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Foreword

ISO (the Interp

ational Organization for Standardization) is a worldwide

federation of national standards bodies (ISO member bodies). The work
of preparing International Standards is normally carried out through ISO
technical coanittees. Each member body interested in a subject for

which a techn

cal committee has been established has the right to be

represented gn that committee. International organizations, govern-
mental and ngn-governmental, in liaison with ISO, also take part in the
work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

Draft Internatipnal 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 membey

bodies casting

a vote.

International Standard 1SO 8322-5 was prepared by Technical Committee
ISO/TC 59, Bujlding construction, Sub-Committee SC 4, Limitsiand fits in
building constpuction.

ISO 8322 consists of the following parts, under the general title Building
construction + Measuring instruments — Procedures for determining

accuracy in usp:

— Part 1: Theory

— Part 2. M

— Part 3:

(®]

easuring tapes

ptical levelling instruments

— Part 4: Theodolites

— Part 5: Optical plumbing instruments

— Part 6: Laser instruments

— Part 7: Instruments when used for setting out

— Part 8: El

ectronic distance-measuring instruments up to 150 m

— Part 9: Electronic distance-measuring instruments up to 500 m

— Part 10: Testing short-range reflectors
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Introduction

This International Standard consists of a series of parts specifying test
procedures to be adopted when determining andassessjng the accu-
racy in use of measuring instruments in building construction. The first
part gives the theory; subsequent parts give the procedures for deter-
mining the accuracy in use of measuring instruments for mgasurements.

For testing measuring instruments for_land surveying purposes and for
measuring procedures in ordnance\survey, other International Stan-
dards are in preparation.
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INTERNATIONAL STANDARD

ISO 8322-5:1991(E)

Building construction — Measuring instruments — Procedures

for determining accuracy in use —

Part|5:
Optical plumbing instruments

1 Scoppe

This part of ISO 8322 specifies test procedures to be
adoptefl when determining and assessing the accu-
racy in|use of optical plumbing instruments (optical
plummets) for measurement purposes.

The procedures given in this part of ISO 8322 apply,
when these instruments are used in building cof®*
structign for surveying, check and compliance
measufements, and also when obtaining agcuracy
data.

rmative references

International Standards.

ISO 7078:1885, Building construction (— Procedures
for setting) out, measurement and suyveying — Vo-
cabulary and guidance notes.

3, 'General

3.1 Before commencing surveying, check and
compliance measurements, when optaining accu-
racy data or setting out, it is important that the op-
erator investigate whether the accuragy in use of the
measuring equipment is appropriate fo the intended
measuring task. This International [Standard rec-
ommends that the operator carry out|test measure-
ments under field conditions to |establish the
accuracy achieved when he uses a particular
measuring instrument and its ancillary equipment.

To ensure that the assessment takes account of
various environmental influences, fwo series of
measurements need to be carried oyt under differ-
ent conditions. The particular conditigns 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-

ISO 3534:1977, Statistics — Vocabulary and symbols.

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

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

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 ISO 7078.

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.


https://standardsiso.com/api/?name=04628ebf8f238ff004b6f2c1cd9f4c38

ISO 8322-5:1991(E)

Assumptions: P is the permitted deviation of the measuring task

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

s are the standard deviations obtained in field tests

Choose instrument and method,
check available information

Compare * P with available \ No

accuracy inuse data £ A4; —
is+A< +P? / . \'
Yes .
Yes Judgement on consequences/discuss
(or no relevant " with designer the need for +P < *+ A;

data available) can P be revisedto £ P 2"+ A?

No, P confirmed

Select better suitable method,

i
/ and/orl more accurate instrument .\

Yes Is the i X No Correct adjustment or send
s the xr?strument s . instrument for correction or
user adjustment satisfactory?

|
I

choose another instrument

Make fleld test:
Day 1-tobtain s,
Day 2-fobtain s,

Compare s{,

Is the analysis No Recalculate
correct? 51, S9

Yes
" Proceed with field test Yes | | P ,
Day 3—obtain s5 s only $ orsy > 25
“ No {5, and s, > il
P No 2,5
S53 < —7?
| 25

P
——; are sy

Yes

Can the most inaccurate 1
Yes result be assumed to be mere No R: Su:(t wor'se thar? expected,
chance and be rejected as need check, revise equipment,
for accuracy is recognized? method and personnel
\- Proceed with task, same equipment, method and personnel

Figure 1 — Flow diagram for accuracy-in-use tests
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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
ISO 3534.

The accuracy in use is expressed in terms of the
standard deviation.

3.2 Figure 1 indicates schematically the decisions
to be made when establishing that the accuracy as-

ISO 8322-5:1991(E)

4.2 Types of optical plumbing instruments

There are three types of optical plumbing instru-
ments.

a) Instruments with a spirit-level. A cross levelling
is recommended before each observation so that
the line of sight is coincident with the plumb line.

b) Instruments with one compensator. The
compensator ensures that the line of sight is in
a vertical plane such that the plumb line is the

sociateg—withagivermrsurveying—method—and—par=
ticular |measuring equipment is appropriate to the
intenddd measuring task. In particular, the decisions
apply when adopted by a particular operator under
a rang¢ of environmental conditions which are likely
to occur when the task is actually carried out. Where
the contract documentation specifies the required
tolerance for the intended measuring task, it is rec-
ommended that this tolerance, which is normally
given |in terms of the permitted deviation P
(P = 2,5 6) of the measuring task, be compared
with thle accuracy-in-use data obtained either from
previolls accuracy-in-use tests or from general data
A whidh indicate the expected accuracy in use of
given measuring equipment. On those occasions
that thp previously obtained data indicate that the
accuragy in use associated with the given measur-
ing equipment does not meet the specified permitted
deviatipn of the measuring task, consideration
should| be given to either selecting a different
method and/or a more precise instrument) or
discus}ing with the designer the need for sucth 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 {inder particular environmental conditions be
compalred, as indicated in.figure 1, to the specified
permitied deviation. Where the comparison shows
that the specified permitfed deviation has not been
achievpd for one series of measurements, an ad-
ditiondl series ofiymeasurements should be carried
out under environmental conditions as near as
possible simifarto those which applied in that orig-
inal series{of measurements.

intersection of two vertical planes| perpendicular
to each other.

c) Instruments with two/ compensators. The
compensators work intwo planes| perpendicular
to each other such that“the plumh line is coinci-
dent with the linef-sight.

Each of the three types of instrumen{s can have ei-
ther a simple telescope sight or ong incorporating
a laser.

Optical plumbing instruments (optical|plummets) are
able_to’sight either upwards or downwards or both.
The.procedure is the same in all casg¢s.

4.3 Test methods for accuracy

4.31 General

The following test procedure shall e adopted for
determining the accuracy in use, By a particular
survey team with a particular instrument and its an-
cillary equipment.

Two alternative methods are proposed. The first is
simpler to carry out (method 1); the §econd is more
sophisticated, needs better ancillary equipment and
more calculation (method 2). The ancillary equip-
ment for method 1 is the cheaper,| but method 2
gives an improved estimation of the accuracy in use.

To minimize the effects of systemalic errors, it is
recommended that each measuremgnt with an op-
tical plumbing instrument consist jof two obser-
vations carried out by observing with the telescope
in diametrically opposed positions.

4 Procedures for optical plumbing
instruments (optical plummets)

4.1 General

The accuracy of any type of plumbing instrument is
dependent on the vertical distance over which the
plumbing operation is carried out. Thus the achiev-
able accuracy in use is commonly expressed as a
relative lateral deviation defined as the ratio of the
accuracy achieved against the difference in height.

4.3.2 Method 1

The measurement results should be given in a table
(see table 1-B). An example of a completed table is
given in table 1-A.

4.3.2.1 Observations

a) Design a target in such a way that marks can be
made on the horizontal surface and their location
read with reference to a transparent rectangular
x, p grid overlay graduated in millimetres. The
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b)

c)

horizontal surface shall be formed of a material
which will accept pencil and can be easily wiped
clean. This will ensure that successive pencil
marks are not biased in any way by previous
marks. Fix the transparent overlay so that it al-
ways returns to the same position.

Establish such a target at a height comparable
with that of the intended task and locate it ap-
proximately vertically above/below the mark
over/under which the instrument is centred.

The orienta =hai =
scope shall|be parallel to the axes of the target
during every observation.

Table 1-A is| an example using an optical plumb-
ing instrum]nt with one compensator.

Each measyrement for x (or y) shall consist of
two observgtions carried out by observing with
the telescope in diametrically opposed positions.
(See columns 3 and 5.)

If an instrufent with a spirit-level or with two
compensators is used, each position of the tele-
scope providies values of x and y simultaneously.
Thus two dpposing positions of the telescope
suffice.

Record the |environmental conditions. Changes
in environmental conditions during the con-
struction pefiod may render the test result inap-
plicable. In such a case repeat the test under the
new conditigns.

4.3.2.2 Calculation procedure

A complete example of the analysis is given in table
1-A, columns 4, 6, 7, 8, 9 and 10,(for an optical
plumbing instryment with one comipensator using
the measuremgnts given in coliémns 3 and 5 and it
is recommendgd that this form)of presentation be
generally adopted.

a)

b)

Calculate in|column-4.'the mean
x=(x'y + x'2

c)

d)

e)

)]

Calculate the deviations v, = (x—X) and v, =
(» — 7) in columns 7 and 9 from the arithmetic
means.

To minimize the effect of rounding errors, the
calculation of each deviation v should be carried
out to the nearest 0,01 mm. As an arithmetic
check, the sum of the 10 deviations in the x and
y directions should be approximately zero.

EXAMPLE

=0 T 0.23Tm
Calculate the squares of the deviations vf and vﬁ
in columns 8 and 10.

EXAMPLE

Set 1: v} = 0,64 mm2 v, = 0,05 mm2
Calculate the standard deviations for the fifst day
as the square roots of the sums of squargs div-
ided by 9 (= number of redundant observations).

EXAMPLE

so=N 22— 064 mm
x4 g

/1,54
5y, = 9 =0,41 mm

Repeat the calculation procedure using the sec-
ond day’s observations to produce sy, and y, . the
standard deviations for the second day.

EXAMPLE
5y, = 0,40 mm
5, = 0,70 mm

The estimated overall standard deviations|in the
x and y directions for any single measurgment
of the plumbing line are:

2, 2
S+ 5,
=N T

and in column-6 the mean 2 452
Y=+ H2 TEIEE S
EXAMPLE
EXAMPLE
Set 1: x = 20,00 mm y = 15,25 mm
s, = 05 mm 5, = 0,6 mm
Calculate the means x and y from x;, x, . . . x;0
and py, po . . . Yo h) Calculate the radial estimated overall standard
deviation of a plumbing measurement according
EXAMPLE to:
2, 2
X =1920mm 7 = 1502 mm S=A/5%ts,
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i)

EXAMPLE
s~ 0,8 mm

Calculate the relative deviation.

EXAMPLE

For A = 20,9 m: s ~ 1:26 000

4.3.3 Method 2

ISO 8322-5:1991(E)

Table 2-B is an example for an optical plumbing
instrument with a spirit-level. The readings shall
be made in the four positions. Using an instru-
ment with one compensator requires the se-
quence givenin 4.3.2.1 b).

Record the environmental conditions. Changes
in environmental conditions during the con-
struction period may render the test result inap-
plicable. In such a case repeat the test under the
new conditions.

The meagurement results should be given in a table
(see tablg 2-B). An example of a completed table is
given in table 2-A.

4331

a)

bservations

Establish as target a target scale, graduated
plate |or checker-board. The spacing of the
gradurliion marks, ¢, on the target should be such
that the field width appears in the telescope as
an angle not greater than 10’.

The vqlue of t is obtained in millimetres:

P

t€<——x29
r X

A, is the plumbing height, in metres;
r is the telescope magnifying power.
Expregs ¢ to the nearest centimetre.

Fix the target at a height comparahle with that
of the fintended task and locate (it ‘approximately
verticglly above/below the ‘mark over/under
which the instrument is cenfred.

In ordér to obtain meastwements independent of
each ¢ther, the target)shall be mounted on a
suppoft and be moved by random amounts be-
tween| the sucgcessive measurements. The
amourt of the,possible support displacement
shall He af least as large as the scale unit of the
target| Ahe support position is read at a

micrormeter-gauge screw a micrometer watch

4.3.3.2 Calculation procedure

A complete example of the-analysis is gjven-in table
2-A, columns 4, 6, 9, 10, 11,12, 13 and 14, for an op-
tical plumbing instrument with a spirit{level and a
checker-board using the measurements given in
columns 3, 5, 7 and_8. It is recommended that this
form of presentation be generally adopted.

a) Calculatéyin column 4 the value

b)

c)

d)

ye(v'y + 5+ '3+ y'y)/4 of each test.

X = (x,‘ + -‘(”2 '{' x’3 + x,4)/4
andiin column 6 the value
EXAMPLE

Set 1: x = 367,0 mm y = 120,5 mm
Add to the value in column 4 the value b, of the
support in column 7, and to the valup in column
6 the value b, of the support in column 8 (col-
umns 9 and 16)
EXAMPLE

Set 1: 369,15 mm and 725,84 mm

Calculate the means X and y of colpmns 9 and
10.

EXAMPLE

X = 369,95 mm y = 725,26 mm

Calculate the deviations v_= [(¥+b)—X];

or an equivalent apparatus with a precision such
that the value of the support position can be in-
cluded in the calculation as correct.

The orientation of the cross-hairs of the tele-
scope shall be parallel to the axes of the target.

Each of the two series of measurements on sep-
arate days shall consist of 10 separate sets of
measurements. Each measurement shall consist
of four observations, carried out by observing
with the telescope in the positions 0° (0 gon),
90° (100 gon), 180° (200 gon) and 270° (300 gon)
(see table 2-B).

e)

=[p+b)—y]in columns 11 and 13.

To minimize the effect of rounding errors, the
calculation of each deviation v should be carried
out to the nearest 0,01 mm. As an arithmetic
check the sum of each of the 10 deviations in x
and y should be approximately zero.

EXAMPLE
Set 1: v, = — 0,80 mm v, = — 0,58 mm

Calculate the squares of the deviations v and v
(columns 12, 14).
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EXAMPLE

v2 = 0,34 mm2

Set 1: v2 = 0,64 mm2 3

Calculate the standard deviations for the first day
as the square roots of the sums of squares div-
ided by 9 (= number of redundant observations).

EXAMPLE

S, = ﬂ =0,80 mm
X4 o]

Repeat thg calculation procedure using the sec-
ond day’s|observations to produce s, and s, . the
standard geviations for the second day.

EXAMPLE

Sy, = 0,72 mm 5, = 0,95 mm

x and y directions for any single measurement

The estim{llted overall standard deviations in the
of the plumbing line are

Xy | X
“.:r = 2
-
_ vJ’1 + S}’z
Sy 2

EXAMPLE

C

EXAMPLE

) C

EXAMPLE

s = 0,76 mm s, = 0,90 mm

i) Calculate the radial estimated overall standard
_ — et i S ccording
W= g =UEmm to: ;

[2, 2
s=./5t5,

s = 1,18 mm

alculate the relative deviation.

For h<<'27,5 m: s ~ 1:23000
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Table 1-A — Optical plumbing instrument — Method 1: Example of field observations and calculation

Date: Conditions: indoors
Location: Remarks: vertical height 20,9 m
Observer:
Instrument: optical plummet with one compensator
Series: |
Degrees |___Set x’ X v b4 + 2 2 Remarks
mm mm mm mm x x vy vy
1 2 3 4 5 6 7 8 9 10 1
0 18,0
920 1 14,5
180 22,0 20,00 {-0,80 0,64
270 16,0 15,25 +0,23 0,05
0 20.0
90 2 18,0
180 20,0 20,00 40,80 0,64
270 13,5 15,75 +0,73 0,53
0 17,0
90 3 14,5
180 20,0 18,50 --0,70 0,49
270 14,5 14,50 - 0,52 0,27
0 20,0
90 4 16,0
180 19,0 19,50 470,30 0,09
270 13,0 14,50 - 0,52 0,27
0 17,0
90 5 14,5
180 20,0 18,50 - 0,70 0,49
270 16,0 15,25 +0,23 0,05
0 18,5
90 6 16,5
180 19,0 18,75 0,45 0,20
270 14,0 15,25 40,23 0,05
0 16,5
90 7 15,0
180 20,5 18,50 -0,70 0,49
270 15,5 15,25 10,23 0,05
0 20,0
920 8 16,0
180 20,0 20,00 10,80 0,64
270 13,0 14,50 --0,62 0,27
0 .5
90 9 15,0
180 20,5 19,00 - 0,20 0,04
270 15,0 15,00 - 0,02 0,00
0 19,5
90 A 16,6
180 ' 19,0 19,25 0,05 0,00
270 13,5 15,00 - 0,02 0,00
X = 19,20 y = 15,02 =0 ¥ =372 T=-005| X =154
x4 = /3,72/9 = 0,64 mm Syy ™ J1.54/9 = 0,41 mm
sz = 0,4 mm (measured on another day) Jyz = 0,7 mm (measured on another day)
sy=~/ (067 +04%)2 = 0,5 mm sy=~/(0.47 +0,7%)/2 ~ 0,6 mm
5=1/0,52+06% =08 mm or 1:26000
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Table 1-B — Optical plumbing instrument — Method 1: Field observations and calculation

Date: Conditions:

Location: Remarks:

Observer:

Instrument:

Series: |

Degrees Set

Y 3 2 Remarks

20
180
270

20
180
270

180
270

20
180
270

180
270

180
270

20
180
270

90
180
270

920
180
270

90
180
270

10

i
™
Il
™
1]
™
i
™
1]

Sxq = A / Z(vf)/Q = Sy, = N Z(v;‘:)/s =

Sxp = (measured on another day) Sy, = (measured on another day)

= SR - N ERTATI

+s5, = or
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