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Foreword 

ISO (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. Esch 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 patt in the work. ISO 
collaborates closely with the International Electrotechnical Commission (IEC) on all 
matters of electrotechnical standardization. 

Draft International Standards adopted by the technical committees are circulated to 
the member bodies for approval before their acceptance as International Standards by 
the ISO Council. They are approved in accordance with ISO procedures requiring at 
least 75 % approval by the member bodies voting. 

International Standard ISO 7976-1 was prepared by Technical Committee ISO/TC 59, 
Building construction. 

Users should note that all International Standards undergo revision from time to time 
and that any reference made herein to any other International Standard implies its 
latest edition, unless otherwise stated. 

0 International Organkation for Standardkation, 1989 

Printed in Switzerland 
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INTERNATIONAL STANDARD ISO79764 : 1989 (E) 

Tolerantes for building - Methods of measurement 
of buildings and building products - 

Part 1: 
Methods and instruments 

1 Scope and field of application 

This International Standard gives some alternative measuring 
methods for the determination of shape, dimensions and 
dimensional deviations of buildings and building products 
which are relevant to fit. The methods tan also be applied 
when accuracy data are being collected in factories or on 
building sites. 

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

The measuring methods concern primarily those objects the 
faces of which are rectilinear in shape and whicn have a 
modulus of elasticity larger than 35 kPa, for example concrete, 
wood, steel, hard plastic. Building products consisting of glass 
wool and similar soft materials are not the subject of this Inter- 
national Standard. 

Rules for quality control in all stages of measurement such as 
frequency Checks, place, time, etc., are not covered by this 
International Standard. 

Part two of this International Standard gives the Position of 
measuring Points to be used in the measurement described in 
this part. 

To facilitate Cross-referencing, the same numbering is used in 
the two Parts of this International Standard. 

2 References 

ISO 44W, Tolerantes for building - Relationship between the 
different types of deviations and tolerantes used for specifi- 
ca tion. 

ISO 7078, Building construction - Procedures for setting out, 
measurement and surveying - Vocabulary and guidance 
no tes. 

ISO 7976-2, Tolerantes for building - Methods of measure- 
ment of building and building products - Part 2: Position of 
measuring poin ts. 

ISO 8322, Building construction - Measuring instruments - 
Procedures for determining accurac y in use - 

Part 7 : Theory. 1) 

Part 2 : Measuring tapes. 1) 

Part 3 : Optical levelling ins trumen ts. 1) 

Part 4: Theodolites. 1) 

Part 5: Optical plumbing instrumen ts. 1) 

Part 6: Laser instruments. 1) 

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

Part 8: Electonic distance measuring ins truments. 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, also be applied to 
Parts and to subdivisions in building products. 

The items to be measured should be supported as they will be 
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. 

1) At present at the Stage of draft. 
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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 ISO 8322, Parts 1 to 8.) 

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 tan then be measured and 
allowance made for any Variation from the specified reference 
temperature. 

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

following con- 

identification of Operator, instrument and time; - 

Position and attitude of the Object being measured; - 

- temperature 
measured; 

and moistu re content of the Object being 

any other matters pertaining to ,the measurement. 

lt is usually possible to measure directly on surfaces cast 
against a smooth mould. Local defects such as pores, burns 
and casting blemishes 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 relation to the permitted deviations, the 
measurements tan be specified to be made with the aid of suf- 
ficiently large Position pieces placed on the Object of measure- 
ment. 

So far as the measuring equipment is concerned, the most 
iikely sources of heat input are from the handling of the equip- 
ment and from differentes between ambient temperature and 
the reference condition. The Object to be measured is also 
affected by ambient temperature and may also be subjected to 
considerable heating during manufacture. 

The reference temperature in this example is considered to be 
20 OC. The following Symbols are used : 

fl is the temperature 
degrees centigrade; 

of Object to be measured, in At the end of each of clauses 4 to 14, there is a table that 
specifies the following items for each of the measuring oper- 
ations in that clause: 

*2 is the temperature of 
centigrade; 

measu ring equip ment, in degrees 

the measuring Operation; 

Ql is the coeff icient of 
measu red; 

expansion of Object to be 
- limits of measuring accuracy, in terms of the 
deviation of the item to be measu red; 

permitted 

is the coefficient of expansion of measuring equipment; the measuring range; 

**1 is the temperature diff erence f rom 
be measured (At, = *1 - 20); 

20 OC of Object to the measuring instrument or tool which tan be Chosen. - 

**2 is the temperatu re 
equipment (At2 = 

differente from 20 OC of measuri w 3.2 I nf luence 
conditions 

of deviations f rom reference 
*2 - 20); 

L is the length being measured. 
Variations in the ambient conditions from the specified 
reference values tan give rise to errors in the measured size 
of a dimension. Temperature, especially direct sunshine, 
is normally the most significant of these ambient con- 
ditions. 

Then the error in measurement A L caused 
differentials At, and At2 is given by: 

by the temperature 

AL = L (q At, - a2 At21 

2 
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Section one: Measuring methods for those measurements which tan be 
carried out both in factories and on building sites 

NOTE - Most of the examples 
applied to Parts executed on site 

concerning components tan also be 

4 Sizes of components 

This clause describes examples of instruments and measuring 
methods for the determination of length, width and thickness 
of components. 

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

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. lt 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). lt 
should be observed that when the tape rests on a building 
component or a floor, the temperature of this Object of 
measurement tan differ from the measured temperature of the 
surrounding air and hence Cause measuring errors (see 3.2). 
This error tan be reduced by supporting the tape. The correct 
temperature of the tape tan be measured with a contact thermo- 
meter. 

Figure 1 
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4.1 Length and width 

On components which do not have sharply defined edges, Position pieces (sec 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. 

Figure 2 

4 

18 1 

, 

i i, 119ml 20 ~ ’ 2’1 
, ,/ 

2~2 
l 1 1 I~!‘)ij;,N~,l~~~j;;~ i 1 .ll .~ll.illlir.llll“Il ,l iL1 ,“,‘i 

IA 

t 

R 1 R 2 

1 : Tape 
2: Corner piece 
3: Tape tensioner 
4 : Reading 
5 : Reading 

Exampie : R, 

Rl - 

L= 

3 

- 
4,193 

0,100 

4,093 

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

Figure 3 

4 
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The result of a measurement between opposite Points other than corner Points tan be used as a rough check of the result of the 
measurement of straightness deviations. (See clause 6 and figure 4.) 

Lj= L+a,+a2 

Figure 4 

When measurements are made along curved surfaces, errors arise as the curve AB is always longer than the chord AB. Normal 
accuracy requirements permit readings to be taken to the nearest millimetre. This implies that in practice some amount sf curvature 
tan be allowed. (See figure 5.) 

Figure 5 

5 
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Figure 6 gives a diagram for corrections to be applied when measuring along curved components. 

230 
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0 

0D 2 

L-4-- -0- 
3L 1 

I ; 

i / / . / /’ F!Y*’ / 

L 

/ 300 
(L inmm) 

Example Lt=9 000 mm 
D = 116 mm 
C = -4mm 

L=9 000-4=8 996mm 

0 2 4 6 8 IO 12 14 16 18 20 22 24 26 28 30 
Measured length, L (m) 

Figure 6 
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4.2 Thickness or depth 

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.) 

Sliding caii per-s 
(slide gaug e) 

Figure 7 
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4.3 Accuracy table 

Measuring 
Operation 

When values for permitted 
deviation specified Measuring range 
for Object exceed : 

1 2 
. 

+3mm 
Lengths and widths 
of components (4.1) + 3mm 

+5mm 

Thickness of 
components (4.2) 

+ 0,5 mm < 0,l m 
f 1 mm 0,l to 0,5 m 
*2mm 0,5 to 2,0 m 

AI 3 mm <Im 

1 +5mm < 0,5 m 

Measuring instrument 
or tool 

4 

Retractable steel tape 

Calibrated steel tape 
Calibrated steel tape 

Caliper 
Caliper 
Caliper 

Retractable steel tape 

Measuring rod and two 
boning rods 

5 Squareness (perpendicularity) of components 

This clause describes examples of instruments and measuring methods for the determination of deviation from squareness (right- 
angle), but tan in principle be applied to any angle. 

According to ISO 4464 the angular deviation is described as the differente between an actual angle and the corresponding reference 
angle. 

Figure 8 Shows angular deviations expressed in gon or degrees Efigure 8a)l or as offsets [figure 8b)]. 

Angular deviation 
(as offset) 

,/ 

a) b) 

Figure 8 

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 c < 1 200 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-angle is more than 5 mm per metre. 

The three methods used for determination of angular deviations are explained in the examples below. The deviation 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 figure 16). 

A 6 

D C 

Figure 9 

\ 

Q 

\ 

b<c 

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. 

Positive angular deviation for corner B 

Negative angular deviation for corner B 

Maximum size: 1 200 mm x 1 200 mm 
Corner pieces at A, B and C 

Figure 11 

10 
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In figure 12, a Square 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. 

In figure 13, the method in figure 12 tan 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. 

Measuring Point - 

Figure ‘l2 

Column 

Spacers Square 

Figure 13 

11 
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The method in figure 14 tan only be used when no straightness deviations occur, as otherwise only the deviations from the right-angle 
between Parts of the sutfaces 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. 

Figure 14 

A B cc JES2+BC2-AC2 
l- 2AB 

C 

Figure 15 

12 
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The angle at Point B tan be calculated as follows: 

AC* - AB* - BC* 
cosß = 

-2AB x BC 

This procedure tan be repeated for the Points A, C and D. 

The sum of the angles (a + ß + y + 6) 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,ll O = 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 angular deviation as an offset (CCt) tan also be determined in relation to the side CB as follows: 

ß = 100 gon - 0 

CCl cos ß = sin (- 19) = Bc = AB* + BC* - AC* 
2AB x BC 

or 

cc, = 
AB* + BC* - AC* 

2AB 

5.1.3 Measuring with a measuring telescope 

In figure 16, a measuring telescope is positioned at measuring Point B and set at zero towards target A. The instrument is then rotated 
100 gon (90”) and the deviation at target C is determined using, for instance, a millimetre-scale placed at this Point. 

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 (PI and P,) arc equal. 

The telescope is then turned through 100 gon (90”) and the distances PS and P4 are read off in the telescope from the measuring rod. 
The distances Pl to P4 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 Pl and Ps. 

The offset angular deviation is in this case positive (Ps - PJ). 

Figure 17 

14 
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5.2 Parallelism 

Parallelism deviation is a form of angular deviation and is the differente between the orientation of the straight line through A and B 
and the orientation reference line AB1 through A, parallel to DC (see figure 18). The deviation is measured as the distance between B 
and Bt (sec 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 differente between AD and BC is the deviation from the 
parallel between AB and CD. 

Figure 18 

5.3 Accuracy table 

-2 Deviation 
. 

B 1 

Measuring 
Operation 

When values for permitted 
deviation specified Measuring range Measuring instrument 

for Object exceed : or tool 

1 2 3 4 

Angular deviation 
(5.1) 

* 4mm < 1,2m Square 

f 5 mm/m < 30 m Calibrated steel tape 

I!I 7 mm < 30 m Optical instrument 

Parallelism (5.2) 

* 2mm <Im Caliper 

-fr 3mm <3m Calibrated steel tape 
* 5mm 3tolOm Calibrated steel tape 

k 5mm <3m , Measuring rod 
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6 Straightness and camber of components 

This clause describes 
designed camber. 

examples of measuring instruments and tools for the determination of deviations straightness and from 

6.1 Straightness 

According to ISO 4464, straightness deviation is described as the differente between the actual form of a line and a straight line. The 
deviations a 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 deviations are determined using instruments and tools given in clause 15, with or without the aid of position pieces. 

The ends of the line, commonly an edge, along which the deviation from straightness is to be measured, are linked either using a 
string stretched between the t-wo end Points, A and B, a straight edge supported by Position pieces or the sighting axis of a measuring 
telescope. 

A -- B 

Figure 19 
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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 

Stud -/ 

- Case 1 Case 2 

\ 

\ . \ 
\ \ \ 

QJ \ (v aJ 

-+- c---2- 

A- 

m 

Example The deviation is calculated as follows : 

e = height of studs: 25 mm 

deviation d = e - reading 

Gasel: d = 25 -15 

d = 10 mm (pos.) 

Case 2 : d = 25 - 32 
d = -7mmineg.I 

d = deviation from 
straightness 

e = height of studs 

Figure 20 
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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 tauch 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 tan also be used to deter- 
mine the straightness of components. 

6.2 Designed camber 

The methods described in 6.1 .l to 6.1.3 tan also be used to determine deviations from designed camber. 

measured 

- Square 

1 Weight 

Figure 21 
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6.3 Accuracy table 

Measuring 
Operation 

Deviation from 
straightness and 
designed camber 
(6.1 and 6.2) 

When values for permitted 
deviation specified 
for Object exceed: 

Measuring range 
(measuring length) 

Measuring instrument 
or tool 

f 2mm I <3m 

+3mm 

f: 2mm 
* 4mm 
5 8mm 

AI 3 mm 
*5mm 
* IOmm 

<3m 

<2m 
2to5m 

5tolOm 

<2m 
2to5m 

5tolOm 

Measuring wedge 
(< 30 mm), straightedge 
and corner pieces 

Rule, straightedge and 
corner pieces 

Measuring wedge (30 mm) 
and steel or nylon wire 
(< 10 m) and corner pieces 

Rule and steel or nylon wire 
and corner pieces 

7 Flatness and skewness of components 

This clause describes examples of instruments, tools, measur- 
ing methods and reference planes to be used for the determi- 
nation of flatness. 

According to ISO 4464, flatness deviation is described as “the 
differente between the actual form of a surface and that of a 
plane sut-face”. In the case of local flatness these sut-faces are 
substituted by a line and a straight line respectively. When 
determining deviations from flatness, it is necessary to decide 
from which reference plane the deviations of the surface are to 
be measured. 

7.1 Principles sf measurement 

A reference plane tan be defined in many different ways, such 
as : 

- a mean plane of the four corner Points; 

- a plane determined with the aid of the method of least 
squares; 

- in relation to certain straight lines (local flatness); 

- in relation to a box (the box principle); 

- a plane through three corner Points (skewness). 

7.1.1 Mean plane 

Flatness deviations on a rectangular surface tan, according to 
ISO 4464, be determined with the help of a mean plane for all 
four corners. This mean plane will be situated S/4 above two 
diagonally opposite corners and S/4 below the other two 
corners (sec figure 22) where S is the degree of skewness 
determined as shown. 

a, b, c and d are 
flatness deviations 

Figure 22 
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In figure 22, the reference plane is the mean plane passing 
through A + Sl4, B - Sl4, C + S/4 and D - Sl4. 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 sut-face is scanned in relation 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 

A more general definition of flatness is that the reference plane 
is so constructed that the sum of the surface deviations from 
that reference plane is zero; i.e. the sum of the positive devi- 
ations equals the sum of the negative deviations, and the sum 
of the squares of 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 4 006 mm x 6 000 mm), while calculations must 
be done by Computer. 

lt should be noted that the evaluation when using the method 
of least squares should be entrusted to well qualified personnel. 

NOTE - The application of the principle of least squares implies that 
the calculation result gives the Position and the two directions of the 
reference plane in relation to the measuring plane. Only in those cases 

where the surface to be measured is already a part of the erected 
building tan the two directions normally be subject to accuracy 
requirements. 

Figure 23 Shows the reference plane to be calculated with the 
aid of the principle of least squares. 

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

1 V pos. 1 + 1 V neg. 1 G Tfl mm 

where 

v pos. is the largest positive deviation; 

V neg. is the largest negative deviation; 

TfI is the specified flatness tolerante. 

7.1.3 Local flatness 

Local flatness deviations from certain straight lines in certain 
directions tan be measured. 

This method gives a direct measure of local straightness and 
indirectly an indication of flatness. lt is a practical method of 
checking flatness for many building purposes. 

4 

Measuring Points on the 
surface of the component 

Conditions : 
c 

Vi = 0 

c Vi2 = minimum 

(i = 1.1; 1.2; 1.3 . . . 4.4) 

Figure 23 
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Figure 24 Shows flatness deviations al in relation to a reference 
plane ABCD or deviations @2 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 

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 tolerante 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 
as bars or plates, a simplified box principie may be used. 

such 

The general use of the box principle with a three-dimensional 
rectangular Co-Ordinate System requires measurements in three 
planes. 

between two components or between two stages in the for- 
mation of a “plane” sur-face. Large areas like floors are usually 
controlled by tolerantes on level and sometimes on skewness 
in relation to grid Points (sec clause 9). 

7.2 Overall flatness 
7.1.5 Skewness 

According to IS0 4464, skewness is a special case of flatness 
deviation. This means that a reference plane passing through 
three corner Points of the component to be measured (or rather 
Points near the corners, since corner Points are usually difficult 
to identify) tan be Chosen. The skewness is then described as 
the absolute value of the deviation of the fourth corner Point 
from that reference plane. Deviations from the reference plane 
of any other Points on the surface are then regarded as flatness 
deviations. Due to the skewness, large flatness deviations may 
thus be observed. 

Flatness deviations are determined using the measuring 
instruments indicated in clause 15, where typical sources of 
errors and precautions needed are also given. 

The methods given below show some of the various possi- 
bilities of measuring the general shape of the surface of the 
component. The specifications should firstly indicate the refer- 
ence plane to be used and additionally give the permitted devia- 
tion. Flatness should generally be related to a specified area of 
a finished surface, to a Single component, to the junction 

7.2.1 Measu 
telescope 

ring flat ness deviations with a rn ring 

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

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

This recommendation tan be fulfilled for such methods as 
demonstrated in 7.2.2. For other methods, where levelling 
instruments or theodolites are used, this recommendation 
cannot be fulfilled. For such cases it is recommended that the 
instruments are levelled as normal and that the measuring 
values are transformed in relation to the Chosen reference 
plane. To facilitate the calculations, programmable field com- 
Puters tan be used. 

T- Surface to be measured 

L 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 

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. 

ref raction. 

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

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 IO m. 

Dimensions 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 awailable. They have the advantage that only one 
Operator is needed. The disadvantage is that refraction tan 
Cause reading errors. 

7.2.2 Measuring flatness deviations using specially 
designed instruments 

Two examples of 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 placed at some distance from the component. The 
equipment described in figures 29 and 30 has the advantage 

r Possible refraction error 

that it tan 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 (5, C and D). (In 
some cases the instrument at C is provided with a fixed right- 
angle, which permits direct reading of right-angle deviations at 
the target 5.) 

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

lt is not permitted to use compensator instruments since this method 
tan be used in any plane, and not the horizontal plane only. 

The sighting axis of the measuring telescope at Point C 
(figure 29) is orientated towards the zero Points on the scales at 
5 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 tan be placed at 
any arbitrary Point on the surface. (Reading at Point A gives the 
skewness, see 7.4.) The same measuring principle tan 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 sut-faces (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. 

7.3 Local flatness 

The methods 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 

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; 

- how results are to be reported; 

- any other item of importante. 

In the following examples, only three Points are used - two 
reference Points and one Point which is to be measured. 

Figure 30 
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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 tan be 
used for measuring components in a horizontal, vertical or 
inclined Position. (See figure 31.) Using a spirit-level, the 
measurement tan be combined with a verticality check. The 
tools are placed on fillets of equal and known thickness Y. The 
measurement X between the sur-face 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 th is is an indication of flatness. 

Wires shall be stretched with a forte of 100 N. 

lt 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. 

- Wire to be stretched with 
a forte of IQ0 N (IO kg) 

3 

Figure 31 
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7.3.2 easuring lscal flatness with a rneasuring 
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 kon- 
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 instrument is levelled in ahe normal manner. 

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

and as nearly as possible perpendicular to the Object being 
measured m 

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

4 + R3 

d=2- R2 

where &, R2 and R3 are the readings on levelling staff placed in 
the positions R ,, R2 and R3, respectively. 

lf the component is not quite vertical, this shall be allowed for if 
deviations are measured at Points other than the 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 

d= 4 + R3 

2 - RZ 

where R,, RZ and R3 are the readings on levelling staff placed in 
the positions R l, RZ and R3, respectively. 

If the component is not quite horizontal, this shall be allowed 
for if deviations are measured at Points other than the centre. 

-- -p-----p 

Ir R 2 

7.4 Skewness 

7.41 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 dz, measure- 
ment being taken at the centre of the sur-face, i.e. the Point of 
intersection of the diagonals. The degree of skewness of the 
surface, a, is 

a= 2(d, - d2) 

Figure 34 Shows measuring skewness with the aid of a wire and 
a measuring wedge. Care should be taken that the wire is not 
lifted by the wedge. 

Sig hting axis 

Figure 33 

Figure 34 
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Wires shall be stretched with a forte 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 distances from the plane of the sighting axis to the four 
corners are measured and a plane which intersects any three of 
the corner 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 to the telescope when higher accuracy is required. 
The skewness at Rql a4, is 

O4 = (R, + R3) - (R2 + Rd) 

where R,, R2, R3 and R, are the readings on measuring rod or 
levelling staff placed in the positions R,, R2, R3 and R4, 
respectively. 

7.5 Methods and equipment when meas uring 
components according to the box princip Ie 

Measuring according to the box principle tan, with some diffi- 
culty, be carried out using normal equipment and methods, 

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 Systems are very efficient for use with the simplified box 
principle. 

Stationary measuring jigs tan be developed for measurement 
according to the box principle in direct connection with a pro- 
duction line. They consist of a steel structure in which the 
Object of measurement is supported on three Points. Several 
measuring Points are mounted in well defined positions on all 
sides of the jig on the surface of an imaginary parallelepiped. 
The distances from the measuring Points to the sur-face of the 
Object of measurement are measured by (for instance) 
telescopic rods. Control measuring with jigs is extremely fast 
but for any jig the range of sizes and types of objects to be 
measured is limited. 

The equipment shown in figures 36 and 37 is only an example 
of equipment used for measurement according to the box prin- 
ciple. 

Figure 35 
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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. 

a) Measuring bench: elevation 

b) Measuring bench: Cross-section 

1 : Movable frame 

2: Graduated vertical guide 
3 : Graduated horizontal guide 

4: Measuring rod 

5: Object to be measured 

Figure 36 
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a) Plan 

Adjustable Pivots 

- Wall 

component 

//,////////////,~/////// ‘//////// / ////‘// 

Z 

i, X 

b) Elevation 

Adjusta ble Pivots 

I 
y Wall component 

L Y 

c) Cross-section 

The element is fixed as follows: 

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

At F2 in the Y- and Z-direction 

At F, in the Y-direction 

Figure 37 
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7.6 Accuracy table 

Measuring instrument 

Determination 
of flatness 

<3mx6m Levelling instrument or 
theodolite and staff with 
parallel plate micrometer 

<3mx6m Levelling instrument or 
theodolite and staff 

Wire (< 10 m) and rule or 

<3mx6m Wire (< 10 m) and measur- 
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Section two: Measuring methods for those measurements which tan be 
carried out on building sites only 

This section deals with the determination of construction deviations of prefabricated or in sifu construction. 

, Vertical plane through 
plumbed-up secondary line 

E’ 
ü z 
n 
$ 
G .- 
z 
03 
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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 

k or 

b - a or 

d - c or 

h- g or 

f - e; 

- Clause 11 : Eccentricity, for instance c - b; 

- Clause 12: Position in relation to other components, for 
instance m and n; 

- Clause 13: Flatness or straightness Fli (see figure 76); 

- Clause 14: Other important sizes : 

bearing lengths: (see figure 77) 

joint widths 

joint Steps (sec figure 78). 

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

r---- -- Structural grid line 

Secondary line used for measuring 

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 tan vary along their length. The use of chalk lines is 
therefore limited to assembly only and not for compliance or 
data collection measurements. 

The methods described below are, in general, an application of 
the offset method in relation to secondary lines. Other Survey 
methods tan be used provided that a priori accuracy 
calculations have been carried out. 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 accuracy of the 
manufacturing or construction process to be measured. This 
document also assumes the presence of suitable reference 
positions, according to ISO 4464, on the site of the assembly or 
in the assembly itself from which measurements tan be made, 
for instance secondary Points or grids or bench marks. Struc- 
tural grid lines, centre lines or other lines used in design are 
usually not suitable as a direct reference line for measuring 
since they are seldom visible after the construction of the 
building part (sec figure 39), with the exception of the 
measurement of positions of bolts Prior to the erection of com- 
ponents. 

Figure 39 Shows how any lines used for the purpose of 
measurement and intentionally marked parallel to the proposed 
building or structural grid lines are defined as secondary lines. 
Before carrying out any of the methods indicated below, the 
accuracy of secondary lines must be known or be investigated. 

D,, D2 = known distances 

XI, X2, etc. = distances to be measured 

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

a) with Optical plummet; 

b) by the free Station Point method; 

c) plumbing up with theodolite; 

d) plumbing up with theodolite and constrained centring. 

/ 
/’ / 

/’ / 
</l \ \ \ \ \ \ \ 

b) 
‘1 . 

*- - 

1’ 

1’ 
/ 

\ 
\ / 

\ 

A 

---- c-- 
\ -c-- C- 

---- 

d) 

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 ISO 4463.1 

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

Figure 41 
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8 Position in the horizontal plane 

The measu ring procedures given below describe generally the measurement of horizontal distances for the determi nation of positional 
deviations, from the combination of which orientation deviations tan be calculated, for example deviation f rom verticality. 

81 . Deviations in relation to structural grid lines 

The Position of bolts, groups of bolts or guides in pockets for columns tan 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 possibilities of measuring the Position in relation to a centre line and internal positions are illustrated in figures 42 and 43. 

The use of 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 restricted to construction 
work when placing the bolts in their right internal Position. 

As shown in figure 42, the Position of bolts in relation to centre lines or their internal Position tan 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 case not exceed the 
length of the tape, rod or staff. The use of a levelling staff tan have the advantage that the measuring team tan be reduced from three 
men (shown in the figure) to two or even one, as the staff has only to be placed in the right Position and no tension is needed as for 
tapes. 

To allow millimetre readings or estimations on the tape, rod or staff, the distance D should to be restricted to 40 m . For distances 
exceeding 40 m, intermediate instrument stations or suitable aiming targets - in accordance with clause 15 - are needed. 

This is also valid when measuring from secondary lines parallel to centre-lines. 

Figure 42 
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Figure 43 Shows an example of the determination sf the Position of guide pieces for columns. 

- 
+- 

Pocket for columns 

I ron Strips 

Guide 

a) Centre-lines marked on iron Strips 

Template 

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

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

NOTE - Alternatively, an Optical plummet tan be used. 

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

The secondary line should 
a measuring telescope. 

be established by the Optical axis of 

As shown in figure 44, Position deviations tan 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 tan also be measured above floor or ground level. 
Theodolites shall to be used for this kind of measurement. They 

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 sut-face 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 
perpendicular to the sighting axis of the instrument and as 
nearly as possible perpendicular to the Object being observed. 

L = known distance 

P, to P4 = Position in relation to secondary line 

P2 - P, = orientation deviation according to ISO 4464 

Figure 44 
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measurement by measuring in two faces and at right angles to the facade. 
Figure 45 Shows measuring Position deviations from inside or outside the building at higher levels. It is important to check the 

Measuring rod with Square to ensure 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 tan 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 tan be checked by starting at B and closing at A. 

Some parallax tan arise when the side sutfaces 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 tan be avoided by placing a ruler 
or the flat side of a Square against the end sutface of the component and perpendicular to the measuring tape. 

A L 
i L 

\ 

\ 

\ , 
1 /’ \ 8 / 1 

l 
8 

B 

I . 
I 1 
I 4 
I 8 
I I 
I 1 
I 1 
I 1 

l - 
4 

Figure 46 

\- Square 

Figure 47 

41 

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O 79

76
-1:

19
89

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


ISO 7976-1 : 1989 (EI 

An example of vertical measuring planes through secondary lines on ground level for the measurement of Position of Walls is given in 

figure 48. 

Figure 48 

8.4 Accuracy table 

Measuring 
When values for permitted 

deviation specified Measuring rangell 
Measuring instrument 

Operation for Object exceed: 
or tool 

1 2 3 4 

Isition deviations in 
3 horizontal plane : 

from structural grid +5mm < 10m Theodolite and rod or 

lines (8.1) + IOmm 10 to 20 m retractable steel tape 
-t 15mm 20 to 30 m 
f 20mm 30 to 50 m 

from secondary lines * 5mm < 40 m Theodolite and rod 

parallel to building provided k 1 f-n) 

(8.2) a < 50 gon 

from secondary lines * 5mm < IOm Calibrated steel tape 
perpendicular to + 10mm lOto20m 
building (8.3) f 15mm 20 to 30 m 

+ 20mm 30 to 50 m 

+ 5mm < IOm Calibrated steel tape 

f IOmm 10 to20 m and Square 
f. 15mm 20 to 30 m 
f 20mm 30 to 50 m 

f 5mm < IOm Theodolite, measuring 
* IOmm lOto20m rod and calibrated 
* 15mm 20 to 30 m steel tape 
* 20mm 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. 

Figure 49 gives examples of levelling of floors (B) and ceilings (C) on grid Points. lt is recommended to have at least tvvo bench marks 
(A) on each floor. 

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 distance between the instrument and the staff should not exceed 40 m. 

The measuring result tan be used for the determination of both the levels and the flatness deviations of floors and ceilings. 

NOTES 

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

2 More detailed treatment of measurement procedures for the determination of flatness of floors where extremely small permitted deviations are 
specified will be the subject of a future International Standard. 

Figure 49 

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 tan in some cases be necessary to provide the leg of 
the levelling staff with a Position piece. 

Figure 51 

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

Figure 52 

9.1 Accuracy table 

Measuring 
Operation 

When values for permitted 
deviation specified Measuring range 
for Object exceed: 

2 3 

Deviation f rom 
levels and heights 

* 2mm < 30 m 

AI 4mm < 30 m 

Mause 9) 
Z!I IOmm < 10m 
Z!I 15mm 10 to30 m 
I!I 20mm 30 to 70 m 

IO Verticality 

Verticality tan be determined with the aid of 

- theodolite; 

- Optical plumbing instrument; 

- inclinometer; 

- plumb bob. 

Measuring instrument 
or tool 

4 

Levelling instrument with 
parallel plate micrometer 
and staff 

Levelling instrument and 
staff 

Surface indicating laser 

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 tan be carried out with the aid of a theodolite. 

When the angle a exceeds 50 gon (45O), the plumbing should be carried out with the aid of an Optical plumbing instrument. (See 

figure 54.1 

Figure 53 

u U 

0 

0 

u Ll 

111: 0 /- a 

0 

-B Ul7 /- 

u 

0 
n 

Q n 

\ \ ,4 / / I/ / $ / 

Optical 
plummet 

Figure 54 

Dimensions in millimetres 

Combined measuring 
Point 
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Figure 55 Shows determination of the deviation from verticality using an Optical plumbing instrument. 

S n 

a l,~lzr 
S 2 
I 

I 

a 

1/ 
F 1 S 1 

“/T 

I 3 I 000 mm min. 

D 

/K I 

/ I _ r, _. , -,, - 5, I , p,/ -- /IJ z f,, -- f, II - -- _- * _ -ZZ 

l 

OF 0 

OF, = known distance 

SiFi = measured distance 

ai = deviation from verticality = OF, - SiFi over the height Li 

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. lt is best if these 
Iines 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 tan 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 tan be read off. lt 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 tan also be determined. 
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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 tan be reversed to eliminate systematic measuring errors of the spirit-level. lt shall be 
possible to adjust the spirit-level. Clinometers shall be provided with studs to allow measuring along curved surfaces. (See figut-e 59.) 

. 

Figure 58 

‘1 I 

\ I 
I 

I 

LStuds / / 

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) Indi rectly, which implies transforming the number of divisions that the bubble of the spirit-level is d 
Position (sec figure 60) into a vertical angular deviation expressed as an offset in millimetres per metre. 

isplaced from its 

b) Directly, by reading the deviations from 
its central Position, as s hown in figure 61. 

verticality movable scale after the bubble of the spirit-level has been brought into 

Accuracy of instruments should be as follows: 

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

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

- clinometers shall be provided with studs; 

- after the first measurement, th 
readings gives the actual deviation; 

e cli nometer should be reversed and the measurement repeated. The mean of the two 

the flat side of the clinometer - that is the non-measuring side - shall be 
this with a spiri t-level which is less sensitive than the main one. 

vertical . It is ( suff icient to 

NOTES 

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

2 Since the sensitivity of spirit-levels tan differ from that indicated by the manufacturer, it is recommended that spirit-levels with half the sensitivity 
value needed arc Chosen. For example, for a calculated or required value of sensitivity of spirit-level of 60”, use a spirit-level with a sensitivity 
indication of 30”. 

lllll(~ 

1 I a 

~~IIl :l 
1 l 
I i Central Position 

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

Figure 60 
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10.3 Using a plumb bob 

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

Figure 62 

10.4 Accuracy table 

Measuring 
When walues for permitted 

deviation specified Measuring rangei) Measuring instrument 
Operation for Object exceed: or tool 

1 2 3 4 

Deviations f rom 
verticality : 

Theodolite/ * 0,5 mm/m < IOOm Optical plumbing 
Optical plumbing instrument 
instrument 
(lO.lP 

f. 0,8 mm/m a < 50 gon Theodolite and marked 
f 1,2 mmlm a = 50 to 70 gon centre-line 

* 1 mm/m a < 50 gon Theodolite and rod or tape 
* 1,5 mmlm a = 50 to 70 gon (along the edge) 

Clinometer 313 mm <2m Clinometer 
(10.2) 

Plumb bob + 8mm < 2m Plumb bob and rule or tape 
(10.3) I!I 15mm 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 weil qualified personnel. 
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11 Eccentricity 

Eccentricity tan 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 tan Cause a reduction in stability. 

Figure 63 Shows eccentricity between two loadbearing components. 

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. TI and T2 show Position deviation. 

\ . 
\. \ 

Centre-line 

Structural grid line 

Tz - T1 Eccentricity, E = ~ 
2 

Figure 64 

11.1 Accuracy table 

Measuring 
Operation 

When values for permitted 
deviation specified Measuring rangell 
for Object exceed: 

Eccentricity2) + 0,8 mmlm 
(clause 11) f 1,2 mmlm 

k 0,5 mm/m 

I!I 5mm 
+ IOmm 
AI 15mm 

< IOOm 

a < 50 gon 
a = 50 to 70 gon 

< IOm 
10 to20 m 
20 to 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 
preferably be entrusted to well qualified personnel. 

/ 

_ Structural 
grid line 

\ . 
< . 

\ . 

\- 
T z ‘0 

instrument and rod 

Theodolite and rod 

Calibrated steel tape and 
Square 

40 m the measurements should 
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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 - tan 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 tan 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 tan normally only be determined at floor level using auxiliary 
marks at short distances from the Walls. (See figure 66.) 

1, _ / ‘/ .- ;u / / - F 
Figure 65 

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.) 

// / 
/ 

/ 
/ / / 

\ 
\ \ 

\ 
\ 
\ \ 

\ \ \ \ \ 

1 

Figure 67 
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As shown in figure 68, the relative positions of columns tan 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. 

1 

7T 
/ ‘- S? * - / / 

Figure 66 

r Square 

\ Measuring tape 

\ Square 
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Floor width = L + 2 a 

Figure 69 
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Height measurements tan be made directly with a pocket tape or a telescopic measuring rod. (See figure 70.) Care should be taken 
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. 

e 1, / , ‘, I ’ , ’ 

Figure 70 
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Figure 71 Shows indirect height measurement with the aid of a levelling instrument. This measurement tan be combined with the 
levelling of floors and ceilings. (See figure 49.) 

L 

I nverted 
levelling S taff 
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-- 

Exarnple: Height of room H = reading towards floor plus reading towards ceiling (H = l-f + I-J 

Figure 71 
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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.) 
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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 IO m, for instance a lift (elevator) shaft. (See figure 73.) 

BM 

BM = bench mark 

BM 

Figure 73 

For high buildings EDM instruments tan be used as shown in the example below. The differente in height tan be measured either 
directly along a plumbline or indirectly by reducing a slope distance by determining the vertical angle. Figure 74 Shows the set-up of 
instrumentation necessary for the determination of height differentes between bench marks in floors of buildings and for which 
additional measurements have to be made. The total differente in height between the Points is 

AH = A,, - AF0 - AD + A, + E - K + K, + KBR 

where 

FO, FU are bench marks; 

AH is the height differente between the two benchmarks; 

L is the long distance (MNQ); 

K is the short distance (MN); 

Ks is the constant height of the mirror’s trunnion axis above tribach; 

KBF? is the constant height of the reflector’s trunnion axis; 

A KI ~4 DJ A FOI AFu are readings On a levelling rod. 

This method allows for cancellation of the instrument constant. 
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Figure 74 shows height measurement with the aid of an EDM instrument. 

NOTE - The measurements are complicated and should therefore be carried out by weil qualified personnel. 

In figure 74 the vertical distance AH is derived with the aid of the differente between two distance measurements (MNQ - MN). This 
method eliminates the zero-error of the EDM-instrument. For the method in figure 75 onlv one distance measurement is necessary, . 
but here the Zero-error must be known or investigated. 
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Figure 74 
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A method for a more direct procedure is shown in figure 75. 
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AH= R+ AK +AFu-AD-A, 

Figure 75 
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