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3. M
e

a
su

rin
g

 T
a

p
e

s: 

D
ep

en
d

in
g

 o
n

 m
aterials u

sed
, tap

es are classified
 as: 

a
.

C
lo

th
 o

r lin
e

n
 ta

p
e

s: S
u

ch
 tap

e is lig
h

t an
d

 flexib
le, h

en
ce it 

is easy to
 h

an
d

le b
u

t: 


It is easily affected

 b
y m

o
istu

re an
d

, th
u

s, gets sh
ru

n
k

. 


It exten

d
s d

u
e to

 stretch
in

g. 


It is lik

ely to
 tw

ist an
d

 tan
gle. 

    

                                                                                 a. L
in

en
 T

ap
e 

14
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 D
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p
a
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n
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P
re

fa
ce

 

    S
u

rveyin
g

 
is 

an
 

im
p

o
rtan

t 
su

b
ject 

fo
r 

all 
civil 

en
g

in
eers 

en
g

aged
 in

 th
e field

 w
o

rk
. T

h
ey are eith

er called
 to

 p
rep

are p
lan

s 
an

d
 m

ap
s o

r to
 u

se th
em

 to
 p

rep
are civil en

g
in

eerin
g

 p
ro

jects o
n

 
to

 set o
u

t th
e w

o
rk

s u
sin

g
 th

e m
ap

s. 

A
ll co

m
m

o
n

 m
eth

o
d

s o
f su

rveyin
g

 w
ill h

ave b
een

 co
vered

 fo
r 

th
is year in

clu
d

in
g

 m
o

d
ern

 tech
n

iq
u

es. 

 T
e

x
t B

o
o

k
s: 

1.
“S
u
rveyin

g
 an

d
 levellin

g,” b
y B

h
avik

atti, S
. S

. (20
0

8
).  

2.
“S
u
rveyin

g
 an

d
 levellin

g,” b
y A

go
r, A

. (20
12).  
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G
e

n
e

ral C
o

n
ce

p
ts

 

3 

S
u

rve
y

in
g

 

    It is th
e art o

f m
easu

rin
g

 h
o

rizo
n

tal an
d

 vertical d
istan

ces 
b

etw
een

 
o

b
jects, 

o
f 

m
easu

rin
g

 
an

gles 
b

etw
een

 
lin

es, 
o

f 
d

eterm
in

in
g

 th
e d

irectio
n

 o
f lin

es, an
d

 o
f estab

lish
in

g
 p

o
in

ts b
y 

p
red

eterm
in

ed
 an

g
u

lar an
d

 lin
ear m

easu
rem

en
ts. A

lo
n

g
 w

ith
 

th
e 

actu
al 

su
rvey 

m
easu

rem
en

ts 
are 

th
e 

m
ath

em
atical 

calcu
latio

n
s. D

istan
ces, an

gles, d
irectio

n
s, lo

catio
n

s, elevatio
n

s, 
areas, an

d
 vo

lu
m

es are th
u

s d
eterm

in
ed

 fro
m

 th
e d

ata o
f th

e 
su

rvey. 

     S
u

rvey d
ata is d

ep
icted

 g
rap

h
ically b

y th
e co

n
stru

ctio
n

 o
f 

m
ap

s, p
ro

files, cro
ss sectio

n
s, an

d
 d

iag
ram

s. 

T
y

p
e

s o
f S

u
rve

y
s: 

1. G
e

o
d

e
tic S

u
rve

y
in

g
: T

h
e typ

e o
f su

rveyin
g

 th
at tak

es in
to

 
acco

u
n

t th
e tru

e sh
ap

e o
f th

e earth
. T

h
ese su

rveys are o
f h

igh
 

p
recisio

n
 an

d
 exten

d
 o

ver large areas. 
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2. P
la

n
e

 S
u

rve
y

in
g

: T
h

e typ
e o

f su
rveyin

g
 in

 w
h

ich
 th

e m
ean

 
su

rface o
f th

e earth
 is co

n
sid

ered
 as a p

lan
e, o

r in
 w

h
ich

 its 
sp

h
ero

id
al 

sh
ap

e 
is 

n
eglected

, 
w

ith
 

reg
ard

 
to

 
h

o
rizo

n
tal 

d
istan

ces an
d

 d
irectio

n
s. 

                     P
lan

e S
u

rveyin
g

                         G
eo

d
etic S

u
rveyin

g
 

 A
n

 area o
f less th

an
 250

 k
m

2 can
 b

e co
n

sid
ered

 as a p
lan

e. 
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A
p

p
lica

tio
n

 o
f S

u
rve

y
in

g
: 

•B
o

u
n

d
a

ry S
u

rve
y

: M
ad

e to
 d

eterm
in

e th
e len

g
th

 an
d

 d
irectio

n
 

o
f lan

d
 lin

es an
d

 to
 estab

lish
 th

e p
o

sitio
n

 o
f th

ese lin
es o

n
 th

e 
g

ro
u

n
d

. 

•T
o

p
o

g
ra

p
h

ic 
S

u
rve

y
: 

M
ad

e 
to

 
g

ath
er 

d
ata 

to
 

p
ro

d
u

ce 
a 

to
p

o
g

rap
h

ic m
ap

 sh
o

w
in

g
 th

e co
n

fig
u

ratio
n

 o
f th

e terrain
 an

d
 

th
e lo

catio
n

 o
f n

atu
ral an

d
 m

an
-m

ad
e o

b
jects. 

•H
yd

ro
g

ra
p

h
ic S

u
rve

y
: T

h
e su

rvey o
f b

o
d

ies o
f w

ater m
ad

e fo
r 

th
e 

p
u

rp
o

se 
o

f 
n

avig
atio

n
, 

w
ater 

su
p

p
ly, 

o
r 

su
b

aq
u

eo
u

s 
co

n
stru

ctio
n

. 

•M
in

in
g

 S
u

rve
y

: M
ad

e to
 co

n
tro

l, lo
cate an

d
 m

ap
 u

n
d

erg
ro

u
n

d
 

an
d

 su
rface w

o
rk

s related
 to

 m
in

in
g

 o
p

eratio
n

s. 

•C
o

n
stru

ctio
n

 
S

u
rve

y
: 

M
ad

e 
to

 
lay 

o
u

t, 
lo

cate 
an

d
 

m
o

n
ito

r 
p

u
b

lic an
d

 p
rivate en

g
in

eerin
g

 w
o

rk
s. 
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T
y

p
e

s o
f S

y
ste

m
 U

n
its: 

•E
n

glish
 U

n
its 

•M
etric U

n
its 

           1 m
eter =

 3.28
 fo

o
t                              1 k

ilo
g

ram
 =

 2.2 p
o

u
n

d
 

    1 liter =
 0

.26
 g

allo
n

                               F
 =

 (9
/5) C

 +
 32 

 

E
n

g
lish

 
M

e
tric 

S
y

ste
m

 

in
ch

, fo
o

t, m
ile

 
m

eter
 

L
en

g
th

 

o
u

n
ce, p

o
u

n
d

, to
n

 
g

ram
 

M
ass

 

p
in

t, q
u

art, g
allo

n
 

liter
 

V
o

lu
m

e
 

d
eg

ree Fah
ren

h
eit

 
d

eg
ree C

elsiu
s

 
T

em
p

eratu
re

 

sec, m
in

, h
r 

 
sec, m

in
, h

r 
 

T
im

e
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E
rro

rs in
 S

u
rve

y
in

g
 

 E
rro

rs o
ccu

rred
 in

 su
rveyin

g
 are d

u
e to

: 

1. In
stru

m
e

n
t o

r e
q

u
ip

m
e

n
t e

rro
rs 

S
u

ch
 

erro
rs 

are 
d

u
e 

to
 

m
an

u
factu

rin
g

 
d

efects 
o

r 
o

u
t 

o
f 

ad
ju

sm
en

ts. 
 2. N

a
tu

ra
l e

rro
rs 

N
atu

ral erro
rs are b

ecau
se o

f n
atu

ral p
h

en
o

m
en

a as variatio
n

 in
 

tem
p

eratu
re, h

u
m

id
ity, cu

rvatu
re o

f th
e earth

, …
 etc. 

 3. ca
re

le
ssn

e
ss 

T
h

ese erro
rs are clearly d

u
e to

 o
b
server’s m

istak
es. T

h
ey can

 b
e 

avo
id

ed
 b

y fo
llo

w
in

g
 accu

rate su
rveyin

g
 p

ractice . 
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D
istan

ce
 M

e
asu

re
m

e
n

ts
 

2 

T
h

ere 
are 

tw
o

 
m

ain
 

m
eth

o
d

s 
o

f 
d

eterm
in

in
g

 
th

e 
d

istan
ces 

b
etw

een
 p

o
in

ts o
n

 a su
rface earth

. 

1. D
ire

ct M
e

a
su

re
m

e
n

t 

In
 th

is m
eth

o
d

, d
istan

ces are actu
ally m

easu
red

 o
n

 th
e su

rface 
u

sin
g

 m
easu

rem
en

t in
stru

m
en

ts. 

2. C
o

m
p

u
ta

tive
 M

e
a

su
re

m
e

n
t 

C
alcu

latio
n

s are m
ad

e to
 m

easu
re d

istan
ces as in

 tach
eo

m
etry 

an
d

 trian
g

u
latio

n
 (o

r ch
ain

) su
rveyin

g. 

M
e

th
o

d
s o

f m
e

a
su

rin
g

 d
ista

n
ce

s 

1. M
easu

rin
g

 C
h

ain
.                           2. M

easu
rin

g
 W

h
eel. 

3. M
easu

rin
g

 T
ap

e.                             4
. M

easu
rin

g
 L

aser.  

5. S
tad

ia. 

12
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4
. M

e
a

su
rin

g
 L

a
se

r: 

W
o

rk
 can

 b
e d

o
n

e b
etter, faster, an

d
 m

o
re p

recise u
sin

g
 laser 

m
easu

rem
en

ts. 

It easily m
easu

res lin
es th

at are d
ifficu

lt o
f access su

ch
 as acro

ss 

lak
es an

d
 rivers, etc. 

     D
isad

van
tage o

f laser m
easu

rem
en

ts is th
e co

st o
f th

e eq
u

ip
m

en
t. 

 

H
o

w
 d

o
es 

It w
o

rk
?  
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2. M
e

a
su

rin
g

 W
h

e
e

l: 

It is u
sed

 fo
r fast m

easu
rem

en
ts an

d
 lo

w
er  

accu
racy su

rveys.  

A
lth

o
u

g
h

 its accu
racy red

u
ced

 o
n

 a ro
u

gh
 terrain

, 

it p
ro

vid
es go

o
d

 accu
rate in

 m
easu

rem
en

ts o
n

 a  

sm
o

o
th

 su
rface su

ch
 as p

avem
en

t. 

1. M
e

a
su

rin
g

 C
h

a
in

: 

It is easy to
 read

 an
d

 d
esig

n
ed

 

fo
r a ro

u
gh

 terrain
. 

C
h

ain
s are h

eav
y an

d
, th

u
s, 

sag
 is a m

ajo
r erro

r. 

H
o

w
 d

o
es 

It w
o

rk
?  
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b
. M

e
ta

llic ta
p

e
: T

h
is tap

e is rein
fo

rced
 w

ith
 co

p
p

er w
ires to

 

p
reven

t 
stretch

in
g

 
o

r 
tw

istin
g

 
o

f 
fib

ers. 
It 

is 
u

sed
 

fo
r 

m
easu

rin
g

 accu
rate d

istan
ces. 

c.  S
te

e
l ta

p
e

: It is u
sed

 to
 m

easu
re  sh

o
rt d

istan
ces. 

   

 

              b
. M

etallic T
ap

e                                     c. S
teel T

ap
e 

 d
. In

v
a

r ta
p

e
: It is m

o
re exp

en
sive an

d
 u

sed
 fo

r h
ig

h
 d

eg
ree o

f 

p
recisio

n
 in

 m
easu

rem
en

ts. 
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5. S
ta

d
ia

: 

In
 stad

ia, h
o

rizo
n

tal d
istan

ces are m
easu

red
 u

sin
g

 o
p

tical 

d
istan

ce m
easu

rin
g

 (level, th
eo

d
o

lite, an
d

 to
tal statio

n
). 

S
u

ch
 m

easu
rem

en
ts w

ill b
e co

vered
 in

 th
e n

ext ch
ap

ters. 

C
h

a
in

 a
n

d
 T

a
p

e
 C

o
rre

ctio
n

s 

T
h

e len
g

th
 m

easu
red

 b
y a ch

ain
 o

r tap
e sh

o
u

ld
 b

e co
rrected

 fo
r 

T
h

e fo
llo

w
in

g
: 

1.
A

b
so

lu
te co

rrectio
n

. 

2.
S

lo
p

e co
rrectio

n
. 

3.
T

em
p

eratu
re co

rrectio
n

. 

4
.

P
u

ll o
r ten

sio
n

 co
rrectio

n
. 

5.
S

ag
 co

rrectio
n

. 
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1. A
b

so
lu

te
 co

rre
ctio

n
: 

  w
h

ere, 
l: d

esig
n

ated
 tap

e len
g

th
, m

, 
la: ab

so
lu

te o
r actu

al tap
e len

g
th

, m
, 

c: co
rrectio

n
 p

er tap
e len

g
th

, m
, 

L
: to

tal len
g

th
 m

easu
red

, m
, an

d
 

C
a : to

tal co
rrectio

n
 d

u
e to

 ab
so

lu
te len

g
th

, m
. 

 If                           la >
 l       

 
       C

a  is p
o

sitive  (+
ve)

 

                              la <
 l       

 
       C

a  is n
eg

ative  (-ve)
 

 C
o

rrected
 len

g
th

 (L
′) = L + C

a  
    

; 
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2. S
lo

p
e

 co
rre

ctio
n

: 

  w
h

ere, 
h

: d
ifferen

ce in
 level b

etw
een

 th
e tw

o
 p

o
in

ts, m
, 

Θ
: an

gle o
f m

e
asu

red
 lin

e, d
egree

, 
L

: to
tal len

g
th

 m
easu

red
, m

, an
d

 
C

h : to
tal co

rrectio
n

 d
u

e to
 slo

p
e, m

. 
 T

h
is co

rrectio
n

 is alw
ays 

n
eg

ative (-ve).  W
h

y? 

T
h

erefo
re; 

C
o

rrected
 len

g
th

 (L
′) = L - C

h  

o
r
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3. T
e

m
p

e
ra

tu
re

 co
rre

ctio
n

: 

C
t =

 L
 α

 (T
m

 - T
0 ) 

w
h

ere, 
α

: C
o

efficien
t o

f th
erm

al exp
an

sio
n

 o
f th

e m
aterial o

f tap
e,/⁰c, 

T
m

: M
ean

 tem
p

eratu
re d

u
rin

g
 m

easu
rem

en
t, ⁰c, 

T
0  - T

em
p

eratu
re at w

h
ich

 tap
e is stan

d
ard

ized
, ⁰c, 

L
:  to

tal len
g

th
 m

easu
red

, m
, an

d
 

C
t : to

tal co
rrectio

n
 d

u
e to

 ab
so

lu
te len

g
th

, m
. 

 If                            T
m

 >
 T

o        
 

       C
t  is p

o
sitive  (+

ve)
 

                               T
m

 <
 T

o
          

 
       C

t  is n
eg

ative  (-ve)
 

 C
o

rrected
 len

g
th

 (L
′) = L + C

t  

20



1
2

 

5. S
a

g
 co

rre
ctio

n
: 

     w
h

ere, 
W

: w
eigh

t o
f tap

e p
er sp

an
 len

g
th

, N
, 

P
: P

u
ll ap

p
lied

 d
u

rin
g

 m
easu

rem
en

t, N
, 

L
: to

tal len
g

th
 m

easu
red

, m
, an

d
 

C
s : to

tal co
rrectio

n
 d

u
e to

 ab
so

lu
te len

g
th

, m
. 

T
h

is co
rrectio

n
 is alw

ays n
eg

ative (-ve). W
h

y? 

T
h

erefo
re; 

C
o

rrected
 len

g
th

 (L
′) = L - C

s  
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Chain and Tape Correction 

Summary 

 

Correction for Errors in Taping 

No. Correction Sign Formula 

1 Absolute Correction   
    

 

 
 

       

2 Slope Correction      
 

 

  
 

    (     ( )) 

3 Temperature Correction          (     ) 

4 Pull Correction      
(    ) 

  
 

5 Sag Correction      
 

  
 (

 

 
)
 

  

 

Note: 

All corrections should be done before the correction due to slope. 
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Example (1): 

The length of a survey line was 841.5 m measured using a tape of 20 m. 

When the tape was calibrated, it was found to be 20.1 m. Calculate the 

corrected length of the line. 
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Example (2): 

The following slope distances were measured with a 50 m tape: 

Slope Distance, m 46.2 38.5 42.6 

Diff. in elevation 

Between end points, m 
3.2 4.3 5.4 

Calculate the total horizontal distance measured. 
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Example (4): 

To measure a base line, a steel tape 30 m long standardized at 15 ºC and 100 

N pull was used. Calculate the correction per tape length if the temperature 

at the time of measurement was 20 ºC and the pull exerted was 160 N. If a 

length of 250 m is measured on a slope of 1:4, find the horizontal length. 

Use:        
  

    ; cross-sectional area of tape = 0.08   
 
 ; and 

         
  

    . 
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Example (5): 

Calculate the corrected length of a 50 m base line measured using tape and 

chain under 100 N pull. Use 6 N weight of linen tape and 50 N weight of 

chain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

28




