the figure. The
point P is photographed on lelt and right photographs. Let
the photo-coordinates of the imaga P on the left photograph
e (%, ¥,) and on right photograph be (xp,. yp1).

LEFT PHOTDGRAPH  RIGHT. PHOTOGRAFH

FIG. 11.3

Now plot line AB, a base lins to any convenisnt szale -
and draw the directions of the camera axisat .A and B by
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measuring angle 8, and 0,. At a distance equal to the foca.
length of camera lens {, draw lines perpendicular to the
camera axis and measure along this perpendicular line the
photo axis x,p. Hence P will be along the direction AD and
BD,. Tha intersection of these two lines locates the point
P on the paper. The distance AP and BP can be mesured

on the paper or can be analytically computed. In ordaer ‘(o
find the elavation of the point P we have.

Boi o BB AP
Yo TUIRD TERUETRE
whara AP, [, X, ¥, are known,
AP

R =s \ﬁ—

R.L. o P=R.L. of stotion A +Height of Instruman! axls
~h. Smilarly, R.L of P is also calculated from B and the
mean oi these two values 13 considered the R.L. ol P,
Problem : In a terrestial photogrammnatric survey, photo-
ineodolite was set up at A & B oi abase line which measured
100 meters, The optical axis of photo-theodolita at A&B
are inclined/inwards at angies of 52°-32' and 40°—-38' tc
tha baas line. The. print{rom A shows a pointP 4 &5 cims
io tho lati of the vertical wire and 2,50 ems above the hori-
zontal wire ; that from B shows the same point 5,80 cms to
the right of the vertical wire. The focal length of the camera
js 12 5 ems and the level of the collimation at A is 105 m.
Calculate the distance and direction of P and the level of F

(See Fig. 11.3),

Solution : L5

x
Tan /PAm= -—f"—_ =135
ZPAm=20"—3'
x,P 5.80

Tan _/;PBrn'n"——I——--n b

.+ /PPm =24—54
LPﬁﬁ = 527 —-32" + £ PAm=T72"—35
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/. PBA =40° - 38" + f_PBm =B5° 32'
/ RPB=41°—53' :
. 'SingPAB
and PA=100x _gﬁ_zﬁ_[-‘ﬂ_ - 143 metres
) 2.50
R.L of P=105
2 >t Jaeer G

11—7 Stereophotogrammetry

Stereoscopy states that if two overlapping air paoto-
graphs containing the same objects, taken from different
positicne, are viewed through a stereoscope, the corres-
ponding objects will fuse and the terrain will appear in
three dimensions, Stereoscopic or binocular vision is the
facility which makes stereoscopy possible. The percep-
tion of depth is made possible in several ways. A person
viewing the objects in a room can gain an impression of
depth by evaluating the apparant sizes of familiar objects.
This appreciation of depth can be obtained by one eye
only. Generally, two-eyed vision is required for realizing
and measuring depth by stereoscopy. In stereoscopic
vision the formation of double image phenomenon is impor-
tant. If a small rod is placed in front of the eyes and the
gaze is fixed on a spot on a wall bahind, there will be two
images behind.. The left picture formed by the right eye
while the right image by the left eye.

PA=132m

Now, while the eyes are gazing at the wall, thre will be
& position en the rod somewhere in front of the wall whera
the double image would disappear i e., both the rod and
the object on the wall will be seen as single:image. ' This
s the depth of clear single binocular vision and ls very
dmportant in stereoscopy. |

118 Parallax

The term parallax is applied to the mov&mam of the
fmage of f:ne stationary object with respect to the imags
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of another gtalionary object when the eye is moved sice-
ways. When a personsights on a target with a thecdolite-
and the image of tha target formed by the telescope objec:
tive doas no! lie in the plane of the cross-hairs, parallax 12
said to exist. Itis dastected by moving ths eye back and
forth slightly behind tha eye-piece and if the images of the
object and the vertical cross hairs - move relative to one
another, there i8 existence of parallax.

Stersoscopic viewing and parallax can be understood.
from the aid of the Fig. 11.4, where the two photographs
containing points a an b representing A and B on the
ground are taken, The distance between the lenses (aa
they are placed under a stereoscope) is the distance
between two eyes of a person and 0 and 0, are the princi-
pal points of respective photographs. Rays from left and
right eyes cut the photograph at a and =, for A while simil-

arly rays cutting through b and b, meet at B. By apparent i

cbserving point A above B, the depth impression is obtai-
ned and this vertical depth between these two points:
measured perpendicular to the base is called the stereos-
copic degrh. The image point a on the left photograph is to>
-the right of

the principal points 0 and this has shifted to-.

PHOTOGRAMMETREY 295

the lelt (at 8,) of the principal point 0, on the right photo
graph when photographed from different positions. This
apparent movement of the same point dus to the photo-
graphs being taken [rom different positions s called
parallax.

Now if xa, line is drawn parallel to ya, to cat ata, then
the distance aa, is called absolute parallax ofa and is deno-
tad by Pa, Similariy, bb, is the absolute parallax of the point
b and is denoted by p,. The difference betwesn the abso-
lute parallaxes of the points A and B namely P,—P, is
called difference of absolute parallax” and is a measure
¢of depth perception between those points, The diffsrence
of absolute parall+x can be measured by an instrument
Lnown as Stereometer or Parallax Bar while the sierssscop-
ing viewing of photographs are taken by starecscopes and
ara of two types, namely, the lens stereoscope ana the mirror
stercoscope, : :

A & B are two points whose (Fig. 11.5) heights are h,
Z h, from Dawum plans. Histhe height of aircrafl. f is the
iocal length of tae camera and B is the air base i.e., the
distance between positions of aircraft at the insiant of next
chotograph 0 and 0' are the positions of camera buses.
The positionsof A & Bon the two photographsare a,, a,
and b,, by respeciively. €318 drawn parallel to 0'a; a,3;
=p, and bby=pp are the absolute parallexes of A&E

r=speciively.

fe- Air  bose =

J o




296 PHOTOGRAMMETRY

Now considering similar triangles 03,a, & 0,80’ or 0,b,b,
and 0, BO'

By B 7 RPN - Y
T T s R - e

iB
OT Pa =th—.and pb = g

fB
_ A—h,
Differentizting p with respecttao h
dp .. f IR 7
i =R (1)
If by is the mean principal base and equal 1o the abso-
lute psrallax, then
BaN g L O
—I—IH—-Th- e IEEhrII {H—hh
substituting this in equation (1),
dp _ _da H-h

A o o | i =g wdp 12)

or the general eguation, p=

Problem : Compute the reduced level of of 2 point &
from the lollowing data:

Height of aircralt above datum plane =5000 mslers
Height of known point B above datum =-2000 metres
Parallax reading of known point B =250 mm.
Parallax reading of unznowa point A =551 mm.
Mean principal bass =100 mm

Solution :

i _H=B_ _ (5000—-2000) x (261—250)
b - 100

= - 3000 ¢ 1=. —30 meters
100

Sincs the parallax reading of unknowa point A is greater
1han that of the kn>wn point B. tha point A is highter than B

R L, of A above datum =20004-30=2030 meters.

11—10 Aerial Photogrammetry : Aerial photogrammeiry
consists of four ape;ationa. namely (1) flying, (2) photo-
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graphy, (3) ground control and (%) c;mpilatio_n or mappir‘lg.
The eguipments required for these operatmz_m comp'rme
(i» an aeroplane, (ii) a camera and (iii) acceast_:-nes raguired
for interpretation and plotting maps, lixe Zeiss Stereopla-
tigraph. Zeiss Aerocartograph, ete.

Flying + During taking the photo jraphs, it _is of utmost
importance that the aeroplane shold fly at a uniform speed
on a straight course in a given direction at gcons!am
height. If thera is any variation in the flight altitude, the
snale of tha photographs will b2 changed, on the other
hand, any tlt of the camera will cause distortion in th2
photojraphs.

For good navigation, the course 1aken by an aircrgf‘.
and the area covered by a photograph is shown in the Fig.
116 li the fRight is ol properly planned, there willbs
~rabbing and drifing efiscts on the photograph. Cra®
is the 12rm given to dezignate tha angls formad bsiws2n

STRLENT COVEIE

CRABEING

“CouRsE

HAVIGATION
CORRECT COURSE
4+ L]

11.6
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_ the flight line ard the edges of the photograph in the direc-
tion of flight. It is caused by not hasing tha focal plane of
the camera squared wita the direction of flight at the
instant of exposure, The effect of crab isto reduce the
eactive width of coverage of the photo graphy.

Drift is caused by the failure of the aircraft to stay on
the predetermined flight line. If, for an example, the air-
craft drifts 400 ft to one side or the other of the flight lina
and the average scale of the photography is 1: 9600 the
drift amounts to about % inch at the photograhy scale.

Photography : Photographs are taken automatically with
special cameras on parallel strips with generous overlap
both in the direction of the flight and at right angles 10 it.

Generally, tnere are two ways of taking areal photographs -

(1) vertical, and (2) oblique. In the former, photographs
a- taken with the axis of the camera pointing vertically
dov:nwards, while in tha latter the camera axis ia tilted
(inzlined) by about 30° to forward direction. The vartical
photohraphs are taken when only a planimstre map of the
area surveyed is wanted, while oblique photographs are
1sken when a contoured map of the area is desired. Ver-
tical photographs supply most accurate rosults than obli-
quie ones. Hence, verlical photographs are preferred
alwaya. , _ p

The usual sizes of aerial photographs are 41 < 43",
7"x 7", 9x7” and 9"x9", . The format i.e., the size of
opening through which the rays of light pass from the
lens to strike the negative is generally 4" x 4%, 7' % T and
9" »9". On each photograph, four points are marked on
each side of the photo at the middle and are know as
fiducial marks while the lines joining the opposite fiducial
marks are called the fiducial lines. The point of intersec-
tion of the fiducial lines is taken as the origin from which
the coordinates of the images on the vertical photographs

are referred.
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Ground Control :+ In order to producs an accurale map-
from aerial photograps, ground control la very essential,
It consists in locating the positions of number of points
cver the area to be surveyed and determining their levsls,
These control points must be such that they can bs easily
identified on the photographs. These control points are
located by triangulation. Another vital requirement is that
each strip of the area must appear on at least two photo-
Ezgghs in order to obtain stereoscopic views of the whole
- Topographiz mapping by photogrammetlry requires”
that two points for horizontal control and four points for
vartical contro! (Fig. 11.7) appear in the overlap area of

_..-..._--_i-——-....'1 ————— =

o M e 1

¥ =00

1
i

£--15L----$3--é

(VERTICAL CONTROL FOINT A HORIZONTAL PASS POINT
A HORIZONTAL CONTROL POINT - PRINCIPAL POINT
’ PFig. 11.7
each succaessive pair of photographs. The two, points for
horizontal control fix the scale of tas map, while the four
points [or vertical control establish the datum above which
elevations are measured. The pointsfor horizontal and

vertical conirol have been located by photo control field:
surveys while tae horizoatal pass poinis have bean located
photogrammetrically. The vertical control points are
located at tha corners of the area o overlap to controln
:\Idjanﬁnt flight lines, as well as adjacent area ol overlap
'he corner location also provides sirongest determinatic
of the vertical datum.In preparation of themap a photo-
graph should have focal length of the camera lens, altitude
of light of aircraft, longitudiual overlap (usually 60%),.
lateral overlap (usually 28%), number of exposures:
recquired per strip, number of strips and amount of film.
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Secale of Vertical photographs : The concept of scale is the
ratio of distance measured on a map or drawing to the

. corresponding distance on the ground. The scale of map

may be expressed asa fraction, with the numerator and
the denominator in the same units. For example, if 1inch.

-on map equals 16,0C0 inches on the ground, the scale may

be expressed as | in 16,000 in which the scale ratio is 1
ft/16,000 ft. Since the common units can be eliminated, the
scale is expressed simply as 1/16,000 which means that-1
unit of length on e map represents 16,020 of the same
units of lengh on the ground. This form of scale expres-
sion is called Revresentative Fraction (R.F.) The scale of aerial
photographs is expressed asa TIep resentative Iraction.
Small scales .vary from 1{30,000. to 1/250,000. Medium
scales vary from 1{5.000 to 1/30,000 while largs scales vary
from 1/250,000 to 1,3,000. Military scales of photography
are usually 120,000 1.e. 2.5"=1 mile.

Problem © An avea is 20 miles long ‘n the north-south
direction and 18 miles wide in tha east-west directionis 10
be photographed with a lens having a 1Z-in focal length for
the putpose of compiling a topogrphic map. The photo-
graph size is 9 by 2in, Ths average scale is to be 1; 10,000
_effective at an average elevation of 800 it abovesea lavel.
Overlap is to be at least 60% and sidelap 23%. The ground

.speed of the zircralt will be maintained &t 200 mph. The .

flight lines are to be laid out in a nortz-south diraction
on an existing map having a scale of 1:30,000. The two
.other flight lines are to coincide with the eas: and west
boundaries of t2e area, Determine the data for ths ilight
plan, :

ASolation :

(a) Flying height T{l_fft_ = ‘ﬁé_aj'_s‘:" H=10,000 ft

above the 800 ft elevation, or K =10,830 It above
sea level.

(b)

{c)

(d)

PHOTOSRAMMETR Y
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Ground distance between flight lines; Since the-
minimum sidelap is 25%, the photographic distance
between flight lines is 75% of 9 inor 6.75 in, The-
ground spacing is.

6.75
12

Number of fSight lines : Tha total width of the area

is 16 x 5280=84,480 ft. So, the reguired number-

of flight liines is
84,490
5625

Adjusted ground distance betwean fiight lines:

Wita an integral number of fiight lines, the origi-

nal computed spacing is slightly too large The

actual spacing of flight linss wili be
34,430
16

x 10,000=5525 ft.

4+1=151+i=16+1-1T

== 5280 ft

The sidelap will be greater than 257.

(e)

(n

(9)

Spacing cf fiight iines on fiight mag : The distance
on tha map corresponding to a ground distance of’
3230 ,
- —Eﬂ_'jﬂ_o o> 12-—'1.2? 111,

Cround distarce between exposures: Since the
overlap is 60% the net gain per photograph is 40%.
of the width of photograph, or 0.40x9=3.80 in,
The corresponding groud distance is

3.6x 10.000
_ 12
Exposure Interval : The lime interval between expo-
sure is usually an iniagral number of seconds. The-’
aircraft speed is 200 mph i.e. 293.41 fi/sec. Thee
required exposure interval is

__:% =10.2 sac. or 10 sec. ’

=3,000 ft.
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Adjusted ground distance between expisu.<s
For the adjusted exposure intsrval. the ground
distance is 293.4x 10=2934 ft.

(i) number of photographs per flight line : The total
langth of a flight line is 20x 5280=103,600 ft. 'If
allowance is made for two extra exposures at each
strip, the numder of photographs pzr ilightline

& IDSQEEID. .+4=40
The entire photography will require 17 x 40==639
photographs.

Problem ¢ For a flight plainning mission, ine following
Aata are given ! :

Focal length of camera lens: 67, altitude of aircrafi:
18,000 ft. width : 30 miles, length of flight line : 60 miles.
plate size : 7' x9". longitudinal and lateral over-lap 1 607
and 25% respoctively, map scale : 1/28,CC0, aircraflt speed :
200 mph

Find out the scale of photograph. distance between
flight line, distance of first flight line from edge of ares,
total number of lines, total number of photographs per
strip and flight time : :

. Solotion :
f EJI’ 1
(a) Scale of photograph= e — 7 = 53500
16,000

(b) Distance between flight lines=9"x75%=06.715" on
-photograph. The corresponding distance on map will be
Map distanco Map scale

photo distance _Paoto scale

;4 Aty Gl . Map scale
Map distance=photo distance x photo scale

1 32,000
=8.T6x W 4 -—l-
A thBﬁ” on map,

’
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553,33, is the distance o flight lines on map whose. scile

g 1
'8 —35,000 -
(c) Distance of first flight line from-edege of arez
==4 50''—2 25''--2 25" on photcgraph
Corresponding map-distance =2.23 x N D M’-ﬂ_z.sa-*
25,000 1 ;

So, 2.88" is tha map distance of first line of flhight from edge
of area

(d) Total number of fight lines
"Width of i'i jht=30 miles== 158,400 it
This length corresponds to map length
12 % 158,4C0
25,000

Number of flight lines=
(e) Total number of photographs per strip lengin of
Aight line=60 miles =316,800 ft
Each print covers an area of
P Y 32000
12 1
= 18,700 ft by 24,000 {t.
With 60% overlap in line of flight, there is avallalbe only
- 40%each print i.s. 0.4x 18,700 =17,480 ft

; 316,800
No. of prints= W=42.5

=T76.02" on map

?6'9: —9 flights

9 32000
%

i
ft bY"_iz 1 1.

uge 43 p1ints per strip,
(f) Determination of flight time
Total flight lines=No. of flightsxlength of each flight

=9 x 90=540 miles. s
Assume 3 miles as turning for each flight=9x3=27
_miles. Trial run to determine camera position. crab. assu-
_ming 2 direction runs =60x2+3x2= 126. Totai mileage of
_photo graphing only =540 +274126=693 miles.

=

T
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Coverage of 693 miles @ 200 mph will take

%_ 3.47 hours.

Adding 0.25 hours for changing of magazine
. Total=4.72 hours.

Assume that 1 hour will take to reach the place of p‘noia-'
graphy, to and from distance —2 « | x 200 =400 miles

Mileage for photography =693

To and from distance - Al milea

1093
Total flying hours !-ggi =, 4'1' hours
Allow contigency of 22%; --0 55 hours
Total flying lime =8,02 hours.
‘Exercise

1. Examine the following statements and writa w2~
ther they are trne or false.

(a) Photographic surveying is most suitable for ilator
wooded country, _

(o) Aerial surveying isno! suitable for inaccessiblz
regions. -

(o) The Fiald wark of terrestrial photographic survey..
ing consists of (1) fiving (2) Photlography (3)
ground control,

(d) The photographs are takan in pairs from the end
of base line.

(2) The base line is tha line joining two camera sla-.
tions.

(I The number of photographs to be taken at each
station depends upon the area to be mapped and
the field view of the camera.

(g) The camera stations are ﬁxe-:i by triangulation.
survey.

(h) In taking aerial photographs, it is utmost imporlant
that the aeroplane should fly at a uniform speed.

ona airax%nt course in a given direction ata con-~
stant height with the axis of the camera vertical.

o
.

=]

©
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(i) The scale of the photograph will not be changed
if there is any variation in the [light altitude.

(j) Grond control is tha process of locating the posi-
tions of a number of points all over the area to be
surveyed and determining their levels.

{k) Each portion of the area to be surveyed must
appear on at least two pholographs.

(1). Flight altitude is th2 true h2ight of the aeroplane
above the mean sea level.

(m) Maps may be prepared from photographs by ths

“Three Point Problem"
\What is meant by photogrammetry ? Whaat are the diil=
rent branches of nhm*agr-‘r"mnt- y ? Explain their uses.
Discuss briefly the field worksthat are essential jor
terrestrial photogrammetry.
Explain with neat skethes the fundamsntal princible
of terressrial photogragmeiry. e
Explain the operations in aerial photogrammaty.
What is meant by the s:ala of vertical rhotographs

Write notes on: -
() Stereophotogrammatry, and (b) Parailax
Give-the different types of photographs you know cf

with their uses. :
The distance bstween two image points, 200 melres
above sea level, is 126.5 mm, The corresponding

distance on a S{JIWEI photo-sheset is 26,30 mm. Find

the scale of the photographs.
: | 2

10,000
Explain the following photogrammetric terms :

Principal point, isocentre, nadir point, overlap, crabb-
ing, parallax, fiducial marks, rear vertical photographs.

Ans.

20—
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Photographs at a minimum scale of 1:6000 are to be

taken for a border road design map of a hilly area
having elevation ranges from 160 metres to 2000 met-
ras, If the focal length of the camera leng 13 140 mm,
what should be tae flying height of the aircraft above
M.S.L. ? What will be tha largest scale 7
l

Ans: 1060 m 3733
Derive the parallax equation for d2iermining he:jhts
from a pair of vertical photographs, "
The following data are given for flighs planmrg of
the area : J
Photo size : 18x!3 cms, focal lenath 2] cms,

scale ,"f;'l'f]{j"ﬁ overiap : 60% and 0%, length of lerrain

Fast-West side . 107 kilometers and North-South 80 kijo-
meler. The flignt is East-Waest, Images moveman: allowsd
002 mm, flying speed : 295 km/hr.. Determine (2) flying
height above terrain, (b) area covered by one rhoto,
(c) air base, (d) flight line sparing, (e) no. of strics, ()
ae. of photos per flight, (g) 1total no. of exposures, (h)
maximun exposuras time, ti) exposure interval, '

Ans: 4200 m, 1296 sa. km., 144 metres, 51,800, 18

nosg, 74, 1332 nos,

] o
2055 98¢9., 17.9 eses,

CHAPTER 1=
PROJECT SURVEYING

12—1  Definition : Project Surveying includes all field
vworks and requisite calculations together wih maps, pro-
files and other related drawings involved in the planning
and construction of any engineering project like railways,
highways, irrigation canals, sewer lines, tunnels, dams,
‘8lc.  The projact should be Plaared in such 2 way 1hat iy
may be constructed and operated with the greatss: &cp-
nomy-and uiility. Eevry projsct has its own characteristips
and peculiar porklems which are to be attacked from
different ‘critizal angles for economical solution. Tre
accuracy of the porject work depends entirely upan the
sound xrowledge and judgement of the preject enginser.
the types of instruments used, time at disposa) ara ths
fund available. ;

12—2 Trrigation Project - The surveying that js gondue-
ted for the completion of &n jrrigation proiest inzy e
classed into three differant categoriss, They are - (i) Prej -
minary survey, (2) detailad gurvey, and (3) 2onstroctor
survey, \

Preliminar Sorvey : Before fina] decision is taken 1o tas6
up an irrigation project, preliminary survey is e3sentiaj. 1t
ircludes the determination of the following :

(a) Catchment area of the straam Proposed to ce used

ag the source of supply.

(b) Area of land Proposed to be irrigated.

(c) - Possible sites of dams in a reservoir project,

{d) Possible sites of weirs, sluices, headways of canalg,

and other hydraulic structures,
(e) Alignment of canals,

(f) Quality of land and water for irrigation,

(@) Collection of rainfall, guage and dischargs.:
records of the siream.

«(h) Possible crops and water requirements.
(i) Drainage requirements,
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~ ltema (a) to (e) are datermined from the contour maps
of the area. The quality of land and water can be daiermi-
nedby taking samples from the field and testing themintha
laboratory. Rainfall. gauge and dischargs records are
obtainad fromthe hydrological dapartment. Possible crops

and their water requirements are obtained from agiicul-

ture department.

After collecting all the data, 2 projeci repert is pre—
pared along with arough co3t of ths project I-'inau-u."..ia‘!r
aspect is than examined and cost benefit ratio is worked
out, '

Detailzd Survey :  Aftar the feasibility of tne project has
beer established, detailed survey of the following i3
© @ssential «

(3} Location of headworks, guide bunds. aliga-
ment of canals, distributaries and watsr
courses.

(=) Localion of falle, crossdrainage works and
canal escapes,

Alignment of drainage canal.

1a case of a reservoir project, delailed g=olo-

gical investigations should be made in addi-

tion to the detailed survey of the site, sites of
the weirs, outlets and detailed contour survey

of the reservoir area.

Construclion Survey : The final construciion survey
jncludes tha following oparations : ;

(3) Topographical survey ol ta3 site, preparing:
site plan for acquisition of land.

(b) Setting up of pillars for demarc ation and alsc
to serve as reference line.

(c) Establishment on ground B.M. pegs for carry-
ing on consuction and giving alignment of
the structures, i
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(d) Freparing running dills of the work executed
montaly.

12--3 Hydrographic Project : A hydrographic project
{ncludes the dstermination of shore lines, sounding and
silting, navigabla depths, velocity and characteristiz of the
flow of water, location of buoys, light housas, sanabars, eic.

Survey of Shore Lines: Thisis executed either from a
speed Zoat or by running a fraverse along with shore.
First the contro! stations (generally church spirss, wind
mills, light houses. e!c.) ar= fixed and surveyed by traver-
eing round the coast. All details in the shore located by
means of oifsets measured with a tape [rom !no iraversa
line or by stadia or plane tacle or by prismatic compass.
The position of the highwate: line may be roughly deter-
‘mined from deposits and raarkson the rocks. - Since the
low water mark is bare for & short time, it is losated gene-
rally by interpoiation {from- soundir.gs.

Soundings : The measurement of depths below e water
surface is known as sounding. The object of sounding is to
1ake cross-section or the lengitudinal section o ths water
profile from the bed. The interval of soundings depends
upon the nature of the sireams. For a small stream where
the bed changes abruptly, sounding, should be at 3 It inter-
~val and on a stream upto 300 ft wide, the interval should be
10 to 20 ft and for larger streams the interval may be
increased. Incase of a shallow stream, soundings may be
taken by means of a measuring rod and in case of a desper
siream by log line or soundingy rope witha iead weight.
1If the current is very swift or the depth is very great, an
ocho-sounder is preierable,

Location of Sounding Points : In Fig. 12,1, A& B are the
two stations ata known distance [ apart on the back, C is the
position of the boat anb 0 is the observed angle at B mea-
sured by a theodolits, .
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s

Fig. 12.1

(1) Tha position of sounding point C'_::-;r. be !c;catlai
by dirsct tape maasuremant from A. (2) - his Can. a 3;:;
located by stadia reading taxken t'ro:rn an 1Instruman-.lat on
10 the staff held at C. (3) By applying trigonomsatric fur?c-
tions, distance AC=d=1tan6, (4) By angalar maasure-
rment of ¢ from tha baat al C by a sextanl.

AC=d=!{ Cot g

canal, highways and railway proejects !

_aE ipeline,
12—4 Sewer pipelir izcts involve the

The operationa in (hes3 typa of pro
f>llowing considerations :
1 Recoanaissance survey -

le area through which :
Egzl?gned. In tgesa type of survey generally very quick

& ic yments like prismatic compass, tape, he?nd..
T;fa?::: E;set;mThis typ3 of survey neads t!'{e axam'{uatmn.
and information regarding tha fo!!owing pomtf th-h.- arfa-_
finally submitted by the engineer in the form o-a recsnnal-
ssauce report. ; ;

(a) Topography of the co untry: (D) sz bable ahg(rgi-
ments, (c) Obligatory areas, towns, nlve:'a. ridges. etc.l. :
Soil and driange conditions, (a? Highest flood lat;ra. {{ \
Kvailability of construction materials and h_uman la 1011; fg;:
Land value for acquisition of land, (h) Time requiré ;
construction. (1) Rise and fall of tha couniry, (j) Gsnera
slopes of the hills,

It is a cuick survey of the

iha differant possible routes can

PEOJECT .SURVEYING a1l
Comprahensive notes should bs made of all topogra-
phical features along the alignment such as directions of
streamas, water levels, slopds of waterways that may ba cro-
ssad. The probable quantity of excavation, cost of embank-
ment and bridging per mile should be noted.

. 2, Preliminary Survey : This involves detailed instru-
manttal examination of the strip of land along the selscted
alignmaat, The instrumsants generally used are tranait the-
odolites, lavels. tapes, chains, plane tables, tacheometers,
hand lelsls, eic. The following is the prccedure which is
followad in this type of suruvey. :

{2) Anopen traverae is conducted along tha middle of
tha strip and stakes are sat on all stations.

{by The cealrs llne of tha alignment is ficst marked
and lavels at 50 ft intervals are taken for longitudial
sectiontiadg.

(3) Cross levels ara taken generally at 100 ft along and
a: right aagles to the longitudinal section on either sides.

(ds All-the intsrior datails are located by plane tabling

(ey After finishing tha fizld work, ona topagraphic map
and angtrer contour map are to be prepared The data
furnishad by thase two final mapswill serve all the pur-
poses of marking a last paper location of the line which
will guide thse project engineer for laying out in the fiald.

{f) Ir deciding the alignment and giving proper grade:
for thase type of projects, it should be remembered that :
changes in alignment should be minimum, the grades
should be as small as possible consistent with tha nature of
land, the proposed alignmeht should be such that the amo-
unt of cut and that of fill balances each othar, draiange
facilities should ba adequate, canals intended for naviga
tlon should have less bends ani the curves should be of
large redius. -

(g) The longitudinal section is plotted to a horizontal
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scale of 1 inch=100 fito 400 f: and vertical scale oflinch
=101t 1o 80 ft. The contour interval is usnslly 5 ft but it may
he | fin city survay and 10 &t for steep ground.

3. Final location survey : In this survey the alignment of
" the proposed work which hes be=n finally decided in the
offic2 on the pralimirary map. 1s set out on the ground
exictly in the same position asit appears on the paper.
The procedure adopled is a3 follows :
(a) The northe direction is lozated at the starting
point where the chainage is assu med to be zero.
(o) The centre line is staked out first by driving
‘pegsat 25 ft tc 100 ft intervals. The entira boun-
dary of the strip of land is marked by construc-
ting pillars so as o secure the right of way with
a legal description of the property surveyad.
(c) The positioas of oliiar various points are located
on the field with prooer measuraments by sca-
ling the dimensiors ‘rom the preliminary map
prepared in the offics
Stakes are driven at (h2 tangent poinis of the
curves and bends. Tha curves on bends ete
then laid in the s:me magnitude as shown on ire
preparedd mao. y
(e) Cross sections ar2 taken to calculate the amo.unt
of earthwork in cut or fill.
(f) Data for designingand estimating culverls, brid-
ges and other stuctures are collected.

(4) Construction Survey ; I this type of survey the
details of th2 project are sel oul. I: involves the following
‘ operalions :

(a) All stakes along the alignment are checked and
if some are missing, they are reset from the
plan and field data. All levels are_checked and
additional bench marks are established.
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Borrow pits. bridges. culverts, > ismatic compass..
out on site. alls are fixed
Slape stakes marking the exiremeties .

are fived. . -a at the-
The transition and vertical curves are set ouujnag
Tha dimensions of the firshed sub-grade zre g
checked by means of tamplets.

Soundings and bearings are taken for important
structures.

Rivers are surveyed cerefully and the’ water-

ways for bridges are dstermined taking carelful
nete of neadways.

Tha measurements of difsrent works comple-
-ad are recorded in the Maisuremant Book (M.E.)
and details of materials and number of labou-
rera are noted down at regilar intervals to pay
running bills during the coastruction period of
:ne projact.
12—~ 5 Tunnel Project ; Tunnels are underground con-
4uits. Thay are constructed in railways, highways, big
-iies, hvdro-eleclric projects, irrigation projects, etc. They
<4orten the distance between two stitions separated by a
ridge, reduca gradas, avoid ecessive cost of maintenance
of an opaa cut sabjacted to land-slides and avalanches and
-.-..i?_al the requiremants of rapid movaments of traffic in big
clties.
Tunnelling involves the following ope:ations :

(a) Sefting ont or suraface survey : This includes : (1) 2
proliminary suruey by transit and stadia for two to three
miles un eithar sids of the proposed alignment, (2) a map
with a szale of | in 1500 ft 1o 2800 {t. and eantour interva:
of 10 ft to 20 ft is drawn, (3) final alignment is selected
from this map, (4) a detail study of the geological formatton

of starata. (5) gradient to be provided tothe proposed

tunnel, (6) length of the tunnel with fixing of permanent
slatlons of the alignment,
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(b) Alignment transferencc from .mrfac._e o nndergrmfnli r:
Shafts (6 ftto8 It diameter) are conatm:::led ;at _ragt: .
i=sgrvals exactly on the alignment.r A p]a@:m s cc n; u.v_
red on top of the shaft and two p_-lano wize3s with neavy
plumb bobs attached at a known distance apart ars suspen-

the
:f ::1:{?;: andpat the bottom of the shaft %5 to 1:-31 measu:‘ed
~refullv and this should be same. The line ]mmngl tne two
f tion of the alignmant undarground.
4 at the bottom of the shalt iE1 o.rde:r
10 prolong the alignment undergrc_rund Tt:-a theac;ohli alj
gat exactly in the lina with both w:rna? by .F1§11 ans erlr
r-athods. The'excavation is prpcae::e::_l andt th3 thead slite
:t <hifted’by locating intermediale staiais.

wirea gives the direc
The theodolite ia plaze

() Levels transference from surface to tindergrownd :  The

R.L. of any point on the shaft aln:ng ths atignrment is dlatarl-
r~ined from a bench mak Dy ordinary levelling. The s:lref-
{3 then transferred fror: this point to the bpnn-::] of the sha g

tha height of th2 snafl. The keigh! iz measured

daducting ey R
by suspending a chain . & rap= or by a sgacialy conatruc

t=d rod. .
12—6 Hounse Setting : It maans the settingout on the
ground of the outlines of excavatign of a building from the

plan. The procedure is as follows :
T ‘ e Arrow ;___..-e-l'f-
] 1

3
I
'

—— S —

1
|
I
|——n-.-l---—_|-——- -
%

latfiorm. The distancs: belwean the wires.
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{a} The north line is fixed by a prismatic compass..

'b)  Th9 centre lines of the outer walls are fixed
by arrows and ropes (Fig. 12:2).

(c}. The intersections of the centrs lines at the-
corners are marked by pegs. The cenre lines
are sxtended beyond: the ouler edge of the
wall by 3 ft. Here arrows are driven and the
Topes are tied,

(1) Tha diagonals are chacked for the accuracy
of the dimencions of the individual rooms. In
calculating the diagonals, slide rule should not:
be usad and the dimensions should be chec-

%2d upto thres plice of decimals.

(e) Foundation trenci-width is damarcated in ibe
same way by kunowing iis widia across ths
centre line from the ascticnal elevation of tha
foundation, :

(f) A levelis placed near the plo: and lavel pegs
ar2 sat at various corners of th2 buiiding. The
tops of the pegs will indicate ihe same eleva-
tion. Excavation depths ara then measured.
vsriically from the tops of th2se pegs.

(g). After axcavations, ths base of tha foundation
i3 checked by using a spirit lavel. [{ the bub
ble of the spirit level remains in tha centre of
it3 run, itindicates that the base of the trench.
i3 horlzontal

EXERCISE

. A reservoiristo ke consiructed by building a dam.
in a given position to a given height across a valley. Enu-
merate the procedures to e carried out in the field and in.
the office to compute the capacity of the reservoir

4, Suppo2s, you are asked to prepare a master pian
ol swerage and drainage systems for a city. Discuss im
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-detail the difieren! types of BVrvey you need to prepar=
‘the same. j

3. Explain how you would carry out the survey worg
for an irrigation canal. ;

4. Itis proposed to constructaroad from Dacca to
-Faridpur. What are the different’ kinds of survays you
must carry out before you can take in hand the conatruc-
flon of the yoad ? Give full details of the works to be done
in each ofthese surveys, : :

5. [Explain the purposes of tunrelling, - Discuss the
“field works necessary for a tunnelling project which is to
ke used for a railway.

CHAPTER 13
ERRORS IN SURYEYING-

13—1 Defiaition : By error in sureying wa maan the
discrepency between tha ov¥erved and tha true valusof
any measured quanlity, ; :

Errors in surveying may be classad into the following
lares graps : '

. Mistakes : This type of ervor can not ba avoidad.
This also does not follow any mathematical ruls (Law of
“robability). The (ollowings are the few examples ;

(a)- Brreneous recording such as 945 in place of 954,
(b) The counting of 8 for 3.
(c) Erroneous cilculation of observed da-i.

% Cumulative Errors : This type of error makes the
obssrved reading eithar too largs or 100 small. The:a
errors may ariss dus to variation of temperature, humidity,
pressure, wind velozity, curvature and refractioa. Tha
faulty setting of any instrument or tas parsonal vision of
any individual also teads to cause these errors  The foilo-
wings are the few examples :

(a) Whzn the lengta of chain is eitharx longer or
shorter than the staadard ona dus to variation of field tem--
perature and pull, :

(b) Faulty alignment of a line.

() When tha instrument is not centered properly.

(d) When the instrument is not adjusted properly.

3. Compensating Errors : This type of error temds to-
occur in both directions and thereby compensating each.
other,

The following are the faw axamples : ik

(a) The discrepency between chain and tape mea-
#urements when both are used simultaneously.
(b) Inaccuracy in marking chain lengths on the:

grougd.
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(c) Inaccurate cen'ering.
(d) Inaccurate bisection of the objecis.
Basides thess, there are also other 1ypes of errors. ia
.order 1o understand them clearly, the following terms will
be hajplul, L,

_ Observation : I susveying by observation we mean the

numerical value of @ measured quantity in the field. An
observation may be direct or indirect, wher the magnitude
of any quantity (say measurement of a line) is measured
directly it is said to be direc observation. And in1he case of
an indirecl observation, the magnituds of the duantity is
not measured directly, such as the measurementcf an
angle by repe:iition.

Again, an observed gquaniity may be indapendent or
conditioned. A quantity is said 10 be independent when
i*s value does not depend upon any other quantity such as
R.L. of mean sea levels or beach marks, while i quantity {s
eaid to be conditioned when its magnitude depends upon
other guanlilies (1ne angles of a triangle). -

IWeight : The weignt of an observatlon is & faclor depen-
ding on the significance or imporiance aftached to the
observation, As for example, if tha weighi for an angle

-of mangitade 45? is 3 and that of 440 is 1. ther the mean
engle is :
345741 % 44°
341 r
True and obseérved value of a quantity : The traa value of a
.quantity is absolutely fres from any type of error andis
never found out while the observed value is obtained from
-fisld observallon aiter applying correction io- all errors
related to the observation.
3fost Probable Value of a Quantity ; Itis the value which
-{g more likely to be the true valua than any other value. It

‘is found out from the several measuremen's on which il is
based, :

44°45
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Calculate the miost probable valus of an angle from
the f{ollowing readings : =
Angle Waight
60°40°30° 2
50°40'16" 3
60°49'12° . 4
u 2% 60°40'30" +3 x 6040 18" +4 x 60°407 12’
Iiost probable = 2x354
== 60040’ 18"

4. “True Frror : It is difference betwean the true and
observed values of a quantity.—

5. Residual Error : it is the difference between the
most probable valua of quantily and its observed value.
Thisis also knoan as apparent error. _

6. Probable Error: This is defined by saying that error
are equally Jixely to be numerically greater or less than
the probable error. Tha probable error of an oservation
ia a mathemetical quantity and gives an absolute idea
regarding the pracision of the resulis. The precision of
diffierant observatinos inay be compared from the known
values of thair probable errors.

7. Constant Error : It is an error which has gol the same
efiact in all the observations.” As for an example, if the tape
15 0.01° toa long, it will give an error of 0.01" in the mea-
surement of each tape- length.

8. Systematic Error : It is the error which ocours systema-
tically. Due to the rise or fall of temperature. there will
be expansion or contraction of the measuring appliances

such as steel tape. Errors resulting from this are syste-
matle. '

9, Accidental Error : Thia error occurs due 1o the care-
lessness of the observer, such as reading scales. angles
aad recording wrong data in the field book.

10. Average Error; This is the mean of all the errors

‘with out considering the signs. This error is also known as
<nean deviation,
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11. Séandard Errer : The standard error or slandard
deviation of a set of n observations x,, x., - X, is defined.
by: ;

Standard ercir= V‘—‘f’f; x)*

where X is the mean valve. The standard error is alsc-
known as the roof mean square of the deviation from the

mean. . : ‘
Estimate of Stazdard Frrer : This is conoted by the folic-.
wing relation :

i i Standard Errer
Estima‘e of Standard Error: —m4m8M——

A rn
vihere, n=numbar of obsarvalions.
12. Permissible Errror @ This is the maximum allowable

limit that a2 measured guantity may vary from its true valus .

Th2 value of tke parmissible error of difjerent types of
parn . X :
survey works depends upon the scile and ke purpose of

tzaworks and also on tha typas of instrumants available ..

et

il

e -

CHAPTER A<
HYDROGRAPHIC SURVEYING

Defiaition : it is a method of surveying which includas
works for projecis in rivers. lakas, harbours, bays and cca-
stalareas. Hydrographic surveying is performed for tha
following purposes - ; i

fa) Maasurems=nt of cischargs (or flow of watar)
and quantity of water in coanection with waler
Tésources schemes, power schemes, flood
control and drainags projects.

{b) Determinations of b=d depths by soundings
for navigation, including location of sand bars,
rocks, navigation lights, buoys, etc.

(¢) Locaiion of siltation of river beds and bay
mou'ns and their dredging operations.

(d) Determinztion of direciion of currents for 1hia
lecation of sawszr out falls arass subjaet 1o
scour and silt. .

(2) Preparation of coatour maps under water, nac-
tical charts.

(f) Measurements of tides for marine struclures
in coastal defence, jetties. harbours and irland
porls.

As the water surface level doas not remain constant
due to the variation of climatic conditions and tides, so
contour lines under water or lines of equal dep h may be
referred to'a datum at the mean low water lsv2| of spring
tides; orto daium at mean sea-level or to any other arbit-
rary datum. Fig. 14.1 shows the diffarent levels of water
as we normally coms across. In this country no standard
has yet been practiced for watar levels (o refer o any par-
licular datum as in the case of United Kingdom where
datum surface is referred to the Ordina:cs Détum Level

di—
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# Figl4.l Tidal Pheromeno
al'the'entrance to Liverpool Mersey Docks., It chould ke
remembered that datum surface is not a level plan= and as
a consequence this Ordinance Datum surfaze iz not prachi-
cally the same as the mean Sea-level round e ccast of
England,

For terrestial surveys MSL was determind for tha sub-
continent at the time of the Great Trignometrical Survey
{GTS) around ths change of the century. In Bangladash the
P.W.D. levelling plane is a :more widely used datum for
reducing height observations. P.W.D. is about 1.5 ft. below
&T3, The hydrographers reduce their soundings to-a uni-
form low tidal level i.e., a plane below which the water
level but seldom falls and is known as standard low water
(SLW), Atsea SLW occurs when a low seasonal variation
coincides with a great tidal range. On the upper river SLW
is the plane relating to an unusually low discharge of all
rivers-defined at the exceedance frequency of 95% of the
-year (which means that on an average daily 18 days of a
-year will the actual water level be lower). On the tidal
vivers SLW occurs by a combination of both,
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The reference level used on hydrographic charts i3
“he Cihart Datum (CD). All levals, mean heights and pre-.
dicated tidal levels are referred to Chart Datum. In Bang-
ladesh well established CD exists only at Chiitagong and
Chalma. CD at Chittagong is 18,70 ft. below a Bench Mark
21.54 fi. near the South East corner of the Old Port and
Custom Office while the Chart- Datum at Chalna is 11.855
it. below the BM 14.805 ft on the second step of wireless
station 3t Hiron point.

Though mean low-water level is generaly referredtofor
nautical purpose, bat this datum msy not be suitable for
enginsering works because of iis considerable  variaticn
along different raris of a coast.

For nautical charis tha depths are gererally required
in fathoms (] fathom =6 (i), while for enginesring worksthe
[cot uait, decimally divided, is employed

Ons2 point should be cleared hare that the main task i
the hydregraphiz surveying is the preparation of a plan
or chart showing physical features below and above water,
and involvas : -

Vertical Corerol ; A chain of bench marxs must be estab-
lisned near the shor= line and tligse sarve for setling and
checking tids gauges to which sd>undings are referred.
Tide or 'water gJauges are kept in oparation-to establish tha.
comn:on datum ind a vertical control must be esiablished
1o concect th23a galjas with shore elevations and with
each other

Horizental Control : When making soundings of the
depth of a river bed or a sea bed, the location of tha mov-
ing sounding vesseal is made by referencs to fixed control
‘points on saore, and tha correct establishment of this shore

‘framework is of great importancs. Tne horizontal control

may consist of either a triangulation or a traverse., For
surveyas of large extent, a second or third order triangula-
tion may be used as the main control, For surveys of small.
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extent, a transit-tape-traverse may be developed, For smalZ
Getached surveys, a conlrol system may be developed
5y a combination of stadia and graphical triangulation

orocedures with plane table. In the cass of a long narrow

river, the horizontal contro! is established bﬁ running a
single traversa line on one shora. If the width of a body
<f water is more than 1 a mile, traverse may be runon bo'k.

r~a shores, and may be connected at iatervals.

Seundi:gs : Sounding are the vertical distances down-
wards from the surface of the waterto its basd. Whether
o determire the contour lines, th=s cross-sectional areas,
tongitudinal profiies or the discharges of streams, sundings
must be performed tc obtain the vartical distances.

For vaery shallow water and for the inierval betwsan
=:gh and low wat3r marks, it is generaily preferable to
“ixe the levels directly with a laval and a lavelling staX.

For deesper watsr (1510 20 ft.) the vertical downwsrd
distances ara measured by means of a graduated rod, a
brass or iron sounding chiin sub-divided into feet by
lelters or a rope heavily weighted with a weight.

If water velocities are very high, the rope and waigh*

A__index point

Vertical ongla

Air hina

Aw lime corraction
- Water surfaca

Wat ling
Matear.
Stream bed

FIG-|4.2 Position of sounding hne in swift water
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will not hang vertically pelow the point of suspersion bu:
will be carried downstream by the curren: Fig. 14.2).
Under these conditicns the length of the line paid out is
greater than the vertical depth. Veary heavy weights are
used to minimize this effect, bui ifthe angle be-ween ke
line and a vertical becomes large it is necessary to apply &
cerrection to the measured depths, The actual correction
depends on the relative lengths of line above and belew
the water surface, but a! a vertizzl angle of 12° the error
will be about 2 parcent.

Water stage : River stage is the elevation of the water
surface at a specifled swution above some arbilrary zeru
datum. Because it is difficult 19 maka 2 direct and conif-
nucus messuremsnt of the rate of flow 'in a’' stream but
relatively simpls to cbtlain a continuous iecord of water
surface elevation, the primary feld data gathered at a
stream fiow meazsurement ziztion eve river stage. Stace
data are transformed 1o ficw data By variscus methods.

Water stagesare reccrded by gauges. Thay may ke
classified as either reccrdin: or non-recording gzuges. Re-
cerding gauges draw a continuous graph of the fluctuatiors
in stage while nonrecording gaucss require an observer
who reads the gauge andé i=ccrd 1he i1eadings a: reculsr
time intervals-the in'ervais Raing 5. 10 ‘or 15 minues cr
even more in some casas., A nen-rezording gauge is us:-
ally read by the olbserver cice or twice a day.

A gauge in its simples: form consists of a vertical sta:.
-graduated in feet and decimals and placed in such a pesi-
tion that the surface level of ire water may be read from
the scale at any time (Fig, :4.3—a), If no suitabie strustur2
exists in a location which is accessible at all slages a Secr/-
onal Staff gauge (Fig. 14.2—p) may be used. An aliernativ=
to sectional staff is & inclined staff gauge (Fig. 14.3—c) which
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Fi5 14,3 Btafi gazes (3) Sepia varticol sloff

(b] Sactional sraff. =) 'nciaed 508!

is placed on ths siope of the Stream bank and graduated.
o that the scale reads directly in vertical depth.

Anorter type ¢ manual gauge is the suspended weighs
gauge in whizh a weight is lowered from a bridge or other

overhaad s'ructw e unit! it reaches the water surface, By .

subtracting tha length of k2 line drawn out from the eleva-
tion of fixed referencs point, the water surface elevatiorn.
can be determined, The wire-weight gauge has a drum.
such that each revolution unwinds 1 ft of wire. A counter:
records the number of revolutions of the drum while a.
fixed reference point indicates hundreths of feet on a scale
around the circumference.

In case of tidal rivars or where stages must be read
frequently, continuous recorders are used more and more.
[n this instrument the cylinder is driven by a clock ata
constant speed represented on the record sheet (Fig, 14.4p
by scales varying from 1.2 in, per day to 864 in. per day.
“The pen carriage, actuated bya floatasthe water surface, ic:
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:stylus -operating wirg

Stylus
d Counter waight

Counter waight

Watar- lavel
Datum laval

- 3

Fig.144 Inler- A is nottobe exposed of low wote

t=e well rises and falls, travels back and forth. The rata of
iravel varies from O.2in to 10in. for each foot of fluctua-
ian in stage. Th= chart roll contains encugh paper to
operate for a year. Clocks ate usually walght-driven and
will run as long as there is room for the closk welght to
crop. Small electric clocks that can operate for 30 days
on a flashlight battery hiva besn used. .

Water cr mercury-filled manometers are often used 1o
indicate reservoir water levels or to actua'e recording
devices. Remote recorders in whick a system of selsyn of
molors is used to fransmit water level information from
siream side to a recorder ata distance are available, as
are numerous remote transmirting telephoniz or radio
Gauges These latter ganges use a coding device which
converts stage to a signal which can be transmitied in the
form of a series of impulses which canba counted, a change
in frequency of oscillation which can be measured, or the
time interval regired for a sensing element to move from
& zero point to water $urface at constant speed. Such
remote recording devices are used mainly for flood fore-
casting or reservior operation,
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Echo Sounding : An echo sounder or fathometer incor-
porates a transmitter which emits sonic or supersonic im-
pulses and areceiver which is actuated by the echoes refle-
cted from the sea bed. H the \ime interval between the
emission of the impulse and its return to the receiver is
measured, the depth of the sea bed below the instrumen's
can be calculated. The time interval is very short-for a
depth of 1 fathom i.e., g ft. the time interval is roughly 1/400
second and consequently small distance cannot be measu-
red with sufficient accuracy by means of a stop watch. The
ech > wave acts upon the re:eiver spparatus, an i by elec-
tronic techniques. a record is prosuced on specially pre-
pared charts. ;

~he recording of the soundings is produzed by the
a-tionof asmall current passing through chemically impreg-
nated paper from a rotating stylus 1o an anode plate. The
siylus i3 jixed al one end of radial arm which revolves al
constznt spee i, Tha siylus makes a record on \he paper at
the instants when the sound impulse is transmijted and
when the echo reiurns the receiver. Tne correlstion with

a tide gauge follows and the positions at which scundings '

are tzken may be determined Dy sextant obserystions from
the deck. ;

The epeed of sound is not conslant but varies with
water femperature ana decree cf salinily, and since a
change in the speed of sound wili produce an srror in the
recorded cepth the echo scunder is adjusted 10 meet
local conditions by altering the opearlings revimia. Y

The echo sounder normally operated with basiz despth
scales of O ta 60 ft, (shallow) and 0 to 120 ft. (deep), the
pulse-repetition frequency being greater in the former case,
With phasing of scales, effected by elecirical switching.
arangeof 90 ft. to 150 f. is possible in the firat instance
and arange of 180. ft. to &00 ft. in the second, [t thus covers
therangeof allengineering hydrographic surveying requires
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::ﬁ‘:u fo far as sounding is concerned. If the speed of sﬁuud
A o water is "u" and the time inteaval between the trans
wiifler and receiver is t, the depth h is given by ( Fig: 14.5)

h=-§- vi

P éw
o Bool o Vessel

= Yioe wotee Lne rara
A L et i o s
= Tronarmel lar Recewer

L ST Ll Lo b

F.

Fig 14 5 Prnople of echo soundng

Under favourable conditions, an azcuracy+3 inch=s i
wlaimed, but it would be unreasonable to ex;ac! :his'; o
general rule. Echo sounding is faster. mura. accurate ;3
can be taken under strong curreat and unsuitable wea'hl-'-r
conditions. Provides a continuous wvrofile of the bed ‘ar:d

Information for rocka underlyi : ;
; ying solier mate
oblained also. rials can ba

For locating the position of soundings far from land
raclar techniques have been applied with success Rad‘c;
waves sent out from the ship ars returned from twc: ahm:a
#lations, emable distances away to be determined. The
“"Shoran” ( short range navigation ) method, as devei.opad
#0 oxtensively by the Canadian Geodetic Survey, is gene-
rally used, and. within a suitable range, is capable of an
acouracy of428 ft. or So at 100 miles or more ‘distance. It is
nol sultable for short distances of a few miles. :

Shore line survey: 1t cnnsiéts of (a) determination of
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shore lines; (b) location of shore defails and prominant

features to which soundings may be connected and (¢}
determination of low and high water lires for average spr--
ing tides Shore lines are located by traversing along the-
shore and taking offsies to the Water edge by tape, stadia
or plane table, In case of narrow river, both he banks may
be located by running a single line of traverse on. one
bank. For wide rivers. howevar, travars may be run along
both the banks. The traverse should b= connected at con-
venien: intervals to check the wark ‘Fig. 14,6 shows the
two traverses A3 and CD alony two opposite shoras

€ R 0
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=Mt -
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®
=~
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= il

W A P.

FI9 14-6 Shore ine survey .

- may be jiecxed by taking obssrvatioas fran Pand Q to

the poinis R & S. When tha instramant isat Q,anglesPQ S
can be measured. From the measured length of PQ and the

four angles, the length RS can be calzulatad: The work is

checked if this length ajra2s with the maasured length
cf CD. Insea shore survev, buoys anchored off the shore
and light houses are used as refsrence points and are
located by triangulatioaa.

For tidal water, the location of high water line may be
located roughly from shore deposits and marks on rocks,
To determine the HWI accarataly, the elevation of mean.
high water of ordinary spring tide is determined and the
points are located onthe shore at that elevation as in
direct method of contouring, The low water line can also
- ‘be determiued similarly. But the available lime for the
survey of low water line is limited, so i is usually located
by Interpolation from soundings. -
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Range aad shore signals : A rang2 or range line is the
line on which soundings ‘are taken. They are, in general
laid perpendicalar to the shore line and parallal to each.
other if the shoreis straight or are arranged radiating:
from a prormainent object when the shore line is very irre--
gular

Fg 14 T Ranges |,

Each racga line is markad by means of signals erestec:
&l IWeC poaints on if at a considarable distanze apart. These
signals shouid be readily sean and easily disuinguished
from eaci other. The most satisfactory and economic type-
of signal i3 2 svooden tripod structurs dressed with white-
and coloured signal ofcloth. The position of the signals:
should be located very accurately since all the soundings:
are to be located with reference to these signals,

Location of Senndings : Soundings are made with rafer-. -
orce to the iraverse by observations carried out entirely:
from the boat or entirely from the shore or from bath. Thas
following zre tha various metiods of location.

1l By crossrope i
range and time intervals
range and one angls from the shore
range and one angle from the boat
two angles from the shore
two angles from the boat
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"

3v One angla {rom shore and ore from boat
.. intersacting ranges .
» iacheometry
Location by cross-rope : This mathod is used for rivars,
.rarrow lakes and for harbours. It i3 also used to determin=
the quantity of materials removed by dradging. A single
wira or rope is stretchad across ihe channs] and the soun-
‘dings are taken 2t reqular intervals by apole. In case
of harbours, a resi boit is used to stre:ch the rope. The
.zero end cf the rope is aliached to a pole at on2 shore
whii2 tha roge igwaand on tas resl boat. Tae reel boa! is
then rowed acioss the hinz of sound:ny, thus unwinding tha
rope as i pros2ads. iVhen the boet reaches thz other
shore, ils anchore I3 12ken ashore. Anotner boai known as
sounding boat, star!s frem the previcus: shore and sound-
ings are taken against each tag of the raope.

[{'e] fjj ]

L vcaticu by range and time intervals ; This method 15 used
wnen the channel widthis small'and khan greai degiee
of acouiracy is not required. Inm this meihod the coat is
kepi in range wilh the two signals cn the shoreandis
rowed zlong 1t &t constant 'spaed Soundings are fatken at
difierant ime 1ztervals, Knowing the constant speed and
the tota! time elapsed al the instant of sounding, the dis-
tance of the pointcan be known zlong the range. This

.method is used in conjunction with cther msthods, in

which case the firstand the last sonndings along a range
.are located by anglss from ths shore and the intermediate
sonndings ar2 located by interpolation acccrding to tima
intervals. :

L.cation by ravge and one angle from the Shore : Tne boat

‘is ranged in line with the two shore signals and rowed
.along the ranges. Any point where soundingis taken
is fixed on the range by observation of the angle from
the shore. As the boat proceedes along the shore, other
~soundings are also fixed by observation of angles from

:the shore. In Fig 14.8, R is the instrument siation, PO is
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the range along which the boat is rowed anda, b, care
the angle measzured atR from poiats 1, 2 3 respectively.
The angle « at sounding point should be greater than 30°
and when this bacomes smaller than 30°, a new insirumeant

L]
w

* LB
Fig .14.8 Locotion by range ond one angle from shore

siation raust b2 chosen, The dafect of this method Is
1314t the surveyor does not hava an immadiate cortrol in all
the.obzarvations. A note keeper is raguired alony wii
i~ instrumant raan if all points are o ba fixed by angular
observations from the shore, In this csze Jbsarvation
and recordings ére 10 be done rapidly. Normally (s’
initial and last soundings and every tenth sounding are

fixed by angular observations andjthe intermediate paints.

in Fig. 14.8 b,the points with round mar are fixed by angu-

lsr observations from the shore while the points with cross
marks ara fixed by time intervals, Tha arrrows shows the
course of the river of the sounding boat on different
sections.

The procedﬁre to fix a point from the shore is thaj
{he instrumet man at R orients his line of sight towards.
a shore signal or any prominent point ( on the plan ) when
the reading is zero. The telescope is directed towards
the leadsman or the bow of the boat, and is kept contiou-
ally pointing towards the boat as it moves. The surveyor
on the boat holds a flag for a few secouds and on the fall.
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of the flag the soundjng and the anjle zre obssived
similtaneously. Ths tim2 at which tna flaz falls it reco--
ded by the instrument maa and the tmar onthe bozi.
The aujles are observed to thetnéareﬂ E mmuies, 'In
order to avoid acute 1aterseclicns, the lines of soundings
are previously ‘drawn on the plan and suitatle instrument
stations aze salected.. E: :

Location by range and ore argle from the buva: o This is’

similar to the previous cne except thatiha angualar fix is
mads by angular okbservalicns from ihe pza. The boa
iskeptin range with the two shore. signaiz and is :owe:l
along it. At the time of scunding Leixs rater the
angls subtendad at tha: voint beiwean he Tance zrd
sorme krnown point R op the shore, is. measu-ed with the
help of a sextant. { Fig. 14.8 ). The telssccre s directad ¢x
the range signals a:ad the sida obiec: s brouahr invo
coincidence aithe iastance the scunding is takarn . This
method has following advanrtzges cver tha prewinr: onz

3
Fig.14.9 Location by renge and cne ongle from bees .

1. The surveyor has better contrel ova: Yu: opara-
-tions as all observations are taken from the bos:

2* Check may be obtained by measurring & ssasond
angle towards some other signal on the shore on impor-
‘tant fixes . :
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Tha mistakes in booking are reduced sinca tre recor-
derenters th= readings directly as they are measured.
Various shore objects may be usad for reference to
measure th2 angles, ]

Location by two angles from the Shire @ This msthod is
normally used for locating {solated ooints.  When used for
extensive survey, the boat shjild bSe run on a saries of
approximate rangas. Ia this mathod a ooint is fixed inda-
pendent of the range by angular, observations frem 1w
poin!s.on tha shore. Two Instrumants are required and
when the anlge 0 falls below 30°, { Fig. 14,10 ) a ne'w instru-
ment station snould be chosen A snd Bare two instru-
ment stations and tae distanes P batwrsan themis agcurateiy
m2asured. S'ations A'and B are connzcted to the Aronad
iraverss or friangulation and their positions on plan zre
kndwn, With both the plates :lamped 10 zero A focuses 3

!
f—— a

ANE

=

Fig 14.10 Localion by two angles from fhe shore.

v hile B tizects A.  Both the instrumsnt men then direct iha
I.ma of sight of. the telescope towards the leadsman 224
¢snlinuously follow it as the boat moves. With the fall of
(L. flag by the surveyor, the sindings and 'ha angles are
observed simultaneously. Co-ordintes ot P(x, y ) of 11
:sounding may be found by tne follewing equations :
. PtanB
tan z+tan' B
_FPiana tang
tan z+tan B
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In this method the preliminary work of satting outfand
erecting range . signals is eliminated. 1t is useful when
there is strong currents due 1o which 1t is difficult to row
the boat along the range line. Batit is laborious. .

Location by two angles jrom the boat: This method is
used to take the soundings at isolated points. In this
method the exact position of the boat'is found out by
" observing two angles subtended at the boat by 'three bank
or shore objects of known posiiton.' This is like the solu-
tion of three-point problem either analytically or graphi-
cally. Prominent natural objecls like mosque top, church
soire, light house, flag staff, buoys etc. are selected for
this purpose. ' If such points are noi available, range poles
or shore signals may be considered. Fig. 14.11 showsP
as the position of the boat and A B,Care the shore objects.
Angles xand 3 ara measured atthe boat P similtanzously
with two sextants, at the !ims th=2 sounding is taken. [n this

C

a Vb
Fig 141 Locaton by two onges from the boat
= k1

method the survey party remains in one boat and this
gives better conirol on the operation,

Location by one angle from the Shore and ths other from the-
boat: This method is used to locate the isolated points.
where soundings are taken. In Fig. 14.12, A and B are-

selecled points on the shore where. at one point. say A.a

theodolite is setup. When sounding is taken at N, the:
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aagl2 atAis measured whil2 1as angie at the boat Nis
ma2asurad with a sextant. Knowing lae distanca P. the
position. af N can be ‘located by calrulating the two coor-

dinat2s x an y.

g

o

T

o M .

FIG.” [4.12 Location by one sagie” from the shars
g and the other from the boat ..

La:::ian by intersecting ranges » This tachnigis is applied
ta f:nd by seriodical sounéings at 152 zama2 painte, the rate

LS

FIG 14.13 Locotion, by intersecting  tanges
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at which silting or scourirg is taking place. The position
of sounding is located by th2 intersection of two ranges.
The boat is rowed alony a range perpendicalzr to :z2
shore and soundings are ilaken at tha points ia whizha

inclined ranges iniersect this rangs (Fig. 14.13). [norZer

10 avoid confusioz, a d=finita system of f{lagging tha ranga
poles is necessary. Moreover, the position of the range
poles is determined very accurately by ground survey.
Location hy Tacieometric Observations : This metasi s
aseful in calm water but not suilable when sounidings zre

taken far from shore. The boat position i3 located ty a
tacheomeler frcm the shore on a staff kepti veriicaliy -a
the boat. Cbserving the staff intercep! S at the .tims of
sounding. ihe horizarntal distance batwea the ins‘rument
stations and 'he boatis calculated by the formuls

i / £
A== 5. {+d) 2150

The bcat direction N is established by observing ths suzis
z at'the insirumest Station B with refercencetic any fixed
object A. The transil station should be near tha wzizr
level = that there will be no need to read vertizal angle.

&

&

.:-'

Fig.14.!14 Locction of stadia method
The Three point problem : The three shore signals A
Band C and the angles« and B (measured by sextant )
subtended by AP, BP and CP at the boat P are givea, it is
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required to plot the position oI P (Fig. 14.15). Accor-
iing to some source ,a well conditioned fix by sexmnt
realize accuracies of some order of =5 ft whan plo:tiag at
i: 1250 scale. The problem can be s»lved in various
znethadsas given below :

& <f:_-_-.h_.-'.._-- “ S

Fig 1415 The the

2% pent prablem

A,

ta) Bytracing paper : Angles zand dare :ratrau..led
Zetwezan three radiatng lines from any point oz a piece
of tracing paper. The pesiticas of signals A, B and C are
ploited on tha plan., Putting th2 ‘racingy papar !0 :n2 plan
and moving it over in such a weay thatall the thres rays
simultaneausly pass l‘-rought A. 3 aad C. The azp=xof the
angles is then the position of P wiich can b2 prickad ihro-
ugh a pin,

M echacical Solution :

(b ) By Siation pointer : Tihis is a thres armad profrac-
tor with a graduated circle, ons arm bziny fixed while tha
other two are movable to. either sida of tha fixed zrm (Fig,
14.16), All the three arms hava bevelled or {iduecial
edges, The fiducial edge of th= c2a'ral fixad arm corras-
ponds to the zero of. the circle. The moving z:mscanbe
clamped to any position and are provided with verniers
and slow motion scraws to sat the angle very precisely.
To plot the position of p. the movable atms ar3.zlim-
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;.Iu;e.-'? t2 read the angles « anb % Very precisely. The stz-
tian pointer is then, moved on the plan lil'l tha f:'dflr:uai
&4ges simnitanesusly touch A, B and C. ' Tha centre of the
p3tar then represents ths position of P whish cin b
rexnrdad by a prick mark. v

B Graphical Solution :
L]

(a) '‘First Method: a,b and care tha plottied poasit-
iox3 of the shore signals A, B and C respsctively (Fig.14.17)
and x and p are tha aagles subtended at the baat, The point
_ P of the boat position p can be determined by the fsllowing

procedure. aand c are joined. Ata draw ad m&Xing an
asigle B witha c; while at ¢ draw ¢ d making an anjie « with

ca. Both these lines meet at d. Drawa circle passing

through the pointsa,d, and¢. Joind ahd b and extend it

to meset the circle at the point P which is th 1
0 2 : ! e required
position of the boat, because from the Propertiss of aqcircla-
£ apd=/acdmy j :
and Zepd = /cad =3 ;
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Fig 14.17

) Second Methad (or the method of two: intersecting
cir:les)+ Join ab and bc (Fig.14.18). Draw lines ao,
znd bo, each subtending an angle (80°—x) with ab on the
side toward P. They intersect 2t 0,. Similarly draw lines
be. and co, from b and ¢ .respeciivaly each subtendig
zn angle (90°—% )with ab on tte gide towards p. They

intersect at 0, Draw two  circles with 0, and 0, 2s centres

FIC. 14.18

-to pass thrdugh a and b, andb ﬁn-:i c res'pactltp}r. 'The
<ircles intersect at p which is the position of the boat.
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-t £alb=180°—2(90°—u)=2x
Zapb=1/a0b =g
similarly, /b0,c= 180°—2(90°—p)=2 p
Zbpc=3/bo,e =p
(c) Third Method : ab and bc ars joined (Fig. 14.19 );
p:rpendiculars ad and ce are drawnata and c respectively,
“:bonab draw sabd=90"—a. Similarly draw /cbe=80°

—32. join de and join perpeadicular bp on de fromb. -
The foot of the perpendicular p is then the required posl.-

t:on of the boat because

{bad=/bpd=90"

-+ the quadrilateral abpd is cyclic

similarly the quadrilateral bzep is concyclic

Hence zadb= sfapb=2x

and /bpc=/besc'=5
The problam is indsterminate if the poinis ABC and P are
concyclic. yi

Fig-14.19
'C. Aralytical solution : « and #are the obsarved anglaz

(Fig. 14.20) at Pand A, B and Care the sho-a
signals whose positions are knovm. :

. HYDROGRAFHIC SURVEYING

Let /BAP=x, /BCP=y, /ABC=2

a=BC, b=AC, c=AB

Now x+y=360°—( a+3+2) =8 ( Say)
0—x=y

As ¢, B and Z are known, so 0 can ba calculated

| et
From A PAB, PB= ——sinx

a
»" 'w PBC, PB--a_i__nE sin y

¢ 3in x Sin 8
asSin x
c Sinx Sina
a Sin x«

Equating the two, sin y=

Sin [ﬂ —=X]=

“4/r

PYa)
Fig.14 .20

" e . o c 3in x Sin B
Or Sin 8 Cos x—Cos 0 Sin x e

Dividing both sides by Sin @ sin x
csinp -

a sin « sinf

csin /8

a sin « sin @

¢ cin p see 6

a sin « )

Cot-x —cot =

cot x=cot 6+

= CoL0 (1+




344 HYDROGRAPHIC SURVEYING
Thus the value of x can be calculated as all are knowa

in the equation.
Again from A ABP

: c : o e Lol
quﬂ_ﬁl—ﬁ'. SIH_EBPE’“]“ Sin ‘18{}0 1*—{:} Si

a i |

e ) l G .
sinx+«) and B2 - —sinx
sin =«

Similarly, from A BFC

BP=S§--ﬁ Siny, CP =Si: i Sin 8 CBP= ﬁf‘ﬁsm (742)

Now caiculstiny AP, BP and CP the position of P can
be calculated, '

Three case: :naw_.r'arisa due to the position of the bozt P
with respect to-ihe ground signals A, B aud C.
 Case 1 wienBand Pare tothe opposite sidesof ke
line AC (Fig. !4.20g)

Case 2 when3and Pare to the same side of the lin2

AC (Tig. 1220 b) ; x+y=2—(xz+{)=0
Case 3 when P is within the triangle ABC (Fig. 14.2C ¢) |
X+y=260—(2+3+z2)=0

b, &
(€

Problem1 A.B and Care three visible stations in a

hydrographic survay. The computed sides AB, BCand CA
are 3000 fi, 4000 ft and 5500 ft respectively, Outside this
triangle and nearest to AC, a station P is established and its
position {s to be found by three point resection on A, B and
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C, the angles APB and BPC respectively being 40.50° and
39, 50°. Determine the distance PA and PC (See Fig. 14 27a)

Solution : ¢=AB=3000{t, a=BC=40C0{t; b=CA=5200 ft.
< ABC=z ' .
Now b =c?+a*—2ac Cos =
g 8 8" D {3000} (4000) uigpB0)" — 5250000
v 2ac 2 4000 x 3000 24036240
= —0,219 =

180°—z = T

€ Sin 3 o
!---"‘_‘::-‘__:T: CG: i G
a Sie x9N o

£214.87

AR LT
= —i).34
x=108.78>
anc. y=166.35°—1+618°=51.51° _ ¢
;AHF:IEI)’—-:{—:¢=1&ﬂ°—-—'lDB.TE—4G.5°m3G.?E’
 CBP = 180°—y—3= 180°—57.57°—50.6°=71,83°

g ; 3060 ' . Lank
Tayw = s S = ] 0_______2 :-L
Hance AP o ABP Sin 40.5° Sin 30.72°=%3c0

and OPm o Sin CBP= 200 Sin 719314923 .

in 5 in £0,5°

Tides + - All heavenly bodies exert a gravitational force
on each other and these forces of attraction between. eartn
and other celestial bodies ( moonand sun ) cause periodic
variations in the level of a water surface, known as tides.
Lunar tides are larger than solar tides because aolar tides
force is 0.458 times lunar tides force. - ‘There are two Jusar
lides =t A and B and two low water positionsatGand D.
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LOW Water

Low water
earth

SPRING TIDES
First quater

~ 75 Days
- L 2
Quodvafure

% =
% = >
b -
22Days @€~
Third quater

NEAP TIDES
Fig. 14.9°

The tide at A is called superior luner tide and tide of

moon’'s upper tide, whils tide at B is i
or antiluner tide. it G paghAne’
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Due to roration of earth about its axis from west to east,
oncein 24 hra, peint A would occapy successive position
C, B and D at intervals of 6 hrs. This it will experience high.
water ( i,e. tide ) at intervals of 12 hrs. and low water mid-
wey between. This interval of 6 hrs variation ia true
only if moon is assumed stationary. However, in a luna-
tion of 29,53 days the mocn makes one revolution relative
ta sun from the ni=2w moon to new moon . This revolution
iz in tha same direction as the diurnal rotation of earth,
and hence (hara are 29.53 transits of moon across a meri-
dianin 29.53 maansoiar days. The interval betwean succes
sive ransits of moon on any meridian will b2 24 hrs. £0.2
minntes. Thus the average interval bateen two successive
iransits of moon overa meridian is called the tidal d=v.

Howev=ar, the comeinad affecio! the earth, moonandsun
i3 lporiant speciaiiy af the n=w moon whan both the sun
and the moon hiave tr.2 same celestial longitude and cross
a meridion at the same 1astant. Adsuming that both the sun
and moon lie in the game horizontal plane passing througa
the equator, the effects of both the tidas are addecd, giving
rise lo maximum or Spring tide of new moorn. The term
Jdoes not refar to season, butto'the springing or waxing of
th2 moon. After the new moon, the moon falls behind the
sun and crozzes each meridian 50 minutes later each day.
In after T4 cdiays the moon is at quadrature (Fig. 14.21). The
crest of moon tide coincides with the trough ofthe selsr
tide, giving riza to the neap tide of the first quarter and.
the high water level is below the averags while low water
lavel is aboeva the average, Aftar about 15 davs of the
startof lunatioa i.e.. whien full moon occurs, the differe-
nce between the rmoon’s and sun’s longitude is 180° and the
moon i3 in opposition. However, the crests of both the
tides coincide, giving rise to spring tide of full modn. In
about 22 daya after tha start of lunation, tha difference in
longitudes of the moon and the sun becomes 270°, and (he:
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‘neap tide of third quarter is formed . After about 29} days
of previous new moon, bojh of them (the sun and the moon)
have the same eelestial longitudae and the soring tide of

new moon is again formed making the new cycle of spring
.and neap tides .

The length of the tidal day which is assumed to be 24

hours and 50.5 minutes is not constant due to varying rela-
tive positions of the sun and tha moon, ellipticity of the or-
bit cf the moon ( assumed nomally circuiar-} and the earth,
.declination (i.e. deviation from the plaae of the equator )
of the sun ' and the moon, efiects of the land masses and
deviation of the shape of the earth from the speroid. Due
to the efect oif these various [factors, the hi-gh water at a
place may not occur at the moon's voper or lower transit.

he effect of varying relative positions oI the sun and moon
gives rise to what are knownas priming cf tide and lagging
of tide . Due to obstruction of land mass, tide may be he-
aped up at some »places,. while eqalicrium figure is not
achieved instantaresusly for inertia and viszosity of sea
waler .

Discharge Mezsurement : - Discharge iz calculzled on the
basis of the equation Discharge, Q = Cross—Sactional area
x velocity=AV where A is the cross—sectional areain ft*.
V is the average velocity of flow in {oot per secord and Q
is the discharge in ft® per second . Somelimes stage rec-
‘ord may be trasformed to a discharge record by calibra-
‘tion. Sinsce controlrarely has a regular shape for which-
the discharge can be computed, calibration is accom-
plished by relating field measurements of discharge with
‘the simultaneous river stage. Common methods of dis-
charge measurements are (a) Velocity by floats or current

_meter and cross-sectional areas (b) Chemical methods |

(c ) Weirs and notches .

Speeds of currents are measured by floats or ﬂuﬂ'ﬂnl
ameter'.. (a) Floats: Numerous types of floals are avai- -
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labla, ranging from small surface floates with flags on.
them to the double float which has a perforated cylinder-
oracanvas vane suspended at known depth below the-
surface from a smsll floating buoy. The fixing of the posi-
tions of the floats may be done simultaneous theodolite
observations from the shore or batter by frequent visits
10 each float in turn by a surveying vessel, whose position
isfixed by saxtant observations on tha shore-control poi-
nts. The tima of obsarvation is noted in each case. sC
that the rate of drift can be calculated .

velocity or 8D aad=-distance, tims

Surface foata give the velociiy of the surface waiar’
enly, and apart from the gensitivity of such light floats (o -
wind the choice of coefficient 1o convert surfaca to:
mean rangss from about0.7 to 0.95. The results are ihus
of doubtful ascuracy. . ;

The carent meter : th2 price current mater devised by W.
G. price in 1832 (a civil engilneer of the Mississippi River
Commission), consists of 6 conigal cups rotating abouta.
wertical axis . Elaciric contacls driven by the cups clote
a circult through a battery and tha wire of the supporting
cable to causa a click for each revolution (or each fiith.
revolution ) in headphones worn by the operator . A pyg-
my price meter has bsen used for measuring flow at very
shallow depths. :

‘The other type of current meter is the propellor type-
in which the rotating elemsant is a propellor turning about
horizoatal axis . The contacting mechanism of a propellor
meter is similar to thatof a Price mater and similar suspe-
nsious are used . A price meter movad vertically in still
water will indicate a positive velocsty . Hence ittends to
overestimate the velocity in a stream. The relations batw-
een revolutions per second of the meter cups and water
velocity v in fps is given by an equation of the form:

v=a+bn :
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"Where ais tha starting velocity or velocity to overcomsa
“mechanical fiction. For the price meter a is about 0.1 and
b about 2.2, Before use, each metter suould be individu-
-ally caliorated .

Note, by plotting this value of,..,. on the velocity/dep-
th diagram for the vertical section concerned, that Viean 02
curs in each case at abowt 0.6 x dapth. Thus, if time allows
only one velocily measurement at each vertical section,
this measurement should be mads at 0,6 x depih .
The'V....: having been obtaired for e2zh verfical section, it
is possible to obtain mean velociti=s for the water passing
through the wapaszoids into which th= eross-section is divi-
ded, ard henze by integration, using fplanimeter, Simp-
son's rule, or trapezoidal lrule, the discharze is detrmined
from : v

Q=AV

=Ta. V...

Alternatively, ‘contours’ may be drawn on the cross-
seclion, joining up points of equal velocity, The areas of
these curves are meaasured by planimeier, and these are
treated as equidistant cross-sectional areas of a soiid, th=
volums of which gives tha discharge. ~ Yet anoiner way is
to use tas ‘spot height, analogy assuming the cross.saot-
ion to be subdivided inlo a series of areas, lhe v=)ocitles
of flow through these bsing the mean of the velocities at
the corners. -

(b) Floats

Although the current meter is by far i%e most widely
used of the area-velocity methods for calcuating discharges

(and normally ifis the most accurate method), there are
times when floats are used instead—notably when excess-

ive velocites, depth and floating drift prehibij the use of
-the current meter.

HYDROGRAPAIC SURVEY ING 351

Surface floats give the velocity of the surface water
-only, and apart frcm the sensitivity of such light floats t>
wind, the choice of coefficient to convert V uerue!® Veces
Tanges from about 0.7 to 0,95. The result are thus doubtful
.accuracy.

The double float already mentioned can be used to give
velocites at dirfferent depths (though allowance must be
made for the effect cf the'surface float), the calculation oi
discharge thus being exactly as described for the car-
rent meter. ;

Float velocites are measured by releasing the floats
at the appropriate point upstream and thea aloag the mes-
ured distance 10 a second s:eticn downstream.

(b) Chemical Methods

These methods involve the intrcduction of a chemical
into the stream. and out of many variations, the two most
frequently used are the salt-velocizy aad the salt-dilution
methods,

SALT-VELOCITY MzTHOD : Salt in soluttion increases the
elecirical conductivity of water. Two sets of elecirodas a
known distance apart in'a stream o constant cross-secticn
are conuectad to a recording galvanometer which records
the changes in electrical conductivity of the stream with
respect to time. Under normal conditions the graph given
is a more or lass horizontal straight line, but when a
volume of salt solution is injected at the upstream elec-
trodes (which are in the form of pipes), the graph shows a .
rectangular jump. Later on, when the salt gets down to the
second pair of electrodes, a second jump occurs. The time
of tramsit is taken as the time between the centres of area
of the two jumps, and dividing this time into the volume of
water between the two stations gives the discharge '
“SALT-DILUTIOPMETHOD : A salt sclution of known concen-
‘tration is added at a constant rate to the stream to be
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gauged and, by analysis, the subsequent dilution of the
solution is determined. The samples are taken far @nough
below the entry point for cocmplete mixing and uniform
disiribution to hava taken place. No measurement of area
or distance are necessary, and the method is pre-eminently
suitable for use in turbulent mountain streams. The weight
of salt that passes in aach second at the point whera sam-
sles are taken must egual the combined weights of salt
rormally present, aha the salt addad in soiution, i.e.
WX WA =W+ W)L

where W is the wt. of water discharged per sez, ¥" is the
wt of salt solution addzd per sac. Xis the percantags (by
wr2ight) of narural salt in the sirearm. X’ i3 the percentage
(bv wraight) of salt in concentrated solution and A*is the
percentage (by waigal) of salt in the semple after mixing.
(V=27

A" mustbe unifsrm at ail pointz in tha cross-seclion
and (Y*—X) must be found accurateiy: he salt used b2
d=tactable in small cuantitias and should be stablein
17e water. When obiairning samples. bottles can ba immer-
sed in the strean at the relevant crosssection or a hand
pump can be used for drawing ofi. Sodium dichromate iz a
suitable chemical according to Hutton and Spercer,
aithough at concentration of 30 parts par million it is toxic
to fish. Five parts per milion have been used to achieve an
accuracy of +1-2 per cent in measurement of flow. Larger
quantities of sodium chloride would be needed since it is
present in natural waters ard in this case X should not
exceed 0.15 X,

(c) Weirs and Notches
These may be used to measure thedischarge of lig-

uids flowing under gravity, i.e. riversor similar channel
floows. A notch, which can be taken asan orifice with

Tharafora [ Y o
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its upper edge free,is .usuall',r nsed to measurs flows
from reservoirs or tanks, and of streams of modest discha-
rge ; flows in sewers are often established by V-notches.

A weir, which may be considered as a large notch,
extends across the stream at right angles to the flow
(though side weirs set parallel to the flow are often used
in storm-water overflows in sewerag practice).

The free water surface is drawn down as it passes over
the weir, and the watarlevel hefora drawdown occurs refe-
rrad to the top of the wair, is tha hear of water over the
weir. Weirs mayv b2 suppresced— when they extend across
the full width of the approach chantel, or contracted —when
they do not extend across the full width. In this latter
condition, end contracions are induced.

Weirs may be sharp-crested or broad-crested and
this is definad by the nature of the face (cresi) over which
the water flows. Inthe latter case, often formed by mas-
onry or concrete, ths sheet of water ia in contact with
the crest over much of its area and the discharge isgre-
ater than for a corresponding sharp-crested type, which
could have been made of thin stainless steel plate,

The water level is drawn down asit passes Over a
notch or weir, and the effective head of water, upon which
the quanity of flow depands. must be referred to the level
before drawdown occurs. Head isbest measured by a
float and, on connexion to a drum-type recorder, a perm-
anent and continuous record of head, or rate of flow, may
be obtained. It is a advisabls, if possible, to check the dis-
charges as computed by the weir formula by current-meter
observations or a similar method, this procedure is frequ-
ently adopeted to calibra'e large weirs.

The following formulae are available and the student
is referred to the various textbooks on hydraulics* for their
derivation,

23—
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RscrancuLar neten For a simple small recltangular no-

tfh, of breadth B, the discharge Q0 for 2 head ¥ ig
given by:

Q=2cd, B\/3z 13

The coefficient of discharge, Cd, may be found by expeari-
ment. It varies “slightly with head but usually for cijvi]
Sngineering purposes a mean value of $C€d\"2g1s dater.
mined from experimental results, -

V- or TRIANGUILAR Norew The wetted length of such a notel)
dapends directly on the hexd. [t the apex angle ia 0, it
can be shown that - ;

3 — 0
Q_—' ‘l—g-Cd\'r zg. tan H®

roach the discharge can be calculated from

Q=183 (B—0,1 nky 13
where B =breadth of wair .
and n=number of end contractions

n is zero for a suppressed weir. B should be greater than
3H and there are certain other limits imposad witn regard

to the height of the or t ab
the Poai:iog of the v:':agf ki ch?nnal bottom and

The veloeity of approach (V) of the water to the weir
may be taken into account by allowing an additional head

=k 75 for the kinstic energy of the water, The atill water
head (#,) is thus

H1=H+

¥e
2g

?331 I'ﬁ? figure can now substituted in the Francis formula

Q=1838-0.1 nrry)(,% i3
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EXERCISE

l. Examine the f{ollowing Statements and write
whether they are true or false :

(@) Hydrographic Survey deals with the measure-
ment of bodies of water.

(b) This Survey is used for determing rocks, sand
bars and buoys

(¢) Hydrographic Survey used for measurements of
tall buildings and halls.

.(d) Horizontal and vertical controls are essential in

hydrographic Surveying.
(e) Shore line survey can be achieved by hydro-
graphic survey.
(f) Sounding is a part of this survey.
(g) Sounding lead is a weight attached to the line.
(h) Fathometer is needed for sounding.

2, In a harbour development scheme at the mouth of
the Meghna Estuary, it has been found necessary to
take soundings in order to buoy the navigational
channel.

Explain clearly how you would determine the levels
of points on the riverbed and fix the positions of
soundings :

(a) by use of a sextant in a boat.
(b) by use of theodolite on the Shore.

3, Describe briefly the location of sounding stations

by means of ;

(a) Cross rope soundings, (b) intersecting ranges.
From a stationary boat off-shore sextant readings
are taken to three signals A, B, C on land and the measured
angles subtended by AB and BC are 32°30' and 62°30°
respectively. The positions of the three shore signals
are such that AB=1200 ft. and BC=2050 ft. and the angle
ABC on the landward side is 233° 30'. Determine graphi-
cally the distance of the boat from B.

Ana. 2130 fu.
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4. In the above problem {f the boat is moved inshors
and sextant readings again taken, with boat stationary,
to AA. B and C and it is found that the angles now subtended
hf{ AB and BC are 80°0" and 113° 30° respectively. Deter-
mine graphically the dislance belween the two stationary
positions of the boat at which soundings are taken. Use
scale of 1 inch to 500 1.

Ans, 1730 ft.

: 5. Duf. line-a practical method of measuring the
discharge in cfs of (a) a Small rocky creek 10 ft. wide and

(b) ariver 1 mile wide and 20 ft. deap.

9. (a). Meniion the types of lide gauges and cescribe
the verious forms of tide gauges in this types
(b) Mention the considerations which govern tiae
choice of a site for a tide gauge.
1. (a) What'is meant by sounding ? Mention any six
methods of locating soundings.

(b) Explain clearly how would you delermine the
levels of river bed points and fix the position
of sounding. \

(i) by use of a sextant in a boat,

(ii) by use of a theodolite on shore,

(c) The cross-section of a stream 30 units wide is
measured by means of soundings taken 5 units
apart. The depths recorded are :
0,1.5,2035 2.3, 1.0and 0
The mean velocity is observed to be 3.4 unils
per second.. Compute the dischargs of the
stream,

APPENDIX—1
SI Units
1. Introduction

Many countries in the world follow different systems of

‘units of measurements. For example, in Unted States, F.P.5.

aystem of units is followed, while India switched over (o
the metric system of units. Due to different systems of

units followed in different countries, a lot of confusfon has -

been caused, giving a great set-back fo industrial produc-
tion and international trade; In the Eleventh General Con-
farance on weights and Measures held in Paris in 1930,
it was decided to have one common system of units which
is unified, systematically constituted and coherent for
international use. The sys:em of units so evolved and adop-
ted at the conferences is czlled System International, abbre-
viated as S| units. The SI svstem rationalises the availa-
ble units and streamlines them into a ccherent logical
system, using minimum possibls basic units
2. Basic And Derived Units

(8) Basic Units : There are six bagic uniic in the i
system of units, listed below :

TABLE 1

Basic SI units

Quantity MName of SI units Symbol
1. Length ; metre m
2. Mass kilogram kg
3. Time sacond 8
4. Electrical current amperse A
5. . Thermodynamic temperature kelvin K
# Luminuous Intansity Candela cd

[n the above table, Kelvin is a temperature interval
which Ie qual to lempeiature inteival corvespond lo 1°Cy
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Hence 1 K=1°C. In addition to the basic unit given in the
above table, there are two supplementary units in the SI
systsm, given in the table as follows :

TABLE 2
Supplementary Units in SI Sysiem
Quantity Name ol Sl Unil
Plane angle radian rad
Solid angle steradian . Sr

(b) Derived Units:

The derived units of 8! system are connected to the
basic units by some physical law. Some of the common
derived units are given balow:

1. Arca and volume

When a units of length is multiplied by the unit of len:
gth the result is the unit of area which is a derived unit 1n
SIsystem The unit of area is expressed by symbol ms,
Similarly, when 2 unit of leagth is multiplied by unit of
area, we getthe derived unit of volume which is expre-
ssad by symbol m?.

2, Velocity and Accelcration.

When the unit of length is divided by unit of time, the
result of derived unit is the unit of velocity expressed by
the symbol m/s. Similarly, in the angular measure, angular
velocity (radian per second is expressed by symbol rad/s.
The unit of acceleration i expressed by meter par second
spuare (m/s®) or by radian per second square (rad/s?).

3. Force

In the British system, the unit of force is 1b ( f) while
in the metric system, the unit of force is kg ( f). However,
in the SI system, the unit of force in Newton expressed by
*vmbol N. Itis defined as that force which, when applied

ase

to body having a mass of one kilogram, gives an accslera
tion of one metra per second squared . The Sl system has
therefore discarded the gravitational unit of force. Since
I newton is small, force is generally expressed in terms of
kilonewton and meganewtons. Thus

One kilonewton ( KN )= 10" newlons
Ons meganawton ( MN ) - 10 newtons.
4. Stréss
Stress is the force per unit area, and ran be expressed
as newtons per metra squared (N/'m*). However, il is
commonly expressarl as kilonawton por metre  spuared
{1:N/m?). '
5. Work and Encray

Whan the point of applicaction of a force of one
newton is displaced through one metre in the direclion of
the force one joule (] )or newlon-meter ( Nm ) of work is
done. The unit of wark or .energy is thus joule. Lar-
ger magnitude of work or enargy is commonly expressed
in kilojoule (KJ) where one kilojouls is equal to 10°
joules.

.. Power

Since power is the rate of doing work, itis expressed
in terms of joule per second or newton metre per second.
The unit of power is thus watt (W) which is- equal to one :
joule per second (J/s) or one newton metre per sscond
( Wm/s ). [t should be noted that in the S| system, horse-
power as a unit of measurment of power is not used. Power
is measured in terms of watts (W), kilowatts (KW ) and
megawatts ( MW ) where : e f

one kilowatt ( KW )=10*W,
one megawatt (MW )=10°W,

T. Other derived units :

Table 3 gives the gummary of various basic and deriv-
ed units in ST units. The decimal multiples and submulti-
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ples of SI units are formed by means of prefi i
ol | ol prefixaa given
Factors by which unit Pr
: afix Symb
18 multiplied . e
iCr: maga M
10 kilo k
lﬂ'q dera 2 da
10 dazj |
}ﬂ : il i
19- IO u
Taterconversion ;I 1ha surveying. the conunon units are

L ;
.:—:-ng h_. area, voiume, fcrce and strass. [n the MKS system
the unit of force is in the gravitational unit i. e. kilogramme
froce kgf ( commonly expressed as kg only ).

Her{ce 1 kg (f)=g newtons
Taking g=9.807

. Lkg(f)=9.807 N=10 N
Similarly 1 tonne ( f )= 1000 kg(f)=10kXN
In the same way, for stress unit

o 10 N 1 105N
I kgf’em? = = AT
g 0 m: =10 i
ol NN
10 m:
TABLE 3
| Basic and Derived onits in (he S1 sValem
? Quantity Name of unit Symbol
1. Length meltre m
(kilometre) km
(centimetre) cm
millimetre mm
2. Area Equare metre ' m*
(square centimetre) cm®

(square miliimetre) mm?*

SooNo o

—

15,
16.
17.

18.
19.

20,

Volume

Velocity

Angular velocily
Acceleration
Angular acceleration
Fregquency
Dischargs

Mass

Mass density or
Specific mass

Forca

Weight density
(specific weight)

Siress and pressure

Elastic moduli
Impulse
Work : Energy

Quantity of heat
Momentum

Moment of Inartia
(Dynamic)
Moment of [nertia
(Area)
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cubic melre m?
(cubic centrimelre) cm?
(cubic millimetre) mm?
Matre per second mfs
radian per second rad/sec.

melre per second square m/s?

radian per second square rad/s*
hertz Hz
cubic metre per sacond m¥/s
Kilogramme kg
(tonne) 1
kilogramm per cubic

meire kg/m?
(tonne per cubic metre) t/m?
newton N
(kilonewton) kN
(meganewlon) MN

rnewton per cubic matre N/m?*

newton per metre squared N/m?
(kilonewton per metre)

squared KN/m?
(meganewton per metre)
squared MN/m*
newton per metre squared N/m®
newton second Ns
Joule ! ]
(kilojoule) k]
joule ]
kilogramme metre par

second kg-m/as

kilogramme metre squared kg-m?

0 mt !
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