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Foreword

ISO (the Internjational Organization for Standardization) is a worldwide
federation of national standards bodies (ISO member bodies). The work
of preparing Infernational Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented oph that committee. International organizations, govern-
mental and nop-governmental, in liaison with 1SO, also take part in the
work. 1SO collpborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft Internatignal Standards adopted by the technical committees are
circulated to the member bodies for voting. Publication as an Inter-
national Standard requires approval by at least 75% of the membex
bodies casting|a vote.

International Standard 1SO 8322-6 was prepared by Technical Committee
ISO/TC 59, Building construction, Sub-Committee SC 4, Limitstand fits in
building construction.

1SO 8322 consipts of the following parts, under the general title Building
construction -t Measuring instruments — Procedures for determining
accuracy in use:

— Part 1: Theory
— Part 2: Measuring tapes

— Part 4:

M
— Part 3: Optical levelling instruments
Theodolites

0

— Part 5: Optical plumbing instruments

— Part 6: Laser instruments

— Part 7:

~

ristfuments when used for setting out

— Part 8: Electronic distance-measuring instrument s up to 150 m
— Part 9: Electronic distance-measuring instruments up to 500 m

— Part 10: Testing short-range reflectors
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'} A 43
introduction

This International Standard consists of a series of patts specifying test

procedures to be adopted when determining and-assess

ng the accu-

racy in use of measuring instruments in building‘eonstruction. The first

part gives the theory; subsequent parts give'the procedu

res for deter-

mining the accuracy in use of measuring ipstruments for measurements.

For testing measuring instruments for.land surveying purposes and for

measuring procedures in ordnance, Survey, other Intern
dards are in preparation.

ational Stan-



https://standardsiso.com/api/?name=a28dbbe74623e620fa2ad910d10c0921

This page intentionally left blank



https://standardsiso.com/api/?name=a28dbbe74623e620fa2ad910d10c0921

INTERNATIONAL STANDARD

ISO 8322-6:1991(E)

Building construction — Measuring instruments — Procedures

for determining accuracy in use —

Part |6:
Laser instruments

1 Scgpe

This paft of ISO 8322 specifies test procedures to be
adopted when determining and assessing the accu-
racy in use of laser instruments and ancillary
equipment for measurements of distances from a
plane, g line or a specific gradient defined by a laser
beam. The plane or the line may be horizontal, ver-
tical on sloping. The use of electronic distance:
measurjng instruments incorporating a laser beam
is not cpvered by this part of ISO 8322.

The prdcedures given in this part of ISO-8322 apply
when these instruments are used in building con-
structiop for surveying, check and “compliance
measurements, and also when gbtaining accuracy
data.

2 Normative references

The following standards contain provisions which,
througH referenceinithis text, constitute provisions
of this part of 1SO '8322. At the time of publication,
the edifions jndicated were valid. All standards are
subject|to revision, and parties to agreements based
on this|part of 1ISO 8322 are encouraged to investi-
gate thé o . .
tions of the standards indicated below. Members of
IEC and ISO maintain registers of currently valid
International Standards.

ISO 3534:1977, Statistics — Vocabulary and symbols.

1ISO 4463-1:1989, Measurement methods for building
— Setting-out and measurement — Part 1: Planning
and organization, measuring procedures, acceptance
criteria.

ISO 7077:1981Measuring methods for building —
General (principles and procedures for the verifi-
cation ©f dimensional compliance.

1S@7078:1985, Building construction |- Procedures

for setting out, measurement and sufveying — Vo-
cabulary and guidance notes.

3 General

3.1 Before commencing surveying, check and
compliance measurements, when obtaining accu-

racy data or setting out, it is importa

ht that the op-

erator investigate whether the accuragy in use of the

measuring equipment is appropriate t
measuring task. This International
ommends that the operator carry out
ments under field conditions to
accuracy achieved when he uses

D the intended
Standard rec-
test measure-
establish the
a particular

measuring instrument and its ancillary equipment.

To ensure that the assessment tak

bs account of

various environmental influences, two series of

t under differ-
_ iohs to be taken
into account may vary depending on where the tasks
are to be undertaken. These conditions will include
variations in air temperature, wind speed, cloud
cover and visibility. Note should also be made of the
actual weather conditions at the time of measure-
ment and the type of surface over which the
measurements are made. The sets of conditions
chosen for the tests should match those expected
when the intended measuring task is actually car-
ried out. See ISO 7077 and I1SO 7078.

measurements need to be carried o
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Assumptions:

PN

>

is the permitted deviation of the measuring task

is the accuracy in use, generally expressed as deviation + /; (both + P and + A4 are considered
to include the dimensional variability associated with + 2,5 times the standard deviation o)

are the root mean square errors obtained in field tests

Compare + P with available
accuracy-in-use data + A4;
is+ A< + P?

es Yes Judgement on consequences, (discuss
(or no relevant with designer the need for @ P < + A4;
data available) can P be revised to + P'> £ A?

T
*No, P confirmed

Select bétter suitable method, u
and/or (more accurate instrument '\

|
|

Correct adjustment or send

Yes i ' No . .
Lss(tel:ea(ljr]st:umertlt St' . ) instrument for correction or
justment satisfactory/ choose another instrument

Make fleld test:

Day 1-fobtain §,

Day 2-obtain §,

/ — ) g
Compare §,, §, with N ]
Is the analysis o Recalculate
——are§, $ < ——? correct? 51, $;
, 2" 25 >
Yes
Yes

Proceed with field test | Y©S A ) P
Day 3—> obtain 5, Is only § or $; > —— ?

<_f_7 'No(s,andsz 25)
2,5

\h Proceed with task, same equipment, method and personnel

Yes

Can the most inaccurate R

Yes result be assumed to be mere c::;'(t worse thar:n expected,
chance and be rejected as need , revise equipment,
for accuracy is recognized? method and personnel

Figure 1 — Flow diagram for accuracy-in-use tests
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The procedures are designed so that the systematic
errors are largely eliminated and assume that the
particular instruments are in known and acceptable
states of user adjustment according to methods de-
tailed in the manufacturers’ handbooks.

Accuracy-in-use procedures require repeat tests to
be made with the same instrumentation and the
same observer, within a short interval of time. These
are “repeatability conditions” as defined in
1ISO 3534.

ISO 8322-6:1991(E)

accuracy in use associated with the given measur-
ing equipment does not meet the specified permitted
deviation of the measuring task, consideration
should be given to either selecting a different
method and/or a more precise instrument or
discussing with the designer the need for such a
small permitted deviation. See ISO 4463-1.

Before obtaining an overall estimate of the accuracy
in use, it is recommended that each standard devi-
ation for a given series of measurements under-
taken under particular environmental conditions be

The accfiracy in use IS expresse
standard deviation.

3.2 Figlire 1 indicates schematically the decisions
to be made when establishing that the accuracy as-
sociated| with a given surveying method and par-
ticular measuring equipment is appropriate to the
intended measuring task. In particular, the decisions
apply when adopted by a particular operator under
a range pf environmental conditions which are likely
to occur|when the task is actually carried out. Where
the confract documentation specifies the required
tolerancg for the intended measuring task, it is rec-
ommended that this tolerance, which is normally
given ip terms of the permitted deviation P
(P = 2,9 0) of the measuring task, be compared
with the| accuracy-in-use data obtained either from
previouq accuracy-in-use tests or from general data
A which indicate the expected accuracy in use of
given mnjeasuring equipment. On those occasions
that the [previously obtained data indicate that the

compared, as indicated in figure 1, 10 Jthe specified
permitted deviation. Where the cemparison shows
that the specified permitted devjation has not been
achieved for one series of measurements, an ad-
ditional series of measurements should be carried
out under environmentdl) conditions [as near as
possible similar to those which applied in that orig-
inal series of measurements.

4 Procedures for laser instruments for
determining a plane, a horizontgl line or a
specific gradient

4.1 " Accuracy test procedure

The following test procedure shall bg adopted for
determining the accuracy in use by a garticular sur-
vey team with a particular instrument [and its ancil-
lary equipment.

[t "l
TXea-arget

[}—

Figure 2 — Layout of target points


https://standardsiso.com/api/?name=a28dbbe74623e620fa2ad910d10c0921

ISO 8322-6:1991(E)

Three methods are given. The first is for determining
a plane (method 1), the second one for determining
a horizontal line (method 2), the third one for deter-
mining a specific gradient (method 3). To ensure that
the accuracy is determined, and not merely the re-
peatability, the determination shall be carried out
against true values.

41.1 Method 1: Determining a plane

The measurement results should be given in a table

4.1.1.2 Calculation procedure

A complete example of the analysis is given in table
1-A using the measurements given in columns 3, 4,
6, 9, 10, 12, 15, 16 and 18 and it is recommended that
this form of presentation be generally adopted.

In this procedure the root mean square error is cal-
culated because true values are known from the
levelling of the points.

a) Calculate the difference between the readings A

(see table 1-B)[ An example of a completed table is
given in table 1-A.

41.1.1 Obseryations

a) Establish sik points, e.g. A, B, C, D, E and F, at
distances from a fixed instrument station O and
of a form similar to that expected on a particular
construction site. The points shall be spread over
at least 10(Q gon or 90° in the plane under con-
sideration (see figure2). The points shall be in

- stable locgtions for the duration of the test
measuremgnts and at a distance not greater
than 70 m.

b)

Measure the differences in level between the

points A to

F with an optical levelling instrument.

If the determination for the laser instrument is in

millimetres
in level sha

the determination of the differences
|l be 0,1 mm. In this case a precision

levelling ingtrument shall be used.

To be sure
the whole

that the laser plane is stable during
measuring procedure, a fixed target

shall be oblserved before and after each series

of measure

Each of the
arate days
readings (s

ments.

two series of measurements on sep-
shall consist of five_§eparate sets of
be column 1 of tableZ1-B). A period of

time of at Idast 10 min shall.efapse between each
separate sdt.

c) The beam Fhall bedstable before the measure-
ment starts

d) Take the reladings on the scale of the rod in the

and B (columns 3 and 4).

EXAMPLE

First set:
1256 — 1392 = — 136 mm

b) Calculate the true difference ¢ (column [7) be-
tween the measuredCvalue (column 5) apd the
true value A level (column 6) derived frgm the
levelling.

EXAMPLE

First set:
—436 — (—133) = —3 mm

c) Calculate the squares of all values from golumn
7 and the sum of the squares (column 8).

EXAMPLE

For the difference A — B:
9+4+1+4+4=22mm?2

d) Calculate the overall sum of squares.

EXAMPLE

The sum of the first day is:
22 + 52 + 37 = 111 mm?2

e) Calculate the root mean square error, §,, of a
single difference in level for the first day [as the
square root of the sum of squares divided by 15
(= number of individual differences).

EXAMPLE

same mannetr—as-is—tobe—used aubacqucuﬂy onf
site. This may be by visually reading the centre
of the spot of the laser on the rod or by using an
electronic device or other ancillary equipment for
detecting the centre of the beam.

e) Record the environmental conditions and the
time of commencement of measuring each set.
Changes of environmental conditions during the
construction period may render the test result
inapplicable. In such a case repeat the test under
the new conditions.

8= -11—151— = /74 =27 mm

f) Repeat the observation and ca/l\culation pro-
cedure on a second day to obtain s,.

AY
g) The overall root mean square error, sgq, to be

expected for any single difference in level is
A, A
S2+ 5

N
Saitt = 2
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h)

EXAMPLE
If §, = 3,2 mm, then 54y = 3,0 mm

The overall root mean square error to be ex-

ISO 8322-6:1991(E)

To be sure that the laser line is stable during the

whole measuring procedure, the fixed target P

shall be observed before and after each series
of measurements.

STYT L

pected for any single observation of a displace- b) Each of the two series of measurements on sep-
ment is arate days shall consist of five separate sets of
A readings (see column 1 of table 2-B). A period of
§ = time of at least 10 min shail elapse between each
J2 separate set.
EXAMPLE c) The beam shall be stable befor
A 3.0 ment starts.
f = ——=2mm
JZ— d) Take the readings on the scale of the rod in the
same manner as is to be sed supsequently on
41.2 Method 2: Determining a horizontal line site. This may be by visually read|ng the centre
of the spot of the lagén oh the rod or by using an
The melsurement results should be given in a table electronic device ar-other ancillary|equipment for
(see talple 2-B). An example of a completed table is detecting the centre of the beam.
given ir} table 2-A. 1
e) Record the environmental condifions and the

4.1.2.1 |Observations

a)

Estaplish five points, e.g. A, B, C, D and E, at
distances perpendicular from a fixed line and of
a form similar to that expected on a particular
congtruction site. The fixed line is defined by the
station O and a target point P (see figure 3). The
points shall be situated in the range from
+ 50 mm to + 300 mm perpendicular from the
line|to be checked (see figure 3). The points shall
be ih stable locations for the duration of the test
megdsurements and at a distance not-greater
tharl 70 m. The true perpendicular distances are
to He measured with a theodolite ‘established
over point O and with its line of_sight directed to
the target point P and a scale perpendicular to
the |ine of sight.

41.2.2 Calculation procedure

time of commencement of measufing each set.
Changés of environmental conditipns during the
construction period may render the test result
inapplicable. In such a case repeat|the test under
the new conditions.

A complete example of the analysis ig given in table
2-A using the measurements given inf columns 3, 4,
7,8, 11,12, 15, 16, 19 and 20. It is recommended that
this form of presentation be generally|adopted.

In this procedure the root mean square error is cal-
culated because true values are knpown from the

thecdolite observations.

ge

we

Figure 3 — Layout of measuring points
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a)

b)

d)

Calculate the true difference ¢ (column 5) be-
tween the reading (column 3) and the true value

(column 4).

EXAMPLE

Second set point A:

62 — 64

= —2mm

Calculate the squares of all values from column
5 and the sum of the squares (column 6).

N
f)y The overall root mean square error, s, to

be ex-

pected for any single observation of a displace-

ment is
N AR
5= 2
EXAMPLE

If 3\2 =23 mm, then § = 2 mm

EXAMPLE l
4.1.3 Method 3: Determining a specific gradient
For poin{ A: :
Y2 = 14 mm?2 The measurement results should bygiven in a table
(see table 3-B). An example of a completed table is
Calculate thle overall sum of the squares. given in table 3-A.
EXAMPLE
The sum|of the first day is: 413.1 Observations
= 2
14 +10 4 25 + 15 + 10 74 mm a) Establish two fixed)points A and B at a diftance
Calculate th t A of apart of 70 m-and on a slope similar to that ex-
d'a c'u ate (tefrooth mﬁa? :quare"?rror, 51, O E; pected on the\site (see figure 4). The pointg shall
'fst?; acememf or the lrds. .dayda; 2(53 scluare rtc:o be in stable“ocations for the duration of the test
of be sumt'o squares divided by (= number measurements. The true difference in level shall
of observatipns). be determined by a levelling instrument.
EXAMPLE . . . .
b) Determine, by levelling, the difference in| level,

§,=\/:,27—f5‘— =1,7 mm

Repeat the
cedure on 3

observation and caiculation pro-
second day to obtain s,.

Al = I, — I, between points A and B (see

figure 4).

Set the laser over A and measure the he
its axis, h, above the point.

ght of

Figure 4 — Levelling
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c)

e)

For a gradient of a %0 at the horizontal distance
for AB, calculate the vertical difference, /.

EXAMPLE

For a distance AB = 70 m and « = — 15 %o
the vertical difference is H = — 1,050 m.

The correct rod reading, Q, for that gradient is

Q=AH+h+H

ISO 8322-6:1991(E)

construction period may render the test result
inapplicable. In such a case repeat the test under
the new conditions.

4.1.3.2 Calculations

A complete example of the analysis is given in table
3-A using the measurements given in columns 2, 3,
6, 7, 10, 11, 14, 15, 18 and 19. It is recommended that
this form of presentation be generally adopted.

In
T

this-procedure-the—root-mean-square error is cal-

EXAMPLE culated because the true values are knpwn from the
levelling procedure.
Al = 0,8055 m
a) Calculate the true difference ¢ (cqlumn 4) be-
h = 03475 m tween the reading in column 2 and the true value
(column 3).
H|= —1,050 m
EXAMPLE
Q|= 0,103 m = 103 mm
First medsurement with « = —1$ %o,
Actual reading on the staff is Q. e = 101103 = —2 mm
EXAMPLE b) Calcdlate the squares of all values|in column 4
and\the sums of the squares.
Measurement 1 with « = — 15 %o,
Q= 101 mm EXAMPLE
Henc¢ deviationis e = Q' — Q. For a = —15 %o, Le? = 50 mm?
EXAMPLE c) Calculate the overall sum of the squares
{column 5).
Measurement 1 with « = — 15 %o,
e £ 101 — 103 = —2 mm EXAMPLE
Repeft the procedure for four other selected The sum of the first day is:
gradignts and record results. 50 4 77 + 76 + 48 + 67 = 318 mm2
The Wwhole procedure is to_be repeated on a d) Calculate the root mean square efror, fv\,, of a
secor|d day. displacement for the first day as the square root
of the sum of squares divided by 2% (= number
The heam shall besstable before the measure- of observations).
ment |starts.
EXAMPLE
Fix the laser<instruments to the chosen values A 318
of inglinatien. and read the laser beam on the 1=/ 725 =36 mm
scale| of‘the rod consecutively. Each of the two
seriey of) measurements on separate days shall e) Repeat the observation and calgulation pro-
consist of five separate sets. cedure on a second day to obtain &,.
Take the reading on the scale of the rod in the f) The overall mean square error, §, to be expected

same manner as is to be used subsequently on
site. This may be by visually reading the centre
of the spot of the laser on the rod or by using an
electronic device or other ancillary equipment for
detecting the centre of the beam.

Record the environmental conditions and the
time of commencement of measuring each set.
Changes of environmental conditions during the

for any single observation in the chosen range
of inclination is

N2 A2
A S‘ + S2
5 =4/
2

EXAMPLE

If§, = 4,2 mm, then § = 4 mm
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Table 1-A — Determining a plane — Example of field observations and calculation
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Table 1-B — Determining a plane — Field observations and calculation
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Table 2-A — Determining a horizontal line — Example of field observations and calculation

(Aep 4

ww o'z =

ww g

4

LT+,

n
<tq

<ta

\/n

PUjOUE UC painsesw) Ww gz =<

S¢ SC
ww /'y = g8'z/r= —/ = \/ =g
v = ge'eft k.\/ OLFSitSc+OoL 7l v
ww o} = NQN uw Gl = NwN JWw Gg = NwN ww o) = NQN wu p| = wN
¥ T+ 4 {3 6 €+ 95¢ 12 - 66! | L+ [4:} 6 e+ 19 ok'9l S
0 0 og} } [ (474N £ 861 0 0 18 0 0 ¥9 00'91 12
b [ 64! 0 0 £5¢ b z+ €02 b b= 08 } )= £9 Sh'Gl £
l L+ [%: 1 14 c— 16T 14 ¢+ €02 14 ¢ 6. 12 - 29 87'Gl [4
12 - oEl 8q) } L+ £5¢ $5T v - 102 66l 12 T+ 18 £8 o |0 9 $9 SI'sH 1
f44 ¥4 02 218 8l Lh 9l Si pl &1 4 4 ] 6 8 L 9 S 12 € 4 |
ww wuw ww W wuw wul ww ww ZuiL, ww | ww . ww zuw ww ww ww uw ww wuw ww
3 j1od @ jurod 2 juiod g julod v 3utod .
I I . 0 I A vl I te A il I S B el IR I IR il IR Il B
L | -pdey L | -peay L | -pesy L | -pesy L | -peay
9s : Gl'gl e ;uswinJisu|
1S : 00'G| ‘e 1obiel poxid 118A18SA0
aoeLINS peo. ‘Jeqw 000 L :uoneso
aJnssaud susydsoluie ‘o, oF Alpiwny eanelal ‘o, i ainjesadwa) :SUOIPUOD S
suswdinbe Asejjouy :e1eq

10


https://standardsiso.com/api/?name=a28dbbe74623e620fa2ad910d10c0921

1991(E)"

1ISO 8322-6

niai i

Table 2-B — Determining a horizo
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Table 3-A — Determining a specific gradient — Example of field observations and calculation
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