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C
h

ain
 Su

rveyin
g

C
h

ain
 su

rveyin
g

 o
r trian

g
u

latio
n

 is a m
eth

o
d

 o
f lan

d
 su

rveyin
g

. 
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3 

In
 ch

ain
 su

rveyin
g

, o
n

ly lin
ear d

istan
ces are m

easu
red

, i.e. n
o

 
an

g
u

lar m
easu

rem
en

ts   m
ad

e. 

A
n

g
les less th

an
 30

ᵒ o
r larger th

an
 12

0
ᵒ   alw

ays b
e avo

id
ed

. A
n

g
les 

can
 b

e calcu
lated

 u
sin

g
: 

C
o

sin
e law

: 

S
in

e law
: 
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C
h

a
in

 su
rve

y
in

g
 is a

p
p

lica
b

le
 if: 

i.
A

rea to
 b

e su
rveyed

 is relatively sm
all.

ii.
G

 l.

iii.
A

rea is o
p

en
.

iv.
D

etails t o
 b

e filled
 u

p
 are sim

p
le an

d
 less. 

O
b

sta
cle

s in
 C

h
a

in
in

g
: 

i.
O

b
stacle  to

 ran
g

in
g.

ii.
O

b
stacle to

 ch
ain

in
g.

iii.
O

b
stacle to

 b
o

th
 ran

g
in

g
 an

d
 ch

ain
in

g.
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i.
O

b
sta

cle
 to

 ra
n

g
in

g
:

C
h

ain
in

g
 free; visio

n
 o

b
stru

cted
 su

ch
 as trees an

d
 b

u
sh

es.

ii.  

C
h

ain
in

g
 o

b
stru

cted
; visio

n
 free su

ch
 as p

o
n

d
s an

d
 lak

es. 

a)
S

et C
D

 an
d

 B
E

 p
erp

en
d

icu
lar to

 A
B

 so
 th

at C
D

 =
 B

E
.

b
)

S
et C

D
 p

erp
en

d
icu

lar to
 A

B
. M

easu
re C

D
 an

d
 D

B
. T

h
en
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iii.
O

b
sta

cle
 to

 b
o

th
 ra

n
g

in
g

 a
n

d
 ch

a
in

in
g

:

C
h

ain
in

g
 

o
b

stru
cted

; 
visio

n
 

o
b

stru
cted

. 
B

u
ild

in
g

 
is 

a 
typ

ical 
o

b
stacle o

f th
is typ

e. 

a)
S

et A
C

 an
d

 B
D

 p
erp

en
d

icu
lar to

 A
B

 so
 th

at A
C

 =
 B

D
. E

xten
d 

lin
e  =

 B
G

.

b)
S

et B
C

 ⊥
 

to 
AB

. S
elect D

 o
n

 
exten

d
ed

 
lin

e 
o

f 
AC

. S
et 

p
erp

en
d

icu
lar D

H
 so

 th
at AD

 =
 D

H
. S

elect p
o

in
t E

 o
n

 D
H

 so 
th

at D
E

 =
 D

C
. T

h
en

 E
G

 =
 B

C
 an

d
 H

G
 =

 A
B

. G
H

 is co
n

tin
u

atio
n 

o
f A

B
 an

d
 B

G
 =

 C
E

. 
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2 

Le
ve

ls an
d

 Le
ve

lin
g

    L
evelin

g
 is th

e m
o

st w
id

ely u
sed

 m
eth

o
d

 fo
r o

b
tain

in
g

 th
e 

elevatio
n

s o
f g

ro
u

n
d

 p
o

in
ts relative t o

 a referen
ce d

atu
m

. 

D
a

tu
m

: 
is 

an
y 

referen
ce 

su
rface 

to
 

w
h

ich
 

th
e 

elevatio
n

s 
o

f 
p

o
in

ts are referred
. T

h
e m

o
st co

m
m

o
n

ly u
sed

 d
atu

m
 is m

ean
 sea 

level (M
S

L
). 

M
e

a
n

 S
e

a
 L

e
v

e
l (M

S
L

): is th
e averag

e h
eig

h
t o

f th
e sea fo

r 
all stag 

  
 

 
 

 
L

evelin
g

 
in

vo
lves 

th
e 

m
easu

rem
en

t 
o

f 
vertical 

d
istan

ce relative 
to

 
a 

h
o

rizo
n

tal 
lin

e 
o

f 
sig

h
t. 

H
en

ce 
it 

req
u

ires 
a g

rad
u

ated
 staff fo

r th
e vertical m

easu
rem

en
ts an

d
 an

 
in

stru
m

en
t th

at w
ill p

ro
vid

e a h
o

rizo
n

tal lin
e o

f sig
h

t. 
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P
rin

cip
le

s o
f L

e
ve

lin
g
 

L
e

ve
l 

L
in

e
 

o
r 

L
e

ve
l 

S
u

rfa
ce

: 
is 

o
n

e 
w

h
ich

 
at 

all 
p

o
in

ts 
is 

n
o

rm
al to

 th
e d

irectio
n

 o
f th

e fo
rce o

f g
ravity as d

efin
ed

 b
y a 

freely su
sp

en
d

ed
 p

lu
m

b
-b

o
b

. 

V
e

rtica
l L

in
e

: A
 vertical lin

e at a p
o

in
t is th

e lin
e co

n
n

ectin
g

 
th

e p
o n

d
 B

 is th
e d

istan
ce A

’B
, 

p
ro

vid
ed

 th
at th

e n
o

n
- 

p
arallelism

 o
f level su

rfaces
is ig

n
o

red
. 

H
o

riz
o

n
ta

l L
in

e
 o

r S
u

rfa
ce

: 
is o

n
e th

at is n
o

rm
al to

 th
e

d
irectio

n
 o

f th
e fo

rce o
f

g
ravity at a p

articu
lar p

o
in

t
sh

o
w

s a h
o

rizo
n

tal lin
e th

ro
u

gh
p

o
in

t C
.
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M
E

T
H

O
D

S
 O

F
 L

E
V

E
L

IN
G

 

1.
H

y
d

ro
sta

tic L
e

v
e

lin
g

:
It is su

itab
le fo

r m
easu

rem
en

ts in
 b

u
ild

in
g

s. T
h

e h
yd

ro
static 

levelin
g

 w
o

rk
s o

n
 th

e p
rin

cip
le o

f co
m

m
u

n
icatin

g
 vessels: are 

asso
ciated 

2.
D

ire
ct L

e
v

e
lin

g
:

In
 th

is m
eth

o
d

, h
o

rizo
n

tal sig
h

t is tak
en

 o
n

 a g
rad

u
ated

 staff 
an

d
 th

e d
ifferen

ce in
 elevatio

n
 b

etw
een

 lin
e o

f sig
h

t an
d

 g
ro

u
n

d 
at w

h
ich

 staff is h
eld

 can
 b

e calcu
lated

.

3.
In

d
ire

ct L
e

v
e

lin
g

:
in

stru
m

en
ts su

ch
 as th

eo
d

o
lite an

d
 to

tal statio
n

 are u
sed

 to 
m

easu
re th

e vertical an
g

les. T
h

en
 u

sin
g

 trig
o

n
o

m
etric relatio

n
s 

to
 

calcu
late 

d
ifferen

ce 
sin

 
elevatio

n
, 

th
u

s, 
it 

is 
called 

trig
o

n
o

m
etric levelin

g
. 
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5 

T
E

R
M

S
 U

S
E

D
 IN

 D
IR

E
C

T
 M

E
T

H
O

D
 O

F
 L

E
V

E
L

L
IN

G
 

B
a

ck
 S

ig
h

t (B
S

): It is th
e sig

h
t tak

en
 o

n
 a level staff h

eld
 o

n
 th

e 
p

o
in

t o
f k

n
o

w
n

 elevatio
n

. It is alw
ays th

e first read
in

g
 after th

e 
in

stru
m

en
t is set in

 a p
lace. 

F
o

re
 

S
ig

h
t 

(F
S

): 
T

h
is 

is 
th

e 
last 

read
in

g
 

tak
en

 
fro

m
 

th
e
 

in
stru

m
en

t statio
n

 b
efo

re sh
iftin

g
 it o

r ju
st b

efo
re en

d
in

g
 th

e 
w

o
rk

. 

In
te

rm
e

d
ia

te
 S

ig
h

t (IS
): it is an

y o
th

er staff read
in

g
 tak

en
 fro

m
 

th
e settin

g
 o

f th
e level b

etw
een

 th
e b

ack
 sig

h
t an

d
 fo

re sig
h

t.  

B
e

n
ch

m
a

rk
: A

 fixed
 referen

ce p
o

in
t o

r o
b

ject, th
e elevatio

n
 o

f 
w

h
ich

 is k
n

o
w

n
.

S
ta

tio
n

: th
e p

o
in

t w
h

o
se elevatio

n
 is to

 b
e fo

u
n

d
 o

u
t. It is th

e 
p

lace w
h

ere th
e staff is h

eld
 in

 p
o

sitio
n

. T
h

e p
o

in
t at w

h
ich

 th
e 

level is set u
p

 is n
o

t a statio
n

. 
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H
e

ig
h

t 
o

f 
In

stru
m

e
n

t(H
.I. tru

m
en

t 
is 

set 
at 

an
o

th
er 

p
o

in
t 

an
d

 b
ack

 sig
h

t is tak
en

 o
n

 th
e staff h

eld
 at th

e sam
e p

o
in

t. 
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7 

M
e

th
o

d
s o

f C
o

m
p

u
ta

tio
n

 

1.
H

e
ig

h
t o

f In
stru

m
e

n
t:

H
I =

 E
lev. o

f B
M

 +
 B

S
 read

in
g

 

E
lev. o

f statio
n

 =
 H

I – (F
S

 o
r IS

) read
in

g
 

2.
R

ise
 a

n
d

 F
a

ll:
∆

𝐻
=

𝐵
𝑆

 −
𝐹

𝑆
 𝑜

𝑟 𝐼𝑆

If ∆
𝐻

 is (+
) th

en
 called

 R
ise (R

) 

If ∆
𝐻

 is (-) th
en

 called
 fall (F

) 

𝐸
𝑙𝑒𝑣

.𝑜
𝑓

 𝑠𝑡𝑎
𝑡𝑖𝑜

𝑛
=

𝐿
𝑎

𝑠𝑡 𝑒𝑙𝑒𝑣
.±

(𝑅
 𝑜

𝑟 𝐹
) 
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E
x

a
m

p
le

 (1) 

F
o

r a g
iven

 fig
u

re b
elo

w
, fin

d
 th

e elevatio
n

 o
f p

o
in

t B
. 

S
o

l: H
eig

h
t o

f In
stru

m
en

t M
eth

o
d

 
R

ise an
d
 F

all M
eth

o
d

 

H
.I =

 elev. (A
) +

 B
S

      =
 7

5
5

.1
1
+

5
.1

  F
S

 

=
 7

6
0
.2

1
 –

 1
.2

3
 =

 7
5
8
.9

8
 m

 

∆
𝐻

 =
 B

S
 –

 F
S

  (A
) +

 R
 

=
 7

5
5
.1

1
 +

 3
.8

7
=

 7
5
8
.9

8
 m

 

15



9 

E
x

a
m

p
le

 (2)  o
th

 h
eig

h
t o

f in
stru

m
en

t an
d

 rise an
d

 fall m
eth

o
d

s 
an

d
 ch

eck
 th

e resu
lts (A

ll d
im

en
sio

n
s are in

 fo
o
t). 
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1.
H

e
ig

h
t o

f In
stru

m
e

n
t M

e
th

o
d

: 

      

∑
B

S
 - ∑

F
S

 =
 L

ast E
lev. –

 F
irst E

lev. =
 -3

3
.7

4
 m

 

2
.

R
ise a

n
d

 F
a
ll M

eth
o
d

: 

     

 

∑
B

S
 - ∑

F
S

 =
 ∑

R
 - ∑

F
 =

 L
ast E

lev. –
 F

irst E
lev. =

 -3
3
.7

4
 m

 

S
tatio

n
 

B
S

 
F

S
 

H
I

 
E

lev
atio

n
 

R
em

ark
s

 

A 
1
.3

3
 

2
0
5
4
.5

1
 

2
0
5

3
.1

8
 

B
M

 

B 
0
.2

2
 

8
.3

7
 

2
0
4
6
.3

6
 

2
0
4

6
.1

4
 

T
P

1
 

C 
0
.9

6
 

7
.9

1
 

2
0
3
9
.4

1
 

2
0
3

8
.4

5
 

T
P

2
 

D 
0
.4

6
 

1
1
.7

2
 

2
0
2
8
.1

5
 

2
0
2

7
.6

9
 

T
P

3
 

E 
8
.7

1
 

2
0
1
9
.4

4
 

B
M

 

S
u
m

 
2
.9

7
 

3
6
.7

1
 

S
tatio

n
 

B
S

 
F

S
 

R 
F 

E
lev

atio
n

 
R

em
ark

s
 

A 
1
.3

3
 

7
.0

4
 

5
0
.7

3
3

 
B

M
 

B 
0
.2

2
 

8
.3

7
 

7
.6

9
 

4
3
.6

9
3

 
T

P
1

 

C 
0
.9

6
 

7
.9

1
 

1
0
.7

6
 

3
6
.0

0
3

 
T

P
2

 

D 
0
.4

6
 

1
1
.7

2
 

8
.2

5
 

2
5
.2

4
3

 
T

P
3

 

8
.7

1
 

0 
1
6
.9

9
3

 
B

M
 

S
u
m

 
2
.9

7
 

3
6
.7

1
 

3
3
.7

4
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1
1

 

E
x

a
m

p
le

 (3) 

In
 a co

n
stru

ctio
n

 o
f h

o
u
sin

g
 co

m
p

lex
 p

ro
ject, th

e fo
llo

w
in

g
 set o

f read
in

g
 

w
as o

b
tain

ed
: 2

.1
5
6

, 1
.9

4
5
, 2

.8
8

7
, 1

.9
8

5
, 0

.7
9

2
, an

d
 2

.7
7

4
. T

h
e first read

in
g

 

w
as tak

en
 o

n
 a b

en
ch

 m
ark

 o
f 5

2
.8

8
9
 m

 elev
atio

n
 an

d
 th

e in
stru

m
en

t w
as 

sh
ifted

 after each
 tw

o
 read

in
g

s, co
m

p
u

te th
e elev

atio
n

 o
f last read

in
g

 w
h
ich

 

is n
earb

y
 th

e p
ro

ject an
d

 fix
ed

 as B
M

 u
sin

g
 b

o
th

 H
I an

d
 R

&
F

 m
eth

o
d
s an

d
 

ch
eck

 th
e resu

lts. 

S
o

lu
tio

n
: D

raw
 th

e sk
etch

 as fo
llo

w
s: 
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1
2

 

1.
H

e
ig

h
t o

f In
stru

m
e

n
t M

e
th

o
d

: 

 

 

    

∑
B

S
 - ∑

F
S

 =
 L

ast E
lev. –

 F
irst E

lev. =
 - 0

.8
6
9

m
 

2
.

R
ise a

n
d

 F
a
ll M

eth
o
d

: 

     

 

∑
B

S
 - ∑

F
S

 =
 ∑

R
 - ∑

F
 =

 L
ast E

lev. –
 F

irst E
lev. =

 - 0
.8

6
9
m

 

S
tatio

n
 

B
S

 
F

S
 

H
I

 
E

lev
atio

n
 

R
em

ark
s

 

A 
2
.1

5
6

 
5
2
.8

8
9

 
5
0
.7

3
3

 
B

M
 

B 
2
.8

8
7

 
1
.9

4
5

 
5
3
.8

3
1

 
5
0
.9

4
4

 
T

P
1

 

C 
0
.7

9
2

 
1
.9

8
5

 
5
2
.6

3
8

 
5
1
.8

4
6

 
T

P
2

 

D 
2
.7

7
4

 
4
9
.8

6
4

 
B

M
 

S
u

m
 

5
.8

3
5

 
6
.7

0
4

 
  

  
  

S
tatio

n
 

B
S

 
F

S
 

R 
F 

E
lev

atio
n

 
R

em
ark

s
 

A 
2
.1

5
6

 
0
.2

1
1

 
5
0
.7

3
3

 
B

M
 

B 
2
.8

8
7

 
1
.9

4
5

 
0
.9

0
2

 
5
0
.9

4
4

 
T

P
1

 

C 
0
.7

9
2

 
1
.9

8
5

 
1
.9

8
2

 
5
1
.8

4
6

 
T

P
2

 

D 
2
.7

7
4

 
4
9
.8

6
4
 

B
M

 

S
u
m

 
5
.8

3
5

 
6
.7

0
4

 
1
.1

1
3

 
1
.9

8
2
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1
3

 

E
x

a
m

p
le

 (4
) 

In
 a co

n
stru

ctio
n

 o
f railw

ay, th
e fo

llo
w

in
g

 set o
f read

in
g

s w
as 

o
b

tain
ed

: 2
.5

, 1
.0

, 1
.5

, 1
.8

, 2
.3

, 2
.9

, 1
.3

, 3
.2

, 2
.8

, 2
.0

, an
d

 1
.5. T

h
e 

in
stru

m
en

t w
as sh

ifted
 after th

e fo
u

rth
 an

d
 seven

th
 read

in
g. T

h
e 

last read
in

g
 w

as tak
en

 o
n

 a B
M

 o
f elevatio

n
 2

5
3
.4

0 m
. F

in
d

 th
e 

elevatio
n

 o
f all p

o
in

ts b
y b

o
th

 h
eig

h
t o

f in
stru

m
en

t an
d

 rise &
 fall 

m
eth

o
d

s. 

S
o

lu
tio

n
: D

raw
 a sk

etch
: 

    ∑
B

S
 - ∑

F
S

 =
 L

ast E
lev. –

 F
irst E

lev. 

8
.0

 –
 4

.6
 =

 2
5
3
.4

 –
 1

st E
lev. 

1
st E

lev. =
 2

5
0
.0

 m
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1
4

 

1. H
e

ig
h

t o
f In

stru
m

e
n

t M
e

th
o

d
: 

             S
o

lu
tio

n
: D

raw
 th

e fig
u
re as fo

llo
w

s: 

S
ta

tio
n

 
B

S
 

IS
 

F
S

 
H

I
 

E
lev

a
tio

n
 

R
em

a
rk

s
 

1 
2
.5

 
  

  
2
5
2

.5
 

2
5
0

.0
 

  

2 
  

1
.0

 
  

  
2
5
1

.5
 

  

3 
  

1
.5

 
  

  
2
5
1

.0
 

  

4 
2
.3

 
  

1
.8

 
2
5
3

.0
 

2
5
0

.7
 

T
.P

1
 

5 
  

2
.9

 
  

  
2
5
0

.1
 

  

6 
3
.2

 
  

1
.3

 
2
5
4

.9
 

2
5
1

.7
 

T
.P

2
 

7 
  

2
.8

 
  

  
2
5
2

.1
 

  

8 
  

2
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2
5
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1
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2
5
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1
5

 

             S
ta

tio
n

 
B

S
 

IS
 

F
S

 
R 

F 
E
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a
tio

n
 

R
em

a
rk

s
 

1 
2

.5
 

  
  

  
  

2
5
0

.0
 

  

2 
  

1
.0

 
  

1
.5

 
  

2
5
1
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1
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0
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2

5
1

.0
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2
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0
.3
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5
0
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T
.P

1
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2
.9

 
  

  
0
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2
5
0
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3

.2
 

  
1
.3

 
1
.6

 
  

2
5
1

.7
 

T
.P

2
 

7 
  

2
.8

 
  

0
.4

 
  

2
5
2

.1
 

  

8 
  

2
.0

 
  

0
.8

 
  

2
5
2

.9
 

  

9 
  

  
1
.5

 
0
.5

 
  

2
5

3
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B

M
 

  

2
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ise a
n

d
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a
ll M
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o
d
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C
o
llim

a
tio

n
 E

rro
r 

S
u

rveyin
g

 eq
u

ip
m

en
t receives co

n
tin

u
o

u
s an

d
 o

ften
 b

ru
tal u

se o
n

 
co

n
stru

ctio
n

 sites. T
h

erefo
re, it sh

o
u

ld
 b

e freq
u

en
tly tested

 an
d

, 
if n

ecessary, ad
ju

sted
. 

C
o

llim
atio

n
 erro

r o
ccu

rs if th
e lin

e o
f sig

h
t is n

o
t tru

ly h
o

rizo
n

tal 
w

h
en

 
th

e 
tu

b
u

lar 
b

u
b

b
le 

is 
cen

tered
, 

i.e. 
th

e 
lin

e 
o

f 
sig

h
t 

is 
in

clin
ed

 u
p

 o
r d

o
w

n
 fro

m
 th

e h
o

rizo
n

tal. 

A
 ch

eck
, k

n
o

w
n

 as tw
o

-p
eg

 test, is u
sed

 to
 fin

d
 th

is erro
r as it w

as 
d

o
n

e in
 S

u
rveyin

g
 L

A
B

- 5. 

F
o
r in

stru
m

en
t set u

p
 m

id
w

ay 
b

etw
een

 tw
o

 p
eg

s A
 an

d
 B

: 

𝑆
′1

=
𝑆

1
−

𝑒
     ;    𝑆

′2
=

𝑆
2

−
𝑒

 

∆
𝐻

=
𝑆

′1
−

𝑆
′2

 

∆
𝐻

=
𝑆

1
−

𝑒
−

(𝑆
2

−
𝑒

) 

∆
𝐻

=
 𝑆

1
−

𝑆
2

 …
…

( 1
) 

1
6
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1
7

 

S
in

ce 
th

e 
in

stru
m

en
t 

is 
at 

th
e 

sam
e 

d
istan

ce 
fro

m
 

b
o

th
 

tw
o

 
p

o
in

ts, erro
r, e, is eq

u
al an

d
 can

cel o
u

t. 

F
o

r in
stru

m
en

t set u
p

 at C
 an

d
 in

 th
e lin

e o
f A

B
: 

∆
𝐻

=
𝑆

′3
−

𝑆
′4

     →
→

→
       𝑆

′3
=

𝑆
3

−
𝑒

1
     ;    𝑆

′4
=

𝑆
4

−
𝑒

2  

∆
𝐻

=
𝑆

3
−

𝑒
1

−
(𝑆

4 −
𝑒

2 )
=

𝑆
3

−
𝑑

 𝑡𝑎
𝑛

𝛼
−

𝑆
4

+
(𝑑

+
𝐿

) 𝑡𝑎
𝑛

𝛼
 

∆
𝐻

=
𝑆

3
−

𝑆
4

+
𝐿

 𝑡𝑎
𝑛

𝛼
…

…
(2

) 

S
u

b
 (1) in

to
 (2): 

𝑆
1

−
𝑆

2
=

𝑆
3

−
𝑆

4
+

𝐿
 𝑡𝑎

𝑛
𝛼

 

(𝑆
1 −

𝑆
2 )

−
(𝑆

3 −
𝑆

4 )
=

𝐿
 𝑡𝑎

𝑛
𝛼

 

𝑡𝑎
𝑛

𝛼
=

(𝑆
1 −

𝑆
2 )

−
(𝑆

3 −
𝑆

4 )

𝐿
 

𝑡𝑎
𝑛

𝛼
=

𝑒
 

e is in
 m

m
/m

 

If )e
( is (+

); lin
e o

f sig
h

t is d
o

w
n

, vise versa. 
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1
8

 

C
u

rv
a
tu

re
 C

o
rrectio

n
 

T
h

e earth
 is b

ein
g

 sp
h

ero
id

. O
b

servatio
n

s can
n

o
t b

e tak
en

 alo
n

g
 

th
is cu

rved
 su

rface. A
 level gen

erates a h
o

rizo
n

tal su
rface. 

T
h

e 
lin

e 
o

f 
sig

h
t is h

o
rizo

n
tal 

lin
e 
(X

B
”) 

an
d

 
level 

su
rface 

is 
d

efin
ed

 as cu
rvatu

re co
rrectio

n
. 

𝑅
+

𝐶
2

=
𝐷

2
+

𝑅
2

                        

𝑅
2

+
2

𝑅
𝐶

+
𝐶

2
=

𝐷
2

+
𝑅

2 

𝐷
2

=
2

𝑅
𝐶

+
𝐶

2 

A
s C

 is very sm
all co

m
p

ared
 w

ith
 R

,  

𝐶
2 m

ay b
e ig

n
o

red
. 

𝐶
=

𝐷
2

2
𝑅

=
𝐷

2

2
∗

6
3

7
0

 𝑘
𝑚

∗
1

0
0

0
 

𝐶
𝑐

𝑢
𝑟

𝑣
. =

0
. 0

7
8

5
 𝐷

2 
w

h
ere; 

𝐶
𝑐

𝑢
𝑟

𝑣
. : 𝑐𝑜

𝑟𝑟𝑒𝑐𝑡𝑖𝑜
𝑛

 𝑑
𝑢

𝑒
 𝑡𝑜

 𝑐𝑢
𝑟𝑣

𝑎
𝑡𝑢

𝑟𝑒
,𝑚

, an
d

 

D
: d

istan
ce, k

m
. 
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1
9

 

R
efra

ctio
n

 C
o
rrectio

n
 

In
 p

ractice th
e staff read

in
g

 w
o

u
ld

 n
o

t b
e at B

” b
u

t at Y
 d

u
e to

 
refractio

n
 o

f th
e lin

e o
f sig

h
t th

ro
u

gh
 th

e atm
o

sp
h

ere. In
 gen

eral 
it is co

n
sid

ered
 th

at th
e effect is to

 b
en

d
 th

e lin
e o

f sigh
t d

o
w

n
 

red
u

cin
g

 th
e effect o

f cu
rvatu

re b
y 1/7th

. T
h

u
s th

e co
m

b
in

ed
 

effect o
f cu

rvatu
re an

d
 refractio

n
 is as fo

llo
w

s: 
𝐶
co

m
b
in
ed

=
𝐶
cu

rv.
−

𝐶
R
ef.  

𝐶
co

m
b
in
ed

=
𝐶
cu

rv.
−

17
 𝐶
cu

rv.  

𝐶
co

m
b
in
ed

=
0

.0
7

8
5

 𝐷
2

−
17

∗
0

.0
7

8
 𝐷

2
 

𝐶
co

m
b
in
ed

=
0

.0
6

7
3

 𝐷
2
 

C
o

rrected
 S

taff R
ead

in
g

 =
 S

taff read
in

g
 −

  𝐶
cu

rv. +
𝐶
R
ef .  

                                          =
 S

taff read
in

g
−

𝐶
co

m
b
in
ed

    →
𝐖

𝐡
𝐲
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2
0

 

E
x

a
m

p
le

 (5) 

C
alcu

late th
e erro

r d
u
e to

 cu
rv

atu
re an

d
 refractio

n
 fo

r th
e fo

llo
w

in
g
 

d
istan

ces: a) 1
0
m

, b
) 1

2
2

m
, c) 5

0
0

m
, an

d
 d

) 1
0
0
0

m
. D

iscu
ss y

o
u
r 

resu
lts. 

𝐶
co

m
b
in
ed

=
0

.0
6

7
3

 𝐷
2
 

a)
𝐶
co

m
b
in
ed

=
0

.0
6

7
3

 𝑚
 ∗

1
0

1
0

0
0

2
∗

1
0

0
0

𝑚
𝑚𝑚

=
0

.0
0

6
 𝑚

𝑚
 

b
)

𝐶
co

m
b
in
ed

=
0

.0
6

7
3

 𝑚
 ∗

1
2

2

1
0

0
0

2
∗

1
0

0
0

𝑚
𝑚𝑚

=
1

 𝑚
𝑚

 

c)
𝐶
co

m
b
in
ed

=
0

.0
6

7
3

 𝑚
 ∗

5
0

0

1
0

0
0

2
∗

1
0

0
0

𝑚
𝑚𝑚

=
1

7
 𝑚

𝑚
 

d
)

𝐶
co

m
b
in
ed

=
0

.0
6

7
3

 𝑚
 ∗

1
0

0
0

1
0

0
0

2
∗

1
0

0
0

𝑚
𝑚𝑚

=
6

7
 𝑚

𝑚
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A
sst. L

e
ct. A

h
m

e
d

 L
a

y
th

 

1 

A
l-M

a
n

so
u

r U
n

ive
rsity C

o
lle

g
e

 C
iv

il E
n

g
in

e
e

rin
g

 D
e

p
a

rtm
e

n
t

 S
e

co
n

d
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e
a
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2 

 In
ve

rte
d

 S
ta

ff 

A
n

y in
verted

 read
in

g
 o

f a staff tak
es a n

eg
ative sig

n
 (-). 

E
x

a
m

p
le

 (6
) 

F
o

r a g
iven

 fig
u

re b
elo

w
, in

verted
 sig

h
ts at B

, C
 an

d
 D

 to
 th

e 
u

n
d

ersid
e o

f a stru
ctu

re w
ere tak

en
. If th

e elevatio
n

 o
f S

tatio
n

 A
 

is 6
0

 m
, fin

d
 th

e elevatio
n

s o
f th

e o
th

er p
o

in
ts. 
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3 

P
ro

file
 L

e
ve

lin
g

 

It is also
 k

n
o

w
n

 as lo
n

g
itu

d
in

al sectio
n

. T
h

is typ
e o

f levellin
g

 is 
u

sed
 to

 p
ro

d
u

ce g
ro

u
n

d
 p

ro
files fo

r u
se in

 th
e d

esig
n

 o
f ro

ad
s, 

railw
ays, p

ip
elin

es, etc. 

T
h

e p
ro

cess o
f p

ro
file levelin

g
 o

b
tain

s th
e elevatio

n
s o

f a series o
f 

p
o

in
ts alo

n
g

 a co
n

tin
u

o
u

s cen
ter lin

e o
f a ro

u
te. T

h
e resu

lts are 
th

en
 p

lo
tted

 u
sin

g
 h

o
rizo

n
tal an

d
 vertical scales. T

h
is p

lo
t called

 
a p

ro
file. 

     

30



4 

T
o

 co
n

stru
ct a h

ig
h

w
ay, railw

ay, can
al, d

rain
, o

r p
ip

elin
e fo

r th
e 

p
ro

file, a g
rad

e lin
e can

 b
e p

ro
p

o
sed

 as fo
llo

w
s: 

     

𝑮
𝒓

𝒐
𝒖

𝒏
𝒅

 𝑬
𝒍𝒆

𝒗
𝒂

𝒕𝒊𝒐
𝒏

 −
𝑮

𝒓
𝒂

𝒅
𝒆

 𝑬
𝒍𝒆

𝒗
𝒂

𝒕𝒊𝒐
𝒏

=
𝑪

 𝒐
𝒓

 𝑭
 

If th
e

 re
su

lt is p
o

sitive
 (+

)  
 

 G
ro

u
n

d
 – G

ra
d

e
 =

 C
u

t (C
) 

If th
e

 re
su

lt is n
e

g
a

tive
 (-)  

 
 G

ro
u

n
d

 – G
ra

d
e

 =
 F

ill (F
) 

N
e

x
t G

ra
d

e
 =

 P
re

ce
d

in
g

 G
ra

d
e

 ∓
 S

lo
p

e
 ∗ d

ista
n

ce
 

If th
e

 d
ire

ctio
n

 o
f w

o
rk

 is d
o

w
n

w
a

rd
, su

b
stitu

te
 slo

p
e

 in
 (- ). 

If th
e

 d
ire

ctio
n

 o
f w

o
rk

 is u
p

w
a

rd
, su

b
stitu

te
 slo

p
e

 in
 (+

). 
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5 

E
x

a
m

p
le

 6
 

T
h

e fo
llo

w
in

g
 set o

f read
in

g
s w

as tak
en

 alo
n

g
 10

 statio
n

s o
f a 

p
ro

p
o

sed
 m

ain
 sew

er p
ip

e: 1.3, 1.5, 2.5, 3.1, 3.3, 3, 2.2, 2, 2.4
, 2.7, 

an
d

 3 m
 an

d
 th

e in
stru

m
en

t w
as sh

ifted
 after th

e fifth
 statio

n
 as 

sh
o

w
n

 in
 th

e fig
u

re b
elo

w
. R

ead
in

g
 o

n
 B

M
-A

 w
as 0

.9
 m

. T
h

e 
d

istan
ce b

etw
een

 each
 tw

o
 statio

n
s is 50

 m
. M

ain
lin

e sew
er h

as to
 

b
e 

co
n

stru
cted

 
w

ith
 

13.5 
m

 
at 

first 
statio

n
 

an
d

 
o

f 
0

.1%
 

slo
p

e 
d

o
w

n
w

ard
.  C

alcu
late cu

t an
d

 fill d
ep

th
s fo

r th
e p

ro
p

o
sed

 sew
er. 

      S
o

lu
tio

n
: F

irst, fin
d

 e
le

v
a

tio
n

s o
f th

e
 sta

tio
n

s. 
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7 

S
e

co
n

d
, fin

d
 g

ra
d

e
 e

le
v

a
tio

n
s a

n
d

 cu
t a

n
d

 fill d
e

p
th

s. 

           

S
ta

tio
n

 
D

ista
n

ce 
G

ro
u

n
d

 
G

ra
d
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C

u
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F
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8 

T
h

ird
, d

ra
w

 th
e

 p
ro

file
 o

f th
e

 p
ro

p
o

se
d

 se
w

e
r p

ip
e
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