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iISO

Tolerances for building — Methods of measurement
of buildings and building products —

Part [1:
Methods and instruments

1 Scopje and field of application

This Interngtional Standard gives some alternative measuring
methods fpr the determination of shape, dimensions and
dimensiondl deviations of buildings and building products
which are |relevant to fit. The methods can also be applied
when accyracy data are being collected in factories or on
building sites.

Information is given about deviations of parts of buildings or of
building products which can be determined with the equipment
described.

The measyring methods concern primarily those objects the
faces of which are rectilinear in shape and whicihave a
modulus of elasticity larger than 35 kPa, for example/concrete,
wood, stee], hard plastic. Building products consisting of glass
wool and s|milar soft materials are not the subject of this Inter-
national Sthndard.

Rules for quality control in all stages_of measurement such as
frequency fhecks, place, time, etC.) are not covered by this
Internationgl Standard.

Part two of this Internatiohal Standard gives the position of
measuring points to bé'used in the measurement described in
this part.

To facilitate cross-referencing, the same numbering is used in

ISO 7976-2, Tolerances for building — Methods of measure-
ment of building and" building products — Partl2: Position of
measuring points.

ISO 8322,“Building construction — Measuring |nstruments —
Procedures for determining accuracy in use —

Part 1: Theory. )

Part 2: Measuring tapes. V)

Part 3: Optical levelling instruments. 1)
Part 4: Theodolites. )

Part 5: Optical plumbing instruments. 1)
Part 6: Laser instruments. 1)

Part 7: Instruments when used for setting oqit. 1)

Part 8: Electronic distance measuring instrumpents. 1)

3 General

3.1 Methods of measurement

The methods of measurement refer to the main|dimensions of
building products, distances between such products and their
geometrical deviations. They may, however, alsp be applied to
parts and to subdivisions in building products.

the two pa Mﬁmwﬂdﬁm—?hekmmwmas they will be

2 References

ISO 4464, Tolerances for building — Relationship between the
different types of deviations and tolerances used for specifi-
cation.

ISO 7078, Building construction — Procedures for setting out,

measurement and surveying — Vocabulary and guidance
notes.

1) At present at the stage of draft.

supported in use. When this is impractical, the support con-
ditions should be agreed in the measuring schedule. If
components are measured whilst they are in a manufacturing
jig or mould, this should be noted. Flexible components should
always be fully supported on a flat surface.

For both compliance measurements and for the collection of
accuracy data, the measurement procedure should be
significantly more accurate than the permitted deviation
specified for the manufacturing or construction process to be
measured.
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Arrangements which make it possible to check the accuracy of
the measurement procedure are an essential part of the
method. (See I1SO 8322, parts 1 to 8.)

When recording the result of a measurement the following con-
ditions should be reported where appropriate :

— identification of operator, instrument and time;
— position and attitude of the object being measured;

— temperature and moisture content of the object being

Other reference conditions such as moisture content of timber
and age of concrete components shall be taken into account
where appropriate.

The actual temperature of either the object to be measured or
the measuring equipment may be difficult to determine in prac-
tice since it is unlikely that either will be at uniform temperature
and because temperature differentials within the object to be
measured or in the equipment will exist. The most satisfactory
solution is to allow both the object to be measured and the
measuring equipment adequate time to achieve a stable am-
bient temperature. This temperature can then be measured and

measured;

— any othgr matters pertaining to the measurement.

It is usually pgssible to measure directly on surfaces cast
against a smooth mould. Local defects such as pores, burns
and casting blefnishes shall be avoided in the measurement.
They shall not appear as incorrect sizes, but their presence shall
be noted. In the case of a surface with a considerable
roughness in felation to the permitted deviations, the
measurements gan be specified to be made with the aid of suf-
ficiently large pqsition pieces placed on the object of measure-
ment.

At the end of ¢ach of clauses 4 to 14, there is a table that
specifies the following items for each of the measuring oper-
ations in that cIuse:

— the measuring operation;

— limits offmeasuring accuracy, in terms of the permitted
deviation of [the item to be measured;

— the meIuring range;

— the meaburing instrument or tool which can be chosen.

3.2 Influénce of deviations from reference
condition

Variations i the ambient conditions~from the specified
reference values can give rise to errgrs'in the measured size
of a dimension. Temperature, gspecially direct sunshine,
is normally [the most significant”of these ambient con-
ditions.

allowance made for any variation from the specified freference
temperature.

So far as the measuring equipment is concerned, [the most
likely sources of heat input are from the. handling of the equip-
ment and from differences between.dambient tempergture and
the reference condition. The object)to be measurgd is also
affected by ambient temperature and may also be sulbjected to
considerable heating during.manufacture.

The reference temperature in this example is considgred to be
20 °C. The following symbols are used:

4 is thetemperature of object to be meapured, in
degrees centigrade;

t,  is'the temperature of measuring equipment, in degrees
centigrade;

@, is the coefficient of expansion of objeft to be
measured;

a, isthe coefficient of expansion of measuring equipment;

At, is the temperature difference from 20 °C of| object to
be measured (At = ¢; — 20);

At, is the temperature difference from 20 °C of measuring
equipment (At, = t, — 20);

L is the length being measured.

Then the error in measurement AL caused by the temperature
differentials At; and At, is given by:

AL = L ((11 At1 — dj Atz)
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Section one: Measuring methods for those measurements which can be
carried out both in factories and on building sites

NOTE — Most of the examples concerning components can also be
applied to parts executed on site.

4 Sizes of components

This clause describes examples of instruments and measuring

Special attention should be paid to tension and temperature
when measuring with tapes. A tape tensioner applying the
reference tension should be used where specified or when the
length to be measured exceeds 10 m. It is recommended that
the tape is supported in order to reduce the influence of the
temperature of the object to be measured (see figure 1). It
should be observed that when the tape rests on a building

methods [for the determination of length, width and thickness
of compdnents.

Linear dimensions are determined using measuring instruments
(with or Without the aid of position pieces) cited in clause 15,
where tygical errors and precautions needed are also indicated.

Figure 1

component or a floor, the temperature-of this object of
measurement can differ from the measuréd.tepnperature of the
surrounding air and hence cause measuring frrors (see 3.2).
This error can be reduced by supporting the tape. The correct
temperature of the tape can be measured with & contact thermo-
meter.

\
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4.1 Length and width

On components which do not have sharply defined edges, position pieces (see clause 15) should be used to improve measuring
accuracy. The position pieces should be held or clamped, as necessary for the duration of the measurement, against the appropriate
faces of the component in order to define precise edges. An example of the use of corner pieces is given in figure 2.

/ /

Index

= Index

0] 1 m
s 1 L1111|I1||011111||lxllll[ llllll|||l1 1o

m
1141111111111111111?

1]111[1]111\

6

Figure 2

10

8 9 1
ﬂnuhmum L] mmw‘mmnﬂu
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AR N T =
N ‘ | %
i \
|
| ‘ !
1: Tape
2: Corner piece Example: R, 4,193
3: Tape tensioner R, — 0,100
4: Reading .
5: Reading L = 4,093

NOTE — When the zero point is at the end of the tape, readings shall be made in two places.

Figure 3
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The result of a measurement between opposite points other than corner points can bhe

ODDOSILE

measurement of straightness deviations. (See clause 6 and figure 4.)

L1 = L+81+ d;

Figure 4

When megsurements are made along cupved-surfaces, errors arise as the curve AB is always longer than the chord AB. Normal
accuracy rpquirements permit readings to'be taken to the nearest millimetre. This implies that in practice some amount of curvature
can be aligwed. (See figure 5.)

Tape

A _AY 3 B

Curve AB > chord AB
D = height of arch

Figure 5
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Figure 6 gives a diagram for corrections to be appiied when measuring alo

Height of arch, mm

ng curved components.

, (1o
230 -
WA 8y S S S s
wl | ey
wi| KT
w17
170 - //////} .
160 //// VA
sy | [/ / /'/' e
140 // /'/ yd Q,/}-/
120- '//// A4 // L
4 [l )/ / 0/ A L3.oo
100- //// At / /C'/ (Linmm)
ol g =
604 1; ’ / Measured lengh, L, and D
501 4. ecarmic L=eC
40+ campe Ly =9 000 mm
3 D- 1% mm
12(()) L=9 OOthzzélz)g]émmm
0 -

0 2 L 6 8 1 12 1616 18 20 22 24 26 28 30

Measured length, L (m)

Figure 6
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A2 Thickna
S.4 L1 o (5

Thicknesses (or depths) of components are determined using instruments cited in clause 15 and in principle carried out in the same
way as described in 4.1.

When necessary, corner- and/or edge-pieces should be used.
Instruments with a large contact surface are used for materials with an uneven surface.

Thickness shall be measured perpendicular to at least one of the surfaces of the component. (See figure 7.)

Straightedge
and rule

Graduated squaré
and straightedge

Sliding calipers
(slide gauge)

Figure 7


https://standardsiso.com/api/?name=f56ce8b2c2706249bca959654decd0af

1SO 7976-1 : 1989 (E)

4.3 Accuracy table

M . When values for permitted Measuring inst nt
easuring deviation specified Measuring range surlngtm lrume
operation for object exceed: or too
1 2 3 4
+ 3mm <1m Retractable steel tape
Lengths and widths N i
of components (4.1) + 3 mm <3m Ca !brated steel tape
+ 5mm 3tc10m Calibrated steel tape
+ 05 mm 01m Caliper
+ 1 mm 0,1t00,5m Caliper
Thickness of + 2mm 05t020m Caliper
components (4.2) + 3 mm <1m Retractable steel tape
+ 5mm <05m Measuring rod and two
boning rods

5 Squarengss (perpendicularity) of components

This clause desgribes examples of instruments and measuring methods for the determination of deviation from squarene

angle), but can |n principle be applied to any angle.

According to ISP 4464 the angular deviation is described as the difference between an actual angle and the corresponding

angle.

Figure 8 shows pngular deviations expressed in gon or degrees [figure'8a)] or as offsets [figure 8b)].

Angular deviation

Reference angle

Angular deviation
(as offset)

Angular deviation

\,'\ Reference angle

ss (right-

reference

Actual angle

a)

Actual angle

—_— o —

b)

Figure 8
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If alternative b) is put into practice, the angular deviation shall be determined from the shorter side of the angle and shall be measured
perpendicular to the corresponding side of the reference angle.

Parallelism deviation, which is another form of angular deviation, is dealt with in 5.2.
Angular deviations are determined using instruments and tools given in chapter 15, with or without the aid of position pieces.

Three methods are described for the determination of deviations from a right-angle in building products. The method chosen depends
on the size of the object of measurement.

In figure 9, if b and ¢ < 1200 mm, a square is used as shown in figure 11. Otherwise, a measuring telescope is used (see 5.1.3) or
diagonal measurement (see 5.1.2) is made. Diagonal measurement, however, may only be used when the permitted deviation of the
right-angl, fsmore—tharmr 5 peTetre:

The threg methods used for determination of angular deviations are explained in the examples below. Theldeviation is always
measured|on the shorter leg of the angle and the final result will be the deviation of point B or point C from_the required position.

In figure 10, the angles to be measured are those between the lines which connect the corner points;{see also figyre 16).

Figure 9

Figure 10
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5.1 Angular deviation

5.1.1 Measuring using a square

In figure 11, a square of sufficient size is placed with the longer arm along AB in such a way that the shorter arm touches B or C. The
angular deviation of corner B is determined as shown.

— Corner piece — Square

AL / :

I I

Positive angular deviation for corner B

Negative angular deviation for corner B

Maximum size: 1200 mm x 1200 mm
Corner pieces at A, B and C

Figure 11

10
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In figure 12, a squar

e is positioned for measurement of angular deviation. The square rests against the studs S. In order to reduce
friction, the arm L is supported on the roller bearing R.

casurcin udre r L |24} u

In figure 13, the method in figure 12 can also be used to measure angular deviations on columns.

When using methods shown in figures 12 and 13, the thickness of spacers or studs shall be subtracted from the reading when
evaluating the angular deviation.

/D\

pacers

—Mesuring point A

Figure 12
) -
Measuring\point
N
Column
-
] L1
AN LN\ |
Spacers Square
Figure 13

1
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The method in figure 14 can only be used when no straightness deviations occur, as otherwise only the deviations from the right-angle
between parts of the surfaces are observed, that is angle ABC and not ABD.

5.1.2 Diagonal measurement
In figure 15, the distances AB, BC and AC are determined with the aid of tapes and corner pieces.

The dimensions of the object to be measured may not exceed the length of the tape and the ratio width/length of the object to be
measured shall not be less than 1:2.

I
I

Figure 14

2 2 2
A B CC']—AB +BC “AC

Ja 3 2AB

Figure 15

12
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The angle at point B can be calculated as follows :

cos f3

AC2 — AB2 - BC2
- 2AB x BC

This procedure can be repeated for the points A, C and D.

The sum of the angles (@ + 8 + y + J) should be 400 gon or 360°. Any misclosure must be divided equally over the four angles,
provided that the misclosure is not more than 0,12 gon (0,11° = 7’) for a component of size about 2 000 mm x 3 000 mm. If the
misclosure exceeds this figure, new measurements shall be made.

The angu

B =1

cos f

or

CCy 5

513 M

In figure 15(,) a measuring telescope is positioned at measuring point Biand set at zero towards target A. The instrumer]

100 gon (

ar deviation as an offset (CC4) can also be determined in relation to the side CB as follows:
DO gon — @
. CCy; _ AB2 + BC2 - AC2
= sin(— 0) = — =
BC 2 AB x BC
AB2 + BC2 — AC2
2 AB
pasuring with a measuring telescope

°) and the deviation at target C is determined using, for instance, a millimetre-scale placed at this poini.

tis then rotated

Figure 16

13
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Figure 17 shows a method for the determination of the angular deviation (at B) with the aid of a theodolite (T) the sighting axis of
which is brought parallel with BA by turning the theodolite until the readings on the measuring rod (P; and P,) are equal.

The telescope is then turned through 100 gon (90°) and the distances P3 and P, are read off in the telescope from the measuring rod.
The distances P, to P, should range from 500 mm to 1 000 mm. This means that in most cases additional lenses for short-range

observation will have to be mounted on the theodolite when reading distances P; and Pj.

The offset angular deviation is in this case positive (P3 — Py).

~0

|
|
| .
|
|

Sighting axis
> S S

Figure 17

14
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5.2 Parallelism

Parallelism deviation is a form of angular deviation and is the difference between the orientation of the straight line through A and B

and the orientation reference line AB, through A, parallel to DC (see figure 18). The deviation is measured as the distance between B
and B (see ISO 4464).

In figure 18, distances AD and BC are measured from C and D respectively at right-angles to CD, in practice parallel to the edges BC
and AD using mesuring instruments in accordance with clause 15. The difference between AD and BC is the deviation from the
parallel between AB and CD.

B

— A ___________ o ‘:E)eviatic
By

3

Figure 18

5.3 Acduracy table

When values for permitted
deviation specified
Tor object exceed:

Measuring
npnraﬁnn

Measuring instrument

or-tool

Measuring range

1 2 3 4

4 mm <12m Square

H

Angular deviation

(5.1) + 5 mm/m <30m Calibrated steel tape
+ 7 mm <30m Optical instrument
+ 2 mm <1m Caliper

Parallelism (5.2) + 3 mm <3m Calibrated steel tape
+ 5mm 3to10m Calibrated steel tape
+ 5 mm <3m Measuring rod

15
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6 Straightness and camber of components

This clause describes examples of measuring instruments and tools for the determination of deviations from straightness and from
designed camber.

6.1 Straightness

According to ISO 4464, straightness deviation is described as the difference between the actual form of a line and a straight line. The
deviations @ and b are measured as the distance from points on the actual line to the straight line joining the ends of the actual line,
A and B. (See figure 19.)

Straightness deyviations are determined using instruments and tools given in clause 15, with or without the aid of positign pieces.

The ends of th¢ line, commonly an edge, along which the deviation from straightness is to be measured, are linked) either using a
string stretched|between the two end points, A and B, a straight edge supported by position pieces or the sighting-axis of a measuring
telescope.

Figure 19

16
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6.1.1 Measuring using a straightedge
The length of the straightedge should not exceed 3 m.

Figure 20 shows measurement using a straightedge and corner pieces along the edge of the object of measurement.

Dimensions in millimetres

Case—t — case 2

Stud /

d £ deviation from
straightness
e + height of studs

Example The deviation is calculated as follows:

e = height of studs: 256 mm

deviationd = e — reading

Case1: d =25 -15 Case2: d =25 —32

d = 10 mm (pos.) d = —7 mm (neg.)

Figure 20

17
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6.1.2 Measuring using a stretched wire

The method in figure 21 consists of setting up a reference line with a stretched steel or nylon wire, supported at its ends by distance
and tensioning pieces. The wire is kept in place by a groove 50 mm from the edge.

The aim of the distance and tensioning pieces is to keep the wire at a predetermined distance from the corners of the object of
measurement and to ensure that it does not touch the surface.
6.1.3 Measuring using a measuring telescope

The methods described in 5.1.3 for a measuring telescope used in the determination of angular deviation can also be used to deter-
mine the straighitness of components.

6.2 Designed camber

The methods déscribed in 6.1.1 to 6.1.3 can also be used to determine deviations from designed camberx

Distance to be measured

Square

Weight

Figure 21

18
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6.3 Accuracy table

ISO 7976-1 : 1989 (E)

M . When values for permitted M . anae Measuring instrument
easuu:mg deviation specified easuring rang easuring in e
operation for object exceed : (measuring length) or tool
1 2 3 4
+ 2mm <3m Measuring wedge
(< 30 mm), straightedge
and corner pieces
+ 3 mm <3m Rule, straightedge and
Deviation from corner pieces
straightness and ]
designed camber + 2 mm <2m Measuring wedge (39 mm)
(6.1 and 6.2) + 4 mm 2to5m and steel or nylon wire
+ 8 mm 5t010 m (< 10 m) and corneri'pieces
+ 3 mm <2m Rule and steel or nylon wire
+ 5mm 2to5m and corner piéces
+ 10 mm 5t0 10 m

7 Flatless and skewness of components

This clau
ing meth

nation of

Accordin

describes examples of instruments, tools, measur-
dds and reference planes to be used for the determi-
flatness.

d to ISO 4464, flatness deviation is described as ‘‘the

difference| between the actual form of a surface and that of a
plane surfpce”. In the case of local flatness these surfaces are
substitutefl by a line and a straight line respectively. When
determininpg deviations from flatness, it is necessary to decide

from whi

ch reference plane the deviations of the surface &re'to

be measufed.

7.1

Principles of measurement

A referende plane can be defined in many,different ways, such

as:

S/k

L St

— a mean plane of the four corner points;

— a plane determined with the aid of the

squares;

~<\Jin relation to certain straight lines (loc

— in relation to a box (the box principle)

— a plane through three corner points (s

7.1.1

Flatness deviations on a rectangular surface c4
ISO 4464, be determined with the help of a m
four corners. This mean plane will be situated
diagonally opposite corners and S/4 below
corners (see figure 22) where S is the degrd
determined as shown.

Mean plane

’

method of least

bl flatness);

ewness).

n, according to
pan plane for all
S/4 above two
the other two
e of skewness

plane

Figure 22

a, b, cand d are
flatness deviations
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In figure 22, the reference plane is the mean plane passing

n figure ce plane plane passi

through A + S/4, B — S/4, C + S/4and D - S/4 The
flatness deviations are measured at points all over the surface
and not only in sections; the sections in the figure are shown
for the sake of simplicity. The surface is scanned in reiation to
the mean plane. Flatness deviation is expressed positively and
negatively by the greatest distance of a point above and below
that plane.

7.1.2 Method of least squares

o be measured is already a part of the erected

asured eaqay

o directions normally be subject to accuracy

where the -:urfarp
building can the
requirements.

Figure 23 shows the

aid of the principle of least squ

@
-t
@
Q0
®

QT
)

res.

A measure of the quality of the flatness can, by way of
example, be specified as:

|V pos.| + |V neg.| < Ty mm

A more general definit 3
is so constructed that the sum of the surface deviations from
that reference glane is zero; i.e. the sum of the positive devi-
ations equals the sum of the negative deviations, and the sum
of the squares ¢f these deviations is a minimum (that is, prin-
ciple of least squares). For such a plane a large number of
measurements is required (approximately 16 points on a com-
ponent of size 4000 mm x 6 000 mm), while calculations must
be done by computer.

It should be nof
of least squares

d that the evaluation when using the method
hould be entrusted to well qualified personnel.

NOTE — The apglication of the principle of least squares implies that
the calculation regult gives the position and the two directions of the
reference plane in relation to the measuring plane. Only in those cases

where
V pos. is the largest positive deviation;
V neg. is the largest negative deviation;

Ty is the specified flatness-tolerance.

7.1.3 Local flatness

Local flatness deviations<from certain straight lines|in certain
directions can be measured.

This method givesva direct measure of local straightness and
indirectly an<jndication of flatness. It is a practical method of
checking flathess for many building purposes.

Measuring points on the
surface of the component

Conditions : E V, =
i
Z V;2 = minimum
i

(i=11,1213..4.4)

Figure 23
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Figure 24 shows flatness deviations a, in relation to a reference
plane ABCD or deviations a; in relation to a straight reference
line through the points X and Y on the surface of the component.

7.1.4 The box principle

The box principle may be used to determine flatness deviations.
According to ISO 4464, the box principle is described as
follows: “The volume to consider is the volume of the space
which exists between two theoretical similar parallelepipeds

1SO 7976-1 : 1989 (E)

having the same orientation, one of them being situated inside
the other. The distance between the corresponding faces of
these parallelepipeds may or may not be equally distributed
depending on the tolerance widths which are specified. No

point on the surface of the component shall pass beyond this
volume."’

NOTE — This principle is also applicable when only two dimensions are
under consideration. This will probably be the most common situation.
(See figure 25.)

Figure 24

Figure 25
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As shown in figure 25, for two-dimensional components such
as bars or plates, a simplified box principle may be used.

The general use of the box principle with a three-dimensional
rectangular co-ordinate system requires measurements in three
planes.

7.1.5 Skewness

According to 1ISO 4464, skewness is a special case of flatness
deviation. This means that a reference plane passing through
three corner poin ured-lorrather

between two components or between two stages in the for-
mation of a “’plane”” surface. Large areas like floors are usually
controlled by tolerances on level and sometimes on skewness
in relation to grid points (see clause 9).

7.2 Overall flatness

7.2.1 Measuring flatness deviations with a measuring
telescope

points near the cprners, since corner points are usually difficult
to identify) can e chosen. The skewness is then described as
the absolute valde of the deviation of the fourth corner point
from that referente plane. Deviations from the reference plane
of any other poinfs on the surface are then regarded as flatness
deviations. Due tp the skewness, large flatness deviations may
thus be observed.

Flatness deviatipns are determined using the measuring
instruments indigated in clause 15, where typical sources of
errors and precaygtions needed are also given.

The methods giyen below show some of the various possi-
bilities of measufing the general shape of the surface of the
component. Thelspecifications should firstly indicate the refer-
ence plane to be yised and additionally give the permitted devia-
tion. Flatness shuld generally be related to a specified area of
a finished surfage, to a single component, to the junction

Surface to be measured

Measurements can be made with levelling instruments or
theodolites. Combined with the measurementyof thickness,
these methods give an example of the application of| the box
principle.

A note to subclause 7.3.3.2 in 1ISO 4464\ 1980 states: |'In prac-
tice the measurement is made from'a plane exterior to the com-
ponent and parallel to two main djrections of the component.”

This recommendation can_be fulfilled for such methods as
demonstrated in 7.2,2. \For other methods, where (levelling
instruments or theedolites are used, this recommpgndation
cannot be fulfilled) ‘For such cases it is recommended| that the
instruments are levelled as normal and that the measuring
values are ¢trapsformed in relation to the chosen neference
plane. To-facilitate the calculations, programmable figld com-
puters’€an be used.

B — B, = skewness

Reference plane through three corner points A, C, D

Figure 26
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7.2.1.1 Component in vertical position

A vertical plane is swept by a theodolite, a levelling instrument
with a 100 gon (90°) prism or surface indicating device (con-
struction laser). The plane should be approximately 300 mm
from the surface to be measured. In direct sunshine this shall
be increased to at least 500 mm to avoid distortion due to
refraction.

The instrument is levelled in the normal manner. The measuring
rods or levelling staves shall be placed as nearly as possible

1ISO 7976-1 : 1989 (E)

perpendicular to the sighting axis of the instrument and
as nearly as possible perpendicular to the object being ob-
served.

Figure 27 gives an example of determination of overall flatness
deviations.

If a theodolite is used, measurement shall be carried out in both
faces. To avoid focussing errors, the minimum focussing
distance shall be kept larger than 10 m.

Dimensi¢ns in millimetres

Figure 27
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7.2.1.2 Component in horizontal position

The use of a levelling instrument is recommended. An alterna-
tive is to use a theodolite the telescope of which is clamped
horizontal. Readings are taken on a levelling staff the verticality
of which shall be checked with the aid of a bull’s eye level.

In figure 28, short levelling staves (300 mm), mounted on a
footplate, are available. They have the advantage that only one
operator is needed. The disadvantage is that refraction can
cause reading errors.

that it can be used for the measurement of components in any
attitude.

The examples given in figures 29 and 30 have a plane passing
through three corners of the component as reference plane.
When choosing the mean plane as a reference plane, the
measuring values shall be transformed to this mean plane.

Figure 29 gives an example of measuring flatness in relation to a
reference plane through three corner points (B, C and D). (in
some cases the instrument at C is provided with a fixed right-

7.2.2 Measuring flatness deviations using specially
designed instriments

Two examples pf specially designed non-compensator short
focussing equipment for the measurement of flatness are given
in figures 29 and 30. With these sets of equipment it is easier to
follow the recommendation in ISO 4464 about a measuring
plane “exterior[to the component and parallel to two main
directions of the component’’, than when using levels or
theodolites plackd at some distance from the component. The
equipment desdribed in figures 29 and 30 has the advantage

Possibl¢ refraction error

anglewhich-permits-direct reading-of right-angle-deyiations at
the target B.)

NOTE — It has to be remembered that instruments [should be
investigated for possible focussing errors.

It is not permitted to use compensator inStruments since this method
can be used in any plane, and not the‘horizontal plane only.

The sighting axis of the measuring telescope af point C
(figure 29) is orientated towards the zero points on the scales at
B and D. These zero points correspond with the height of the
sighting axis above the'surface at point C.

Figure 28

Figure 29
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Readings are then made to the target X which can be placed at
any arbitrary point on the surface. (Reading at point A gives the
skewness, see 7.4.) The same measuring principle can be ap-
plied with the equipment given in figure 30, which consists of a
surface indicating device (D) and a measuring unit (M), detec-
tor or telescope, which is centred in the reference plane defined
by the unit D.

Measuring flatness of opposite surfaces (with the instrument in
two positions, right side up and upside down) combined with
thickness is an example of the application of the box principle.

1ISO 7976-1 : 1989 (E)

two points on the surface of the object of measurement.
Measuring thus implies the use of sections.

For this simplified method the following items shall be noted in
the inspection schedule :

— in which direction and on which side of the surface the
sections are to be chosen;

— how many sections and how many points per section
are to be reported;

7.3 LocJ:I flatness

The methads given do not give the flatness deviations from a
certain reference plane but only deviations from one or more
straight reference lines, each of which passes through at least

— how results are to be reported;

— any other item of importance.

In the following examples, only three\points afe used — two
reference points and one point which is to be measured.

z
oo |
=ES

Y <=

Figure 30

B,
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7.3.1 Measuring local flatness using a wire or
straightedge

A straightedge (with or without a spirit-level) or a wire can be
used for measuring components in a horizontal, vertical or
inclined position. (See figure 31.) Using a spirit-level, the
measurement can be combined with a verticality check. The
tools are placed on fillets of equal and known thickness Y. The
measurement X between the surface and the wire or straight-
edge is made with a rule or a measuring wedge. Care should be

taken that the wedge does not lift the wire. The straightness
deviation is (X — Y), and this is an indication of flatness.

Wires shall be stretched with a force of 100 N.

It must be observed that when measuring with a wire sus-
pended in the horizontal position, the measuring range is
limited to about 10 m. An 0,5 mm diameter high-tensile steel
wire should be used.

Measuring straightness deviations with the aid of a wire should
be avoided during rain and strong wind.

Straightedge

— Wire to be strdtched with
a force of 100 N (10 kg)

\.

Figure 31
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7.3.2 Measuring local flatness with a measuring
telescope

7.3.2.1 Component in vertical position

A vertical plane is swept by a theodolite, levelling instrument
with a 100 gon (90°) prism or a surface indicating device (con-
struction laser). The plane should be approximately 300 mm
from the surface to be measured. In direct sunshine this
distance shall be increased to at least 500 mm to avoid distor-
tion due to refraction.

The instrumpnT 5 tevetted-Tmthe ormatmanne s

1SO 7976-1 : 1989 (E)

and as nearly as possible perpendicular to the object being
measured.

Figure 32 gives an example of the measuring of local flatness.
The local flatness deviation, d, is

R, + Ry
=1 _R
2 2

where R, R, and R are the readings on levelling staff placed in
the positions R4, R, and Rj, respectively.

The measuring rods or levelling staves shall be placed as nearly
as possible perpendicular to the sighting axis of the instrument

If the component is not quite vertical, this shall-bd allowed for if
deviations are measured at points other than-thg centre.

Figure 32
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7.3.2.2 Component in horizontal position

The use of a levelling instrument is recommended. An alterna-
tive is to use a theodolite the telescope of which is clamped in
the horizontal position. Readings are taken on a levelling staff
the verticality of which shall be checked with the aid of a bull’s
eye level.

Figure 33 gives an example of the measuring of local flatness.
The local flatness deviation, d, is

7.4 Skewness

7.4.1 Measuring skewness using a wire or straightedge

Either a straightedge or a stretched high-tensile steel wire is
placed between two diagonally opposite corner points on the
object to be measured. The distance from the surface of the
object to the straightedge or wire is then measured for the first
diagonal, giving d;, and then the other, giving d, measure-
ment being taken at the centre of the surface, i.e. the point of

R; + Ry intersection of the diagonals. The degree of skewness of the
=T —£5e surface—a—is
where R4, R, andl R are the readings on levelling staff placed in a = 2(dy-dy)
the positions R¢| R, and R3, respectively. . . ) . .
Figure 34 shows measuring skewness with/the aid of d wire and
If the componert is not quite horizontal, this shall be allowed a measuring wedge. Care should be taken that the wire is not
for if deviations pare measured at points other than the centre. lifted by the wedge.
ighting axis
R, d
RB
Figure 33
\
\\
—-
Figure 34
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Wires shall be stretched with a force of 100 N. When measur-
ing with a wire suspended in the horizontal position, the
measuring range shall be limited to about 10 m. An 0,5 mm
diameter high-tensile steel wire should be used. Measuring
straightness deviations with the aid of a wire should be avoided
during rain and strong wind.

7.4.2 Measuring skewness using a measuring telescope

See also 7.2.1 and 7.3.2.

The distaneces—fre g4 o o4
corners ar¢ measured and a plane which intersects any three of
the cornef points is calculated. The distance of the fourth
corner from this plane is calculated, thus giving the skewness
deviation [(figure 35). A parallel plate micrometer may be
attached tp the telescope when higher accuracy is required.
The skewrjess at Ry, ay, is

a4 = (1?1 + R3) - (RZ + R4)

where R, |R,, R3and R, are the readings on measuring rod or
levelling staff placed in the positions R;, Ry, R3 and Ry,
respectivelly.

7.5 Methods and equipment when measuring
components according to the box principle

Measuring|according to the box principle can, with some diffi-
culty, be ¢arried out using normal equipment and methods,

1ISO 7976-1 : 1989 (E)

that is surveying instruments, tapes, large squares and ten-
sioned strings, but since much calculation work is needed to
combine these deviations into the acceptance criteria of the
box principle, it is seldom performed. However, quite often a
partial box principle, on 1, 2 or 3 sides of an object is used with
standard measuring equipment.

The measuring and calculation work is simplified in most of the
systems developed especially for check-measuring concrete
components, two of which are shown in figures 29 and 30.
These ici e Wi e simplified box
principle.

- e en 0 A a A

Stationary measuring jigs can be developed for measurement
according to the box principle in diréet ‘connection with a pro-

duction line. They consist of a(stéel structur
object of measurement is supported on three
measuring points are mounted-in well defined
sides of the jig on the sGrface of an imaginaryl

E in which the
points. Several
positions on all
parallelepiped.

The distances from thé-measuring points to the surface of the
object of measurement are measured by |(for instance)
telescopic rods, Gontrol measuring with jigs is| extremely fast
but for any jiguthe range of sizes and types of objects to be
measured jis limited.

The eguipment shown in figures 36 and 37 is ohly an example
of gguipment used for measurement according o the box prin-
ciple.

Figure 35


https://standardsiso.com/api/?name=f56ce8b2c2706249bca959654decd0af

1SO 7976-1 : 1989 (E)

Two examples of measuring equipment on the box principle for the measurement of the overall size of components are shown in
figures 36 and 37.

1—+ 2

< /5
< 4
A

/
/
’ - A / 1 I cﬂl:xllllu/rjp ’
| I JLI-\S\?/B_[ILH\O)

/ /|

a) Measuring bench: elevation

ﬁ‘;@l

i

| A i

N

e

b) Measuring bench: cross-section

: Movable frame

: Graduated vertical guide

: Graduated horizontal guide
Measuring rod

: Object to be measured

abh wWN =

Figure 36
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N

b) Elevation

fm

c) Cross-section

v v v v v | _— Wall component
> H
2 4 2 2 2
a) Plan
Adjustable pivots
/7’ Steel frame Adjustable pivots
/ 7 VAR 4 /
v v / 7 v vV
> (A A £ /R Al 0> ] <¢g
= |
Wall «+—— Control j|g
component
Wall comgonent
> 1A A A A H fice <H|
> Y v a4 4 BT < T <7
F | 1 HEly n
2 1
AN
7 77

The element is fixed as follows :

AtF, in the X-, Y- and Z-direction

At F, in the Y- and Z-direction
At F; in the Y-direction

Figure 37
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7.6 Accuracy table

. When values for permitted | Measuring range .
Mearsutr.l:g deviation specified (measuring Measuring ms'trument
operation for object exceed: length) or too
1 2 3 4
+ 2 mm <3m Straightedge and wedge
(30 mm)
+ 3 mm <3m Straightedge and rule
+ 2 mm <2m Wire (< 10 m) and wedge
+ 4 mm 2to5m (30 mm)
D;a'f(:ertmmanon + 2 mm <3mx6m Levelling instrument or
07 Za7ngss theodolite and staff with
(7.2,7.3) parallel plate micrometer
+ 4 mm <3mx6m Levelling instrument or
theodolite and staff
+ 3 mm <2m Wire (< 10m) and rule or
+ 5mm 2tobm retractable ‘steel tape
L * 4 mm <3mx6m Theaodolite or levelling
Determination instfument
of skewness )
(7.4) + 5mm <3mx6m Wire (< 10 m) and measur-
ing wedge (30 mm)
L + 3 mm 10 to 200 mm Steel frame and measuring
(B70;)pnn0|ple between frame gauges or rules
' and component
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Section two: Measuring methods for those measurements which can be
carried out on building sites only

This section deals with the determination of construction deviations of prefabricated or /n situ construction.

. Vertical plane through

1 bad o L

/ P ea—HpP-Seconaary—ne

Vertical plane through secondary line outside the building

\

\ Vertical plane through secondary k

line inside the building

Figure 38
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The deviations usually concern the following (see figure 38):

— Clause 8: Positions in the horizontal plane, for instance
a, b, c, d for facade or e, f, g, h inside the building;

— Clause 9: Positions in the vertical plane (levelling) (not
shown on figure 38);

— Clause 10: Verticality, for instance

Construction measurements are determined using measuring
instruments and tools, with or without the aid of position
pieces, as shown in clause 15. The typical sources of errors and
precautions needed are also covered, for instance tension and
temperature when measuring with tapes. To avoid focussing
errors in measuring telescopes, it is recommended that the
minimum focussing distance is not less than 10 m. If this is not
possible the instrument shall be checked for focussing errors.
The use of chalk lines is not recommended. The thickness of
such lines can vary along their length. The use of chalk lines is
therefore limited to assembly only and not for compliance or
data collection measurements.

k or

b —aor
d—cor
h— gor
f —e;

— Clause 11} Eccentricity, for instance ¢ — b;

— Clause 12] Position in relation to other components, for
instance m and n;

— Clause 13| Flatness or straightness Fl; (see figure 76);

— Clause 14} Other important sizes:

bearing lefgths: (see figure 77)
joint widths
joint steps| (see figure 78).

Figure 38 gives examples of some deviations, for instance verti-
cality (clause 10] or eccentricity (clause 11) which can be
derived from posftional deviations measured from vertical refer
ence planes thrgugh secondary lines, outside or inside the
building.

——————— Sfructural grid line

——— Sg¢condary line used formeasuring

The methods described below are, in general, an‘@pplication of
the offset method in relation to secondary lines.)Oth¢r survey
methods can be used provided that ja' .priori hccuracy
calculations have been carried out. For both compliance
measurements and for the collection| of accuracy data, the
measurement procedure should bg,significantly more [accurate
than the permitted deviation specified for the accuragy of the
manufacturing or constructien\process to be measufed. This
document also assumes, the-presence of suitable reference
positions, according to 1SQ.4464, on the site of the assembly or
in the assembly itselffrom which measurements can e made,
for instance secondary points or grids or bench markp. Struc-
tural grid lines, ‘centre lines or other lines used in d¢sign are
usually not sbtitable as a direct reference line for mfeasuring
since they‘*are seldom visible after the constructiop of the
building (part (see figure 39), with the exception| of the
measurement of positions of bolts prior to the erectior] of com-
ponents.

Figure 39 shows how any lines used for the pufpose of
measurement and intentionally marked parallel to the groposed
building or structural grid lines are defined as secondary lines.
Before carrying out any of the methods indicated bdlow, the
accuracy of secondary lines must be known or be inveftigated.

Dy
XT
X
X3
X,

Xs
Xs

D,, D, = known distances
X, X,, etc. = distances to be measured

Figure 39
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Figure 40 gives some examples of transferring secondary systems to higher floors :

a)
b)
c)

d)

with optical plummet;
by the free station point method;
plumbing up with theodolite;

plumbing up with theodolite and constrained centring.

Figure 40
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Figure 41 gives examples of two methods of transferring levels.

Levels transferred to a higher floor shall always be checked by levelling back to the original bench mark. (For accuracy requirements,
see 1SO 4463.)

Measurements shall be planned in such a way that construction deviations measured on different floors can be related to the same
reference position such as secondary lines and levels.

|1l

—

Figure 41
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8 Position in the horizontal plane

The measuring procedures given below describe generally the measurement of horizontal distances for the determination of positional
deviations, from the combination of which orientation deviations can be calculated, for example deviation from verticality.

8.1 Deviations in relation to structural grid lines

The position of bolts, groups of bolts or guides in pockets for columns can be measured directly from previously marked centre lines
used during construction, from secondary lines parallel to the centre lines of these building parts (using a similar method, as described
in 8.2) or by the method of free station and the like, depending on the situation on the site.

Some poksibilities of measuring the position in relation to a centre line and internal positions are illustrated in figures 42 and 43.

The use gf a sheet of metal or other material, in which holes have been drilled representing the internal position-of bolts, is not recom-
mended for compliance measurements or when collecting accuracy data. The use of such devices should be restrictedl to construction
work when placing the bolts in their right internal position.

As showh in figure 42, the position of bolts in relation to centre lines or their internal position can)be determined with the aid of a
theodolite and a measuring tape, a rod or levelling staff. Distance L should not be larger than.30'm, and in any casg not exceed the
length of[the tape, rod or staff. The use of a levelling staff can have the advantage that the measuring team can be r:Euced from three
men (shgwn in the figure) to two or even one, as the staff has only to be placed in the right-position and no tensior] is needed as for
tapes.

To allow |millimetre readings or estimations on the tape, rod or staff, the distance\P should to be restricted to 40 . For distances
exceeding 40 m, intermediate instrument stations or suitable aiming targets </iraccordance with clause 15 — arp needed.

This is alo valid when measuring from secondary lines parallel to centréslines.

Figure 42
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Figure 43 shows an examnple of the determination of the position of quide pieces for columns
gure 45 snOwWs an exampie of the getermination o7 the postlion O gulide pieces Tor columns
]
! .
i -
~~—— Pocket for columns
N NEA
RN LNy
7= \ Iron strips
= N\ Guide

a) Centre-lines marked on iron strips

N

(-
S

Template

L

b) Determination of point of intersection of centre lines with the aid of a template

Measuring tape

\ Plumb line

c) Fastening a plumbline at the point of intersection and measuring distances
from it to the four guides

NOTE — Alternatively, an optical plummet can be used.

Figure 43
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8.2 Deviations in relation to secondary lines
parallel to the building

The secondary line should be established by the optical axis of
a measuring telescope.

As shown in figure 44, position deviations can be measured at
floor level from secondary lines parallel to constructional lines
using the offset method. The distance should be measured
twice — in face left and in face right.

Positions :
Theodolitgs shall to be used for this kind of measurement. They

= knownp.distance

P, to P;_=-position in relation to secondary line

P,/~P, = orientation deviation according to ISO 4464

Figure 44

1ISO 7976-1 : 1989 (E)

should be provided with a spirit level with a sensitivity better
than 60"

A vertical plane is swept by the theodolite. The plane should be
approximately 300 mm from the surface to be measured. In
direct sunshine this shall be increased to at least 500 mm to
avoid distortion due to refraction. Measuring long or tall
buildings in direct sunshine should be avoided.

The instrument is levelled in the normal manner. The measuring
rods or levelling staves shall be placed as nearly as possible

ighting axis of the injtrument and as
nearly as possible perpendicular to the object [being observed.

39
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Figure 45 shows measuring position
measurement by measuring in two fa

deviations from inside or outside the building at higher levels. It is important to check the
ces and at right angles to the facade.

S
Q0%
c_;\O}\/
=

Measuring rod with square to e

nsure that the rod is at right
angles to the survey line

Figure 45
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8.3 Deviations in relation to secondary lines perpendicular to the building

The determination of position deviations in relation to structural grid lines perpendicular to the building can be carried out with the aid
of a measuring tape, always starting from one reference line and closing at the next one as a check. Figure 46 shows the principle.

When measuring position deviations of components in relation to two structural grid lines start at A and close always at B as a check.
(See figure 46.)

The result of the measurement from A to B can be checked by starting at B and closing at A.

Some parallax can arise when the side surfaces of components with bevelled edges are projected on the measuring tape. (See
figure 47.)

When the joint is too narrow to allow the use of corner pieces, the parallax in the reading of the tape can be avoided by placing a ruler
or the flat pide of a square against the end surface of the component and perpendicular to the measuring tape.

————>

£

O—-o—-q—- p— -4 —-9—-9—"¢
O_XZ_-__- -———e—e——————————

Figure 46

N
/

\
Possible parallax error \ \
Tape

Square

N/

1_
I

Figure 47
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An example of vertical measuring planes through secondary lines on ground level for the measurement of position of walls is given in

figure 48.

8.4 Accuraqgy table

M . When.values for permitted M ing instr nt
g deviation specified Measuring range " easuring Instrume
operation for object exceed: or tool
1 2 3 4

Position deviationstin
the horizontal¢plané :
from structural grid + 5 mm <10m Theodolite and rod or
lines {8.1) + 10 mm 10to20 m retractable steel tape
+ 15 mm 20 to 30 m
+ 20 mm 30 to 50 m
from secondary lines + 5mm <40m Theodolite and rod
parallel To building provided t=—tTm
(8.2) a < 50 gon
from secondary lines + 5mm < 10m Calibrated steel tape
perpendicular to + 10 mm 10 to 20 m
building (8.3) + 15 mm 20to 30 m
+ 20 mm 30 to 50 m
+ 5mm <10m Calibrated steel tape
+ 10 mm 10to 20 m and square
+ 15 mm 20to 30 m
+ 20 mm 30 to 50 m
+ 5 mm < 10m Theodolite, measuring
+ 10 mm 10to 20 m rod and calibrated
+ 15 mm 20to 30 m steel tape
+ 20 mm 30 to 50 m

1) a = angle of elevation
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9 Deviations from level (levelling)

Floors and ceilings are usually levelled at points defined by a grid. The inspection schedule indicates the spacing of the grid.

O A . I TER, “in

Figure 49 gives exampies of ieveiling of fioors (B} an
(A) on each floor.

ceilings {Cj on grid points. it is recommended to have at ieast two bench marks

Readings should normally be taken in millimetres. Staves shall be held vertical with the aid of a bull’s eye level. Measurement surfaces
shall be clean. After completing all measurements the sight axis shall be checked by taking a second reading at the reference bench
mark. If the reading differs from the first reading at the bench mark, then all measurements taken from that instrument station shall be
checked.

The distanfe between the instrument and the staff should not exceed 40 m.
The measyring result can be used for the determination of both the levels and the flatness deviations of floers-and [ceilings.

NOTES
1 Since sighting distances are usually unequal, the levelling instrument should be checked for collimation error.

2 More defailed treatment of measurement procedures for the determination of fiatness of floors where_extremely small permitt¢d deviations are
specified wi|l be the subject of a future International Standard.

/

[ S—

I

N\
|
N\

N\

For the transfer of levels, see figures 41 and 73.
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In figure 50, the level of the top of the unit is checked by suspending a levelling staff on it. Check first the deviations from verticality
before levelling.

In figure 51, for the levelling of the top of beams, corbels or panels from below it can in some cases be necessary to provide the leg of

the levelling staff with a position piece.

/

A

2
///

Figure 51

Figure 50
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As shown in figure 52, surface indicating lasers can also be used for levelling.

R

9.1 Acguracy table

Figure 52

1ISO 7976-1 : 1989 (E)

When valdes, for permitted

Measutl:mg deviation specified Measuring range Measuring insltrument
operation for.object exceed: or too
1 2 3 4
+ 2 mm <30m Levelling instrument with
parallel plate micrometer
and staff
Deviation from
" Lo
levels andhaights + 4 mm <30m Le\ﬁzllmg instrument and
(clause(9) sta
+ 10 mm <10m Surface indicating laser
* 15 mm M0to30m
+ 20 mm 30to 70 m

10 Verticality

Verticality can be determined with the aid of

theodolite;

inclinometer;

— plumb bob.

optical plumbing instrument;

Deviations from verticality shall generally be determined from two vertical reference planes perpendicular to each other. The verticality
of multi-storey columns and buildings should be checked with theodolites (face left and face right) or optical plumbing instruments (in
two positions). Theodolites used for this kind of check measurements should be provided with a spirit level with a sensitivity better

than 60"".
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10.1 Using a theodolite/optical plumbing instrument
As shown in figure 53, the checking of the verticality of walls can be carried out with the aid of a theodolite.

When the angle a exceeds 50 gon (45°), the plumbing should be carried out with the aid of an optical plumbing instrument. (See
figure 54.)

Figure 53

Dimensions in njillimetres

~ ~ =
g ed Py
O 2 NT
S~ ~x]
] ~ N~ ~ ' ﬁ
QI 4T
] o
/_g/‘></'>< g ~ ~ ™ ~—_ F(i(v.))'mtbined measufing
Theodolite — n
1 a] >~ 0 ~ R e -~
N N
N RN
™ ~ ™~
~N ~ ~d |
\ \ \ 1}
~ N
€ i
SR
\
Optical N
plummet \\
300 fo 500

Figure 54 h
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Figure 55 shows determination of the deviation from verticality using an optical plumbing instrument.

[ L3
A 9 1 A
n’| FI:'I S,
L2
92 | [
A Z
2 F, S;
. L4
I L
! S
i i 1 3 000 mm min.
/ 1\ 5
= = =N\ ==
0%
0F, = known distance
S;F; = mez-?sured distance y

“i

Figure 55
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When checking the verticality of columns, either the edge of the column or its centre line is checked.

The theodolite is set up over one of two lines which intersect at right angles at one corner of the column at its base. It is best if these
lines are parallel to the base lines and coincide with the sides of the columns. The theodolite is sighted so that the image of the top of
the column edge just touches the crosshairs. The instrument is then rotated in the correct vertical plane down to the bottom of the
column and the amount by which the column edge is away from the crosshair is noted on a measuring rod. The theodolite is then set
up over the other line and the column is checked in the same way. The accuracy of this method is adversely affected by variations in

the width of the column and by chamfered edges.

Figure 56 demonstrates checking the verticality of the sides of a multistorey column by using a theodolite.

Figure 56
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A more accurate method is to mark the centre-line of the column at the top and bottom on two adjacent sides before it is erected. The
theodolite is then set up over two lines which intersect at right angles at the centre of the column. If possible these lines should be
identical with the base line so that a position check can be made at the same time. The column is aligned so that its centre-line coin-
cides with the vertical plane of the theodolite. The centre-line may be pieces of tape on which graduation marks have been printed and

on which the deviation from verticality can be read off. It is important to check the operation by measuring in both faces of the
theodolite.

Figure 57 demonstrates checking the actual centre-line position of the column against the centre-line marks on the column. If the
centre of the column is marked at other places in addition to the top and bottom, deviation from straightness can also be determined.

-

7N HIIIIHWIH'H

/ \ Selftadhesive graduated stickf

=

~
// ~ \\\ \\
/ / 7 W e
[ - T
P / ) \\\\
. / ™~
p / o ~1
/ I
L\ ~
7 |
Figure 57
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10.2 Using a clinometer
Clinometers are used for the measurement of deviations from verticality over heights up to normal room height. {See figure 58.)

All types should be so constructed that they can be reversed to eliminate systematic measuring errors of the spirit-level. It shall be
possible to adjust the spirit-level. Clinometers shall be provided with studs to allow measuring along curved surfaces. (See figure 59.)

%

__Z._L_ Studs

Figure 59
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In general there are two main methods for the determination of deviations from verticality with the aid of a clinometer:

a) Indirectly, which implies transforming the number of divisions that the bubble of the spirit-level is displaced from its central
position (see figure 60) into a vertical angular deviation expressed as an offset in millimetres per metre.

b) Directly, by reading the deviations from verticality on a movable scale after the bubble of the spirit-level has been brought into
its central position, as shown in figure 61.

Accuracy

— spirit-levels of clinometers should have a sensitivity better than 3";

of instruments should be as follows:

irit-levels should be checked and when necessary be adjusted before use;

—_ si
— clinometers shall be provided with studs;

— af
readin

— t
do thi

NOTES
1 So-callg

2 Sincet

indication

s gives the actual deviation;

f 30",

Figure 60

fer the first measurement, the clinometer should be reversed and the measurement be repeated: The nf

d builder’s or carpenter’s spirit-levels are not suitable for check measurements and therefore may not be used.

e sensitivity of spirit-levels can differ from that indicated by the manufacturer, itisyecommended that spirit-levels with
value needed are chosen. For example, for a calculated or required value of sensitivity’ of spirit-level of 60, use a spirit-level

Central position

This measurement shows a vertical
deviation of 3 mm over 2 m

ean of the two

flat side of the clinometer — that is the non-measuring side — shall be brought into thé vertical. It is (usuglly) sufficient to
with a spirit-level which is less sensitive than the main one.

half the sensitivity
with a sensitivity

51
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Figure 61
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10.3 Using a plumb bob

Plumb bobs may give large measuring errors. However, the accuracy can be improved if the plumb bob has a mass of at least 1 kg and

1SO 7976-1 : 1989 (E)

is submersed in an oil bath. (Water does not sufficiently dampen the oscillations of the plumb bob.)

Figure 62 gives an example of determination of deviation from verticality (A-B) with the aid of a plumb bob.

Extreme care to avoid spillage of oil on the floor should be exercised.

10.4 A¢

ccuracy table

Figure 62

. When values for permitted L.
Measur_mg deviation specified Measuring range Measuring instrument
operation for object exceed: or tool
1 2 3 4
Deviations from
verticatiby-:
Theodolite/ + 0,5 mm/m < 100 m Optical plumbing
optical plumbing instrument
;’;gtqu)’;e”‘ + 0,8 mm/m @ < 50 gon Theodolite and marked
’ + 1,2 mm/m o = 50 to 70 gon centre-line
+ 1 mm/m o < 50 gon Theodolite and rod or tape
+ 1,5 mm/m a = 50 to 70 gon (along the edge)
Clinometer + 3 mm <2m Clinometer
(10.2)
Plumb bob + 8 mm < 2m Plumb bob and rule or tape
(10.3) + 15 mm 2to6m

1 a=

angle of elevation

2) When plumbing heights or the length of lines of sight of theodolites exceed 40 m the measurements should
preferably be entrusted to well qualified personnel.
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11 Eccentricity

Eccentricity can be defined here as those cases where a loadbearing component or building part is unintentionally situated in a
different vertical plane from the component above or below it, which can cause a reduction in stability.

Figure 63 shows eccentricity between two loadbearing components.

T}(

Vertical| plane through secondary-line

E = x; — x, if the thicknesses of the walls are the same.

Figure 63
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The concept of eccentricity is sometimes also used to indicate the unintentional asymmetrical position of a component in relation to
two structural grid lines.

Figure 64 shows determination of eccentricity in relation to two structural grid lines. 77 and T, show position deviation.

Centre-line
of component

% ! \ _Structufal
h ~ grid ling
I
™

T O

T

<Structural grid line

SN
.

-~ T, - T,
Eccentricity, £ = -
Figure 64
11.1 Ac¢curacy table
n When-vat for-permitted —
Measutr.mg deviation specified Measuring range ) Measuring |nsltrument
operation for object exceed: or too
1 2 3 4
+ 0,56 mm/m < 100 m Optical plumbing
instrument and rod
Eccentricity2) + 0,8 mm/m a < 50 gon Theodolite and rod
(clause 11) *+ 1,2 mm/m a = 50 to 70 gon
+ 5mm <10m Calibrated steel tape and
+ 10 mm 10to20 m square
+ 15 mm 20to 30 m

1) a = angle of elevation (see for example figure 54).

2) When plumbing heights or the length of lines of sight of theodolites exceed 40 m the measurements should
preferably be entrusted to well qualified personnel.
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12 Position in relation to other components (openings and spaces)

The determination of positional deviations in relation to other components — such as dimensional deviations of rooms or of any other
internal accuracies — can be calculated from the measuring values obtained from one or more methods above. Examples of some
other methods are given below.

Distances between walls and between columns can be measured with telescopic measuring rods. Care shall be taken that perpen-
dicular distances and not inclined ones are measured. Telescopic measuring rod should be placed at right angles. (See figure 65.)

When using measuring tapes, distances between walls in closed spaces can normally only be determined at floor level using auxiliary
marks at short distances from the walls. (See figure 66.)

Figure 65

Distance D to be measured

L=D+2A

Figure 66
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Direct measurement between walls at ceiling level should be avoided for heights larger than 3 m; they shall be measured indirectly, for
example with the aid of a spirit-level, clinometer, optical plumbing instrument or theodolite. (See figure 67.)

| YT

Figure 67
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As shown in figure 68, the relative positions of columns can be determined using measuring tapes and position pieces.

Measuring the floor width with the aid of a measuring tape and two squares is shown in figure 69.

Figure.68

Measuring tape

Square

Floor width = L + 2a

Figure 69
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that vertical distances and not inclined ones are measured. For a room height of 3 m, the plumb line deviation of the tape or the staff

shall not exceed 50 mm.

Figure 70

59
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Figure 71 shows indirect height measurement with the aid of a levelling instrument. This measurement can be combined with the
levelling of floors and ceilings. (See figure 49.)

pos. 2 F ]
Inverted _1
levelling staff E
3 L )
AE
_\A I E E
<> - E
1] .
3 e ~
pos.1 F
Example : Height.of room H = reading towards floor plus reading towards ceiling (H = re +org)
Figure 71

60
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The readings on the staff shall be corrected for possible zero error. A zero error occurs if the zero point of the staff does not coincide
with the bearing end of the staff. (See figure 72.)

Levelling staff
5 -
- /

S
3 Zero point on staff
2
5]
N
- Bearing surface
-
/-
V- 4 S / ’ .
, /7 // Y s e /
Figure 72
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When measuring the heights of openings or transferring levels with a measuring tape the calibration tension and corrections for
temperature shall be applied when the height exceeds 10 m, for instance a lift (elevator) shaft. (See figure 73.)

SR [ —

BM BM

- 9& o
BM BM

BM = bench mark

Figure 73

For high buildings EDM instruments can be used as shown in theJexample below. The difference in height can be measufed either
directly along a plumbline or indirectly by reducing a slope distance by determining the vertical angle. Figure 74 shows theset-up of
instrumentation |necessary for the determination of height differences between bench marks in floors of buildings and for which
additional meas{irements have to be made. The total difféerence in height between the points is
AH:AFU _AFOﬁAD+AK+L_K+KS+KBR
where
FO, FU are RBench marks;
AH is the height difference\between the two benchmarks;

L is the lorjg distance/{MNQ);

K is the shprt distance (MN);

K is the constant height of the mirror’s trunnion axis above tribach:

Kpggr is the constant height of the reflector’s trunnion axis;
Ak, Ap, Aro. Ay are readings on a levelling rod.

This method allows for cancellation of the instrument constant.


https://standardsiso.com/api/?name=f56ce8b2c2706249bca959654decd0af

1SO 7976-1 : 1989 (E)

Figure 74 shows height measurement with the aid of an EDM instrument.
NOTE — The measurements are complicated and should therefore be carried out by well qualified personnel.

In figure 74 the vertical distance A H is derived with the aid of the difference between two distance measurements (MNQ — MN). This
method eliminates the zero-error of the EDM-instrument. For the method in figure 75 only one distance measurement is necessary,
but here the zero-error must be known or investigated.

Line of sight

Mirror FU " [

Figure 74
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A method for a more direct procedure is shown in figure 75.

Line of sight
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AH= R+ Ag +Ary-Ap - Aro

Figure 75
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