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1ISO 7976-2 : 1989 (E)

Tolerances for building — Methods of measurement

of buildings and building products —

Part2:
Position of measuring points

1 Scope and field of application

This part of ISO 7976 gives guidance on the position of measur-
ing points|to be used in the measurements of buildings and
building pfoducts. The positions given apply for check and
compliancg measurement, and when collecting accuracy data.

It is dividedl into two sections. Section one deals with the posi=
tion of megsuring points for those measurements which can.be
carried out both in factories and on building sites, and section
two with the position of measuring points for the:measure-
ments which can be carried out on building sites\only.

Building froducts consisting of glass wobt-and similar soft
materials gre not the subject of this International Standard.

To facilitafe cross-referencing, the same numbering is used in
both partd of this International Standard.
2 References

ISO 4463,| Measurement methods for building — Setting out
and meas{irement~ Permissible measuring deviations.

ISO 7976-L_Tolerances far huilding — Methods of measure-
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Figure 1

this is not possible, the position of the measuring points should
be noted in the field book.

The number of measuring points shown in the dlauses below is
considered to be the minimum number requjred; additional
measurements may therefore be taken to reflect any additional
dimensional accuracy requirements.

The items to be measured should be supported as they will be
supported in use. When this is impractical, the|support condi-

ment of buildings and building products — Part 1 : Methods
and instruments.

3 General

Suitable positions for measuring points are given for both com-
pliance measurement and the collection of accuracy data;
measurements should be carried out from, towards, or be-
tween these points.

The points at which measurements are taken should be those
specified in the inspection schedule or similar document. If not,
they shall be taken at 100 mm from corners or edges (see
figure 1) : the examples below illustrate some general cases. If

tions should be as agreed in the inspection schedule or similar
document.

Whenever possible it is recommended that components be
measured in the state in which they are ready for delivery.

Unless specifically required, the measurements should not be
made whilst the manufactured component is still in the
manufacturing jig or mould.

On sites, construction deviations (dealt with in section two) can
be determined in relation to the co-ordinate system of the site,
in relation to a reference system in plan or height in the
assembly, in relation to the vertical line or in relation to other
components.
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Section one : Position of measuring points 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

4.1 Length and width

Ls
S < c

Ly = =

E

o

Ly 2

L 1100 mm
Figure 2

the manufactured component, three length measurements (L4,to"L,) and three width measurements (W, t¢ W5) shall
ied length

On each face of
be taken as shawn in figure 2. If the specified width does not exceed 1,20 m,\measurement L, may be omitted. If the speci
does not exceed 1,20 m, measurement W, may be omitted.

4.1.1 Effectiye span

Effective span C L = centre-lipe of support

7
l\
| CL

Figure 3

One measurement shall be made of the effective span on each manufactured component. For components which have base plate

fixings, the two measuring points shall be as shown in figure 3.
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Effective span

Figure 4

For components which have end or wall plate fixings, the two measuring points shall be as shown in figure 4:

For compopents which are manufactured in sections, the measurement shall be made only after the sections’have bedn firmly bolted

together.

4.2 Thidkness or depth

Eight thickhess or depth measurements shall be made on each manufactured domponent.

For compol

100mm

\’

Figure 5

hents having a rectangular cross-section, the measuring points shall be as shown in figure 5.

Where the specified width does not exceed 1,20 m, measurements at points T4 and Tg may be omitted. Where the specified length
does not exceed 1,20 m, measurements at points T, and Tg may be omitted.
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Figure 6

The position of measuring points for thickness measurement of components which have a non-rectangular cross-section such as

beams provided with ribs shall be as shown in figure 6.
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Figure 7

The positign of measuring points for thickness measurements for in sity concrete beams;'shall be as shown in figurg 7.

4.2.1 Thickness of brick or block walls or in situ concrete walls
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Figure 8

The position of measuring points for thickness measurement of walls shorter than 3 m is shown in figure 8.
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Figure 9

Figure 9 shows|the position of measuring points for thickness measurement of walls longer than 3 m. The intermediate 1
points at the top should be equally spaced (at not more than 3 m intervals) between the measuring points of the ends o

4.2.2 Dimensional measurement of components with non-réctangular cross-section

O
100-mm L\

! L 100 mm

Figure 10

neasuring
the wall.

When manufactured-compone O fA-SHt-CORStrHe havea
additional measurements shall be made as shown in figure 10.

\sion, two
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5 Squareness of components

5.1 Angular deviation

Figure 11

Angular delviation is in most cases determined at all four corners of the component as indicated,in-figure 11.

R = refererjce point
M = measufing point

Figure 12

To measur¢ the angle deviation, two reference points R;, R, constituting a reference line and two measuring poirits M, M, are
necessary. [See figure 12.)
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o
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T
§ _ Bottom
S
Figure 13

Storey height columns should be measured at the top, middle and bottom as indicated in figure 13.
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-Vertical squareness

Figure 14

Both horizontal|and vertical squareness (see figure 14) can be measured

o]
It

reference pdint

measurement point

Figure 15

For manufactur
shall be taken a

ed components having a non-rectangular cross-section, such as beams provided with ribs, one angle medsurement
ong each pair of) vertical slab surfaces, as shown in figure 15 (see also figure 11).

B C
X%

Measuring points
at the corners

*
A

O %

Figure 16

When determining squareness by the measurement of diagonals, the measuring points for each measurement shall be the appropriate
corner points as shown in figure 16.

NOTE — In the case of diagonal measurement, a corner piece shall be used if the corners are not sharply defined.
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5.2 Parallelism

Wi
W,

1700 mm

Figure 17

Parallelism deviations are determined using the measuring points described in 4.1. Measurement of dimensions is show

(see also fig

ure 2).

6 Straightness and camber of components

6.1 Edge straightness

On each ed
less than 3

Sl

[100mm | [ 100mm

7

a) b)

Figure 18

A AN A

he [see figuret18'a) and/or b)] of the manufactured component (for example a floor, wall or beam compong
Im, one sef of ‘five measurements shall be taken at equally spaced measuring points as shown.

For components the length of which exceeds 3 m, it may be necessary to take measurements such that one additio)

point is chd

sen-for each metre of length.

n in figure 17

nt) with a size

hal measuring
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a)

[N

When measurements are taken over a defined section of the edge [see figure 49 a) and/or b)] of a component (local straig
least three, and|preferably five, equally spaced measuring points (at 0,5 mintervals) shall be used as shown.

6.2 Designed camber

b)

Figure 19

htness) at

QO™
l
70 0/7)/7)\@“
Figure 20

One set of measurements for the determination of designed camber shall be made at the underside when the specified width of the
components does not exceed 1,2 m. Otherwise two sets of measurements shall be made at measuring points as shown in figure 20.

10
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Centre of rib

Figure 21

For compoments which have a non-rectangular cross-section, such as T or double T ribbed beams, one set of measurpments for the
determinatipn of designed camber shall be taken for each rib at measuring points as,sHown in figure 21.

7 Flatness and skewness of components

7.1 Pringiples of measurement

A general description of various principles of measurement is givenlin ISO 7976-1 : 1989, 7.1. Methods of measurenjent in accord-
ance with these principles are described in 7.2 to 7.5 of that part and the relevant measuring points in the corresponding sub-clauses
of this part|of ISO 7976.1

7.2 Oveixall flatness

On each syrface of the manufactured component,one set of measurements shall be taken.
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X e
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| x
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Figure 22

The number of measuring points is likely to be dependent on the size of the component; however at least nine measuring points, as
shown in figure 22, are necessary. It is recommended that the spacing between measuring points is not greater than 1 m.

1) There is no sub-clause 7.5 in this part of ISO 7976.

1
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7.3 Local flatness

One or more sets of measurements shall be taken on the appropriate surface. Each set of measurements shall be taken over a
maximum length of 2 m with a maximum distance of 0,5 m between the measuring points.

(=
Ln~
=)

~

<<<<(\§\ n

<
/K‘{K

Figure 23

2m

The positions of the sets shall be chosen at random but should be noted in télation to the edges of the component. As shown in
figure 23, each get of measurements shall consist of five measurement positions equally spaced over the measuring distance.

7
00 .
2) ’\0Q ot

Figure 24

7.4 Skewneps

For the determihation of skewness, the number of measuring points may be four or five depending on the method used :|either the
four corner points or the four corner points and the point of intersection of the diagonals. (See fgure 24—

12
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Section two : Position of measuring points for those measurements which
can be carried out on building sites only

This section assumes the presence of suitable reference systems on the site or in the assembly from which measurements can be
made, for example secondary points/lines or grids and bench marks. Such reference systems shall however be checked according to
the recommendations specified in ISO 4463.

8 Position in the horizontal plane

Part one of [SO 7976 indicates that different types of construction deviations can be determined during one and the sajne measuring
operation, fpr example deviations from

— position in the horizontal plane;
— vertjcality;
— flatpess.

In this instafce it is sufficient when planning the measurements to use the measuring points in-figure 40 only, as the lardest number of
measuring points necessary per unit area is usually required for the determination of flatriess deviations.

The other dfagrams in this section show the position and number of measuring points‘for the determination of the different types of
construction deviations separately.

8.1 Deviations in relation to structural grid lines

|
* |
T
—% 10

Y,
O

B

1]

bolt

NS
!

= guide in pocket

@» ——- = structural grid line

Figure 25

Figure 25 shows the determination of position of bolts and guides of columns in relation to structural grid lines.

13
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8.2 Deviations in relation to secondary lines parallel to the building
The number of measuring points is likely to be dependent on the size of the building part to be measured.
Storey height wall components or in situ walls shall be measured near corner points. For prefabricated or /in situ built walls, an

additional set of measurements shall be taken in both the horizontal and vertical directions (for example lift shafts) for every 3 m (or
less) that the construction extends.

_— a\/ﬁ‘ |, |

=

| ‘ \ | 7 egondary line
»‘@}» i’k\// c) S

- /& Secondary line
jﬁ¥ Secondary line D/
a) b)

Figure 26

Figure 26 show$ measuring points for the determination of positienal deviations in relation to secondary lines and vertical fneasuring
planes through [those lines, for example in a) for wall compgnents, in b) for columns, in c¢) for the determination of orientation direc-
tions of columrs.

Columns shall glways be checked in two perpendicular directions.

8.3 Deviatigns in relation to secondary lines perpendicular to the building

For these deviaftions the measuring points indicated in 8.2 can be applied. Another example is shown in figure 27.

Y

Secondary line

C = measuring point at centre of components

Figure 27

Figure 27 shows measuring points for the determination of the positional deviations of edges of components. (Edges often have to be
extended with the aid of an ancillary tool such as a rule or a square in order to facilitate measuring.)

14
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9 Deviations from level (levelling)
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Figure 28

Positional dpviation in the vertical plane and flatness or levelness<f floors and ceilings can be determined at the megsuring points
shown in figure 28.

The levelnegs or overall flatness of floors and ceilings is,measured by defining a horizontal grid having a spacing of befween 0,5 and
3 m. The spacing chosen will be dependent on the_size-of the surface to be measured and its function.

As shown in figure 28, the positions of the measuring points shall be at the intersections of the grid lines.

—‘——/l/——- __/V_‘_.

S ! !
~C i (N

L 100 mm
-
L/2

Figure 29

Beams shall be levelled at at least three points as indicated in figure 29 (at the top or bottom).

15
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10 Verticality

10.1 Verticality of multi-storey walls and columns

|
v

Y7 L7 (Y

/
X/wwy//

e

v

/  LT7Y 2 Y—~7 Y7

| _—

a) building . b) lift shaft
Figure 30

At least one mpasurement of verticality of walls shall be-made for each storey. As shown in figure 30, the relative horizontal position
of the chosen points should be the same for each.storey.

1a L 1b
3a [3p

22322 2
La %t? b

Figure 31

When checking the verticality of multi-storey columns, it is preferable if the measuring points are placed as 1 and 2 (see figure 31)
(along the centre-line of the columns). If this is not possible, the measuring points shall be placed along the edge of the column as
points 3 and 4. The verticality of columns shall be checked in two perpendicular directions.

16
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10.2 Verticality of storey-height walls and columns
The number of measuring points is likely to be dependent on the size of the wall surface to be measured.

Wall components shall be measured near the corner points, as shown in figure 32 and on /n situ built walls at every 3 m.

|

= ;
- i
i

~
w 7

Figure 32

00mm

1
A

100 mm

YA

Measuring points for the determination of deviation from verticality are shown ir’figure 32.

Columns shiall always be checked in two perpendicular directions.

11 Eccentricity

g 3 h
E = -
o >
= X2
|
i 2
= 3 \ <~
T—
X
E '
=
o 7
(o)
T = thickness of component /1/

xq and xp = distances from the vertical line or plane to component
E = eccentricity
For the situation in the figure :

- Ty

E=xy—x1+

Figure 33

Eccentricity can be determined at the measuring points as shown in figure 33.

17
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12 Position in relation to other components (openings and spaces)

This clause gives some examples of those cases where the accuracy of the position of one component or building part in relation to
another, or where the size of an opening, is of importance.

12.1 Window openings and other openings
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Figure 34

Dimensions of windows or other critical openings can be measured as shown in figure_34. For openings with sizes larger than 3 m, an
additional set ¢f measurements should be taken for every metre that the opening.extends.

12.2 Spaces
T
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Figure 35 <

Figure 35 shows measuring points for the determination of length and width of spaces. If H or L is larger than 6 m, an additional set
of measurements should be taken, if possible, for every 3 m that the construction extends.

18
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