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BS 1881 : Part 205 : 1986

Foreword

This Part of BS 1881 has been prepared under the direction
of the Cement, Gypsum, Aggregates and Quarry Products
Standards Committee. It supersedes BS 4408 : Part 3 :
1970, which is withdrawn. All aspects of testing concrete
are being included as Parts of BS 1881, from sampling fresh
concrete to assessing concrete in structures. BS 1881 :

Part 201 gives general guidance on the choice of non-
destructive test methods and should be consulted for advice
on methods which can be used to complement radiographic
examination.

The use of gamma rays and high energy X-rays for the
location and identification of steel and voids in structural
concrete makes it desirable to give guidance on the
procedures to be used. It is hoped that a more unified
practice will result amongst experienced radiographers
working in this field. The recommendations are based upon
current good practice and are designed to provide methods
applicable to the investigation of concrete where radiography
is suitable.

It is emphasized that the radiography of concrete falls
within the scope of the Factories Acts and is controlled by
the lonising Radiations Regulations 1985. Detailed guidance
on the application of these regulations and on general
safety procedures is given in the ‘Approved Code of
Practice. The protection of persons against ionising
radiation arising from any work activity’ published under
the authority of the Health and Safety Commission in 1985.

The recommendations do not lay down standards of
radiographic image quality, which need to be agreed
between the parties for each investigation. The examples of
imperfections given in appendix B are to enable interpreta-
tion of radiographs to be understood and are not intended
as criteria of severity of imperfections.

Where applicable, these reccommendations follow those
given in BS 2600 and BS 2910.

The photographs forming figure 7 are reproduced by kind
permission of the United Kingdom Atomic Energy
Authority.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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Recommendations

1 Scope

This Part of BS 1881 gives recommendations for the
radiographic inspection of concrete. Up to approximately
500 mm thick, gamma ray sources are usually employed;
above this thickness the use of high-energy X-rays is more
appropriate. Recommendations are given on the factors
which govern the quality of the radiographic image,
namely the source characteristic, the arrangement of source,
object and film in space, the film speed, the use of screens,
the exposure time and the film development technique.
This standard is for the guidance of radiographers and the
information of others involved.

NOTE 1. By law, radiography has to be carried out under the
supervision of qualified personnel.

NOTE 2. Explarfatory notes on the radiographic technique are given
in appendix A, and radiographic examples are given in appendix B.

NOTE 3. The titles of the publications referred to in this standard
are listed on the inside back cover.

2 Definitions

For the purposes of this Part of BS 1881 the definitions
given in BS 3683 : Part 3 apply.

3 Applications

Radiography is used to determine the presence of reinforce-
ment and its approximate location and size, to observe the
general condition of concrete, e.g. lack of compaction,

and to locate voids in specific cases, such as grouting ducts.

4 Image quality

The required image quality in terms of the definition and
contrast of the image depends upon the purpose of the
investigation and should be the subject of mutual agreement
between the contracting parties. The assessment can be
based either on the use of trial exposures to provide an
acceptable image quality or on the use of image quality
indicators of a mutually acceptable type.

5 Equipment

5.1 Radiation sources

Suitable sources for the examination of concrete are listed
in table 1; the source appropriate to the thickness of
concrete to be investigated should be chosen.

Table 1. Suitable sources of radiation

Source Approximate thickness of concrete
Minimum Maximum
mm mm

60 Cobalt 125 500

192 Iridium 25 250

Linac, 8 MeV X-rays | 500 1600

The thicknesses are those which in practice can be radio-
graphed in a reasonable amount of time with sources
currently available.

NOTE. The physical sizes of gamma ray sources are specified in
BS 5288.

5.2 Type of film

The film should generally be of the medium speed or fast
direct-type X-ray for use with lead screens or without
screens. The manufacturers provide data sheets that relate
film speed, exposure and radiation source to the material
under investigation.

5.3 Lead intensifying screens

The thicknesses of lead foil screens used should be in
accordance with table 2 (see also A.2).

Table 2. Thicknesses of lead intensifying screens

Source Thickness of Thickness of
front screen back screen
mm mm

Gamma rays 0.10t0 0.25 0.12t0 1.20

Linac (8 MeV) | 0.5 to 1.0 05 t01.0

5.4 Cassettes

The film and intensifying screens should be enclosed in a
flat, rigid, metal or plastics light-tight cassette having
sufficient compression to ensure adequate film-screen
contact.

6 Procedure

6.1 Marking out

In general, permanent markings on the test piece should
provide reference points for the accurate relocation of the
position of each radiograph.
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6.2 Specimen-to-film distance

The distance between the filrs and the adjacent concrete
should be as small as possible.

Where a gap between the concrete and film exists,

the minimum source-to-film distances derived in accordance
with 6.5 should be increased in the ratioa + b: a, where a is
the thickness of the concrete and b is the width of the gap.

6.3 Alignment of the beam

The beam of radiation should be directed to the middle
of the section under examination and should be normal
to the material surface at that point, except in a special
examination for certain imperfections which it is known
would be best revealed by a different alignment of the
beam, e.g. examination of multiple grouting ducts, whose
images would otherwise overlap.

6.4 Overlap of film

Where it is necessary to overlap film, the overlap should not
be less than 10 % of the film length or width, and film
marking should demonstrate continuity of examination on
both front and rear faces of the concrete.

6.5 Source-to-film distance

The geometric unsharpness (see A.6) should not be greater
than 0.75 mm. The minimum source-to-film distance, 7,
in millimetres, is calculated from the following equation.

_ (d+0.75)t
075
where
d is the source diameter (in mm);
t is the object-to-film distance (in mm).

Where the object-to-film distance is unknown, then t can be
taken as half the concrete thickness, 7, from which f can be
calculated using the following equation.

d+0.75
f= <————> T

1.5
Table 3 gives source-to-film distances for various sizes of
source.

Table 3. Source-to-film distances
Source diameter Distance

mm mm

2 3.67 xt

3 5.00 x ¢t

4 6.33 xt

6 9.00 xt

The source-to-film distance can be reduced by mutual
agreement between the contracting parties if a greater
geometrical unsharpness can be tolerated, bearing in mind

the related factors of exposure time and size of film irradiated.

*A suitable technique is described by W. Watson in Wiltshire, W.J., ed, ‘A further handbook of indu tria! ra tiol
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6.6 Processing

The film should be processed in accordance with recognized
good practice. A recognized type of X-ray film developer
should be used and the processing solutions should be
maintained in good working condition. Either the film or
the processing solution or both should be agitated during
development. The development time and temperature
should be in accordance with the film manufacturer’s
recommendations.

The radiographs should be free from imperfections due to
processing, pressure marks or other artefacts which would
interfere with interpretation. Any such marks should be
indicated by the radiographer in the report.

6.7 Density of radiograph

In the image of the concrete examined, the film density
corresponding to the sound material should not be less
than 1.5 nor greater than 3.0. These values are inclusive
of a fog density, which should not be greater than 0.3.
(See also A.5.)

6.8 Viewing

A viewer designed for the purpose should be used.

The radiograph should be examined by diffused light in a
darkened room and the illuminated area should be masked
to the minimum required for viewing the radiographic
image.

The luminance (or brightness) of the radiograph of mutually
agreed density should be such that it can be satisfactorily
interpreted; it should not be less than 10 candelas per
square metre (10 cd/m?) and should preferably be greater
than 100 cd/m?. (See also A.4.)

Guidance on spurious effects, such as processing imperfec-
tions, that could be misinterpreted may be found in the
appropriate film manufacturers data sheets.

6.9 ldentification of the radiograph

Each concrete element examined should have symbols
affixed to identify:

(a) the part being radiographed;
(b) the position of the radiographic film.

The symbols, consisting of lead letters, numerals or
geometric shapes, should in general be placed on the film
side of the concrete, care being taken to reverse numbers
and letters to ensure that the film reproduces the symbols
the right way round.

An accurate record of exposure geometry should be kept,
with the time and date of exposure.

6.10 Identification and location of reinforcement and
defects

When neither the size nor position of reinforcement or
defect is known, stereoscopic radiographs should be taken.
A photogrammetric technique™ should then be used to
obtain this information from the radiograph.
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