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Course Objective

After studying this course the student should be able to

1-compute the areas of uniform and non-uniform areas and cross section .

2-compute the volumes of earth work and water .

3- setting out of all types of road curves ,sewers ,building ...etc.

Target Audience: 2nd .Surveying student

Course Description: 2hr Theoretical ,2hr Application




First to Fourth week

Area of uniform figures
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1. Area of triangle Caliall daloua
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at+b+c
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A:\[S[S —a) (S—b) (S—c)
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a*b*sineg
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A= b_z * tan<4 *tan<c

2 tan<-4 + tan<c

A= B2 4 sin<dA= sin=C
2 sin=_F




B- Square area

A= Hz = a=a

C- Rectangle area

A=a*h
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d- parallelogram Area &Y silsisdalon.

A=b ¥ ¢

A=b*a* sing@
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A= b*c Ol ale 131
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A, — *F*d _,:Lb-"ﬁ' s 141
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A= b** sin@

F- Trapezoidal

a+b

A:h{T J=h*c

c= (22)

H-
A= a*b*sin @

A=2(h1+h2)

J- circde area

1.A=nR* ,n=3.1416
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A= r**tan >

A= r*t
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A=m*a = b
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Methods of areas measurement and computation

1. Field measurement of area
1- division of triangles

2- setting out offsets

(x,y) boy)

(x,y) (x,y)

- setting out offsets at regular or equal in terval

- setting out offsets at Irregular interval

- using Goor dinates

D.M.D (Double-Meridian-Distance).
Map measurements.




EXx: measured area of a Piace of Land by division it into two triangles For First
triangle was measured the length of the three ribs and For the second triangle
was measured the Length of two ribs and angle between them ,Find the area of

aPiace of land .

Sol:
. atb+c_ 35+30+40
-2 T2

A= JE(S—a] (S—b) (S—c)

[
Jsz.sum.sﬂ—ﬁ} (52.50 —30) (52.50—40)  =508.329508.33 m?

=52.50 M

1 . 1 .
4y=7 2 *b*sin0O= 520 * 40 * sin 84°=397.808  397.81 m?

A=A+ A,=508.33 + 397.81 =906.14 m?
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setting offset s 4ald)
Simpson “s method (Rule)

Ogmap 3208 o) 43y sk

L P
k F/'-
-
J i e
€ > e = =
d d d d

A1=Arpgr + AgFpr

2 hy+ h
:E lZd [.hz' 12 =

) +2d(*)]
=g [4h,-2hy-2h;+3h, + 3h;]

,41_3=g (hy+8hy+ h3)

Ay s dalews 3250 dGhll iy

d d
Ay 5 = 3 (hy+8h,+ h3) + pe (h3+8h+ hs)

d
Ay-s =3 (ha+ hst a(ha+hs)+2 (hs)




EX: Find the area for the fig below by using Simpsond rule
h

Sol:

A, 13—2 [ 25+16+4(27+31+22)+2(20+19)
= 4(41+320+478)
= 1756 m?

hy

A=d[(h1; % hy + hythgt hot hg)]
25+16

2

=1674 m?

compare in the area

=12 +27+20+31+19422)

1756-1674 =82 m?




setting out offsets at vegulor intervals
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EX: Find the area for the Following sig by using coordinates method.

N p2(15,32)
@“‘\
A’
Q |
Q> p3(24,27)
P4(20,10)

'

Sol:

2A=[(19*15)+(32%24)+(27*20)+(10*17)+(11*22)]-
[(11*32)+(15*27)+(24*10)+(20%22)+(17*19)

245
“-‘+T
A=122.5 m?

Double-meridion-Distance Method (D.M.D)
(Jobdt b i) Johalt bl dislina

P
5
Ax = (xz —x4)
Ay = (y, —y,) AB
A

N
) P
)
[ ) d_ghﬂ-biiih;
_ _ DisclfAB
A

1.Meridion ditance of Points P.P’

2. (Merdion distance of line)

3. (Double - Meridian distance)
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CC'=AB
Jglall bad Adloia L

AB=AA"+BB’
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EX :For the figure below Find the area For the Peice of land by using:

1-DMD method

2-Coordinates method

Dep=4
Lat=+13

Dep=9
Lat=-5

A(0,10)
5[4,23]
IE:{IS,.IB]
D[g,l}
F[E,IS}
SOL:
Side Dep D.M.D lat 24
AB +4 4 +13 52
BC +9 4+4+9=17 -5 -85
CD -4 17+9-4=22 -17 -374
DF -3 22-4-3=15 +12 1380
FA -6 +5 -3 -18
=00 3>=00 >=-245
—245
A =
¥
A=122.50 m?




2-Coordinates method:
0 4 13 9 6 0

2A=[(0*23)+(4*18)+(13*1)+(9*13)+(6*10)]-
[(10*4+(23*13)+(18*9)+(1*6)+(13%0)]

2A= 262-507

A= 122.5 m?

Measurement Areas from a Map:

A-. Dividing into triangles and squares.

B. Using a graph (graph paper).

C. Using a planimeter.

D. Dividing the plot into slices.

Slice width = Sum of intermediate lengths.
A=(ab+cd+ef)*w

E. Calculating the area using AutoCAD

F. Using the coordinates of the corners of the plot

Ex. Draw Peice of land on Graph paper with the scale 1:1000 the No of
squares are 17 square Adding the parts square to each other it Found 6
squares if the area of each square. Equal to Semx5cm compute the total|

area in ( m?)

Sol:

ik il Je aal gl a pall dabes = 5¢cm * 5cm = 25 cm?

. v 25 (1000)2
Ui UJE A gl bu.d'l PIEN :ﬁ: 2500 m?

total area= (17+6)*2500= 57500 m?*




h.w: From the Figure below, Find the area by using D.M.D method

B10 D12

i_ E7

(0,0) A F70

Dep=Ay

Lat= Ax K5

J10 G1l2

L7
O
_—

point Dep lat

AB

BC

cD

DE

EF

FG

GH

HJ

JK




Measurement area of cross section

4l pl) adaliall Cilalcal) (uld

Grad line

cuT W m

slop

Elev.

Station

(distance)

1 e 43N Adlenall Slaa gl 238 (Al Al ) Adlsall Cpi Al i ladyl dfia Sl
3

types of cross-section

1. cut section

Ground line

center line '\
Grad line




2. Fill section
Grad line

b/2 b/2 /
slop \W

Fill section

Ground line

3. cut and Fill section

(side-Hill section)

slo Cut

Fill éﬂfffﬂnpe

1.one level section

A=d(b+sd)

b= width of road

d=depth of section (cut of fill)
d= Ground elev -Grad elev
d=+depth of cut

d=-depth of fill




[

2. for a Three-level section

dI_:,

Jiy) B Bl dabuces [W]

b
Aoyl A oAt hm:lw] A% [% (dR + dL) + d(xR + xL)]

2

3. for a multi-level section

SLflaay) 4y yha aladiuly o jell adald] Gilua 2h ABaSa
Ny N N3 _ Ny _ Ng _ Ng_Ng
Ey E; E3 Ey Eg Eg Ey

for the slope of ground are known for Right and left center line
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W
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Wi = nys (h + ) W2 M8 (h + 25)
b
nyh—w, ; nzh — 2
= _ — ! —_
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b hz
= (h - —) (h - )
2 2s 45
N,s,hp AL daliall Lal
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2
1 b Znyny+ny s —nq s b
A= (h+ £ )% ) -

(ng+s)(nz_s)

-If the stope for ground for extent side cross-section




b/2
b/2
i Af
hf
d H
W < N < N
wf wce
sl daless
b
he (z+nh)
Ac = 2 'z d) , Ac = an—sc'}
st o1 9 Al dalna
hf b
Af=3G—d)
b nh
2 2
af = (2(11 sC) )
_n ( b I)
Wi n— Sy z_sf ' - ‘ :
La b () Sl Ganl SIS 13
hf _ (;—?ﬂa r L) By i:rl-l’:t’ﬂ\ {e‘léd {h] d_ﬂﬂi ‘_:-,:4;1
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EX: Compute the Area For the cross-section

e 32 1:14
31
1
3
3
Sol:
1 b .2 2Zngnyiny s¥—nq 52 b_z
A_Z (h + 2s ) ( (nq+s)(nz_s)  4s
1 10 |5 (2+8+14+3)+(14+9)—(8+9), 100
A_z (2 + 243 )%( (8+3)(14-3) ) 4+3
A=31,99 m?

EX: Find the Area For cross-section has elevation of Grad line 32 m and

G.L=30m the side slop 1:3 and road! width=10 m

10

Sol:

d= Ground elev - Grand elev

d= 30-32=-2

A=d(b+sd)

A=2(10+3*2)
= 32m*




EX:the-level section has road width =12 depth of cut d=4m In c.L.,

depth of cut in right side dir=6m.

depth of cut in left side dir=10m
horizontal distance for right Point XR=18m
horizontal distance for left Point XL=26m

Find the area for the section

12

dL = 10 d=4%

W & '
el — T -
o -

xL =26 xR =18

L%,
s ]
—_—

=2 (dR + dL) + d(xR + xL)]

A= [+ (6 + 10) + 4(18 + 26)]

A==(6 + (16)) + 4(44)

|H Mln-x B

=-(96 +176)

A=§(272)

A=136 m*




[

H.W by using coordinates rule, Find the area for the cross section
below with considration the x-axis is M.S.l and another considration.
that x-axis is the same Grad line

G 5 - 5 A X2-axis .
24
.6 | 2me¢ B
F < > | 21
33 R X1-axis

W




Fifth week

Volume measurement

Average End Area Formula

This is the simplest method for determining volumes from cross sections. It closely
follows the theory developed for the determination of areas; in this case instead of
offsets at constant separation (resulting in areas) there are areas at constant
separations (resulting in volumes).
In the figure it can be assumed that areas A1, A2 and A3 have been determined.
Therefore, if Al is the left end area, A2 the right end area and L the distance between
sections, the volume is,

Ay + A,
voly = (T) *Ly o

V = [First area + last area + 2X(all remaining areas)]

A1+An

vﬂl.l_n: L( +A2 +A3 + "'+An_1)




F,
volpn=—

C " L
vol.cye = 3

5 (9% Ladic i)
okt L
pls

/ow N
N

=" & L
Valgy = 3

Ao,
And  Volgy, =7




(e
EX: Nine sections were calculated areas Previously Fill see

AF1=12m2 AF2=18m2 AF3=12m2,AF4=12m2 AF5=4m?2
cutsecAc6=7m2,Ac7=11m2,Ac8=15m2,Ac9=23m2 the distance
between ea each equal to loom find the total Volfill Fill and cut.

CAN aladiid aid uSall gh akedll ) ad ) e akiiall @ i s Al B 4ba e
po) paa ARG ald (jhua o ghew Ladis aall g sdadl akiiall dad 43 jma pad ) AU
Al g jhadl Aol o gl Aol dalewe oA g bl G AN )

Sol:
Total vol.= L (‘“‘1;"‘5 + A, + A5+ A4) + (? L)

=100 (z";’ +18+ 21 + 12) + G 1{1{1)

= 6500 + 133.33

= 6633.33m?

]

Total vol.= L (‘““’*;"‘9 +Ag+ Ag) + (? L)

=100 (”';3 +11+ 15) + (%«c 1{1{])

= 4333.33m°

Prismoidal Formula

(=8l e ) ) 9 gall () 53l
The Prismoidal formula is sometimes called "Simpson's Rule for Volumes", and the
derivationis exactly the same as before . It is a modification of the End Areas
Formula.




Ex:

2L

]?01.1_3 = ?{A‘l + "'I‘Az + Aa)
2L

]?01.3_5 = ?{Ag + "'I‘Aq. + AE)

2L
]?01.1_5 = ?{A‘l + AE + ‘1‘(1‘12 + A‘}) + E(A_';j

L
totalveol.,_, = —(A{+ A, +4(A, + A, + A ...)+2(A; +A- ..
1-n 3 1 n 2 4 o 3 5

It was calculated for Four Fill sections from surveying worke the distance
between each section is equal som It (A1,A2,A3,A4 ,A5,A7) thenitwas
survey work for addational cross section betwe the section above the distance
was become 25m between each cross sec. (its A2 ,A 4 ,A 6 ) to increase the
accuracy the total volume. Find the total volume, of fill by using (Average End-
Area Formula) and Prismoidal Formula. If knowing

AF1=46m2 AF2=35m2,AF3=21m2 AF4=28m2 AF5=34m

2AF6=44m2 AF7=52m?2

Sol:

Total vol.=L (ﬂ‘ ;ﬁT

+ A3 +As)

=25(“‘F‘;52 +21+ 34)

=5200m?3

L
total vol = §(A1 + A, +4(A; +A, +A; . ) +2(A3 +HA: L)

25
total vol = ?(46 +52 +4(35+28 +44)

=5300m3




Approximate for computing volum From the Profile

oo ool glaiall (o 2 g2 ol oo L) A pbal)

Lc
«— >
| dc
Cut
m
i°)
<
(0,0) stations
Lf
A
_ A _f
d. = L d; L,
d, = iallhu gl Gasll dp = p2 0 sl 3anl
L, = jialldil. Ly = a2 i
A = galldalus )
c sl flf = pd il dalis

a. =d (b, + s..d;)

vol..,=a_.* L,

vOI.ﬁH = ﬂ,f * Lf




EX:

calculate the volume of cut and Fill if knowning Ac=472m2 Af=318m?2 it was by
using the Planimeter and it was found the distance of cut area and distance of
Fill area. Lf= 356m. Lc=324m.ats. if knowning the width of road in case cut
equal 12m and the side slope of cut 1:2 the width of Road in case fill=10 m and
the side slope for fell =1:3

Sol:
"
L.
a4 -7 _ |46
¢ T34  OM

ac=dc(be +sc.d)
a,=21.78m?

vol. .. =a.* L,
vol.oe:=21.78m" = 324

vol. . = 7057m>

A; 318
f=—"=-—=0.89m
L; 356

as = ds(bs+s;.df) = 0.89(10 + 3 « 0.89) = 11.28m>

]?ﬂ'I.fl'” = ﬂ’f £ Lf =11.28 = 356 = 4[}161’1’13

volume of Borrow Pits From spot heights
b te¥ 5 ,ia g adiliall apaall lua




[ l
hl h* h h
hz h,Z hz
hl hl
; " & " h,
I3
h I h
h, 4 g 4 hy
h4 h‘l‘
hz hl
hy
h, hy
[ FEC A il Lbi
h = height
A = g gl sl
hy + 2%h, + 3Yh
Mﬂfmzﬂiz 1T 2Xhy + 3% 3
4
L™ ]




EX: calculate the volume for the Following figure if the length. of
squore = 20m

1.4 1.1 1.3 1.2
1.3 1.6

s 1.5
1.2 1.4

1.1 1.1

1.3 1.8 1.8

1.7

1.7 1.8

Sol:

2}1129.6 ,Eh3=?5 .Eh3:31 ,2114:5.5
A=400
Yhy +2Yh, +3Yhy

4

9.6 +15+9.3 + 22
4

vol = A(

vol = 400(

vol = 5590m?




Volumes from Contours

The method used is simply the end area method or the prismoidal formula, the cross section
being replaced by the areas contained within successive contours (see below). The distance
between sections, or in this case contours, simply becomes the contour interval. As the
contained areas are usually quite irregular they are normally determined by planimeter or by
computers and digitizing software. The process is laborious and is becoming less popular with
the advent of digital data and digital maps. The volume of the hill shown below is,

a,+2a+2a,+a
V=¢ [a : +a where ¢ in the contour interval.




sixth to eighth week
Vertical Curves

1. Nomenclature
Equal Tangent Curve

|_ —

},7 L2—* L2—™

>
il

BVC Beginning of vertical curve; aka PVC
PV| Point of vertical intersection; aka VP!
EVC End of vertical curve: aka PVT

g, Incoming grade

g, outgoing grade

L curve length




2. Equations

Stag, . = Stap,, — |/2
Stag,. = Stap,, + %

Elev,,. =Elev,,, 9t
Elev,.,. =Elev,, + oL
k=228 k is the grade change rate; % per station

L

When computing:

if g in percent, use L and distances in stations:
g=3%, L=10.00 sta

if g in ratio, use L and distances in feet
g=0.03, L=1000.00 ft

3. Elevation & Grade at any point on the curve

g

Elevation at station Elev, =Elevg,. +9,d, + \

g -G ﬁ|d.2
) I

(9, -9, \
. L )

Grade at station / g =g,+d




5. Location of high or low point

Low (or high) point occurs
where the curve grade is 0% P g, -9,

PVI

5. Location of high or low point

If the curve grade doesn’t go thru 0% (+ to —, or —to +)
then hi & low points occur at curve end points.




Example:

~__BVC

-2.0%

Example:

~__BVC

-2.0%

EVC_,;—*"'"K".
L = 600.00' o
R +3.0%
-
PVI sta: 12+00.00
PVI Elev: 812.00
Eve
L = 600.00' - 0
- /, +3.0%
-
— e
.

PVl sta: 12+00.00
PVI Elev: 812.00

Stag, = (1200.00-600.00/2) = 9+00.00

Stagy = (1200.00+600.00/2) = 15+00.00

Elevgye = 812.00-(-2.0)(6/2) = 818.00
Eleve,. = 812.00+(+3.0)(6/2)= 821.00

d’

Elev, ~818.00 + (-2.0)(c,) +| M}
L 26)

d; = Sta,-Stag, ¢




Example:

L = 600.00"
20% @ T~
—
PVI sta: 12+00.00
PVI Elev: 812.00
Elev, = 818.00 + (-2.0)(d:)+ | >:2=20) |42
2(6)
Sta d, (sta) Elev (ft)

EVC 15+00.00 6.00 821.00
14+00.00 5.00 818.42
13+00.00 4.00 816.67
12+00.00 3.00 815.75
11+00.00 2.00 815.67
10+00.00 1.00 816.42

BVC 9+00.00 0.00 818.00

Low point: sta 11+40.00; elev: 815.60'

6. Unequal Tangent Curve

PVI

Two back-to-back equal tangent curves




Transition Curves

If one considers the dynamics of a vehicle of some kind travelling in a straight line and then
turning into a circular curve, the vehicle changes from a state of zero acceleration into a state
of full circular acceleration instantaneously. If this happened in reality the vehicle, especially a
rail vehicle, would fall off the tracks (and if a road vehicle, the occupants would be thrown
around and the car would wander across the road). This is obviously not acceptable. Instead
a curve that starts at radius infinity (a straight line) and gradually changes to the radius of the
curve is inserted at the start and end of the curve. This is known as a transition curve and is
generally (mathematically) part of a cubic spiral.

Transition

Curve
Y

Circular
Curve

Straight

Most high speed country roads and all railway lines, conveyor systems and Sydney's
monorail use transition curves as part of the curve design. The computation and layout of
transition curves will be left for following chapters and later years of study.




Horizontal Curves

Introduction

The establishment of figures on the ground is an important task of the field
surveyor, not only in engineering construction but also in cadastral surveying. It
Is a relatively easy task to peg out the boundary of a rectangular concrete slab,
but considerably more difficult to establish the location of points along an
elevated curved freeway.This section will look at the techniques of establishing
horizontal circular curves, however more detail will be given in later subject

units concerned with road design and construction

Forword
Tangent

eelad | ol sl

Rock
Tongent

ozl ul

Shown above is the geometry of the horizontal circular curve, used to connect
one straight line with another straight line. The two straight line segments
(usually roads, rails or pipelines) would have bearings, the intersection angle

being determined from the difference between the two.




Types of Horizontal Curvs
Two Types for Horizontal Curvs

1.circular curve
2.spiral curve.

Spiral

Torngent

Chroular curyve

/\/ e
Mo

Tongert




The Ninth to fifteenth week

Horizontal curves

Types of Horizontal curves:

Curves may be simple compound, reverse, or spiral. Compound and
reveres curves are treated a combination of two or more simple curves, where are
the spiral curve is based avarying radius.

Curves of short radius (usually less than one tape length) can be
established by holding one end of the tape at the ceutre of the circle and swinging
the tape in an are, marking as many points as many be desired. As the radius and
length of curve increases, the tape becomes impractical and the surveyer must
us¢ other methods. The common method is to measure angles and strigh-line

sight distance by which selected points, know as stations, may be located on the

circumference of the are.

The four types of curves are described briefly as

e Simple curve: is an acre of a circle — most often used.

o Compound curve: Frequently the terrain will mecessitate the used of

compound curve.

# Reverse curve: A reverse curve consists




» Reverse curve: A reverse curve consists of two simple curves jointed
together, but curving in opposited dircctions. For safety reason this curve
is seldom used in highway construction as it would tend to send an
outomobile ofT the road.

o Spiral curve: The spiral is a curve which has a varing radios. It is used on
railroads and some modern highway. Its purpose is to prbvidc a transition

from the tangent to asimple curve or between simple curves in a compound

curve:

Element of a simple curve

P.] — Pointof inter section

! or A — Theint ersecting angle. and or central angle

R —> radins

P.C — Point of curvature

P.T — Pointof t argency

L — lengthof the curve

T — Tangent dis tan ce

C — Thelongcovd

E — Externaldistance (from P.I tothe midpointof the curve




QP 5.1 Compute the elements and stations for the following simple horizontal
curve,
(A)  L=215m A =46°18' at.of PC =15+25.

solution:

1- Draw sketch S 2.5

2- Compute station of P.T

st. PT =st. PC+ L=1525+215=1740m
=17+40

3-T = Rtan4 ; Two unknow T & R

[ =TCRA ;
180 ?

R = 266.06m
T = 266.06 *an = =113.759m

TTR46°I8’
215=T¢EE

4-

St.of P1=St.of PC+T
=1525+113.759 =1632.759 m
=16+38.759

N
C =2Rsin4=2*266.06" sin 23°.15'
=209.195m = 209.2m
G
E=R(=;~1) = 266.06(—L—~1)

c0523°15° &
=233m

o

M =R(1-cos?) = 266.06(1 —cos 23.15%)
=21.424m




8- Draw The sketch with the computed data

9- Great a table

table of clements

Stations or clement  Value in (m) or st [

1- B.C
2- P.I
3- E.T
4- T
5- C
f- L
7- R
8- E
9- M

15+25
16438.759
17+40
113.759
209.200
215
266.06
23.30
21.40

B— T;I4lm D=4025

stof PT=26+11




solution: 1- Draw sketeh A
2- Compute the element

R=11 = A= 129.730m Clz

D 49

JAN g it pa 20 M i

%
T=Rtand ; tand=L ¢ tan 4 = i =1.08682

A=2tan"'1.08682=94" 45" 54" « I"

3 AR ey il ja SO0 Mo 0 Mle

4. C=2Rsind = 2*129.736 sin=-5— = 190.943m

~ TR Bf‘ll*’ PRISDN R b ‘i’ ., |
5- L=lg\= 5 =214.678m

6 E=R(ZLr—1)=129.739 sk —1) = 61.869m

7o M=R(1-cosd) =129.736 (1 - cos ™5>)=41.892m
8- Stof PC-Stof PT-1=2611-214.578=2396422

9. St.of P =St.of PC+T=2396422+141= 3537422

PJ' ¥ -2_5’_,.37. UTL
1 g

s

Can” ys 54

P.C
234+96.422

PT
2641|




[

EX
C=236m R=185m Stof P.1=18+72

Solution: Draw sketch

O =52=3 § 50"

ll‘

i

L
'

Compute elements
C=2Rsin3

A—_—_-_.
Sll'l 2R 2°185

A=2sin"'0.6378=79° 15' 42"

2
]

4. T=Ruani=185tan "5 =153.213m

5. L— n":;ﬂvn'JS'::; 15" 42° o 255 9-’4’"

6 E=R(L=1)=185(_svs ~1)=55206m

7. M=R(|-cos-‘;-)=(l-cos"';“)=42.5l8m
8 Stof PC=1872-153213=1718.787 m
9.  St.of PT=1718.787+255.924=1974.711 m

Compute the stations of the sompound curves




o T
A)  PI=56+2]) R\=462m Ry=318m
Sketch the curve A, =517 20 Ay =31° 30
/&
J/‘\/
Pt

Compute the elements stat of curve -

- 7, =R, tan 3:=452 1an £2222.015m :

S L = TR o TN 413 922 m

- T) =R, tan 3 = 318 tan 22 = 89.685m

i Lz - "’l(s;(‘:z = ”'3“:;;1' 30 =] 74.830”1

(Ll ) ¢3) (Clia)l g8 i._ss_).llde;;:..llqj,_l.j\ clas)
In Triangle shown (show the triangle using sine law)
o _ b _ 20015489688
sin3130 " sin 81 J0 sn97° 10
2T
o= 16 15 m
=] -
T+, 3l30
- 3 Fm I
a=164.15m
ik, il




[

b= 24520m
Ta=T1+a = 222015+ 164, 150-386.165m

St.of P.C = 5621-386.165 =3234.835 >52+34.835
St of P.C.C = PC+L,
= 3234.835+413.922
= 3658.757 =J36+38.757

SLof P.T=P.CC L,

= 3658.757 +174.830

= 5833.587

=38 + 33.587

EX:
Compute the stations of the following reverse curve

Compute the stations of the following reverse curve
St. of PRC = 58+60
R = 200m A=25 32

R; = 350m 4,=35" 4




: Y
Solution

7=200tan 12° 46 =45.32

L]= N*200* 23 5]33=89l12

180

T, =380tn1T" 50'=1126m

Lz_"'”:,;fw =2179m

St of P.C = PRC - Ly = 3860 - 89.12 = 3770.88 = j7+70.88
StofPly=PC+T,= 577088 + 45.32 = 2816.2= 38+ 16.2
St of Ply= PRC + Ty= 3860 + 112.6 = 59+72.60
St of PT=PRC + L, =5860 + 217.9= 60 +77.9
oinal giniall g Ly )
A o e iy Jla e 3 -
s 1S gl o il Y

Methods of setting out the horizontal curve

|- method using offsets from the long chord

2« method using offset on the tangent .
3+ method using of deflection angle.

4. Setting out from point of intersection.




{ Using offset from long chord

Derve the formula

y=AR - J - R’-(%)’

AB=AO"'OB

= AO- O - U

= _:2__'.
R2 W&(ﬂ

Draw CE parallel to TU

Y=EB=EB=FO0-BO

EQ=COPCE* EO=vR-X'

—

—
i ;Rz“‘X‘- R.__-_}a




Derive Data for setting out the curb line shown the former shape , 1 the

radius be 12 mand TOU =90" offset , are required at 2m intervals .

TU? =TO? +OU* =12 +127 =288
Theretore TU =C = 1697 m

[A‘ 7(~_\
R =() =849 n
(2 1

\

Point T & U would be located be measuring [T( =[U) from the intersection
point (P.V.I)




2 — Tangent — offsets method:

\

;
Depends one the formula ¥ =2 | 1-
|

)
g3

R =y- R - X
-}, =R_ 'IRI_./Y:

R
X .2
=Ry1- . fI-(—=
y =R| @)

Point X y aR{1- {l--(‘)’ !
LU )Y 3 V R }

| X1 YI

2 X3 Y2

3 X1 Y\




setting out a horizontal circular curve with A=43" -24, D= 430 st. of P. |

=38 + 20ssss; using 4 different method
(1) Tangential angle method  (2) offset on tangent  (3) off-set on long

chord (4) off-set from point of intersection

solution : compute the curve elements

S
_3B_38 12793 m
A 45
T=R tan ‘3:12733 (an‘f?j-ﬁ)b?m

7 *127.33 * 434
[ =108 e w06 A
180 180




\ A
C=2Rsin = 2%12753%n21 42=9416m

-~

= 9416
CRR= ——=4708 m

. |
E=R(——-1=12133 (- -)=971 m

{ ros 21 42
cos cos2]

M=R (1-Cos %) = 127.33 (1-cos21 42) = 9.02 m

Stof P.c =stof P.I-T=3820-5067=376933m
37+69.33m
sLofPl=st of P.C+L =(37+6933)+ (96.54) = 38 +65.78

setting oul:

1) using deflection angle method:

- depending on the L = 96.46 m and the interval =20 m, st. of P.¢ = 37 +69 .33
the staking out will be:

37+ 6933 NURETS The st. of P.C

37+80 - — 1 st
38 +00 — 2nd
38+20 — 3rd
38 +40 — 4 th
38 + 60 — Sth

38 + 65.57 — 6thst of P.T




P.C37+69.33

37+ 80
38 +00
38+20
38+ 40

38 + 60

P. T 38+ 6557

0.0
10.67
20
20
20
20

5.78

000
224
430
430
430
4 30

118

0.00
224
6 54
1124
15 54
2024

21 42

C=2R sin

0.00

10.66
29.00
50.34
68.23
88.77

94.16=C




1) Tangent off- set Method:

20

30

40

50

Y
0.39

1.58
3.58
6.45

10.23

1"=*"-’{'—J 1-G)




3) off-set on long chord:

Point xm Y
1 10 8.63

2 20 7.44

il D i | i
) RHI (R) \fl (R).]
4) from point of intersection

L B _wwn
5 5

C=21‘?sinor=2"'l2'}s'u10'—:i58

C=1927
Point [ ahc
I 8.68 239
2 17.36 24 35
3 26.04 112 01
4 34.72 133 57
a=t1an-1 (——/—)
5 43.40 136 36 an —sind

A
9,:; O daa ¢ A 5 il 1@\".\9




Setting Out

There are several methods available for establishing the location of points along
the centre line of the engineering curve. Some of these are rarely used these
days, the system is generally dominated by the use of coordinates as the method
of computation, so the use of radiations from control points is common. In any
case, all pegs and marks placed must be checked, and the preferred method for
that is to use a different method to check from that used to peg.

Setting Out - Offsets From The Tangent

When the tangent points have been located, the curve may be set out by means of offsets
from the tangents. Consider the circular arc illustrated below with centre O and one of the
tangent points, T. Itis necessary to calculate the length of the offset BA(c) at distance TB(q)
along the tangent. Let radius of arc be R.

B ¢ A Applying Pythagoras Theorem to
triangle OAC, we have:

0A?= OC? + AC? = (TO - TCJ? + AC?

or

0A?= (TO - BAJ + TB?

Substituting for x, y, and R in this equation:
RP=(R-x)+y°

or




Setting out - Deflection Angles

The use of deflection angles (the angle deflected by a chord) is considerable more rigourous
than either of the two previous methods. The method also follows the centreline of the curve,
unlike the previous two which require access to the chord and centreline.

The method is based on the following geometry:

It will be remembered that the angle subtended at the circumference by a chord is one half of

the angle subtended at the centre (in this case ¢ and 6). The first angle through which the
chord being used for pegging is deflected is therefore half the angle subtended by that chord
at the centre. The next angle through which the next chord is deflected is the equal to twice
this value that is the same as the angle subtended at the centre. A typical application of the

method is as follows:

i.  Setthe instrument upaat the tangent point, sight along the tangent and turn off the first

deflection angle ¢ ( =2).
li. fix one end of tape at A, measure off 'c' metres, and swing tape until it aligns with the

line of sight. Put in peg B.

ji.  Turn theodolite a further 6°. Fix one end of tape at B, measure off 'c' meters, and
swing tape until that point on the tape crosses the line of sight. Put in peg C.

iv.  Repeat step (iii) until you peg the curve. If the line of sight becomes obstructed, then
simply set up on any peg on the curve, sight back along the chord to the previous peg
and continue to establish the deflection angles.




Construction Surveys

INTRODUCTION

Construction is one of the largest mdustries in the United States, and thus surveying, as the basis
for it, 1s extremely mmportant. It is estimated that 60 %6 of all howrs spent i suwrveying are on
location-type work, giving line and grade. Nevertheless, msufficient attention 1s frequently given to
this type of survey.

An accurate topographic survey and site map are the first requirement! signing streets, sewer and
water lines, and structures. Surveyors then lay o position these facilities according to the design
plan. A final "as-built" map mcorporating any modifications made to the design plans, is prepared
during after construction, and filed. Such maps are extremely miportant, especially underground
utilities are involved, to assure that they can be located qui trouble develops, and that they will not
be disturbed by later improvemen’

Construction surveying involves establishing both /ine and grade by of stakes and reference
limes which are placed on the construction site. These the contractor so that proposed facilities are
constructed according to a placement of the stakes 1s most often done by making the fuindamental
measuring of horizontal distances, horizontal and vertical angles, and differences i ele using the basic
equipment and methods described in earlier chapters of the Howewver, the global positioning system
(GPS) is also being used with in a frequency for construction swveys (see Section 23-10). Other
specialized equipment, mcluding laser alignment devices and reflectorless electrome distant
swveying equipment, (see Section 23-2) have also been developed which greatly facilitates
construction surveying.

All surveyors, engmeers, and architects who may be mvolved with pb designing and building
constructed facilities should be familiar with the mental procedures mvolved m construction
surveying. This chapter describes procedures i applicable for some of the more commeon types of
construction projects. ters 2425, and 26 cover the subyects of honzontal curves, vertical curves. and
computations, respectively. These topics are all pertinent to construction evs. particularly those for
transportation routes Construction surveying 1s perhaps best learned on the job. and consists in
ting fundamental principles to the undertalung at hand. Since each project F mvelve umque
conditions, and present individual problems, coverage in this t 15 linuted to a discussion of the
fundamentals.

|23-2 SPECIALIZED EQUIPMENT FOR CONSTRUCTION SURVEYS

looted above, the placement of stakes for line and grade to gwde construction ns accomplished
using the survevor's standard equipment— . tapes. total station mstruments and GPS recervers.
Recent advances m mod-: technology, however, have produced some additional new instruments
that : improved, sumplified. and greatly increased the speed with which certain types “construction
surveying can be accomplished. Visible laser-beam alignment in-aents and pulsed laser EDM




mstruments (total stations equipped with re-torless electromic distance measuring devices) are
among the new innovations. ; are described briefly in the subsections that follow.

-2.1 Visible Laser Beam Instruments:

Fundamental purpose of laser mstruments 15 to create a visible line of known enation or a plane of
known elevation, from which measurements for line and 1¢ can be made. Two general types of
lasers are described here: Single-beam lasers, as shown m Figures 23-1 and 23-2. project wvisible
refer-; lines ("string lines” or "plumb lines") that are utilized m hinear and vertical alignment
applcations such as tumelme, sewer pipe placement, and 1 struction The mstrument shown m Figure
23-1 15 a smele-beam type 1 been combmed with a fotal station mstrument. This combmation pr
bilifies that are convement for a variety of construction layout applic laser beam 1s projected
collmear with the mstrument's line of sight, a fe facilitates ahgnmg it m prescribed horizontal
alionments and/or along | grade lines. The mstrument can be used to project strng lmes for dist
about 1000 m With the zenuth angle set to etther 90° or 270°, 1f the total < strument 15 rotated about 1ts
vertical axus, the laser will generate a horizomu| Also if 1f 15 turned about its horizontal axis, the
laser will define a vertical The mstrument shown m Figure 23-2 projects a visible laser beam a < of 5
m below and 100 m above the mstrument along the phumb hine These 1 ments are useful for
alionment of objects m vertical structures. A smular ty) smgle-beam laser projects a visible laser-
beam at a selected grade—a device I 15 especially useful m alignmo pipelmes Rorating-beam lasers
are merely smele-beam lasers with spmmmg optics 1 rotate the beam m azmmith, thereby creating
planes of reference. They expedite 1 placement of grade stakes over large areas such as amrports,
parking lots, and« dmvisions, and are also useful for topographic appmg Figure 23-3 shows a
rotating-beam type laser. It projects a beam up to 350i wiule rotating at 600 rpm. The laser signal
can be picked up by one or more 1 cervers attached fo grade rods or staffs. The mstrument 15 self-
leveling and quicfehrl set up. If somehow bumped out of level the laser beam shuts off and does
not come back on unfil 1t 1s releveled. It can be operated with the laser plane onented horizontally
for setting footmes, floors, etc., or the beam can be turned 90° and used vertically for plumbing
walls or colunms. Because laser beams are not readily wisible to the naked eye m bright sunli,
special detectors attached to a hand-held rod are often used. To lay out hor-ital planes with erther

of these devices, the hetoht of the mstrument above 1 AT must be established. Then the heeht
on a graduated rod that a refer-- mark or detector rmst be sef 15 the difference between the A7 and
the plane's auired elevafion




STAKING OUT A PIPELINE 1cs are used to carry water for human consumption. storm water,
sewage_ oil, I gas, and other flmds. Pipes which carry storm runoff are called storm sew-: those which
transport sewage, sanitary sewers. Flow m these two types of sew-= 15 usually by gravity, and therefore
therr alignments and grades nmst be care-lv set. Flow m pipes carrying city water, oil, and natural gas
1s generally under sure. so usually they need not be ahgned to as high an order of accuracy. In
pipeline construction. trenches are usually opened along the required lent to the prescribed depth
(shghtly below if pipe bedding 15 required). the : 1s mstalled according to plan. and the trench
backdilled. Pipeline grades are [ by a vanety of existing conditions, topography being a critical one. A
profile : that of Figure 3-12 15 usually vsed to analyze the topography and assist i de-1g the grade line
for each pipe segment. To muntmze construction difficulties - costs, excavation depths are mumnuzed.
but at the same tume a certamn num-hum cover over the pipeline must be mamtained to protect 1t
from damage by heavy loading from above and to prevent freezing in cold climates. Mmnmmum f
shades also become an mportant design factor for prpes under gravity flow. Ac-1 accordingly, a grade
of at least 0.5 percent 1s recommended for storm sewers. but shghtly ligher grades are needed for
samtary sewers. In designing pipe grade lines, other existmg underground elements often nmst be
avorded, and due regard mwst also be given to the grades of connecting lines and the vertical clearances
needed to construct manholes, catch basins. and outfalls.

Prior to staking a pipeline, the surveyor and contra tails of he project. An understanding
must be reached trench width where the installation equipment wall be pla the excavated

material will be stockpiled. Then a reference < appropriately established that wall (1) meet

the contractor’s 1 destruction, and (3) not mterfere with operations.

The alignment and grade for the pipeline are taken ; set reference lme parallel to the required
cenferline 15 estab or 50-ft stations when the ground 15 reasonably umform. fogether on
horizontal and vertical curves than on straight: large diameter, stakes may be placed for each
pipe lenoth—say.1 surfaces where stakes cannot be driven, pomnts are marked by) scratch
marks.

Precise alignment and erade for pipe placement are ewded! boards or laser beams. Fieure 23-5
shows one arangement of a I sewer lme. It 1s constructed isme 1 X4 m 1X6 m o or2X4m!2x4
mn. posts which have been pomted and driven mto the gre of the french Depmdmg upon conditions,
these may be placed at.' other convement distance along the sewer Ime. The top of the 1 erally placed a
full number of feef above the zrvert (flow line or [ face) of the pipe. Nails are driven mfo the board
tops so a string« between them will define the pipe centerline. A graduated pole -often called a
story pole, 15 used to measure the required distance: to the pipe mvert. Thus, the strng gives both lne
and grade. It can bel hangmo a weight on each end after wrappmg 1t around the nads.




STAKING PIPELINE GRADESI

pipelme grades 15 essentially the reverse of muonimg profiles, although m ations the centerlne nmst

first be marked and stationed i horzontal lo-the actual profiling and stalang are on an offiet kne.

formation comveyed to the confractor on stakes for layng pipelines wsu-sts of two parts: (1) gving
the depth of cut (or fill), nomoally cnly to the 10.1 £, to enable a roush trench to be excavated and

(2) providng precise - mformation. penerally "to the nearest .01 £ to gwde m the actual place-lof

the pipe mvert at its planned elevation. Cut (or £ll) values for the first : vertical distances from

ground elevation at the offtet stakes to the pipe mter the pipe's grade line has been computed and the

Set up the level and get an AT by reading a phos sight on a BS HI= 211 + 100.65 = 102.76 (see Plate

B-6 and Fimure 23-" Obtam the elevation at each station from a rod readme at every stake (cohmm

4) — for example. 4.07 at station I - 1 B-6 and Fimre 13-6) — and subtract 1t from the //{cohmm 31

102.76 - 4.07=98.69 at station 1 + 00.

3. Subtract the pipe elevation from the round elevation to get < (-) (colunm 7); for exanmple. 98.69
-03.34=C3.33 (see Prae] ure 23-6).

6. Mark the cut or fill (wsing a permanent markmg felt pen or 1 set stake facing the centerlne: the
stafion mumber 15 wntten = sdeIn another vanation, wiich produces the same results, grade |
between HT and pipe mvert) 15 conputed, and erownd rod (readme 1 at stake) 15 subtracted from
it to get cuf or fill. For station 1+ 00.1102.76- 9334 =742, and 742 - 4.07=C 3.35 After the
trench has been excavated based on cufs and fills 1 stakes, batter boards are set Marks needed to
place them can be made 1 cl or felt pen on the offset stakes dunng the same leveling operation 1
tam cut and fill mformaton Figre 23-6 also thstrates the process.” af stanon 1 + 00, the batier
board will be set 50 1ts top 15 exactly 3.00 ft 1 pipe mvert. The rod reading necessary to set the
batter board 15 obt radmg the pipe mvert elevation phus 3.00 £ from the HT- ths 102.76 — = 5.00)
=141 & (see Fagure 23-6). The rod 15 held at the stake and adjt fical posthion by commands
from the leve] operator until & rod readme! 15 obtamed: then a mark 15 made at the rod's base on
the stake. (To fa process, a rod target or a colored rubber band can be placed on the rod i quired
readmg ) The board 15 then fastened fo the sfake with its top at 1 usme natls or C clanmps, and a
carpenter s level 15 used to ahem 1t honzont the trench A nail markme the pipe centerlme 15 set by
measirmg the * set distance along the boardIf a laser 55 to be employed this same levelmg
procedure can be usedl tablsh the elevation of the laser beam at some deswed verfical offset dist
the pipe's m vert. The procedure 15 used to establish the height of the laser 1 ment. nd also to set
another 1dentical offset elevation at a station forward® Then the laser beam 15 amed af that tareet
to establish the required grade |




+23-6 STAKING OUT A BUILDING

The first task i staking out a building 15 to locate 1t properly on the comrect 1 making measurements
from the property lines. Most cities have an ordina tablishing setback lines from the street and
between houses to mmprove app and provide fire protection Stakes may be set mtally at the exact
bulding comers as a visual check® the positioning of the structure, but obviously such ponts are
lost immed when excavation 1s begun on the footings. A set of batter boards and refer

String line




Figure 23-7

Batter boards for building layout., placed as shown m Figure 23-7, 15 therefore erected near each corner,

but I of the way of construction. The boards are nailed a full number of fest above t footing base, or at
first-floor elevation. (The procedure of setting boards at a ed elevation was described m the
preceding section.) Nails are driven info shatter board tops so that strings strefched tightly between
them defme the out-: wall or form lne of the buldmg. The layout 1s checked by measurme diago-

wand comparine them with each other (for symmetric layouts) or to ther com-1 values. Fioure 23-8
lstrates the placement on a lot and stakme of a shehtly - complicated buldine The followine are
recommended steps m the procedure:

1. Set hubs 4 and B 5.00 ft mside the east lot line, with hub .4 20.00 ft from the
south lot Ime and hub B 70.00 ft from 4. Mark the pomts precisely with nails,
2. Set a total station mstrument over hub 4, backsight on hub B, and turn a
clockwise angle of 270° to set batter board nails 1 and 2 and stakes C'and D.
3. Set the mstrument over hub B, backsight on hub 4, and tum a 90° angle. Set
batter board nails 3 and 4 and stakes E and F.
4. Measure diagonals CF and DE and adjust 1f the error 15 small or restake if
large.
5. Set the mstrument over C backsight on E, and set batter-board nail 5. Plunge
the mstrument and set nail 6.
6. Set the mstrument over D, backsight on F, and set nail 7. Plunge and sef nail
8.
7. Set batter board nails 9,10,11,12,13, and 14 by measurements from estab-
lished points.
8. Strefch the string lines to create the building's outline, and check all diago-
mals.

As an alternative to this building stakeout procedure, radial 1 seribed m Section 9-9) can be used.
Tlus can substantially reduce the 1 strument sefups and stakeout time required. In the radial method. (
all buldmg comers are compufed m the same coordmate system as the 1 Then the fofal stafion
mstrument 15 set on any convenient confrol | enfed m azmmuth by sighting another mtervisible
confrol pomt. Angles ¢ tances, computed from coordmates, are then lud off to mark each bu The
layout 15 checked by measurmg the distances befween adjacent § also the diagonals. (An example
tlustrating radial stakeout of a circular 1 given m Section 24-11 ) After constructing the batter boards
and sefting 1 pieces at the desired elevations, the alionment nails on the batter boards ( by pulling taut
string lmes across established comers. In Figure 23-8, for < with corners D and F marked, a line
stretched across these two pomfs 1 placing nails 7 and 8 on the boards. With the strmgs m place
after setting I board nails, diaponals between corners should again be checked.

Another method of laymg out butldmngs, 1 to stake two pomfs on the | mg, occupy one of them with
the total station mstrument, take a backsight < other, and stake all (or many) of the remaming points
from that setup using ] calculated angles and distances. In some cases, advantage can be taken of 1
mefrical layoufs to save considerable time Fipure 23-9 shows an umusual mefrical buildng shape
which was laid out rapidly using onby two sefups (at | A and O). With this choice of stations, half the
corners could be set from « setup, and the same calculated angles and distances could be used (see
the -
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sructures, such as reaining wals, offset s are necessary” becase 1 face is obstructed. Posiions of
such things as mtertor footings.; columns, and special piping or equipment can first be marked by 23
with tacks. Survey disks, scratches on bolfs or conerete surfaces. 3 also be used. Batter boards sef mside
the bulding dmensions for < have to be removed as later construction develops.

On nmltistory butldngs, care 15 required to ensure vertical, construction of walls, colums,

elevator shafts, structural steel, efc.! checkmo phmbness of constructed members & fo
carefially aim a * of sight on a reference mark at the base of the member. The line * raised to

ifs top. For an mstrument that has been carefully leveled! proper adpustment, the Ime of

sioht will define a verfical plane as 1 should not be assumed that the mstrument 5 m good
adustment. 1 lme should be rased m both the direct and reversed posttions. It a check
plimbness i two perpendicular directions when usme this | swde, construction of vertical
members m real-ime, two mstr up with thetr Imes of sight orented perpendicular to each

other.: monttored as construction propresses. Altenatively, lasers can be : and monitor

vertical construction.

If the surveyor does not pive sufficient forethought to the bask  required, the best method fo
establish them, and the most efficient; staking ouf a buildme, the job can be a tme-consumng
and difficuy1 | mumber of mstrument sefups should be mintmized fo conserve time | tions made
m the office if possible, rather than m the field while a : wais.
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