CIVL 1101 Surveying - Error in Repeated Measurements

Introduction to Measurements

Repeated Measurements of a Single Quantity

» When a single quantity is measured several times or
when a series of quantities is measured, random errors
tend to accumulate in proportion to the square root of the
number of measurements.

» This is called the law of compensation:

E
ETotal = iE\/H +E = T

Jn

Introduction to Measurements

Repeated Measurements of a Single Quantity

If a distance is measured 9 time and the estimated error in
each measurement is +0.05 ft., what is the estimate of the

total error?
ETotal = iE vin

E.. =+0.05ftJ9 =+0.151t.

£0.2 ft.

Introduction to Measurements

Repeated Measurements of a Single Quantity

A surveying crew or party is capable of taping distances with
an estimated error of £0.02 ft. for each 100-ft. distance.
Estimate total error if a distance of 2,400 ft. is measured?

ETotaI = iE\/ﬁ
Erow = $0.02fty24 =+0.0979.. ft
=+0.11t.

Introduction to Measurements

Repeated Measurements of a Single Quantity

Surveyors typically measure a series of quantities:
distance, angles, elevations, etc.

A circle is made up of 360 degrees or 360°
A degree is made up of 60 minutes =>1°=60"
A minute is made up of 60 seconds => 1’ = 60"

Introduction to Measurements

Repeated Measurements of a Single Quantity

If an angle is measured ten time and the estimated error in
each measurement is +30 seconds, what is the estimate of
the total error?

E,.. =*30"J10 =+94.8683.."
— 95"
= +1'35"

Introduction to Measurements

A Series of Unrepeated Measurements

When a series of measurements are made with probable
errors of E;, E,, . . ., E,, then the total probable error is

Erow = tJEZ+EZ +...+E2
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Introduction to Measurements Introduction to Measurements
A Series of Unrepeated Measurements A Series of Unrepeated Measurements
What is the probable error for the perimeter of a square Estimate the total error is the estimated error per 100 ft.
tract of land where the probable errors for each side are is +0.04 ft. and the measurements are 654.3, 987.8, and
+0.09 ft., £ 0.01 ft., £ 0.15 ft., and + 0.42 ft. 2,241.1 ft.
_ 2 2 2 —
Erom = t\EZ +EZ +...+E E, =+Evn
=+/(0.091t.)? + (0.0 1ft.)> + (0. 15ft.)* + (0.42ft.)? - )
I E, = +0.04t/6.543 = +0.1023...ft
= t\/O.OOSft2 +0.0001ft? +0.023ft? +0.18ft
—+J0.21fC =+0.4583...ft. | =+0.46ft +0.1ft.
Introduction to Measurements Introduction to Measurements
A Series of Unrepeated Measurements A Series of Unrepeated Measurements
Estimate the total error is the estimated error per 100 ft. Estimate the total error is the estimated error per 100 ft.
is £0.04 ft. and the measurements are 654.3, 987.8, and is £0.04 ft. and the measurements are 654.3, 987.8, and
2,241.1 ft. 2,241.1 ft.
E, =+En E, =+Evn
E, = +0.04t/9.878 = +0.1257...ft. E, =+0.04ft+/22.411 = +0.1894...ft.
+0.1ft. +0.2ft.
Introduction to Measurements Introduction to Measurements

A Series of Unrepeated Measurements

Estimate the total error is the estimated error per 100 ft.
is £0.04 ft. and the measurements are 654.3, 987.8, and

e Any Questions?

ETotal = i\] E12 + E22 + E§

= (017t +(0.1ft.7? + (0.2ft.)°
= +,/0.01ft% + 0.01ft? +0.04 t?
—+0.06f2 =20.2449..ft. | =+0.2ft






