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Foreword

1ISO (the International 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 committees. Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, govern-
mental and non-governmental, in liaison with ISO, also take part in the
work. 1SO collaborates closely with the International Electrotechnical
Commission (IEC) on all matiers of electrotechnical standardization,

Draft International 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 member
bodies casting a vote.

International Standard ISO 8322-4 was prepared by Technical Committee
ISO/TC 59, Building construction, Sub-Committee SC 4, Limits and fits in
building construction.
180 8322 consists of the following parts, under the general title Building
construction — Measuring instruments — Procedures for determining
accuracy in use:

— Part 1; Theory

— Part 2: Measuring tapes

— Part 3: Optical levelling instruments

— Part 4: Theodolites

— Part 5: Optical plumbing instruments

— Part 6: Laser instruments

— Part 7: Instruments when used for setting out

— Part 8: Electronic distance-measuring instruments up to 150 m

— Part 9: Electronic distance-measdring 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 and assessing 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 measurements.

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 8322-4:1991(E)

Building construction — Measuring instruments — Procedures

for determining accuracy in use —

Part 4:
Theodolites

1 Scope

This part of ISO 8322 specifies test procedures to be
adopted when determining and assessing the accu-
racy in use of theodolites for measurement of hori-
zontal and vertical angles in the gon and degree
system.

The procedures given in this part of ISO 8322 apply
when these theodolites are used in building con-
struction for surveying, check and compliance
measuremenis and also when obtaining accuracy
data.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 8322. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and pariies to agreements based
on this part of ISO 8322 are encouraged to investi-
gate the possibility of applying the most recent edi-
tions of the standards indicated below. Members of
IEC and I1SO maintain registers of currently valid
International Standards.

ISO 3534:1977, Statistics — Vocabulary and symbols.

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

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

Full document details: ISO 8322-4-1991

ISO 7078:1985, Building construction — Procedures
for sefting out, measurement and surveying — 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 important that the op-
erator investigate whether the accuracy in use of the
measuring equipment is appropriate to 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, two series of
measurements need to be carried out under differ-
ent conditions. The particular conditions 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 ISO 7078.

The procedures are designed so that the systematic
errors are largely eliminated and assume that the
patticular instruments are in known and acceptable
states of user adjustment according to methods de-
tailed in the manufacturers’ handbooks.
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Assumptions: P is the permitted deviation of the measuring task

A is the accuracy in use, generally expressed as deviation 1 A; (both + P and 4 A are considered
to include the dimensional variability associated with + 2,5 mes the standard deviation o)

§ are the standard deviations obtained in field tests

check available information

Choose instrument and method,
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accuracy-in-use data + A4;
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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-
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 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 0) of the measuring task, be compared
with the accuracy-in-use data obtained either from
previous accuracy-in-use tests or from general data
A which indicate the expected accuracy in use of
given measuring equipment. On those occasions
that the previously obtained data indicate that the
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
compared, as indicated in figure 1, fo the specified
permitted deviation. Where the comparison shows
that the specified permitted deviation has not been
achieved for one series of measurements, an ad-
ditional series of measurements should be carried
out under environmental conditions as near as
possible similar to those which applied in that orig-
inal series of measurements.

4 Procedures for theodolites

4.1 Accuracy test procedure

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

When setting up the theodolite for different series
of observations, take special care when centring
over the station. Achievable accuracies of centring
expressed in terms of standard deviations are the
following:

ISO 8322-4:1991(E)

a) Plumb bob: 1 mm to 2 mm (worse in windy
weather).

b) Optical plummet: 0,5 mm (to be checked for its
own adjustment).

¢) Centring rod: 1 mm.

With targets at 100 m distances a mis-centring of
2 mm could affect the observed angle by up to
1,2 mgon (4’*). The shorter the distance the greater
the effect,

If the targets have to be re-set for each series,
similar care shall be taken with their centring.

4.2 Measurement of horizontal directions

The measurement results for horizontal directions
should be given in a table (see table 1-B). An ex-
ample of a completed table, with the results in gon,
is given in table 1-A. The results with a sexagesimal
theodolite are shown in table 2-A,

4.21 Observations

Figure 2 — Layout of four targets

4.21.1 Establish four targets A, B, C and D spread
over as large anh angle as possible, but at least
100 gon or 90°, at distances from a fixed theodolite
station O, and of a form commensurate with that
expected on the particular construction site. (See
figure 2.) The positions of the targets and theodolite
shall be precisely defined in stable locations for the
duration of the test measurements and be such that
the targets are readily visible from the theodolite
station.

4,2.1.2 Each series of measurements shall consist
of four. separate sets of readings of directions OA,
OB, OC and OD (see column 2 of table 1-B). The four
points are ohserved with the telescope in the face-
left position (see column 3) in the sequence
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