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FOREWORD

This Standard has been prepared to replace the various parts and editions of BS1881 hitherto used,
which are not entirely suitable for Hong Kong conditions. It provides methods for sampling and
testing concrete and it covers the procedures to be adopted both on site and in the |aboratory.

The contents of the Standard are based primarily on the following British Standards, with
modifications to suit local conditions and practices:

BS 1881 : Part 1to 6:1970
BS 1881 : Part 101 : 1983
BS 1881 : Part 102 : 1983
BS 1881 : Part 103 : 1983
BS 1881 : Part 104 : 1983
BS 1881 : Part 106 : 1983
BS 1881 : Part 107 : 1983
BS 1881 : Part 108 : 1983
BS 1881 : Part 109 : 1983
BS 1881 : Part 110 : 1983
BS 1881 : Part 111 : 1983
BS 1881 : Part 114 : 1983
BS 1881 : Part 115 : 1986
BS 1881 : Part 116 : 1983
BS 1881 : Part 117 : 1983
BS 1881 : Part 118 : 1983
BS 1881 : Part 120 : 1983
BS 1881 : Part 121 : 1983
BS 1881 : Part 124 : 1983
BS 1881 : Part 125 : 1986

The Standard comprises two volumes. Volume 1 generaly covers site operations, including methods
of sampling fresh concrete, testing of fresh concrete and making and curing test specimens. Volume
2 isintended to be used by laboratory staff and covers sampling of fresh concrete in the laboratory,
methods of determining the physical properties of hardened concrete and the sampling and chemical
anaysis of hardened concrete. This divison of the contents is purely for convenience and has no
other implications.

The permission of the British Standards Institution to reproduce and modify its publications is
gratefully acknowledged.

Any comments on the contents of this Standard should be addressed to the Chairman, Standing
Committee on Concrete Technology, Works Branch, Hong Kong Government.
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GENERAL NOTES

The following notes are relevant, where applicable, to all the sections of this Standard.

1. Reports

(@)

(b)

(©)

It isamandatory requirement for al reports to contain the name and signature of the person
responsible for the sampling or the test. The person responsible for the test is not
necessarily the same as the person actudly carrying out the test. For HOKLAS accredited
|aboratories the person responsible should be an authorised signatory.

The person responsible for the test must ensure that al the information listed for the
inclusion in aReport is fully and accurately stated. However, some of the information
listed for inclusion in a Report may not be known to the person responsible for the test. In
such a case the words “not known' should be entered in the Report.

If any test is performed on a specimen which does not fully comply with this Standard (e.g.
a cube which has not been cured in accordance with Section 10) or if the test itself does not
fully conform to the requirements of this Standard, the test result, athough it may have
some indicative vaue, will be invalid and thisrelevant details must be stated in the Report.
(Amendment sheet no. 1201: Sept 1992)

2. Apparatus

In general the lists of required apparatus in the Standard do not include standard items of
equipment and consumables which are normally found in awell equipped testing facility.

3. Tolerances

The tolerances stated in various sections of this Standard shall be interpreted as follows:

(@)

(b)

(c)

Flatness. The surface specified as having a flatness tolerance shall lie between two
paralle planes. The perpendicular distance between the planes is the flatness tolerance
quoted.

Squareness. Where a surface is specified as having a squareness tolerance relative to
another surface, it shal lie between two paralld planes perpendicular to the reference
surface. The perpendicular distance between the planes is the squareness tolerance quoted.
Where a surface is specified as having a squareness tolerance relative to a datum line (e.g.
the axis of a cylinder), it shal lie between parallel planes perpendicular to the datum line.
The perpendicular distance between the two planes shall be the squareness tolerance quoted.

Parallelism. Where is a surface is specified as having a parallelism tolerance relative to
another surface, it shadl lie between two planes paralel to the reference surface. The
perpendicular distance between the planes shall be the paralelism tolerance quoted.
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(d) Cylindricity. Where a surface is specified as having a cylindricity tolerance, the surface
shal lie between two coaxia cylindrical surfaces. The radial distance between the two
coaxial surfaces shall be the cylindricty tolerance quoted.

4. Singular and plural

Words importing the singular only aso include the plurad and vice versa where the content
requires.
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SECTION 11

MIXING AND SAMPLING FRESH CONCRETE IN THE LABORATORY

11.1 SCOPE
This Section describes the methods for the

preparation of materials and the batching, mixing
and sampling of concrete in the laboratory.

11.2 DEFINITIONS
Batch is the quantity of concrete mixed in one

cycle of operations of a mixer or the quantity
mixed by hand in one cycle of operations.

11.3 APPARATUS

The following apparatus is required:

(@ Mixer (see C1. C1).
(b) Sample container (see C1. C2).
(c) Sample tray (see C1. C3).
(d) Scoop (see C1. C4).

(e) Square-mouthed shovedl.

Further detaills of the apparatus are given in
Appendix C.

114 CONSTITUENT MATERIALS
1141 Sampling

If bulk samples are supplied, subsamples for the
test portions shall be taken in accordance with the
relevant Standard and shall be representative of the
bulk materials. Where required, samples shall be
accompanied by a certificate of sampling in
accordance  with the relevant Standard.
Otherwise, the materials in the proportions
supplied or specified for the mix shall be used.

11

11.4.2 Cement and pulverized-fue ash (PFA)

Upon their arrival at the laboratory, the materias
shall be stored in separate airtight containers of
appropriate size in adry place. Before use, each
separate material shall be irred thoroughly
either with a hand tool or in a suitable mixer, in
such a manner as to ensure the greatest possible
uniformity. Care shal be taken to avoid the
intrusion of foreign matter or loss of material.

11.4.3 Aggregates

The moisture content (as a percentage of the oven
dry mass) of the aggregates shal be determined
in accordance with BS812 : Part 2.

The aggregates shall be in one of the following
conditions:

(@) Ovendried as described in BS812: Part 2.

(b) Airdried at 25 + 5°C.

(c) Saturated surface dry as described in
BS812: Part 2.

(d) Saturated by soaking in water for at least
24 hours.

The aggregate for each batch may be used either

in separate size fractions or with an al-in grading.
Care shall be taken to prevent loss of fines during

the saturation process.

Note. The easiest way to standardise the
condition of aggregate is by saturation.

1144 Temperature

All materials shall be a a temperature of 25 *
5°C before mixing.



CS1:1990

11.5 BATCHING

The quantity of concrete in each batch shall be at
least 10% more than that required for the proposed
test.

For each batch, the cement, PFA, aggregate and
water shall be weighed to an accuracy of 0.5% or
better.

If an admixture is to be incorporated, the amount shall
be measured to within 0.5% of the specified dosage
and the manufacture's instructions for use shal be
followed.

11.6 MIXING
11.6.1 Generad

The concrete shal be mixed in a room having an
ambient temperature of 25 + 5°C and a rdative
humidity of not less than 50%.

If the aggregate is dry, it shall be soaked with
some of the mixing water before adding other
materials. Loss of water by evaporation shall be
avoided.

After the dry aggregate has been alowed to soak,
admixturesif required may be added together with the
remaining portion of the mixing water, except in the
case of admixtures that need to be added shortly
before using the concrete.

The concrete shall be mixed, preferably by machine
or aternatively by hand, in such a manner as to avoid
loss of water or other materials.

Note. Different methods of mixing may lead to
different results.

11.6.2 Machine mixing

The size of the batch shall be of sufficient volume to
alow thorough mixing.

Before using the mixer, any fresh concrete
remaining from a previous batch shall be cleaned
out. No free water shall remain in the mixer. If
the mixer is dry it shall be wiped with a damp
cloth. When using a tilting drum mixer, a small
preliminary batch, of similar proportions to the

main batch, shall be mixed and discharged
immediately before the main batch in order to coat
the mixer.

The mixer shall be charged with about one haf of
the coarse aggregate, then with the fine aggregate,
then with the cement and finally with the remaining
coarse aggregate. The water shal be added
immediately before the rotation of the drum or pan
is started. The period of mixing shal be not less
than two minutes and mixing shall continue until the
concrete appears to be uniform and homogeneous.
When usng a pan mixer not fitted with a
discharging gate the concrete shal be heaped
together before sampling. When using other types
of mixer the discharged concrete shall be remixed on
a sample tray in such a manner as to ensure
uniformity.

11.6.3 Hand mixing

The concrete batch shall be mixed on a sample tray
with a square-mouthed shovel or similar suitable
implement, using the following procedure:

The cement and fine aggregate shall be mixed dry
until the mixture is uniform. The coarse aggregate
shdl be added and mixed dry with the cement and
fine aggregate until the coarse aggregate is
uniformly distributed throughout the batch. The
water shall then be added and the whole mixed for at
least three minutes and until the concrete appears to
be homogeneous.

11.7 SAMPLING AND TESTING THE
CONCRETE

Tests on fresh concrete and the preparation of
specimens for tests on hardened concrete shall start
as soon as possible after completion of mixing.
The required operations shall be carried out during a
period of not more than one hour from the addition
of the water to the cement. The fresh concrete
shall be protected against gaining or losing water.

Provided that care is taken to ensure that no water or
other materia is lost, the concrete used in
workability and density tests may be remixed with
the remainder of the batch before making any
specimen for testing hardened concrete.  The
period of remixing should be as short as possible but
sufficient to produce a homogeneous mass.



11.8 REPORT

The report shall affirm that the preparation of
materials, batching, mixing and sampling were
carried out in accordance with this Standard. The
report shall be include the following:

(@) Name and address of |aboratory.

(b) Name of project, if any.

(c) Batch identity number.

(d) Dateand time of adding water to the mix.

13

(€)
(f)
(9)
()
(0)
0)
()
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Description of materials, including moisture
content and condition of the aggregates.
Particle size of aggregates.

Grade of concrete.

Actuad quantities or proportions of materia
batched and admixtures added.

Method of mixing, type and rated capacity of
mixer.

Any observations on the appearance of the
fresh concrete, e.g. segregation and bleeding.
Name and signature of person responsible for
mixing and samplig and sampling.
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SECTION 12

DETERMINATION OF COMPRESSIVE STRENGTH OF CONCRETE CUBES

121 SCOPE

This Section describes the method of determining
the compressive strength of concrete cubes.

12.2 APPARATUS
The following apparatus is required:

(8 Compression testing machine (see C1. C5).
(b) Cube checking jig (see CL1. C6).
(c) Cdliper (see C1. C7).
(d) Weighing equipment Type 2 (see C1. C8).
(e) Feder gauges (see C1. C9).

Further details of the apparatus are given in
Appendix C.

12.3 PROCEDURE
12.3.1 Preparation

Cubes stored in water or a mist room shall be
tested within one hour of remova from the water
or mist room, whilst they are still wet. Surface
water and grit on the cube shall be wiped off and
projecting fins removed.

12.3.2 Measurement of cubes

All cubes shdl be visualy inspected. Any cube
which was unprotected on delivery or has
unsatisfactory features shall be recorded as such.
A cube having an edge broken for 20 mm or
morein any direction shall be recorded as‘ a cube
with damaged edge’ .

All cubes shall be checked to ensure that they
satisfy the squareness requirement given in
Section 7 of this Standard. Each cube shall be
placed in the cube checking jig with the trowelled

14

surface upwards, and the contact between the cube
and jig shal be checked with the feeler gauges.
The cube shal then be turned through 90° and the
check repeated. Should the squareness of the
cube not be within 1 % of the cube dimension, the
amount of out of squareness shall be recorded and
the cube described asirregular.

The cube dimensions between the centres of the
three pairs of opposing faces shal be measured
with a calliper and recorded to the nearest 0.1
millimetre. A cube whose dimensions differ
from the nominal dimensions by more than 1 mm
on width or 2 mm on height as cast shdl be
recorded as‘ oversize’ or ‘ undersize as appropriate.
(Amendment sheet no. 1202: June 1995)

Each cube shall be weighed to the nearest 5 g and
the asrecelved or saturated density determined in
accordance with Section 16 of this Standard.

12.3.3 Placing the cubein thetesting machine

The bearing surfaces of the testing machine shall
be wiped clean and any loose grit or other
extraneous materia shal be removed from the
surfaces of the cube which are to be in contact with
the platens. No packing other than the spacing
blocks shall be used between the cube and platens.
The cube shal be carefully centred on the lower
platen. The trowelled surface shall be vertical.

12.34 Loading

The load shall be applied steadily and without
shock such that the stress is incressed a a rate
within the range of 0.2 MPa/s to 0.4 MPa/s until no
greater load can be sustained. On manudly
controlled machines as failure is approached the
loading rate will decrease; a this stage the
specified loading rate shall be maintained as nearly
as possble. The maximum load applied to the
cube shdl be recorded.



124 TYPE OF FAILURE

Any unusua features in the type of failure shall
be recorded. Examples of satisfactory failures
and of some unsatisfactory failures as shown in
Figure 6.

125 CALCULATION AND EXPRESSION
OF RESULTS

The cross-sectiona area of the cube shall be
caculated from the measured dimensions. The
compressive strength of the cube shal be
caculated by dividing the maximum load by the
cross-sectional  area The result shdl be
expressed to the nearest 0.5 MPa.  The density
of the specimen shal be calculated using the
measured dimensions or the volume obtained
from the water displacement method.

126 TEST REPORT

The report shall affirm that the test was carried
out in accordance with this Standard and shall

15
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include the following:

(@) ldentification number of the specimen.

(b) Date of receipt of the cube at the laboratory.

(c) Dateof test.

(d) Adgeof the specimen at test.

(e) Condition of the specimen when received
(including poor compaction, honeycombing,
incorrect dimensions or out of sguareness).

(f) Curing report, if cured in laboratory.

(99 Measured dimensions of specimen.

(h) Mass of the specimen (asreceived or
saturated).

() Density of the specimen (as-received or
saturated, and the method of determining the
volume).

() Maximum load at failure.

(k) Compressive strength.

() Appearance of the concrete and type of
fracture if these are unusual.

(m) Other remarksif any.

(n) Name and signature of person responsible for
testing.

Note. The reports on the production and curing
of the test specimen (see Sections 7 and 10) may
conveniently be added to this report.
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Explosive failure

Note. All four exposed faces are cracked approximately equally, generally
with little damage to faces in contact with the platens.

Satisfactory Failures

Note. T = tensile crack

Unsatisfactory Failures

Figure 6 - Failure Patterns of Cubes

16
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SECTION 13

DETERMINATION OF TENSILE SPLITTIG STRENGTH

13.1 SCOPE
This Section describes the method of determining

the Tengle Splitting Strength of cylindrica
concrete test specimens.

13.2 DEFINITIONS
Tensile Splitting Strength is the theoretica
maximum indirect tensile stress obtained by

splitting the specimen under a concentrated
compressive line load.

13.3 APPARATUS
The following apparatus is required:

(8 Compression testing machine(see C1. C5).
(b  Jgfor splitting

strength test (see C1. C10).
(c)  Packing strips (see C1. C12).
(d  Sted loading pieces (see C1. C12).

Further detaills of the apparatus are given in
Appendix C.

134 TEST SPECIMENS
1341 Specimensze

The test specimen shall be a 150 mm diameter by
300 mm long cylinder made, cured and stored in
accordance with Sections 9 and 10 of this
Standard.

13.4.2 Dimensions

The dimensons of each specimen shdl be
measured in accordance with Section 16 of this
Standard.
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13.4.3 Mass and density

Each specimen shall be weighed to the nearest
10g and the asreceived or saturated density
determined in accordance with Section 16 of this
Standard.

135 PROCEDURE

Mist room or water cured specimens shall be tested
within one hour of remova from the water or mist
room, whilst they are still wet.

13.5.1 Preparation for testing

The bearing surfaces of the testing machine, the
steel loading pieces and the packing strips shadl be
wiped clean; any loose materia on the surfaces of
the test specimen which are to be in contact with
the packing strips shall be removed.

13.5.2 Positioning of the test specimen

The test specimen shall be placed in the centering
jig with packing strips and loading pieces carefully
positioned along the top and bottom of the plane of
loading of the specimen. The jig shall then be
placed in the machine so that the specimen is
located centrally. The upper platen shal be
paralel to the lower platen (see Figure 11 of
Appendix C).

13.5.3 Loading

The load shall be applied steadily and without
shock such that the stress is increased at a rate
within the range of 0.02 MPals to 0.04 MPa/s.
Once adjusted, the rate shall be maintained until
failure.  On manualy controlled machines as
failure is approached the loading rate will
decrease; at this stage the specified loading rate
shall be maintained as nearly as possible. The
maximum load applied to the specimen shall be
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recorded. The rate of increase of load may be
calculated from the following expression:

(00210 004) x> xLxd Nis

2

(13-1)

where

L is the average measured
specimen (in mm)

d is the average measured
specimen (in mm)

length of the
length of the

136 CALCULATION AND EXPRESSION
OF RESULTS

The Tensle Splitting Strength f; in MPa is given
by the equation:

2F
f-_ = (13-2)

ct

pxLxd
where
F isthe maximum load (in N)
L isthe average measured length (in mm)
d isthe average measured diameter (in mm)

The Tensile Splitting Strength shall be expressed
to the nearest 0.05 MPa.
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13.7 TEST REPORT

The report shall affirm that the test was carried out
in accordance with this Standard and shall include
the following:

(@) Identification number of the specimen.

(b) Date of receipt of the specimen a the
laboratory.

(c) Dateof test.

(d) Age of the specimen at test.

(e) Condition of the specimen when received
(include poor compaction, honeycombing or
incorrect dimensions).

(f) Curing report, if cured in laboratory.

(9 Mass of the specimen (asreceived or
saturated).

(h) Measured dimensions of the specimen.

() Density of the specimen (asreceived or
saturated and the method of determining the
volume).

() Maximum load at failure.

(k) Tendle Splitting Strength.

()  Appearance of concrete and type of fractureif
these are unusual .

(m) Other remarksif any.

(n) Name and signature of person responsible for
testing.

Note. The reports on the production and curing
of the test specimen (see Sections 7 to 10) may
conveniently be added to this report.
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SECTION 14

DETERMINATION OF FLEXURAL STRENGTH

14.1 SCOPE
This Section describes the method of determining

the Flexurd Strength of a test specimen of
hardened concrete.

142 DEFINITIONS
Flexural Strength is the theoreticad maximum

tensile stress reached in the bottom fibre of a test
beam during aflexural strength test.

143 APPARATUS

The following apparatus is required:

(@) Compression testing machine (see C1. C5).
(b) Fexurd loading device (seeFigure 7
and C1. C13).

Further detaills of the agpparatus are given in
Appendix C.

144 TEST SPECIMENS
1441 Specimen Sze

Test specimens shall be 150 mm x 150 mm X
750 mm long moulded concrete beams made in
accordance with Section 8 and cured in accordance
with Section 10 of this Standard.

14.4.2 Tolerances

The specimen shall be checked with a try-square,
straight edge and calliper to ensure that it satisfies
the tolerance requirements of Section 8.

In addition, the flatness tolerance for the bearing
surfaces at the four positions of the rollers shall be
0.25 mm.
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14.4.3 Mass and density

The specimen shall be weighed to the nearest 10g
and the asreceived or saturated density
determined in accordance with Section 16 of this
Standard.

145 PROCEDURE

Specimens stored in water or amist room shall be
tested within one hour or removal from the water
or mist room, whilst they are still wet.

The bearing surfaces of the supporting and
loading rollers shall be wiped clean and loose grit
or other extraneous material shal be removed
from the specimen.

The test specimen shall be correctly centred in
the machine with the trowelled surface vertica
(see Figure 7). The rollers shal be placed at
right angles to the longitudina axis of the

specimen.

There shall be no packing between the specimen
and the rollers.  All loading and supporting
rollers shall be in even contact with the test
specimen before load is applied. The load shal
be applied steadily and without shock such that
the stressisincreased at arate within the range of
0.03 to 0.06 MPa/s.

Once adjusted, the rate of loading shal be
maintained without change until failure occurs.
The maximum load applied shall be recorded.

Note. Arate of increase of loading of 450 N/sis
equivalent to an increase of stress of 0.06 MPa/s
for a 150 mm specimen.

Faillures outsde the middle one-third of the
distance between the supporting rollers shall
render the test invalid.
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146 CALCULATION AND EXPRESSION
OF RESULTS

The FHexural Strength f; (in MPa) is given by the

equation
450x F

fy= — (14-1)
d]_ X dzz

where

F is the maximum load (in N)

d; & d, ae the width and depth of the

specimen respectively (in mm) (see
Figure 7).

The FHexura Strength shall be expressed to the
nearest 0.1 MPa.

14,7 TEST REPORT

The report shall affirm that the test was carried out
in accordance with this Standard and shall include

the following:

(a) Identification number of the specimen.

20

(0)
(c)

(e
(f)
(©)
(h)
0]
()

()
(m)

(n)
©)

Date of receipt of the specimen.

Date of test.

Age of the specimen at the time of testing.
Condition of gspecimen when received
(include poor compaction, honeycombing or
incorrect dimensions).

Curing report, if cured in the laboratory.
Mass of the specimen (asreceved or
saturated).

Measured dimensions of the specimen.
Density of the specimen (as-received or
saturated, and the method of determining the
volume).

Rate of loading.

Maximum load at failure.

Flexura Strength.

Appearance of concrete and type of fracture
if these are unusual.

Other remarks if any.

Name and signature of person responsible
for testing.

Note. Thereportson the production and curing
of the test specimen (see Sections 8 and 10) may
conveniently be added to this report.
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rotation and of being inclined)
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d;, dy = actual dimensions of the beam.

Figure 7 - Loading Arrangement of Flexural Strength Test

21



CS1: 1990

SECTION 15

OBTAINING CORE SAMPLESAND DETERMINATION OF

THE COMPRESSIVE STRENGTH OF CONCRETE CORES

151 SCOPE

This Section describes the method of taking a core
from concrete, preparing if for testing, determining
its compressive strength and calculating the
edimated in-situ cube strength.

Note. Before deciding to drill cores for
compressive testing, it is essential that full
consideration be given to the necessity for the test,
its aims and the value of the results which will be
obtained. Specialist literature, e.g. BS6089 or the
Concrete Society Technical Report No. 11 should
be consulted for advice on the number of cores
necessary, on the need for trimming and for the
assessment of results. It is recommended that
before coring full agreement should be reached by
all parties on the need for core testing and on how
the results should be interpreted.

152 APPARATUS

The following apparatus is required:

(@) Coring machine (see C1. C14).
(b) Grinding equipment (see C1. C15).
(c) Sted plate (see C1. C16).
(d) Compression testing machine  (see C1. C5).

Further detalls of the apparatus are given in
Appendix C.

15.3 TEST SPECIMENS
15.3.1 Size of cores

The test specimen shdl preferably be of 150 mm
diameter and in no case shall it be less than 75 mm
diameter. The ratio of diameter to the maximum
aggregate size shall be not less than 3. The length
of core shall be sufficient to give the required
length/diameter ratio after end preparation.

15.3.2 Dirilling

Unless specificaly required otherwise, cores shall
be drilled perpendicular to the surface using a
diamond core drilling bit and in such a manner as
not to damage the cores. The drill shall be kept
rigidly positioned during coring. Drilling through
reinforcement shall be avoided wherever possible.

15.3.3 Identification

Immediately after cutting, each core shall be
clearly and inddibly marked, indicating its
location and orientation within the member. The
direction of drilling relative to the direction of
casting shall be recorded.

The core shall be marked to indicate distances in
millimetres from the drilling surfaces so that the
location in the dement from which the test core
came can be determined when the ends have been
trimmed.

154 EXAMINATION OF CORES
15.4.1 Compaction

Each core shall be examined for the presence of
voids and cracks, and the position at which any
honeycombing occurs shall be noted. In describing
the compaction of the concrete in a core the
following terms shall be used:

Small void.
A void measuring not kss than 0.5 mm and
not more than 3 mm across in any direction.

Medium void.
A void having a dimension greater than 3 mm
but not greater than 6 mm.

Largevoid.
A void having a dimenson greater than
6 mm.



Honeycombing.
Interconnected voids arising from, for
example, inadequate compaction or lack of
mortar.

In referring to the extent to which voids occur, the
number should be related to the area of the curved
surface of the core and may be described as
‘negligible’ , * few’ , * condderable or ‘ numerous in
accordance with the values shown in Table 4.

As an dternative to the above method of ng
the extent of voids, eectronicaly based image
processing procedures may be used. In such
cases, resolution of voidage should be to a
precision of at least 0.5%.

A set of four photographs of the curved surface of
the core shall be taken at 90° intervals.

15.4.2 Description of aggregate

When required, pieces of coarse aggregate shall be
examined for generd type, particle shape and size.

15.4.3 Distribution of materials

Each core shdl be examined for evidence of
segregation of the individua materias by visualy

comparing the approximate coarse aggregate/mortar
ratio at different planesin the core.

Table4 - Classification of the Extent of Voids
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15.4.4 Measurement of dimensions

The maximum and minimum lengths of the core as
received shal be measured. The diameter and
length of specimens cut from cores shal be
measured with a caliper in accordance with Clause
16.6.1 of this Standard before and after end
preparation. The average length and diameter shall
be calculated and the volume V; of the specimen
(in m®) obtained. (Amendment sheet no. 1201:
September 1992)

15.4.5 Measurement of mass and density

The mass and saturated density of each specimen
shall be determined in accordance with Section 16
of this Standard before end preparation.

15.4.6 Measurement of reinforcement

The dze and, if possble, spacing of any
reinforcing bars shal be measured. The position
of any reinforcement shal be determined by
measuring from the centre of the exposed barsto
the drilling surface as received and after end
preparation.

15.4.7 Cylindricity

The cylindricity tolerance for the core shall be 3%
of the core diameter.

Extents Number of voids per 100000 mm?2 of curved face
of (approx. 150 mm dia.x 200 mm long core)

Voids

Small voids Medium voids Largevoids
Negligible Lessthan 40 Lessthan4 | -
Few 40-150 4-15 Lessthan 2
Considerable 151-400 16-75 2-15
Numerous M orethan 400 Morethan 75 Morethan 15

(Amendment sheet no. 1205 : April 2001)
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155 PREPARATION OF CORES

1551 End preparation

For  compressve  dstrength  testing  the
length/diameter ratio shall be between 1.0 and 1.2.
For static modulus testing, the length/diameter
ratio shal be between 2 and 5. When it is
necessary to reduce the length of core, the core
shall be sawn perpendicular to its longitudina axis.
Wherever possible, inclusion of reinforcement n
the specimen shall be avoided.

Grinding is the prefered method of end
preparation but if this is impracticable, the ends
shal be capped in accordance with Cl. 15.5.2.
The ground or capped ends shal comply with the
tolerances given in C1. 15.5.3 of this Standard.

15.5.2 Capping

Caps shall be made as thin as possible and shall not
exceed 10 mm thickness at any point.

The capping material may be a suitable proprietary
capping compound, a mixture of sulphur and fine
sliceous sand or a mixture of sulphur and
pulverized-fuel ash.

If a mixture of sulphur and fine siliceous sand is
used, it shall consist of a mixture of equa parts by
weight of sulphur and fine siliceous sand (most of
which passes a 300 mm woven wire sieve and is
retained on a 150 mm woven wire sieve) together
with a small proportion (1% to 2%) of carbon
black or a smal proportion (2% to 4%) of
polysulphide rubber. The mixture shall be heated
to a temperature of 130°C to 150°C and then
allowed to cool dightly while being stirred
continuoudly. The mixture shall be poured onto a
level machined stedl plate that has been dightly
warmed and thinly coated with kerosene. Using a
guide, the specimen shall be placed into this layer
with its axis vertical. After a few seconds, the
surplus neterial around the specimen shal be cut
away with a sharp knife and the specimen lifted off
the plate. The cap shall not flow or fracture
before the concrete fails.

15.5.3 Tolerances

The tolerances of the prepared specimen shall be as
follows:
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Flatness. The flatness tolerance for the
prepared end surfaces shdl be 0.06 mm.

(@

(b) Squareness. The sguareness tolerance for
the prepared end with respect to the axis of
the specimen as datum axis shall be 2.0 mm.
(c) Parallelism. The paralldism tolerance for
the prepared top surface with respect to the
bottom surface of the specimen as datum
face shdl be 2.0 mm.

1554 Storage

After end preparation, all specimens shall be
stored in water or a mist room at 27 + 3C until
saturated.

15,6 TESTING PROCEDURE
15.6.1 General

Specimens with cracked or loose caps shall not
be tested. The specimens shall be tested within
one hour of removal from the water or mist room,
whilst they are till wet.

15.6.2 Placing the specimen in the testing
machine

The bearing surfaces and the auxiliary platens of
the testing machine shall be wiped clean and any
water, loose grit or other materid shal be
removed from the ends of the specimen. The
specimen shall be carefully centred on the lower
platen of the machine. No packing other than
auxiliary sted platens shdl be used between the
ends of the specimen and the platens of the
testing machine.

15.6.3 Loading

The load shall be applied steadily such that the
siress is increased at a rate within the range of
0.2 MPals to 0.4 MPa/s until no greater load can
be sustained. On manually controlled machines
as falure is approached the loading rate will
decrease; at this stage the specified loading rate
shall be maintained as nearly as possible. The
maximum load shall be recorded.



Normal failures are reasonably symmetrical. The
appearance of the concrete and any unusual failure
shall be noted.

15.7 CALCULATION AND EXPRESSION
OF RESULTS

15.7.1 Compressive strength of core

The compressive strength of the core shall be
calculated by dividing the maximum load by the
cross-sectional area as calculated from the average
diameter. The results shall be expressed to the
nearest 0.5 MPa.

Note. The presence of reinforcement in a core
cut from reinforced concrete may affect the result.
15.7.2 Estimated in-situ cube strength

For cores free of reinforcement, the estimated

in-situ cube strength, F. shall be calculated to the
nearest 0.5 MPa from the equation:

D measured
Fee = 1 X compressive
15+ strength of core (to
o nearest 0.1 MPa)
(15-1)

where

Fee is the estimated in-situ cube strength

D is 2.5 for cores drilled horizontally (for precast
units perpendicular to height when cast) or 2.3
for cores drilled vertically (for precast units
parallel to height when cast)

o is the length (after end preparation)/diameter
ratio

Note. It should be noted that in-situ strengths
estimated from the above formula cannot be
equated to standard cube strengths.

For cores with reinforcement perpendicular to the
core axis, the estimated in-situ cube strength shall
be calculated by multiplying the strength of core
obtained from equation (15-1) by the following
factors:

25
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(a) for cores containing a single bar:

e
be L

1.0+15 (15-2)

(b) for specimens containing two bars no
further apart at their closest point than the
diameter of the larger bar, only the bar
corresponding to the higher value or  d
need be considered. If the bars are further
apart, their combined effect should be
assessed by using the factor:

o, d

1.0+15 (15-3)

¢ L

where

Or is the diameter of reinforcement

¢c is the diameter of specimen

d is the distance of axis of bar from nearer
end of the specimen after grinding or
capping

L is the length of the specimen after
grinding or capping

(Amendment sheet no. 1201:September 1992)

15.8 TEST REPORT

The report shall affirm that the specimens were
prepared and tested in accordance with this
Standard.

15.8.1 Information to be provided by the
producer of the test specimens for inclusion in
the test report

The following information shall be provided:

(@ Name of project and place where core was
taken.

(b)  Specified concrete strength, if known.

(c) Concrete mid details, if known.

(d)  Admixtures used, if known.

(e) Identification number of the core.

(f)  Date of drilling.

(g) Direction of drilling
direction of casting
horizontally or diagonally.

(h)  Conditions of storage.

(i) Age of concrete at time of coring, if
known.

(3) Name and signature of person responsible

relative to the
e.g. vertically,
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15.8.2

for taking cores.

Information to be provided by the test

laboratory for inclusion in the test report

The following information shall be provided:

(a)
(b)
(©)

(d)
(€)
(f)

(9)

Identification number of the specimen.

Date of receipt of the specimen.

Condition of specimen when received
(including poor compaction, honeycombing
or incorrect dimensions).

Average diameter.

Saturated density of the specimen.

Length after preparation, and location in
relation to the length received.

Compaction of concrete, distribution of
materials, classification of voids and presence
of cracks.
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(h)
(i)
@)
0

(m)
(n)

(0)
(p)
(@

Size, position and spacing of any
reinforcement.
Description  of  aggregate, including

maximum size and particle shape.

A set of four photographs of the core taken
at 90° intervals before testing.

Date of test

Age of specimen at date of test, if known.
Maximum load at failure.

Measured compressive  strength
estimated in-situ cube strength.
Appearance of concrete and type of fracture.
Other remarks if any.

Name and signature of person responsible
for testing.

and
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SECTION 16

DETERMINATION OF DENSITY OF HARDENED CONCRETE

16.1 SCOPE

This Section describes the methods of determining
the density of hardened concrete.

16.2 APPLICATION

The asreceived density generally applies to
gpecimens cut from a structure and tested on
ariva in the laboratory or to moulded specimens
which have not been cured to a saturated state.

The asreceived density may be required in the
following tests:

(8) Compressive strength of cubes  (Section 12).
(b) Tensle splitting strength (Section 13).
(c) Fexurd strength (Section 14).

The saturated and oven-dried densities provide a
convenient basis for comparison as the conditions
are reproducible, but may not be representative of
the in-situ condition.

Saturated density may be required in the following
tests:

(@) Compressive strength of cube  (Section 12).
(b) Tensle splitting strength (Section 13).
(c) Hexurd strength (Section 14).
(d) Compressive strength of cores  (Section 15).
(e) Modulus of Elagticity (Section 17).

16.3 DEFINITIONS

Density (r) is the mass of a unit volume of
hardened concrete expressed in kilograms per
cubic metre.

m (16-1)

Vv

r =
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where
mcanbem, = mass of the asreceived
specimen in air (in kg)
om = mass of the saturated
specimen in air (in kg)
om = mass of the ovendried
specimen in air (in kg)
VcanbeV,; =  the volume of the specimen
caculated from its measured
dimensions (in m®)

V, = the volume of the specimen
determined by the
displacement of water (in m®)

Note. Determination of the volume by water

digolacement is to be preferred, especially for cut
or cored specimens.

16.4 APPARATUS

The following apparatus is required:

(@) Cdliper (see C1. C7).
(b) Baance with stirrup (see C1. C17).
(c) Water container (see C1. C18).
(d) Ventilated oven (see C1. C19).

Further details of the apparatus are given in
Appendix C.

16.5 TEST SPECIMENS

The volume of the specimen shall be not less than
40 d°, where d is the nominal maximum size of the
agoregate.  If the shape or size of the sample is
such that it is not possible to use dl of it, a smaller
specimen may be taken from the original, provided
that the prepared specimen is representative of the
as-received sample.
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16.6 PROCEDURE FOR DETERMINATION
OF THE VOLUME BY CALCULATION

Only specimens of regular shape shall be measured.
All measurements of dimensions shall be recorded

to the nearest 0.1 millimetre. (Amendment sheet

no. 1203:January 1996)

16.6.1 Cylindrical specimens

The length of the specimen pardle to the axis
shal be measured a four evenly distributed
positions and a par of measurements of the
diameter shall be taken right angles to each other at
each one-third point adong the length. The
average length and diameter shall be calculated
and the volume V, of the specimen (in )
determined.

16.6.2 Rectilinear specimens (excluding cubes)

The length paradld to the axis of the specimen
shall be measured at the centre of the four edges.
The width shall be measured with a calliper a two
points across each pair of opposite faces. The
average width shall be calculated and the volume
V; of the specimen (in m®) determined.
(Amendment sheet no. 1203: January 1996)

16.6.3 Cubes

The cube dimensions between the centres of the

three pairs of opposing faces shal be measured
with a calliper. The volume V; of the cube (in nt)
shall be determined from the measured dimensions.
(Amendment sheet no. 1203:January 1996)

16.7 PROCEDURE FOR DETERMINATION
OF THE VOLUME BY WATER
DISPLACEMENT

Note. The water displacement method is not
applicable to specimens of no-fines concrete or
samples where the moisture content is not to be
altered.

16.7.1 Procedure

If the specimen is not saturated, it shal first be
immersed in water for 30 minutes. The specimen
shall then be placed on the stirrup and fully
immersed in water. The stirrup shal not touch
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the bottom of the tank and air bubbles shall not be
dlowed to be trapped on the surfaces of the
specimen  or the dirrup. The completely
immersed specimen shal be weighed and its
apparent mass m, recorded after correcting for the
gpparent mass of the empty stirrup.  The apparent
mass of the empty stirrup shall be determined by
weighing it in water to the same depth as when
holding the specimen.



The specimen shall be wiped to remove surface
water and then weighed in air and its mass m,
recorded.

16.7.2 Calculation
Taking the dengity of water as 1000 kg/m?’, the

volume V, of the specimen shall be calculated from
the following equation:

m - m,
vV, = — " (16-2)
1000

16.8 HAROCEDURE FOR DETERMINATION
OF ASRECEIVED DENSITY

16.8.1 Procedure

The specimen as-received shal be weighed in air
and its mass my, recorded. The volume of the
specimen may be determined in accordance with
C1.16.6 or C1.16.7.

16.8.2 Calculation

The as-received dendity shall be calculated using
the appropriate equation:

(@ for volume calculated in accordance with
Cl.16.6

r{ = (16-3)

(b) for volume obtained by water displacement
in accordance with C1. 16.7

my
ro = (16'4)
\

16.9 PROCEDURE FOR DETERMINATION
OF SATURATED DENSITY

16.9.1 Procedure

The specimen shall be fully immersed in water at
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27 + 3C until constant mass is achieved. This
state shal be regarded as having been reached
when two measurements taken 24 hours apart give
a difference of less than 0.2% in the mass of the
wet specimen in air. Before each weighing,
surplus water from the surface shal be removed
with a moist cloth. The constant mass np shall
be recorded. Specimens cured in water in
accordance with Section 10 of this Standard for
more than three days immediately prior to testing
may be assumed to be saturated to a constant mass
for this test. The volume of the specimen shall be
determined in accordance with C1. 16.6 or 16.7.

16.9.2 Calculation

The saturated density shall be calculated using the
appropriate equation:

(@) for volume caculated in accordance with
Cl 16.6

n
r{ = (16'5)
Vi

(b) for volume obtained by water displacement in
accordancewith C1. 16.67 (Amendment sheet no.
1203:January 1996)

m
r, = (16-6)

\Z

16.10 PROCEDURE FOR DETERMINATION
OF OVEN-DRIED DENSITY

16.10.1 Procedure

The specimen shall be placed in a ventilated oven
and dried a 105 + 5°C until constant mass is
achieved. This state shall be regarded as having
been reached when two measurements taken 24
hours apart give a difference of less than 0.2% in
the mass of the dry specimen. Before each
weighing, the specimen shall be cooled to near
room temperature in a dry airtight vessd or
desiccator. The constant mass mg shdl be
recorded. The volume of the specimen shall be
determined in accordance with C1. 16.6 or 16.7.
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16.10.2 Calculation

The oven-dried density shall be calculated using
the appropriate equation:

(a) for wvolume calculated in accordance with
Cl.16.6
ms
ps = (16-7)
Vi

(b) for volume obtained by water displacement in
accordance with C1. 16.7

ms

o = (16-8)

\Z

16.11 CALCULATION AND EXPRESSION
OF RESULTS

The density of each specimen shall be calculated
using the appropriate equation given in C1. 16.7,
16.8, 16.9 or 16.10 and shall be expressed to the
nearest to 10 kg/m®.  Allowance shall be made in
the calculation for any embedded reinforcement or
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other foreign body in the specimen.
(Amendment sheet no. 1201:September 1992)

16.12 TEST REPORT

The report shall affirm that the test was carried out
in accordance with this Standard and shall include
the following:

(@ Identification number of the specimen.

(b) Date of receipt of the specimen at the
laboratory.

(c) Condition of the specimen when received
(including poor compaction, honeycombing
and incorrect dimensions).

(d) Date of test.

() Method of determination of volume.

(f)  Measured dimensions and shape of the
specimen.

(@) Mass of specimen (as-received, saturated or
oven-dried).

(h)  Type of density measured, (i.e. as-received,
saturated or oven-dried) and values obtained.

(i) Name and signature of person responsible
for testing.
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SECTION 17

DETERMINATION OF STATIC MODULUSOF ELASTICITY IN COMPRESS ON

171 SCOPE

This Section describes the method of
determining the static modulus of easticity in
compression of hardened concrete, on test
specimens which may be cast or taken from a
structure.

172 DEFINITION

Static modulus of easticity in compression is
the ratio between compressive stress and strain,
expressed in terms of the secant modulus. The
secant modulus in MPa is caculated from the
equation:

(17-1)

Where Dg and De are the differences in stress
and strain respectively, between a basic loading
level of 0.5 MPa and an upper loading level of
one-third of the compressive strength of the
concrete.

17.3 APPARATUS

The following apparatus is required:

(@) Compression testing machine  (see C1. C5).
(b) Strain measuring apparatus (see C1. C20).

Further details of the apparatus are given in
Appendix C.

174 TEST SPECIMENS
17.4.1 Moulded specimens

Moulded specimens shall be 150 mm diameter
by
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300 mm long cylinders, made, cured and stored
in accordance with Sections 9 and 10 of this
Standard. Two standard 150 mm cubes shall
also be made from concrete of the same batch
and cured under same condition as the specimen.
If the upper surface of the cylinder has not been
prepared whilst it is ill workable, it shal be
dlowed to harden and the upper surface prepared
by grinding or capping. After grinding or
capping, the specimen shall be stored in water or
amist room until saturated.

17.4.1.1 Grinding of hardened cylinder

After the concrete has hardened, the upper
surface shal be ground until it complies with the
tolerances stated in C1. 17.4.1.3. Only water
shall be used as a coolant during grinding.

17.4.1.2 Sulphur capping of hardened cylinder

Caps shall be made as thin as possible and shall
not exceed 10 mm thickness at any point.

The capping material shall consist of a mixture of
equal parts by weight of sulphur and fine
siliceous sand (most of which passes a 300 mMm
woven wire seve and is retained on a 150 mMm
woven wire seve) together with a smal
proportion (1% to 2%) of carbon black or a small
proportion (2% to 4%) of polysulphide rubber.
The mixture shal be heated to a temperature of
130°C to 150°C and then alowed to cool dightly
while being stirred continuously.  The mixture
shall be poured onto a level machined steel plate
that has been dightly warmed and thinly coated
with kerosene. Using a guide, the specimen
shall be placed into this layer with its axis
vetical. After a few seconds, the surplus
material around the specimen shall be cut away
with a sharp knife and the specimen lifted off the
plate. The cap shall not flow a fracture before
the concrete fails.
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17.4.1.3 Tolerances

If the upper end is ground or capped when
hardened, the end shal comply with the
following limits:

(@) Flatness. The flatness tolerance for the
prepared surface shall be 0.06 mm.

(b) Parallelism. The paralelism tolerance for
the prepared surface with respect to the
lower surface of the cylinder as datum face
ghall be 2.0 mm.

17.4.2 Cores

Specimens drilled out of a structure shall be
drilled, stored and capped in accordance with
Section 15 of this Standard. The minimum
dimension of the core shal be not less than
three times the nominad maximum size of
aggregates in the concrete not less than 100 mm.
An extra core shal be taken for the
determination of the concrete strength.

17.4.3 Measurement of mass and density

The mass and saturated density of each
specimen shall be determined in accordance
with Section 16 of this Standard.

175 PROCEDURE

17.5.1 Deter mination of compressive strength

All specimens shall be tested within one hour of
removal from the water or mist room, whilst
they are still wet.

Just before commencing the static modulus of
elagticity test, the compressive strength of the
moulded specimen shal be determined from the
two standard 150 mm cubes of the same batch,
made and cured under similar conditions as the
specimen. The cubes shall be crushed and the
concrete strength converted to an equivalent
cylinder strength by multiplying the cube
strength by afactor of 0.8.
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For concrete cores, the compressive strength shall
be determined in accordance with the procedure
given in Section 15 of this Standard.

The mean value of the compressive strength (i.e.
equivalent cylinder strength), f., determines the
stress to be applied in the determination of static
modulus of eladticity.

17.5.2 Measuring instruments or fixing points

Mesasuring instruments or fixing points shal be
attached to the test specimen axialy in such a
way that the gauge points are equidistant from the
two ends of the specimen and at a distance not
less than one-quarter of the length of the test
specimen (L/4) from its ends. At least one pair
of measurements shal be taken on opposite sides
of the specimen.

Note. Wherefixing points for extensometer are
required, threaded inserts cast into the specimen
are preferred.

If adhesives are used for the fixing points they
should be rapid setting and set hard. The
specimen shall be removed from the curing tank
or the mist room for as short atime as possible to
alow the surface to be dried for the application
of adhesive. Specimens shal not be less than
seven days old when removed for this purpose.
Specimens shall be placed back in the water or
mist room for a minimum of two days before
testing.

1753 Loading

The test gpecimen, with the measuring
instruments or fixing points attached axidly,
shall be placed centrally in the machine. The
basic stress of 0.5MPa (s;,) shdl be applied, and
the strain gauge readings at each measurement
line shall be recorded.

The load shall be applied steadily and without
shock such that the stress is increased a a
constant rate within the range 0.5 to 0.7 MPals
until the stress is equal to one-third of the
compressive strength of the concrete (s, = f/3).

Note. Thepreferredrateis0.6 MPa/s.



The stress shall & maintained for 60 seconds
and the strain readings at each measurement line
during the succeeding 30 seconds shdl be
recorded. If the individual strains are not
within a range of = 10% of their mean value at
S, the test specimen shall be recentred and the
test repeated. If it is not possible to reduce the
differences to within this range, the test shall be

stopped.

When the centering is sufficiently accurate, the
load shal be reduced to the level of the basic
stress a the same rate as during loading. At
least two additiona loading cycles, using the
same loading and unloading rate, shal be
caried out and the stresses (s, and sp)
maintained constant for a period of 60 seconds.
After completion of the last loading cycle and a
waiting period of 60 sconds under the stress s,
= 0.5 MPa, the dtrain reading at the various
measurement lines e, during the succeeding 30
seconds shall be recorded.

The specimen shall be reloaded to stress s, a
the specified rate, and the strain reading e, at the
various measurement lines taken within 30
seconds shall be recorded.

When dl dagticity measurements have been
completed, the load on the test specimen shall
be increased, at the specified rate, until failure
of the specimen occurs. If the compressive
strength of the specimen differs from f. by more
than 20%, this shadl be noted in the test report.

17.6 CALCULATION AND EXPRESSION
OF RESULTS

The mean strain e, and e, respectively shdl be
caculated.

The static modulus of elasticity in compression

E. (in MPa) is given by the equation:

Ds _ sa-sp (17-2)
De ea'eo
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where

S, isthe upper loading stress (in MPa)
(sa=T1/3

Sy, isthebasic stress (0.5 MPa)

e, isthe mean strain under the upper loading
stress

6, Isthemean strain under the basic stress

The result shal be expressed to the nearest
500 MPa for values over 10 000 MPa, and to the
nearest 100 MPafor values below 10 000 MPa

17.7 TEST REPORT

The report shall affirm that the tests were carried
out in accordance with this Standard and shall
include the following:

(a) ldentification number of the specimen.

(b) Date of receipt of the specimen.

(c) Condition of the specimen when received,
and any surface treatment.

(d) Curing and storage report.

(e) Date of test.

(f) Saturated density.

(g) Concrete cube strength or core strength at
date of testing.

(h) Maximum applied stress during test (f./3).

(i) Compressive strength of test specimen.

() Static modulus of easticity.

(k) Appearance of the concrete and type of
fracture.

(I) Name and signature of person responsible for
testing.

Note. The report on the production and curing
of the test specimen may conveniently be included
as part of the testing report.
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SECTION 21

CHEMICAL ANALYSISOF HARDENED CONCRETE

21.1 SCOPE

The Section describes the sampling procedures,
treatment of samples, and anaytical methods of
determine the cement content, aggregate content,
origina water content, type of cement, type of
aggregate, chloride content, sulphate content and
carbonate content of a sample of hardened
concrete.

The procedures apply to concrete made with
Portland cement. The analysis of concrete made
with other cements and the determination of PFA
content are outside the scope of this Standard. At
present, there is no reliable method of determining
the cement or PFA content of hardened concrete
containing PFA.

21.2 GENERAL
2121 Reagents

All reagents shall be of anaytical reagent quality,
and water shall be distilled or deionized.

Dilutions of acids and other liquid reagents are
given as (1 + n) which indicates that one volume
of the concentrated reagent is diluted with n
volumes of water.

Solutions of solid reagents shal be filtered if the
solution is not clear.

Proprietary reagents of equal quality to those
described in the Standard may be used as
alternatives.

21.2.2 Apparatus

It is assumed that a laboratory carrying out these
tests will be equipped with basic apparatus such
as analytical balances, beakers, volumetric flasks,
pipettes, burettes, filtration apparatus, magnetic

and mechanica dirrer, etc. Only apparatus
specia to the determinations necessary to analyse
hardened concrete is therefore listed.

All volumetric glassware shall have an accuracy
of class B or better as given in the appropriate
British Standard. Analytical balances shal have
an accuracy of 0.2 mg.

The filter papers used in gravimetric analysis
using ignition shall be ashless.

21.3 SAMPLING
2131 Genera

It is usual for the tests described in this Section
to be applied only when there is some doubt
about the quality of the concrete. For example,
the average quality of a mass of concrete, or the
quality of a particular part of this mass may bein
question. The size of the mass can vary greatly
and the sampling techniques necessary to
provide information on the quality of a concrete
will be determined by the form of the concrete.
For example, the requirements for a concrete
retaining wall and for a concrete backing to a
decorative panel can be quite different. For
such reasons it is extremely difficult to specify
how a sample should be taken and no
requirements can be given.

Note. It is strongly advised that no sample be
taken for testing without agreement between the
interested parties about the method of taking the
sample and the quantity of material that is
considered to be represented by the sample (see
Cl. 21.3.3).

21.3.2 Section of Sample

The following generd requirements shal be
observed in selecting the concrete sample:



(@) No linear dimension of the sample shall be
less than five times the nomina maximum size
of the largest aggregate.

(b) If original water content is to be determined,
the sample shall be in a single piece with no
cracks visible to the naked eye.

(c) The minimum mass of the sample will be
determined by testing requirements but a mass
of at least 1 kg is necessary, or a least 2 kg if
the original water content is to be determined.

(d) All foreign matter and reinforcement shall be
avoided unless they are subject to test.

The sample shall be clearly and indelibly labelled
with full particulars, including the date, exact
position from which the sample was taken, the
method of sampling and any other relevant
information. The sample shal be enclosed in a
heavy-duty polyethylene bag and sedled or tied
securely.

21.3.3 Number of samples

When information about the composition of
concrete with a volume of up to 10 m’ is required,
a least two and preferably four representative
samples shall be taken from different locations and
analysed separately.

When a very large volume of concrete or a large
number of concrete units are to be examined, at
least ten samples shall be taken from different
locations and analysed separately. The results
can then be used to identify locations requiring
more extensive investigation.

21.3.4 Additional material

Information on the composition of the cement and
aggregate used in the concrete will enable more
accurate results to be obtained. Where available,
representative samples of al the constituents of the
concrete used shal be taken and enclosed in
heavy-duty polyethylene bags, clearly labelled and
sealed a tied securdy. Where such samples are
not available, information on the source and nature
of these materials should be given.
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21.3.5 Report on sampling

Each sample of concrete and additional material
shall be accompanied by a report from the person
responsible for taking the sample stating that
sampling was carried out in accordance with this
Standard. The report shal include the following:

(@) Name and location of building, structure etc.

(b) A description of the structure or component
under investigation.

(c) The location from which the concrete sample
was taken and its orientation relative to
direction of casting.

(d) The method of sampling.

(e) Details of the concrete, in particular its age, if
known.

(f) The identification number of the sample.

(9) Thedate and time of sampling.

(h) The name and sSgnature of the person
responsible for sampling.

214 TREATMENTSOF SAMPLES
2141 Apparatus

The following apparatus is required:

(@) Ventilated oven (see C1. C19).
(b) Crushing and grinding

equipment (see C1. C22).
(c) Testsieves (see C1. C22).
(d) Airtight bottles (see C1. C23).
(e) Concrete saw (see C1. C24).

(f) Device for sample reduction,
such as ariffle box.
(g) Bar magnet.

Further details of the apparatus are given in
Appendix C.

21.4.2 Density

If the content of constituents determined as
percentages by mass of the oventdried concrete is
to be converted to kilograms per cubic metre of
concrete, the oventdried density of a single sound
piece of concrete shall first determined before any
work involving breakdown of the sample.
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21.4.3 Original water content

If the original water content is to be determined, a
dice of gpproximately 20 mm thick and having a
single face area of not less than 7500 mnT shall be
obtained by making two parallel cutsin the sample,
preferably with a diamond saw. Care shdl be
]'Eaken to avoid the loss of materia out of the cut
aces.

The reduce carbonation of the concrete, a
specimen for water content determination shall be
stored in an artight container until ready for
testing.

21.4.4 Natureof aggregate

The concrete sample shal be examined (see
Cl. 21.9.2), and the coarse and fine aggregate
broadly classified under the following headings:

typel : natura aggregates essentialy insoluble
in dilute hydrochloric acid.

typeS: natura aggregates largely soluble in
dilute hydrochloric acid.

type O: other aggregates.

2145 Preparation of test samples
21451 Initial treatment

The sample shal be broken into lumps not larger
than about 50 mm in sze, avoiding as far as
possible fracture of the aggregate. The lumps
shall be dried in the oven at 105 + 5°C for 15 hours
to 24 hours and alowed to cool to room
temperature.

The dried sample shal be divided into two
portions, A and B, with portion A approximately
three-quarters of the bulk. Each portion shall
remain as nearly as possible representative of the
whole.

21452
PFA

Determination of the presence of

Since there is no reliable method a present
avallable to determine the cement content of
hardened concrete containing PFA, it is necessary
to establish whether or not PFA is present in the
concrete prior to the analysis for cement content.

The method of determining whether PFA is
present in the concrete is given in Clause 21.5.
If PFA isfound to be present, the determination of
cement content is not possible and the further
preparation of the portion A of the sample need
not be carried out unless it is required in other
tests such as the determination of chloride
content.

21453 Treatment of portion A

A magor source of eror in the anaysis of
hardened concrete is inadequate sample
preparation. It is essentid to avoid loss of
material, particularly dust, during the crushing
and grinding operations. Excessive particle size
reduction shall be avoided during the preparation
of the analytica sample. The crushing, grinding
and following operations shall be carried out as
quickly as possible so that the sample is exposed
to atmospheric carbon dioxide for the minimum
time. The procedure to provide a representative
analytical sample of not less than 30 g of ground
materid, dl passng a 150 nm seve shal be as
follows:

Using the crushing and grinding equipment,
portion A shal be crushed until it al passes a
5.0mm seve. It shall then be subdivided, using
ariffle box or by equivalent means, to produce a
sub-sample of 500 g to 1000 g. This sub-sample
shdl be crushed to pass a 236 mm sSeve and
reduced by two separate subdividing operations,
discarding one half on each occason. The whole
of the remaining part shall be ground to pass a
600 mm sieve and again reduced by two separate
subdividing operations, discarding one half on
each occason. The whole of the remaining part
shall be ground to passa 150 nm sieve.

When mechanical means of crushing and grinding
are used some of these stages may be by-passed.
For example, theinitial crushing of portion A may
yield a product passing a 1.18 mm sieve. In this
case the subdivision before the next stage should
provide a sub-sample of 100 g to 200 g. This
can then be ground in a suitable grinder to pass a
150 mm sieve.

Before the find grinding operation, it is
recommended that materiad in the sub-sample
which passes a 150 mm sSieve is removed by
sieving, reserved and recombined with the ground
fraction. If a number of passes through the



grinding apparatus is required, this removal of fine
material should be done each time.

The analytical sample so obtained shall be placed
in a porcdain evaporating basin or smilar
container and the metallic iron removed by stirring
the sample with a bar magnet. The analytica
sample shall then be transferred to a clean dry
bottle with an airtight closure and thoroughly
mixed by tumbling, rolling or shaking for at least
two minutes.

When aggregate control samples are available,
they shall be dried and ground by the same method
asthat used for the concrete.

21454 Treatment of portion B

Portion B shall be retained in an airtight container
for use in the test described in clauses 2.8, 21.9
and 21.10.

215 DETECTION OF PFA

2151 Genera

As PFA contains characteristic spherical particles,
its presence in hardened concrete may be detected
by microscopic examination of the residue after
treatment of the concrete with dilute acid.

2152 Reagents

The following reagent is required:

. Dilute hydrochloric acid (1 + 9)

2153 Apparatus
The following apparatus is required:

(@) Centrifuge (see C1. C25).
(b) Transmitted-light microscope (see C1. C26).
(c) Microsieve set with replacesble

75 mm sieve (see C1. C27).
Further details of the apparatus are given in
Appendix C.
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21.5.4 Preparation of sample

Approximately 400 g of portion B prepared in
accordance with C1 21.4.5.1 shall be obtained
using a riffle box. The sample shall then be
broken down in the crushing equipment, and
aggregate removed as far as possible to ensure an
adequate concentration of the cement matrix.

About 5 g of this cement-rich portion of size 3 to
5 mm shall be randomly selected from the bulk
and transferred to a 200 mL beaker, 100 mL of the
hydrochloric acid shall be added and stirred for 20
minutes with occasiona breakdown of any
remaining lumps using a plagic rod. The
contents of the beaker shall be transferred to a
centrifuge bottle which shall then be stoppered
and alowed to spin in the centrifuge for five
minutes. The supernatant shall be removed by
decantation and the bottle containing the residue
shdl be refilled with 100 mL of water and then
centrifuged for another five minutes.

The above process of decantation of the
supernatant, washing of the residue by water and
spinning shall be repeated twice before the
contents of the bottle are emptied through a 75
nm microsieve set into adry slow filter paper.

21.5.5 Microscopic examination

A speck of the sample residue retained on the
filter paper shall be spread evenly over the centre
of a microscope dide with the aid of a drop of
dispersal agent and then covered by a glass cover.
A second dide shdl be prepared in the same
manner with a speck of the sample residue taken
from adifferent part of the filter paper.

The dides shal be examined usng the
transmitted-light microscope with a magnification
of 200 to 400. The whole area of the sample
being scanned in each case. The presence of
spherical particles in either dide indicates that the
concrete with and without PFA are reproduced in
Figure 8.

Note. To avoid possble contamination, the
microsieve set should be washed, cleaned and the
75 mm sieve insert replaced by a new one prior ©
each test.
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21.6 CEMENT AND AGGREGATE
CONTENTS

21.6.1 General

The closeness of agreement between the cement
and aggregate contents, determined by the
methods described in this Section, and the actual
values depends on a knowledge of the chemical
composition of these constituents of the concrete.
Wherever possible, therefore, representative
samples of the cement and aggregate used in
making the concrete shall be obtained and
chemical analyses carried out on them in a similar
manner to that described for the concrete sample.

In cases where samples of the original constituents
of the concrete are not available for anaysis, the
agreement between observed and actua contents
of cement and aggregate depends on the validity of
the assumptions made on the composition of the
materials present in the concrete sample (see
Cl. 21.6.6 and Table 5). For example, an error of
1% in the assumed calcium oxide content of an
aggregate is equivaent to an error of about
35kg/n? in the caculated cement content.
Similarly, a 1% error in the assumed soluble silica
content of the r?gregate is equivalent to an error of
about 110 kg/m’ in the calculated cement content.

One or more of the methods detailed in this
Section may be used as appropriate. In C1.
21.6.5.1 a method for the extraction of soluble
slica is described, and it is essentid that this
method is followed exactly. Methods of proven
accuracy are given for other determinations. It is
permissible to use dternative methods for the
determination of the following, provided evidence
is presented that such methods give equivalent
results:

(a) Cacium oxide e.g. by atomic absorption.
(b) Soluble silicae.g. by atomic absorption.

(c) Loss-on-ignition e.g. by thermogravimetry.
(d) Carbon dioxide e.g. by instrumental methods.

21.6.2 Reagents

The following reagents are required:

@

(b)

(©

(d)
(©
(f)

Ammonium chloride solution, 1g/L

1 g of ammonium chloride shall be dissolved
in 1L of water.

Calcein (screened) indicator

The indicator shall be obtained by mixing and
grinding together 0.2 g of calcein, 0.12 g of
thymolphthalein and 20 g of potassum
chloride.

Calcium standard solution

A guantity of 1.78 g to 1.79 g of pure calcium
carbonate shall be dried at a temperature in

the range 150°C to 200°C and its mass
recorded to the nearest 0.0001 g. It shall

then be dissolved in a dight excess of dilute
hydrochloric acid (1+ 4), boiled to expel
carbon dioxide, cooled and dilutedto 1 L in a
volumetric flask.

The concentration of CaO shal be expressed
in g/L to four significant figures as mass of
CaCQO; /1.7848.

Triethanolamine solution (1 + 4)
Sodium hydr oxide solution, 200 g/L
EDTA standard solution

The solution shall be obtained by dissolving
6.67 g of EDTA (ethylenediamine-tetra-acetic
acid, disodium dihydrate salt) in warm water,
filtering if necessary, cooling and diluting to
1L. The solution shal be stored in a
polyethylene bottle. The solution shall be
standardized against the calcium standard
solution as follows:

20 mL of the calcium standard solution shall
be pipetted into a 250 mL beaker or flask.
10 mL of triethanolamine solution and 10 mL
of sodium hydroxide solution shall be added
and the solution shall be made up to a about
150 mL with water. About 0.15 g calcein
indicator shall be added and the solution
titrated with the EDTA standard solution until
the fluorescent green of the indicator
completely changes to pink-purple with no
resdud fluorescence. The end-point is more
easly seen if observed against a black
background. The CaO equivalent of the



EDTA, E, (in mg CaO/mL) shdl be calculated
from the expression:

20h

\Y

E= (21-1)

where

h is the concentration of CaO in the calcium
standard solution (in g/L)

V in the volume of EDTA required in the
titration, to the nearest 0.02 mL.

(9 relative

Concentrated hydrochloric acid,
density 1.18.

(h)

Dilute hydrochloric acid
(1+1), (1+4), (1+9) and (1+49).
(i) Polyacrylamidesolution, 1 g/L

0.1 g of polyacrylamide, molecular weight
about 5 x 10° shall be added to 100 mL of
water and stirred using a mechanica dirrer
until dissolved.

() Polyethyleneoxidesolution, 2.5 g/L

The solution shal be obtained by dowly
adding 0.5 g of polyethylene oxide, molecular
weight less than 1 x 10°, to 200 mL of water
and stirring using a mechanical stirrer until
dissolved. The solution shal be discarded
after two weeks.

(k) Sodium carbonate solution, 50 g/L
The solution shal be obtained by dissolving
50 g of anhydrous sodium carbonate in 1 L of
water.

21.6.3 Apparatus
The following apparatus is required:

() Furnace

(b) Desiccator

(c) 250 mL polypropylene beakers.
(d) Plastic stirring rods.

(e) Water or steam bath.

(see C1. C28).
(see C1. C29).

Further details of the apparatus are given in
Appendix C.
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21.64 Determination of calcium oxide when
insoluble residue and soluble silica are not to
be determined

A quantity of 5 £ 0.1 g of the anaytical sample
prepared as in Cl. 21.45.3 shal be weghed
accurately to the nearest 1 mg and transferred into
a 500 nL beaker and dispersed with 50 mL to
100 mL of cold water. 10 mL of concentrated
hydrochloric acid shall be added, swirled and
immediately made up with hot water to about
150 mL. The solution shall be brought to the
boil and kept hot for five minutes. After cooling,
the entire content of the beaker shall be
transferred to a 500 mL volumetric flask, diluted
to the mark with water and mixed thoroughly. A
portion of the solution shall be filtered through a
dry medium filter paper or, dternaively, a
centrifuge shall be used to obtain a clear solution.

25 mL diquot of the cler solution shal be
pipetted into a 250 mL beaker or flask and diluted
to about 150 mL. 10 mL of the triethanolamine
solution, 10 mL of the sodium hydroxide solution
and about 0.15 g of screened calcein indicator
shal be added. The solution shall then be
titrated with EDTA standard solution using the
magnetic stirrer until the fluorescent green of the
indicator completely changes to pink-purple with
no residual fluorescence (see Cl. 21.6.2 (f)).
The volume, V, of EDTA used in the titration
shall be recorded to the nearest 0.02 mL.

Note. The EDTA solution and the use of
potassium hydroxide, as described in Cl. 6.3.2.4
of BS4551 : 1980 and Cl. 6.2 of BS4550 : Part 2 :
1970 are acceptable alternatives when
determining calcium oxide. Other indicators
which give clear end-points, eg. HIN, may be
used.

The calcium oxide content D as a percentage by
mass of the analytical sample shall be calculated
to the nearest 0.1%, from the expression:

2VE

(in %) (21-2)

m

where

V  isthe volume of EDTA solution used in the
titration (in mL)

E is the cacium oxide equivaent of the
EDTA solution (in mg CaO/mL)
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m

is the mass of the anaytical sample (in Q)
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21.65 Determination of insoluble resdue,
soluble silica and calcium oxide

21.65.1  Extraction of soluble slica and
preparation of stock test solution

A quantity of 5 + 0.1 g of the andytical sample
prepared as in Cl. 21.45.3 shdl be weighed
accurately and transferred into a 250 mL
polypropylene besker and 100 mL of dilute
hydrochloric acid (1+9) carefully added. When a
limestone aggregate is known to be present or
when vigorous effervescence on adding the acid
indicates its likely presence, a further 10 mL of
concentrated hydrochloric acid shall be added to
the stirred suspension.  Using a magnetic stirrer
with a plastic covered magnetic follower, or other
suitable mechanical irrer, the suspension shall be
stirred at room temperature for 20 minutes. It
shall then be dlowed to settle and the liquid
decanted through either a medium filter paper or a
paper pulp pad supported on a perforated cone or
smilar, with or without suction. The residue in
the beaker shall be washed with three 25 mL
portions of dilute hydrochloric acid (1+49) and the
washings poured through the same filter paper.
Thisfirgt filtrate shall be retained.

Note. Therate of filtration isimproved by adding
1 mL of polyacrylamide solution to the acid
extraction just before the completion of the
20 minutes stirring. The subsequent determinations
based on the filtered extract are not affected. A
coarsex filter paper may be used.

The filter paper plus any residue it contains shall
be placed into the beaker containing the residue
and 100 mL of the sodium carbonate solution shall
be added. The beaker shall be placed on a boiling
water or steam bath for 15 minutes stirring
occasionaly with a plastic rod to break up the filter

paper.

The contents of the beaker shall be transferred on
to a medium hardened ashless filter paper or a
paper pulp pad supported on a perforated cone or
smilar, taking particular care to recover al the
residue adhering to the sides of the beaker and the
dtirrer blade or magnet. It shall be washed six
times with the hot ammonium chloride solution,
twice with hot dilute hydrochloric acid (1+49) and
twice with hot water, the volume of each of the
washings being about 25 mL. Each washing shdl
be allowed to drain before continuing with the next.

The second filtrate and the washings shdl be
retained.



To reduce the possibility of silica being introduced
into the solution the filtrate should be collected in a
plastic beaker.

10 mL of concentrated hydrochloric acid shall be
added to the first filtrate which shall then be
carefully combined with the second filtrate and
washings, stirring frequently to avoid the formation
of a precipitate that is difficult to dissolve again.
The combined filtrates shal be reserved for
treatment as described in C1. 21.6.5.3.

21.6.5.2 Determination of insoluble residue

To determine the insoluble residue, the filter paper
containing the residue shall be placed in a weighed
crucible and ignited, at first dowly until the carbon
of the paper is completely consumed without
flaming and finally at 925 + 25°C until constant
mass is achieved (see C1. 21.8.3). The crucible
and resdue shal be alowed to cool to room
temperature in the desiccator and weighed. The
insoluble residue content of the anaytica sample
shal be calculated to the nearest 0.1% from the
expression:

mass of ignited residue

Insoluble = X 100%

resdue

mass of analytical sample
(21-3)

21.6.5.3 Determination of soluble silica

The combined filtrates and washings shal be
evaporated on a boiling water or steam bath until
not more than approximately 5 mL remain.
10 mL of dilute hydrochloric acid (1+1), haf of an
ashless filter tablet and 5 mL of the polyethylene
oxide solution shall be added stirring thoroughly
during and after each addition. It shdl be alowed
to stand for five minutes and then filtered through a
medium filter paper. All the solids shal be
transferred to the filter, rinsing it if necessary, and
washed thoroughly with not water. The volume of
the filtrate and washings shal be adjusted to
50mL in a volumetric flask, and mixed
thoroughly to give the stock test solution for
treatment as described in C1. 21.6.5.4.

The filter paper containing the precipitate shall be
placed in a weighed platinum crucible and ignited,
a first dowly until the carbon of the paper is
completely consumed without flaming and finaly
at 1200 + 50°C until constant mass is achieved
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(see C1. 21.8.3). The crucible and residue shall
be allowed to cool to room temperature in the
desiccator and then weighed. The soluble silica
content of the analytical sample shall be caculated
to the nearest 0.1% from the expression:

mass of ignited residue
Soluble =

silica mass of analytica sample

x 100%

(21-4)

The purity of the ignited silica precipitate shall be
checked by evaporating it in the crucible with
10 mL of hydrofluoric acid containing five drops
of sulphuric acid (1+1) in a fume cupboard. The
resdue shall be ignited and weighed as before.
The loss in mass after evaporation and ignition
equas the mass of dlica in the origina ignited
resdue. When the two masses differ by more
than 0005 g it is recommended tha the
determination (Cl. 21.6.5) be repeated. If the
discrepancy persists, the mass of silica found by
evaporation with hydrofluoric acid shall be used to
calculate the soluble silica content of the analytica
sample.

21.6.5.4 Determination of calcium oxide

25 mL diquot of the stock test solution from
Cl. 21.6.5.3 shdl be pipetted into a 250 mL besker
or flask and diluted to about 150 mL. 10 mL of
the diluted triethanolamine solution, 10 mL of the
sodium hydroxide solution and about 0.15 g of
screened calcein indicator shall be added. The
solution shall then be titrated with the EDTA
standard solution and the calcium oxide content of
the analytica sample caculated as described in
Cl 21.6.4.

21.6.6 Calculation of cement content

By assuming the combined water of hydration of
the concrete to be 0.23 x C; and the total mass of
oven dried concrete to be C, % cement + F%
aggregate + 023 C; % combined water of
hydration, the cement content as a percentage by
mass of the concrete shall be caculated to the
nearest 0.1% from the following expression using
first the calcium oxide determinations and then the
soluble silica determinations:

c-b

= —————  x100% 21
LT G123 100% (21-5)



CS1: 1990

where

a is the calcium oxide or soluble silica content of
the cement (in %)

b is the calcium oxide or soluble silica content of
the aggregate (in %)

c is the calcium oxide or soluble silica content of
the analytical sample (in %)

Note 1. The range of values found for the
combined water of hydration of Portland cements
complying with BS 12, BS 146, BS 1370 or BS4027
is between 0.20 and 0.25 of the cement, for fully
hydration. For very young concrete (less than 28
days) special considerations may apply.

If the calcium oxide and/or the silica contents of the
cement and aggregate have not been determined,
the best estimate based on the values listed in Table
5 shdl be used. The assumed values as well as
their justification shall be reported. For Portland
cements complying with BS 12 there will be little
loss in accuracy in assuming the calcium oxide
content but rather grester loss in accuracy in
assuming the slica content as stated in Table 5.
For those aggregates essertidly insoluble in
hydrochloric acid it may be possible to assume that
the calcium oxide content is zero. For loca
agoregates, it may be posshle to assume the
calcium oxide content to be 0.2% and the slica
content as 0.4%.

When the two cement contents thus obtained are
within 1% (m/m) of each other, the mean vaue
shall be reported. When the two cement contents
differ by more than this amount, the reasons for the
discrepancy shdll be investigated. If no reason can
be found both results shall be reported and the
preferred result highlighted.

This preference should be based on the anayst's
experience, the age and exposure of the concrete
and the nature of the aggregate, etc. Analysis of
the sample for other constituents, such as insoluble
residue, carbon dioxide, magnesium oxide, etc. may
prove helpful in making the assessment. If such
an assessment is not possible, the lower cement
content is to be preferred.

Where it is known that the aggregate has a calcium
oxide content of less than 0.5%, the determination
of cement content by way of the soluble slica
content is not obligatory, but nevertheless
recommended, and the cement content can be based
on the result of the determination of the calcium
oxide content alone.

Conversely, where the calcium oxide content of the
aggregate is 35% or more, caculations based on
calcium oxide content are not recommended.

Where the calcium oxide content of the aggregate
is 35% or more and the soluble silica content of the
aggregate is 10% or more, the analytical smple
shall be analysed for another constituent known to
be present in substantialy different amounts in the
cement and in the aggregate and the cement
content calculated by an appropriate modification
of the equation (21-5). If possible, the constituent
chosen shal generaly form a greater proportion of
the cement than of the aggregate.

When samples of the aggregate are available,
petrographic methods may be applicable and
reference can be made to ASTM C856.

21.6.7 Calculation of aggregate content

The aggregate content F as a percentage by mass
of the concrete may be caculated to the nearest
0.1% by using either Method 1 or 2 below:

21.6.7.1 Method 1

a—1.23c
F = — x100% 21-6
a—123b ( )
where

a isthe calcium oxide or soluble silica content of
the cement (in %)

b isthe cacium oxide or soluble silica content of
the aggregate (in %)

¢ isthecalcium oxide or soluble silica content of
the analytical sample (in %)

21.6.7.2 Method 2

Note. This test cannot to used if a composite
cement, e.g. Portland pozzolana cement having a
significant insoluble residue has been used.

The aggregate content may be obtained from the
following expression, which is based on the
insoluble residue values of the analytical sample:



insoluble residue of

anaytical sample
aggregate content = x 100%
insoluble residue of
aggregate
(21-7)

Note. When samples of the aggregate are not
available for analysis there may be little loss of
accuracy in assuming that with essentially
insoluble aggregate the percentage insoluble
residue of the analytical sample (see Cl. 21.6.5.2)
corresponds to the percentage aggregate content.

21.7 ORIGINAL WATER CONTENT
21.7.1 Applicability
21.7.1.1 General

The test described in this clause will only give
acceptable results if the concrete is sound and in no
way damaged, either physicaly or chemically.
The method is not suitable for poorly compacted
concrete, for semi-dry compacted concrete, for
ar-entrained concrete or for aerated concrete.
With some aggregates, often manufactured, which
are exceptionaly porous or contain appreciable
amounts of combined water, the corrections to be
applied are so great as to render the results of
doubtful value.

Unreliable results may be obtained when concrete
older than five years is tested owing to changes in
the pore structure of such concretes.

The origina water contents refer to the water
present in the concrete mix at the time of setting.

The procedure involves the determination of
following:

(@ The capillary pores of the concrete originaly
filled with water at the time of setting.

() The combined water of hydration present in
the prepared concrete sample.
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The sum of these two represents the aigina water
content of the concrete. It is usualy expressed as
water/cement ratio and this entails the
determination of the cement content of the
prepared sample.

Note. It should be noted that the prepared
sample, while representative for the water/cement
ratio of the whole sample, will not necessarily be
representative for the cement content.

The water/cement ratio is expressed in two ways:

(a) astotal water/cement ratio, which includes the
water absorbed by the aggregates at the time of
Setting.

(b) as free water/cement ratio, which excludes the
water absorbed by the aggregates at the time of
Setting.

The vaues for capillary porosity and combined
water content will include contributions from the
aggregates present and these shall be taken into
account.

21.7.1.2 When aggregate control samples are
available

The correction for the combined water content of
the aggregate shall be made.

Correcting for aggregate porosity (see
Cl 21.754) will gve the origind free
water/cement ratio, while not making the
correction will give the origina total water/cement
ratio, provided that the aggregate pores were filled
with water at the time of setting. When there is
some doubt about the condition of saturation of the
aggregate in the set concrete, correction for
aggregate porosity shal be made and only the
origina free water/cement ratio shal be reported.
When there is no doubt, both free and tota
water/cement ratios shall be reported.

21.7.1.3 When aggregate control samples are
not available

The combined water of hydration of the concrete
shall be assumed to be:

0.23x C,
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where

C, is the cement content of the concrete (in %)
(seenote 1to C1. 21.6.6)

The capillary porosity of the aggregate shall be
taken to be equivaent to the water absorption value
of the aggregate when this is reliably known (see
Cl1. 21.7.6.2) to give the original free water/cement
ratio. Otherwise no correction for aggregate
porosity shall be made and only the total
water/cement ratio shal be reported on the
assumption that the aggregate pores were filled
with water when the concrete had set.

21.7.2 Reagent
The following reagent is required:

. 1, 1, 1-trichloroethane

21.7.3 Apparatus

The following apparatus is required:

(8 Vacuum desiccator (see C1. C30).
(b) Water pump or vacuum pump (see C1. C31).
(c) Apparatus for the determination

of combined water content (see C1. C32).

Further details of the apparatus are given in
Appendix C.

21.7.4 Determination of capillary porosity

The sample shall be prepared by cutting a dice as
described in C1. 21.4.3, drying it at 105 + 5C for
not less than 16 hours and allowed it to cool to
room temperature in the desiccator.

The dried dice shadl be weighed and immersed in
1,1,1-trichloroethane contained in the vacuum
desiccator.

CAUTION. Inhalation of the vapour and contact
of the liquid with the skin and eyes should be
avoided. Polyethylene gloves shall be worn when
handling the sample.

The absolute pressure in the vessd shal be
reduced to less than 13.5 KPa (100 mmHg) by
means of the water pump or vacuum pump.

Note 1. It may be necessary to protect the
vacuum pump against the effects of solvent vapour
by fitting a cold trap or similar device.

The air will then evolve from the capillaries in
the concrete, rapidly at first and then more
slowly. The remova of the capillary air is
complete if no further air is released even when
the evacuated vessel is cautiously given a sharp

tap.

Note 2. Thetimerequired to remove the air may
be several hours. Boiling of the
1,1,1-trichloroethane induced by low pressure with
continued evacuation should not be confused with
air evolution and is normally recognizable by the
tendency of large bubbles to appear at a few points
on the concrete surface.

When the air evolution has ceased, the pressure
shall be released and the sample kept immersed at
amospheric pressure for a further five minutes.
The sample shdl then be removed from the
1,1,1-trichloroethane.  Excess superficial liquid
shall be allowed to drain away and excess solvent
on the surface of the sample shal be quickly wiped
off. The saturated sample shal be placed in a
weighed polyethylene bag immediately, sedled to
prevent loss of liquid by evaporation, and weighed.
The mass of 1,1,1-trichloroethane required to fill
the pores of the concrete shal be calculated and
the equivalent mass of water derived assuming the
relative density of the 1,1,1-trichloroethane to be
133.

The capillary porosity Q shal be caculated to the
nearest 0.1% (m/m) from the expression:

Q= _Mmass of solvent absorbed x 100%

1.33 x mass of dried concrete sample
(21-8)

21.75 Determination of combined water and
cement content
21.75.1 Sample preparation

The dice shall be removed from the polyethylene
bag and heated to constant mass, i.e. until



successive weighings after heating and cooling do
not differ by more than 0.1 g, a 105 + 8C. The
dice shall be treated in accordance with the
procedures described in C1. 21.4.5.3 to poduce a
representative analytica sample of not less than
30 g al passing a 150 mm sieve and the combined
water and cement contents of the analytical sample
shall be determined by the procedures detailed in
Cl.21.752t021.7.55.

21752
content

Determination of combined water

Using the apparatus detailed in C1. 21.7.3, the
combined water shall be determined by igniting the
powdered sample a 1000 + 25°C in a stream of
dried air or nitrogen and weighing the evolved
water after absorption on dried magnesium
perchlorate.

Note. This determination is only made when
reliable control samples of the aggregates are
available.

Residual moisture in the apparatus shal be purged
by passing dried gas through the combustion tube,
heated to 1000°C, for 30 minutes with an empty
absorption tube in position for the first 15 minutes,
replacing it by the filled tubes for the rest of the
time. After 30 minutes, the source of heat shal be
removed and the air flow continued for a further 15
minutes. The absorption tubes shall be removed
from the apparatus and transferred to the balance
case.

When the combustion tube has cooled to below
100°C, the absorption tubes shall be weighed and
fitted into the train. Approximately 1 g of the
sample shall be weighed accurately and placed into
a combustion boat previoudly ignited to constant
mass at 1000°C and then promptly inserted into the
combustion tube from the ar inlet end. The
connection shall be replaced and the gas flow
adjusted to about three bubbles per second a te
bubbler. The sample shal be heated cautioudy at
first and the temperature maintained at 1000°C for
30 minutes. The source of heat shall be removed
and the gas continued to pass for a further 15
minutes. The absorption tube shdl be
disconnected and transferred to the baance case
and weighed after 15 minutes.

In order to determine the “blank' of the apparatus,
which should be less than 1 mg, the procedure shall
be carried out form the beginning with no
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sample in the combustion boat. If the blank is
greater than 1 mg, the joints shall be checked to
ensure that they are free of leaks. Then the blank
determination shall be repeated. If a value greater
than 1 mg is sill obtained, the absorbents shall be
replaced and the whole procedure repested.

The combined water content X shall be calculated
to the nearest 0.1% (m/m) from the expression:

gain in mass of

absorptiontubes — blank

mass of sample

X = x 100%

(21-9)
21.7.5.3 Determination of cement content

The cement content of the prepared sample shall be
determined by the appropriate method as used for
the analytical sample (see C1. 21.6.6).

21.7.5.4 Determination of aggregate porosity

About 1 kg of the dried coarse aggregate shall be
weighed and the capillary porosity determined by
the procedure given in C1. 21.7.4 but caculating it
asapercentage g. For convenience, the aggregate
shdl be contained in a plastic mesh bag or
supported on a seve. The surface of the
aggregate shall be dried before reweighing by
shaking off the excess liquid and rapidly rubbing in
acloth.

21.75.5 Determination of aggregate combined
water content

The solvent-saturated aggregate shall be heated to
constant mass (asin C1. 21.7.5.1) at 105 + 5°C and
crushed to pass a 150 nm sieve. The combined
water content shall be determined by the procedure
givenin C1. 21.7.5.2 but calculated as a percentage
Y.

21.7.6 Calculation  of
water/cement ratio

the original

21.7.6.1 Aggregate control samples available

In the absence of contrary information, the values
for porosity and combined water content found for
the coarse aggregate may be assumed to be valid
for the whole aggregate content of the sample.



CS1: 1990

Assuming that none of the water of hydration has
been replaced by carbon dioxide, then the origina
free water content = corrected capillary porosity +
corrected combined water content or

aF YF :
W=Q-—) + X—) (in%)

100 100
(21-10)
F -
W=Q + X — —— (@+Y) (in%)
100
(21-11)
. . W
original free water/cement ratio= ——
C:
(21-12)

original total water content = uncorrected capillary
porosity + corrected combined water content or

YF -
W=Q + X — —_ (in%) (21-13)
100
. _ W,
origina total water/cement ratio= ——
C:
(21-14)

where

Q isthe capillary porosity of the sample (in %)
(see C1. 21.7.49)

q is the capillary porosity of the aggregate (in
%) (see C1. 21.7.5.4)

X is the combined water content of the sample
(in %) (see C1. 21.7.5.2)

Y is the combined water content of the
aggregate (in %) (see C1. 21.7.5.5)

C, isthe cement content of the concrete (in %)
(see C1.21.7.5.3)

F isthe aggregate content of the concrete (in %)
(see C1. 21.6.7)

Assuming the capillary porosity of the aggregate q'
(in %) has the same value as its water absorption,
then the concreted capillary porosity is

'F
Q - q_ (in %)
100

(21-15)

and the combined water content of the concrete is
0.23 C, so that the

Q qF
original free = — - +0.23
water/cement ratio  Cq 100 Cq

(2-16)

Note. If d is not reliably known then only the
original total water/cement ratio can be reported.

Q
Theoriginal total = —
water/cement ratio Cq

+ 0.23

(2-17)



21.8.
CEMENT

IDENTIFICATION OF TYPE OF

21.8.1 General

Differentiation between the various types of cement
that may have been used in a concrete presents
problems of varying complexity. In favourable
circumstances it may be possible to differentiate
between various cements by anaysing for an
dement or dements peculiar to the cement in
question after careful separation of the cement
matrix. The results of typical analyses of various
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type of cement is given in Table 5.

It is strongly recommended that the results thus
obtained should be supplemented by examination
under a microscope of a polished specimen
containing cement particles still unhydrated.

The test cannot be used to confirm that the cement
used in the concrete did or did not comply with a
cement specification. However, the test may help
to determine compliance or otherwise with any
requirement referring to general cement type in a
concrete specification.

Table5- Typical Analyses of Types of Cement Currently Availablein HK

Ordinary and Sulphate Resisting Portland-PFA

Rapid Hardening BS 4027 BS 6588

BS12 (see note 3)

% % %

Cao 64.2 64.5 484
SO; 20.4 20.9 -
MgO 2.0 0.9 2.0
AlLOs 59 43 -
Fe,Os 35 53 -
SO, 2.3 2.1 2.6

Notel. These values are subject to a variation
of at least £ 10%, with the exception of CaO
content in ordinary Portland cement or sulphate
resisting Portland cement which are subject to a
variation of approximately + 3.5%

Note 2. Variations in the clinkers used and in
their relative proportions may cause large
deviations from these values.
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Note 3. Variations in the clinker and
pulverized-fuel ash (PFA) used and in their relative
proportions may cause large deviations from these
values. The conditions of extraction may not
bring all the other oxides into solution from the
pozzolana although it may be expected that all the
calciumwill dissolve.
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21.8.2 Separation and analysis of matrix

A solid piece of the concrete sample shal be
carefully broken down, for example by a
compressive strength testing machine, and fine
material shall be obtained by sieving using a
75 mm sieve. If insufficient sample is obtained,
further breakdown is necessary.

The fine material so obtained shall be analysed
for insoluble residue and loss-on-ignition (see
C1. 21.8.3) and, or example, soluble silica (see
C1. 21.6.5.3), calcium oxide (see C1. 21.6.5.4),
aumina, ferric oxide, magnesium oxide,
sulphuric anhydride, etc. It may be assumed
that the insoluble residue represents aggregate in
the fine materiad and the loss-on-ignition
represents hydration and carbonation of the
cement and the other analytical results shal be
corrected by multiplying them by

100
100 - (loss-or+ignition + insoluble residue)

The results shall be compared with typical
analyses of various types of cement (see Table 5).
(Amendment sheet no. 1203:January 1996)

Note. Any aggregate material in the separated
fines can also contribute oxides, particularly
ferric oxide, alumina and silica.

21.8.3 Determination of loss-on-ignition

One to two grams of the analytical sample as
prepared in Cl. 21453 shdl be weighed
accurately into a crucible which has been
previoudy ignited and weighed accurately.
The crucible shal be covered with a lid and
placed in a furnace, the temperature of which
shall beraised Sowly to 925 + 25°C.  After five
minutes at this temperature, the lid shall be
removed and the crucible left in the furnace at
925 #25°C for a further 30 minutes. The
crucible shal be dlowed to cool in the
desiccator to room temperature and weighed.
This process of ignition, cooling and weighing
shall be repeated until constant mass is achieved
as shown by successve weighings giving a
difference in mass of less than 0.5 mg. The
loss-on-ignition of the analytical sample shal be
cadculated to the nearest 0.1% from the
following expression:

mass of analytica sample
- mass of ignited sample

Li = X 100%
mass of anaytica sample

(21-18)
where

L; isthe loss-on-ignition

21.8.4 Examination under a microscope
21.84.1 Genera

To establish whether ordinary Portland cement or
sulphate resisting Portland cement has been used in
the concrete, the usual method is examination
under a microscope. To do this, a least ten
anhydrous relics of cement grains greater than 40
mm in size, or at least 20 grains greater than 20 nm
in size shall be examined.

In older concretes which have been kept wet, e.g.
foundations, it may prove impossible to find
sufficient anhydrous grains.

21.84.2 Materials

The following materials are required:

(@ Mountingresin

An epoxy or polyester resin which setsrigidly
when mixed with an appropriate hardener.

(b)  Silicon carbide powder, medium grade, e.g.
26 mm

(c) Non-aqueousliquid, e.g. kerosene

(d) Diamond paste, of grades 14 mm, 6 mm,
3 mm, 1 nmand 0.25 mm

(e) Non-aqueoussolvent, e.g. acetone
()  Potassium hydroxide solution, 10%

10 g of potassum hydroxide shal be
dissolved in 100 mL of water.

() Methylated spiritsor ethanol
(h)  Hydrofluoric acid, 40% relative density 1.13



21.84.3 Apparatus

The following apparatus is required:

(8) Vacuum desiccator (see C1. C30).
(b) Rotary lap-plate (see C1. C33).
(c) Reflected-light microscope (see C1. C34).
(d) Cylindrical mould (see C1. C35).

Further details of the apparatus are given in
Appendix C.

21.84.4 Preparation of the sample

The sample shall be the portion B, obtained in
accordance with C1. 21.4.5.1.

The concrete sample shall be broken up and at
least ten nomind 5 mm szed pieces of
cement-rich matrix shall be selected as the test
portion. The test portion shall be dried a a
temperature not exceeding 105°C, allowed to
cool and then embedded in a low viscosty
mounting resin by casting into a cylindrica
mould and curing in the vacuum desiccator at the
temperature recommended by the resin
manufacturer.

Note 1. A oylindrical cast specimen of
approximately 25 mm diameter is usually found
to be suitable but larger or multiple specimens
are also acceptable.

The cylindrical casting shall be sectioned with a
diamond saw lubricated with a non-aqueous
liquid so that cut surfaces of the pieces are
exposed on the sawn surface, and washed
immediately using a non-aqueous solvent, e.g.
acetone. The sawn surface shal be ground
with glicon carbide powder lubricated with a
non-aqueous liquid such as kerosene, or other
suitable oil, to remove saw marks. All traces of
grinding powder shall be removed.

Note 2. Treatment with kerosene or industrial
methylated spirits in an ultrasonic bath is
effective.

The sample shdl be polished caefully with
progressively finer diamond paste in an oil soluble
base on a rotary lap-plate with a suitable surface.
After a find polish with 0.25 mm diamond
compound, the surface shdl be deaned usng a
non-agueous cleaning agent and dried with tissue.
The grinding and polishing routine shal be
adjusted, particularly in terms of speed and
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duration of lapping, to minimize the plucking of
cement particles out of the polished surface.

Note 3. It is recommended that control samples
of known cement types should be prepared at the
same time so that the polishing, etching and
microscopical examination stages can be
monitored.

21.84.5 Cement grain identification

The polished surface shal be examined through a
reflected-light microscope using magnifications up
to 800. If insufficient grains of anhydrous cement
are found either further polished samples as
described in C1. 21.8.4.4 shall be prepared so that
the required number of grains can be assessed, or
the method shall be reported as not applicable.

Note 1. Anhydrous relics of cement grains
smaller than 20 mm may be examined in addition,
but the mineralogical composition of such small
particles may not be representative.

Note 2. Anhydrous relics of cement grains
apparently  exhibiting  selective  hydration
throughout the grains, e.g. patches of hydrated
matrix should be discounted.

Chemical etching of the grains reveals minera
phases characteristic of the type of cement present.
It is permissible to use two dternative etchants:

(@) The polished surface shall be immersed in the
potassium hydroxide solution at 3°C for 10 to
20 seconds, then washed immediately in
industrial methylated spirits or ethanol. The
etching shdl be controlled to give a
bluish-grey colour to the tricalcium aluminate,
the dlicates remain grey, and the ferrite
appears white.

(b) The polished surface shall be exposed to
hydrofluoric acid vapour for two to five
seconds until the hexagona alite is coloured
straw-brown; the rounded belite will appear in
a variety of colours from blue to pink. In the
interstitial phase, the tricalcium auminate
ap#_ears light grey and the ferrite appears
white.

Note 3. Itissometimesdifficult to distinguish
these two compounds particularly at low
magnification, i.e. less than 500.
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CAUTION. Hydrofluoric acid is extremely
dangerous and great care is required in its
use, even in small quantities. Hydrofluoric
acid vapour etching shall be performed in a
fume cupboard. The vapour can damage
microscope lenses and excess vapour shall

be permitted to disperse completely from the
specimen surface before examination is
commenced. The vapour can be removed
more quickly by placing a glass dlide on top
of the specimen after etching.

With the use of the compositiona information
given in C1. 21.8.4.6, and making reference to
the control specimens if prepared, the apparent
type of cement represented shall be identified by
examining each anhydrous grain. The cement
type present in the concrete sample will be that
represented by at least 80% of the anhydrous
grains examined.

If the dominant cement type represents fewer
than 80% of the grains examined, the whole
procedure shall be repeated and the combined
findings considered. If the dominant cement
type represents fewer that 80% of the grains
examined overal, the cement type shall be
reported as “uncertain'.

Note 4. A mixture os cement types could be
one explanation of such uncertainty, but
mixtures are extremely unusual and such an
interpretation should not be regarded as
conclusive.

Photomicrographs of ordinary Portland cement
and sulphate resisting Portland cemert are
reproduced in Figure 9.

21.84.6 Mineral phase compositions of
different types of cement

Portland cements not having a specification limit
for tricalcium aluminate content, e.g. ordinary
and rapid hardening Portland cements complying
with BS 12, generaly have a volume ratio of

ferrite to tricacium auminate of less than 2:1.

For sulphate resisting Portland cement
complying with BS 4027, the volume ratio of
ferrite to tricalcium aluminate is generally more
than 5:1. However, this ratio may not apply to
sulphate resisting Portland cements with a high
slicate content, such that the total volume of
ferrite and tricalcium aluminate is very low.
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Up to 20% of the unhydrated cement grains
examined, greater than 20 m in size, may display
an apparently anomalous phase composition. For
this reason a concrete made with sulphate resisting
Portland cement complying with BS 4027, for
example, may contain a sgnificant number of
grains showing larger than expected amounts of
tricalcium auminate and thus having the
appearance of ordinary Portland cement. Finding
a few apparently anomaous grains in the
examination is therefore not necessarily an
indication of adulteration of the cement used.

21.9 IDENTIFICATION OF TYPE OF
AGGREGATE

2191 General

The identification of the type of aggregate is
intended to aid the interpretation of the results of
the chemica anayss. If more precise
identification and classification of the aggregates
are required, it shal be referred to a petrographer.
The petrographica procedures required are outside
the scope of this Standard.

Note. Guidance notes for the petrographic
examination of hardened concrete have been
published in ASTM C856.

21.9.2 Procedure

A broken, or preferably a sawn surface of the
sample shall be prepared (see C1. 21.45.3). The
generad character of the aggregate shall be
identified and the aggregate exposed shal be
compared with known samples whenever possible.

Note 1. Mogt carbonate aggregates may be
identified by treating with dilute hydrochloric acid
(1+9) and observing the presence (or absence) of
effervescence. Even when a carbonate aggregate
was not used in the concrete, there may
nevertheless be some carbonate particles, or
particles containing carbonate which will react
with dilute acid, e.g. shell debris. Some dolomites
do not react rapidly with cold dilute hydrochloric
acid but will effervesce with warm dilute
hydrochloric acid.



Note 2. Examination of the aggregates and of
their reaction with acids may be aided by
observation under a low-power binocular
i Cr oscope.

21.10 OTHER CONSTITUENTS
21101 General

The anayticd sample prepared as in CL
21.4.5.3 may be used for the determinations of
chloride, sulphate and carbonate contents.
Since the chloride and sulphate contents are
usualy reported in relation to the cement content
of the concrete, such a sample, in which the
cement matrix has been concentrated, may
present some advantage in all these tests.

A auitable procedure is to bresk the concrete
sample and to obtain fine material by seving
through a 150 mm sieve. Further bresking and
seving is carried out until a sufficient quantity of
fines has been produced. The less the aggregate
is damaged the higher the cement content of the
fine materias. The cement content of this
separated sample has to be determined using the
procedure described in C1. 21.6.6.

21.10.2 Determination of chloride content

Alternative methods based on potentiometric
titration are acceptable.

21.10.2.1 Reagents

The following reagents are required:

(@ Nitric acid, relative density 1.4

(b) Silver nitrate standard solution, 0.1 mol/L
Powdered silver nitrate shall be dried at

150°C for two hours, cooled in a desiccator
and a quantity of 16.989 g shall be dissolved
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in water and diluted to 1 L. The solution
shdl be stored in an opague glass bottle and
protected from prolonged exposure to light.

(c) Thiocyanate standard solution,
approximately 0.1 mol/L

7.6 g of ammonium thiocyanate or 9.7 g of
potassum thiocyanate shall be dissolved in
water and diluted to 1 L. The solution shall
be dandardized againgt the dlver nitrate
standard solution using iron |11 indicator, once
a week or each time a determination of
chloride content is made, if less frequent.

(d) Iron Il indicator solution

50 g of ammonium ferric sulphate shall be
dissolved in 60 ml of warm water. 10 mL
of nitric acid shall be added to the solution,
which is then cooled and stored in a glass
bottle.

(e) 3,5,5-trimethylhexanol (nonyl alcohal)

21.10.2.2 Procedure

5+ 0.1 g of the andytical (see C1.21.45.3) or
separated (see Cl1. 21.10.1) sample shal be
weighed accurately into a stoppered 500 mL
conicd flask. It shall be dispersed with 50 mL of
water and 10mL of the nitric acid shall be added.
50 mL of hot water shall be added, boiled for four
to five minutes and kept warm for 10 to 15 minutes.
(If the supernatant liquid is turbid, it shal be
filtered through a fast hardened ashless filter paper
and washed with hot water.) The solution shal be
cooled to room temperature and a measured excess
of the silver nitrate standard solution added. 2
mL to 3 mL of 3,55-trimethylhexanol shall be
added to the solution, the flask shall be stoppered
and shaken vigoroudly to coagulate the precipitate.
1 mL of iron Il indicator solution shal be added
and titrated with the thiocyanate solution to the
first permanent red colour.



CS1: 1990

The chloride ion content J of the cement shall be
caculated to the nearest 0.01% (m/m) from the
expression:

V.M 0.3545 100
) X X %

0.1 m C

J = (Vi-

(21-19)
Where

m isthe mass of sample used (in g)

V; isthe volume of 0.1M slver nitrate solution
added (in mL)

V, is the volume of thiocyanate solution used
(inmL)

M is the molarity of the thiocyanate solution
(in mol/L)

C, is the cement content of the sample used
(in %)

Note. Other concentrations of silver nitrate
solution and thiocyanate solution may be used
and the equation modified accordingly.

21.10.3 Determination of sulphate content
21.10.3.1 Reagents
The following reagents are required:

(@ Concentrated hydrochloric acid, reative
density 1.18

(b) Dilute hydrochloric acid (1+49)
(c) Ammonium hydroxide solution (1+1)

(d) Barium chloride solution, 100 g/L

21.10.3.2 Procedure

5+ 0.1 g of the analytical (see C1. 21.45.3) or
separated (see C1. 21.10.1) sample shall be
weighed accurately into a 400 mL beaker,
dispersed with 50 mL or water and 10 mL of
concentrated hydrochloric acid added. If
effervescence is considerable, the beaker shall be
covered immediately. 50 mL of hot water shall

be added, the besker covered and the solution
boiled gently for 5 to 10 minutes. The content of
the beaker shall then be filtered through a medium
ashless filter paper and the residue thoroughly
washed with hot dilute hydrochloric acid (1+49).
Three drops of the methyl red indicator shall be
added to the filtrate which shal then be heated to
boiling and just neutralized to yellow with the
dilute ammonium hydroxide solution. 1 mL of
concentrated hydrochloric acid shall be added
immediately and then 10 mL of the barium
chloride solution shal be added dropwise. If
excess ammonium hydroxide was added, 1 mL of
concentrated  hydrochloric acid may not be
sufficient to obtain the required acid solution and
the barium sulphate precipitate will then be
contaminated. In this case the test shal be
repeated.

The solution shall be boiled gently for five minutes,
kept as just below boiling for 30 minutes and
allowed to stand at room temperature for 12 to 24
hours. It shall then be filtered through a slow
ashless filter paper and washed free from chlorides
with hot water. The paper and contents shall be
transferred to a weighed silica or platinum crucible
and the paper burnt off without flaming. The
precipitate shall be ignited at 800°C to 900°C until
constant mass is achieved (see C1. 21.8.3).

The sulphate content G, expressed as SO; shal be
caculated, as a percentage of the cement to the
nearest 0.1% (m/m) from the expression:

100
G = X 343 X

m Cl

%

(21-20)
Where

B is the mass of ignited barium sulphate (in g)

m  isthe mass of the sample used (in g)

C, is the cement content of the sample used
(in %)

Note. The stock test solution (see Cl. 21.6.5.3)
may be used for this determination. A 200 mL
aliquot shall be used and the procedure as above
followed from the heating stage to boiling and
neutralizing with dilute ammonium hydroxide
solution.



21.10.4 Determination of carbonate

The carbonate content of the concrete may be
caculated from its carbon dioxide content, two
methods of determining which are given below:

21.104.1 Method 1
21.104.1.1 Reagents
(@ Orthophosphoric acid, relative density 1.7

(b) Concentrated sulphuric acid, relative
density 1.8

(c) Anhydrous copper sulphate on pumice

50 g of pumice stone (particle size of about
1 mm) shal be added to 50 mL of 30%
copper sulphate solution (15 gm copper
sulphate pentahydrate dissolved in 50 mL
digilled water). The mixture shal be
heated on top of a boiling water bath to near
dryness with constant stirring. The mixture
shall be dried in an oven at 105°C for two
hours and kept in an air-tight bottle.

(d) Dried magnesium perchlorate, particle
size 0.7-1.18 mm (10-16 mesh)

(e) Granular absorbent for CO, , soda lime,
particle size 1.0-1.7 mm (10- 16 mesh)

21.104.1.2 Procedure

The apparatus as shown in Figure 14 (see C1.
C36 of Appendix C) shal be assembled without
the weighable tubes and flushed with gas free
from carbon dioxide at a rate of approximately
three bubbles per second for 15 minutes. The
tap funnel shal be acid-free. Approximately
0.2 g of the analytical sample prepared as in C1.
21453 shdl be accurately weighed into a
duplicate reaction flask, the empty reaction flask
shal be replaced by the one containing the
sample and the passing of gas free from carbon
dioxide continued. The two absorption tubes
shall be weighed and connected to the apparatus.
The gasinlet shal be disconnected and 30 mL of
orthophosphoric acid shall be placed into the tap
funnel.
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The tap shal be opened and the gas inlet
reconnected; the gas pressure will force the acid
into the reaction flask. After effervescence has
ceased, the contents of the flask shall be dowly
heated to boiling and boiled for five minutes. It
shall then be alowed to cool for 15 minutes while
maintaining the gas flow. The absorption tubes
shall be detached, transferred to the balance @ase
and weighed after 30 minutes.

To determine the * blank' of the apparatus, which
should be less than 1 mg, the procedure described
above shall be carried out with no sample in place.
If the blank is greater than 1 mg, the joints shall be
checked to ensure that they are free of leaks. The
blank determination shall then be repeated. If a
vaue greater than 1 mg is ill obtained, the
absorbents shall be replaced and the whole
procedure repeated.

The carbon dioxide content, C of the analytica
sample shall be calculated to the nearest 0.1% from
the expression:

gain in mass of
o absorptiontubes — blank X 100%

mass of analytical sample
(21-212)

21.10.4.2
Appendix C)

Method 2 (see Figure 15 of

This method is based on a manometric
measurement of the volume of carbon dioxide
evolved upon acid treatment of a weighed powered
concrete sample. The carbonate content is
caculated from the volume of the gas after being
corrected for temperature and atmospheric
pressure.

21.104.2.1 Reagents
The following reagents are required:
(@ dilutehydrochloric acid solution (1+1)
(b) Methyl red indicator solution
1 g of methyl red shal be dissolved in

600 mL of methylated spirits and 400 mL
of water added.
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21.104.2.2 Apparatus
The following apparatus is required:

(@) A graduated burette

(b) A plastic measuring cylinder
(c) A levdling tube

(d) A thermometer

(e) A barometer

Further details of the apparatus are given in
C1. C37 of Appendix C.

21.10.4.2.3 Procedure

The apparatus shall be set up as shown in
Figure 15 (see C1. C37 of Appendix C). The
graduated burette and levelling tube shal be
filled with water to which two drops of the
hydrochloric acid and a few drops of methyl red
solution have been previously added.

The quantity of the anaytical sample required is
such as to give off 30-60 mL of carbon dioxide
gas upon acid treatment. As a guide, this
amount will range from 0.5 - 1.0 g for a heavily
carbonated sample to about 3 - 5 g for one
having a low carbonate content. The sample
shal be weighed to an accuracy of 0.5 mg,
placed in the reaction flask and about 20 mL of
water shdl then be added.

10 mL of the hydrochloric acid shal be put in
the plastic measuring cylinder which shall then
be carefully placed in the reaction flask without
spilling the acid. The reaction flask shal be
connected to the apparatus by inserting the
rubber stopper.

With the 3way tap opened to atmosphere, the
level of the coloured solution in the graduated
burette shall be adjusted until it coincides with
the zero mark by raisng or lowering the
levelling tube. The tap shall then be closed and
the reaction flask tilted so that the acid in the
measuring cylinder spills over the sample. The
flask shall be shaken well b ensure the sample
and the acid are mixed thoroughly. The tap
shall be set to the position in which the burette is
connected to the flask.

The height of the levelling tube shall be adjusted
until the levels of the solution in the burette and
levelling tubes are equal. The tap shall then be

closed and the volume displaced by the gas in the
burette noted.

The flask shal be reshaken and the procedure
repeated until there is no further increase in the gas
volume indicated by the burette.  The final
volume shall be recorded as the volume of carbon
dioxide evolved.

The ambient temperature and the barometric
pressure at the time of the test shall be recorded.

21.10.4.3
content

Calculation of carbon dioxide

The carbon dioxide content C of the analytical
sample shall be calculated to the nearest 0.1% from
the expression:

273+ T)m

where

Vv isthefina gasvolumeinmL.

P is the barometric pressure in mmHg, see
Table 6

W  isthe water vapour pressure (mmHg) at T°C
T  istheambient temperaturein °C

m  isthe mass of sample of g

The carbonate content C’ in percentage by mass of
the sample may be obtained from the following
expression:

15C

C = (21-23)

1

When the carbonate content is calculated as
cacium cabonate content, the following
expression may be used:

25C
CaCO; = (21-24)
11

The results shall be reported to the nearest 0.1%.

Note 1. Correction for the volume of acid
solution should be made to the final gas volume if
the acid solution is added externally to the reaction
flask.



Note 2. The value of water vapour pressure W
at various temperatures is shown in Table 6.

Table 6 - Vapour Pressure of Water at
Temper atur es between 20°C to 30°C
Temperature Vapour Pressure
°Cc mm Hg
20 17.53
20.5 18.085
21 18.650
215 19.231
22 19.827
225 20.440
23 21.068
235 21.714
24 22.377
24.5 23.060
25 23.756
255 24.471
26 25.209
26.5 25.964
27 26.739
275 27535
28 28.349
285 20.184
29 30.043
29.5 30.923
30 31.824
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2111 REPORT

The report shal affirm that the analysis was
made in accordance with this Standard. When
aternative methods are used, the report shall
include reference to evidence held by the
laboratory showing that the aternative methods
are capable of producing results which do not
differ significantly from those obtained used the
Standard method. A copy of the sampling
report shall be provided with this report.

The report shall
information:

include the following

(@) Date and place of sampling and
identification marks and other relevant
details supplied with the sample.

(b) Full qualitative description of the sample,
including the type of aggregate, with
particular reference to factors likdy to
reduce the accuracy of the resullts.

(c) Date and place of the analysis.

(d) Any assumptions made in the analysis, e.g.
type of aggregate, cement anayss,
aggregate analysis, €tc..

(e) Reaults of the andysis with the estimated
megnitude of probable erors for
comparative results.

(f) Any other results obtained coincidentally to
the tests required.

(9) The results of any additional tests done at
the andydt’ s discretion.

(h) Name and signature of person responsible
for testing.
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OPC Concrete (M agnification: 200X)

Concrete Containing PFA (M agnification: 200X)

Figure 8 - Photomicrographs of OPC and PFA Concrete
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Sulphate Resisting Portland Cement (SRPC)

OPC Concrete

SRPC Concrete

Figure 9 - Photomicrographsof OPC and SRPC Cement/Concrete
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Section 22

DETERMINATION OF FLOW

221 SCOPE

This section describes the method of determining
the flow of fresh concrete, made with aggregate
having a maximum size not exceeding 63 mm. It
is not applicable to foamed concrete or no-fines
concrete.

This flow table test determines the consistency of
fresh concrete by measuring the spread of concrete
on a flat plate which is subjected to jolting. This
test is suitable for concrete mix corresponding to
flow vaues between 340mm and 600mm. Other
methods of determining the consistency should be
considered if the flow values are beyond these
extremes.

222 APPARATUS

The following apparatus is required:

(&) How table (see Cl. E1, Figure 18)
(b) Mould (see Cl. E2, Figure 19)
(c) Compacting or tamping bar
(see Cl. E3, Figure 20)
(d) Rule (see Cl. E4)
(e) Remixing container (see Cl. EB)
(f) Square-mouthed shovel
(g) Maist cloth
(n) Scoop (seeCl. C4in
APPENDIX C,CS1:
1990)
(i) Stop-watch or stop-clock
(see Cl. E6)
Further details of the apparatus are given in
Appendix C and E respectively.
223 PROCEDURE

The flow table shdl be placed on a fla and
horizontal surface free from externa vibration or
shock. Ensure that the hinged top of the table can
be lifted to the correct limit of its travel and is then
free to fal to the lower stop. Support the table in
such away that when the top of the table fails to the
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lower stop, there is minimal tendency for the top to
bounce.

Clean the table and the mould and dampen
immediately prior to testing, but keep free from
superfluous moisture.

Keep the contact blocks clean. Place the mould
centraly on the table top and hold in position by
standing on the two foot pieces, or by using
magnets.

Fill the mould with concrete in two equd layers
using the scoop, levelling each layer by tamping
lightly ten times with the tamping bar. |If
necessary add more concrete to the second layer to
maintain an excess above the top of the mould.
Using the tamping bar, strike off the concrete level
with the upper edge of the mould and clean the area
of the table top of any excess concrete.

After waiting 30 s from striking off the concrete,
raise the mould vertically by the handles, over a
period of 3 sto 6 s. Stahilize the flow table by
standing on the toe board at the front of the table
and dowly raise the table top till it reaches the
upper stop in such a manner that the table top does
not impact hard against the upper stop. Allow the
table top to fall freely to the lower stop. Repeat
this cycle to give a total of 15 drops, each cycle
taking not less than 2 s nor more than 5 s. With
the rule, measure the maximum dimension of the
concrete spread in the two directions, d; and d,
(see Figure 21), pardld to the table edges and
record the two measurements to the nearest 10 mm.

Check the concrete spread for segregation. The
cement paste may segregate from the coarse
aggregate to give aring of paste extending severa
millimeters beyond the coarse aggregate. Report
that segregation has occurred and that the test was
therefore unsatisfactory.

NOTE: The consistency of a concrete mix changes
with time, due to hydration of the cement and,
possibly, loss of moisture. Tests on different
samples should be carried out at a constant time
interval after mixing, if strictly comparable results
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are to be obtained. The flow table and metal mould
should also be kept/stored in a sheltered area.

224 EXPRESSION OF RESULTS

The flow value, (d;+d,)/2, shall be recorded to the
nearest 10 mm, see Figure 21.

225 REPORT

The report shal affirm that the test was made in
accordance with this Standard and shall include the
followings:

(@ Identification of the test sample.

(b)  Location of performance of test.

(c) Date of performance of the test.

(d Any indication of segregation of the
concrete.

(e) Thetest result.

()  Any deviation from standard test method.

(@ A declaration by the person carrying out the
test that it was carried out in accordance
with this standard, except as noted in item

().
The report may also include the followings:

(h)  The temperature of the concrete specimen at
time of test.
0] The time of performance of the test.

(Amendment sheet no. 1206 : June 2005)

62



CS1:1990

APPENDIX C

APPARATUS
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Clause

C1
C2

C5

C6

C7

C8

C9

C10
Cl1
C12
C13
Cl4
C15
Cl6
C17
C18
C19
C20
c21
C22
C23
C24
C25
C26
c27

C28
C29

C31
C32

C36
C37

CONTENTS
Reference

Mixer Cl.113
Sample container C1.113
Sample tray C1.11.3
Scoop Cl.113
Compression testing machine Cl1 122,133,14.3,15.2,17.3
Cube checking jig Cl1.12.2
Cadlliper Cl.122,16.4
Weighing equipment Type 2 Cl1.12.2
Feder gauges Cl1.12.2
Jig for tengle splitting strength test  C1. 13.3
Packing strips C1.133
Sted loading pieces C1.133
Flexurd loading device Cl 143
Coring machine C1.152
Grinding equipment C1.152
Sted plate C1.15.2
Baance with stirrup Cl. 164
Water container Cl.16.4
Ventilated oven Cl1.164,2141
Strain measuring apparatus Cl1 173
Crushing and grinding equipment ClL2141
Test sieves Cl1.21.41,2153
Airtight bottles ClL2141
Concrete saw Cl.2141
Centrifuge C1.2153
Transmitted-light microscope C1.2153
Microsieve set with replaceable
75 nm Seve C1.2153
Furnace C1.21.6.3
Desiccator C1.216.3
Vacuum desiccator C1.21.7.3,21.843
Water pump or vacuum pump C1.21.7.3
Apparatus for the determination
of combined water content C1.21.7.3
Rotary lap-plate C1.21.84.3
Reflected-light microscope C1.21.84.3
Cylindrical mould C1.21.84.3
Apparatus for the determination
of carbon dioxide (Method 1) C1.21.104.1
Apparatus for the determination
of carbon dioxide (Method 2) C1.21.10.4.2
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APPENDIX C - APPARATUS

C1 Mixer

The mixer shall be rotating pan or tilting drum
type of capacity sufficient to mix batches large
enough to provide samples for the tests to be
carried out.

C2 Sample container

A bucket or other suitable container made of
plastic or metal, of minimum 8-litre capacity.

C3 Sample tray

The sample tray shall be at least 900mm x 900mm
in area, made of metal and have sufficient capacity
to contain the concrete sample. It shall have sides
to prevent the loss of water or cement paste.
(Amendment sheet no. 1201:September 1992)

C4 Scoop

The scoop should be made of metal of a size
suitable for sampling concrete. The scoop shall
not allow water to escape from concrete contained
in it.

C5 Compression testing machine

The compression testing machine shall be suited to
the size of the specimen and the expected load, and
shall comply with BS 1610 : Part 1 and Clauses
C5.1 to C5.5 of this Standard. The performance
of the machine shall be verified in accordance with
Appendix D of this Standard.

C5.1 Loading
C5.1.1 Load control
The machine shall be capable of applying the load

at the specified rate, uniformly, without shock,
using manual or automatic control.
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C5.1.2 Load pacer

If the machine is not equipment with an automatic
load control, a load pacer shall be fitted to enable
the operator to manipulate the machine controls to
maintain the specified rate.

If the pacer has a scale, this scale shall be basically
linear such that 1 mm represents not more than
100 N/s. Over the operating range of the scale
the accuracy shall be within £5%.

If the pacer is fitted with a variable speed control
or has pre-set speeds, then once the variable speed
control has been set, or a preset speed has been
chosen, the pacer speed shall remain within + 5%
of specified speed over the operating range.

C5.1.3
displays

Load scale indicators or digital

The machine shall be provided with the following:

(a) Either easily read dials or scales or electrical
load indicators, with a visual display.

(b) A resettable device which registers the
maximum load sustained by the specimen.

Note. The visual display may be
supplemented by recording devices e.g.
punched tape or print-out recorders, that are
calibrated to the same accuracy as the display.

(c) The machine scale range shall be chosen so
that the specimens can be expected to fracture
in the part of the range which is certified to be
accurate to £1% or £2% of the indicated load
(i.e. normally the upper four-fifths of the
range).

The grading of the machine in accordance with
BS 1610: Part 1 shall not be affected by
variations in mains supply voltage or
frequency of +£10% from the nominal value
supplied to the machine.
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Note 1. Machines accurate to +1%

preferred.

are

Note 2. Where electrical or other interference
exists this may affect the accuracy of load
indication, and special provisions to overcome
thisinterference may be necessary.

C5.1.4 Meansof applying the load

The machine shal apply the load to the specimen
either in direct contact with the machine platens, or
spacing blocks, or with auxiliary platens interposed
between each machine platen, or spacing blocks,
and the specimen.

C5.2 Machine platens

In order to avoid excessive platen deformation
during loading, the machine platens shall be
adequately supported over the area in contact with
the specimens.

The platens shal be made of a materia which,
when tested in accordance with BS 427, shdl have
a hardness value of at least 550HV30. Also the
material shall not deform irreversbly when the
machine is used.

The flatness tolerance for the area of each platenin
contact with the specimen or auxiliary platen shall
be 0.03 mm. The contact areas of the platens
shall be checked for flatness at annual intervals.

The R, value for the surface texture of the contact
area of each platen shall be between 0.4 mm and
3.2mm when assessed in accordance with BS
1134 : Part 1.

Note. Roughness values of finishes by common
manufacturing processes are given in Table 1 of
BS1134: Part 2: 1972.
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C5.3 Auxiliary platens

Auxiliary platens should be used in order to save
wear on the machine platens and to minimize the
effect or ovefilled sample on srength
measurement. The top auxiliary platen shall rest
on and be aigned with the cube. It shal not be
fixed to the upper machine platen.

The auxiliary platens shal be made of a materia
which, when tested in accordance with BS 427,
shall have a hardness vaue of at least 550HV 30.
Also the materia shal not deform irreversibly
when the machine is used.

The distance between either pair of opposite edges
of a square auxiliary platen, or the diameter of a
circular platen, shal be the nomina size of the
specimen (i.e. 100 mm or 150 mm) *%2 mm

thickness of the platen shall be at least 23 mm.

The flatness tolerance for each contact face of the
platens shall be 0.03 mm. The contact face of the
auxiliary platens shall be checked for flatness at
annua intervals. If auxiliary platens, worn by
direct contact with the test specimens, are
resurfaced they shall then be checked for size,
squareness, pardlelism, flatness, surface texture
and hardness to ensure compliance with this clause.
If case-hardened auxiliary platens are resurfaced
they shall be re-hardened and checked for hardness
before checking for the dimensional requirements
of this case.

The sguareness tolerance for each edge of the
auxiliary platen with respect to the adjacent edge
as datum shall be 0.2 mm.

The pardldism tolerance for one contact face of
the auxiliary platen with respect to the other
contact face as datum shdl be 0.06 mm.

The Ry value for the surface texture of the contact
faces of the auxiliary platen shall be between
0.4mm and 3.2 mm when assessed in accordance
with BS 1134 ; Part 1.

Note. Roughness values of finishes produced by
common manufacturing processes are given in
Table 1 of BS1134 : Part 2: 1972.



C5.4 Spacing blocks

If it is required to reduce the distance between the
machine platens, up to four spacing blocks may be
located either beneath or upon the lower machine
platen. Spacing blocks shall be either circular or
square in section and shall comply with the flatness
and parallelism tolerances required for auxiliary
platens.  Spacing blocks shall be positively
located in the horizontal plane.

Spacing blocks used

(@) beneath the lower machine platen shall be
nominally 200 mm in diameter or, if square, at
least 210 mm x 210 mm;

(b) upon the lower machine platen shall be at least
as large as any auxiliary platen to be used and
shall not be larger than the machine platen or
less than 23 mm thick;

(c) upon the lower machine platen and in contact
with concrete specimens or proving devices
shall be made of a material which has a
hardness value of a least 550HV30 and which
will not deform irreversibly when the machine
is used. They shall have an R, value for the
surface texture of the contact faces of between
04 um and 3.2 um when assessed in
accordance with BS1134 : Part 1. The
contact faces of these spacing blocks shall be
checked for flatness at annual intervals.

C5.5 Loading of specimen

Provision shall be made for positive and accurate
location in the horizontal plane of the specimen or
auxiliary platen on the lower machine platen or
spacing block. Positive location shall be provided
by the use of pegs, jigs or dowelled joints. Visual
location alone is unacceptable.

C6 Cube checking jig

The jig shall be made of steel an consist of a base
plate and two vertical side plates all at right
angles to each other assembled so that the internal
vertical surfaces are 150 *32 mm square. The
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tolerance for squareness shall be £ 0.2 mm
between each pair of faces. The tolerance for
flatness of each face shall be 0.03 mm. Provided
that these tolerances are met it may be convenient
to use half a standard cube mould securely fixed to
a base plate.

C7 Calliper

The vernier calliper shall be capable of measuring
specimen dimensions to an accuracy of 0.1 mm.
Other means of measuring specimen dimensions
may be used provided the accuracy is 0.lmm or
better.

(Amendment sheet no. 1201:September 1992)

C8 Weighing equipment Type 2

The weighing equipment shall be capable of
weighing up to 20 kg to an accuracy of 5 g or
better.

C9 Feeler gauges

The feeler gauges shall be capable of measuring a
gap up to 2 mm.

C10 Jig for tensile splitting strength test

A suitable jig is shown in Figure 11. The jig
and/or the machine shall have a device to position
the jig correctly on the lower platen, with the
specimen central.

C11 Packing strips

The packing strips between the specimen and jig or
steel loading pieces shall be of hardboard or other
suitable material and shall be used only once.

The length of the packing strips shall be greater
than the line of contact of the test specimens. The
width of the packing strips shall be 15 + 2 mm and
the thickness shall be 4 +£ 1 mm.

(Amendment sheet no. 1204: March 2000)
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Figure 10 - Cube Checking Jig
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(Amendment sheet no. 1204 : Mar ch 2000)

Figure 11 - Jig for Tensile Splitting Strength Test

C12 Sted loading pieces

A stedl loading piece shal be placed between the
platen of the machine and the packing strip. This
piece shall not be shorter than the specimen. For
cylindrical specimens it shall be of rectangular
cross-section.  This loading piece can be
incorporated within the jig.

The flatness, parallelism and surface requirements
of the sted loading pieces aong the length of the
strips shal be within the tolerances for auxiliary
platens aiven in Cl. 53 of this Appendix.
(Amendment sheet no. 1203:Jan 1996)

The stedl loading pieces shall be replaced when the
dimensions are out of tolerance or they are
seriously damaged or pitted along the contact face.
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C13 Flexural loading device

The device for applying the loads shall consist of
two supporting rollers and two load-applying
rollers (see Figure 7). All rollers shal be
manufactured from steel and shal have a circuar
cross-section with a diameter of 20 mm to 40 mm;
they shall be at least 10 mm longer than the width
of the test specimen. All rollers except one shall
be capable of rotating about their axes and of being
inclined in a plane normal to the longitudinal axis
of the test specimen.

Note. Although the test method describes a
method of loading above the specimen on two
inner rollers, the load can be applied by the
supporting rollers.  Also the upper and lower
roller positions relative to each other may be
reversed.
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C14 Coring machine

The coring machine shall have a diamond drilling
bit capable of cutting a core to a cylindrica
tolerance of 3 % of the core diameter.

C15 Grinding equipment

The grinding equipment shal be capable of
producing a surfaceto the required tolerances.

Cl16 Sted plate

A horizontal sted plate with an upper surface
having a flatness tolerance of 0.03 mm, and a
Rockwell (Scale B) Hardness Vaue of at least 95
when tested in accordance with BS 891: Part 1.
(Amendment sheet no. 1203:Jan 1996)

C17 Balance with stirrup

The balance shall be equipped with a stirrup for
weighing the specimen in both air and water to an
accuracy of 0.1% of the mass. Some suitable
types of stirrup are shown in Figure 12.

C18 Water container

The water container shall be fitted with a device to
maintain the water level congtant, and be of
sufficient size to allow the specimen on the stirrup
to be fully immersed to constant depth.

C19 Ventilated oven

The oven shall comply with BS 2648 and shall be
of sufficient size to enable the specimens to be
placed in the oven in the manner specified. The
temperature of the oven shal be maintained at
105 + 5°C.
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C20 Strain measuring apparatus

The strain measuring apparatus shal have an
accuracy of £5 micro-strain.

Instruments for measuring strain (for example
mirror or dial gauge extensometer, resistance strain
gauges, inductance gauges, vibrating wire strain
gauges) shal have a gauge length of not less than
two-thirds of the width or diameter of the test
specimen (2/3d).

C21 Crushing and grinding equipment

Jaw crushers, hammer mills, disc grinders,
gyratory mills and mechanical or hand-operated
mortars and pestles are among the types which
have proved to be satisfactory.

C22 Testseves

All seves shdl comply with BS 410 and be
complete with the appropriate size of lids and
receivers. If mechanical crushing and grinding is
used, sieves with apertures of 150 mm and
1.18 mm will be required. |f mechanical crushing
and grinding is not used, other test Seves with
aperturesof 5.0 mm, 2.36 mmand 600 m will be
required.

C23 Airtight bottles

The bottle shall be made of glass or plastic and
with a capacity of between 100 mL to 500 mL.

C24 Concretesaw

The saw shall be fitted with a diamond or
carborundum blade.

C25 Centrifuge

The centrifuge shall be capable of operating at a

speed 2500 - 3000 rpm and include sample bottles
of capacity 150 - 200 mL with sealed caps.
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Alternative Form of

Stirrup Suspended Above
Water tank is Balance Mechanism
moved vertically :

Stirrup Suspended Beneath
Balance Mechanism

1990

Figure 12 - Typical Stirrup Arrangements for the Determination
of the Volume of Concrete by Water Displacement
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C26 Transmittedlight microscope

The transmitted-light microscope shadl have a
magnification of 200-400.

C27 Microsieve set with replaceable 75 mm
seve

The seve shal comply with BS 410 and be
complete with the appropriate size of lid and
receiver.

C28 Furnace

The furnace or furnaces shal be capable of
mali rgtai ning temperatures of 925 + 25°C and 1200
+50°C.

C29 Desiccator

The desiccator shal contain dried magnesium
perchlorate.

C30 Vacuum desiccator

The vacuum desiccator shall obtain dried
magnesum perchlorate and be capable of
maintaining a pressure of less than 13.5 kPa.

C31 Water pump or vacuum pump

The pump shall be capable of reducing the pressure
in the vacuum desiccator to less than 13.5 kPa
(200 mmHg).

C32 Apparatus for the determination of
combined water content

The apparatus shall consist of a small absorption
vessel, containing dried magnesium perchlorate,
through which air, nitrogen or other suitable gas is
passed before entering a silica combustion tube

that is heated in furnace capable of reaching
1000°C, bright red hest. The exit from the
combustion tube shall be packed with silver wool
to remove any hydrogen sulphide evolved. If
slicon rubber connections are used it is advisable
to protect them with heat reflectors. The gas
leaving the combustion tube is passed through two
weighable absorption tubes. The first quarter of
each absorption tube is packed with silica gel and
the remainder with dried magnesium perchlorate.
A bubbler containing sulphuric acid is fitted after
the exit end of the second absorption tube to alow
the gas flow to be observed. A typica apparatus
is shown in Figure 13.

C33 Rotary lap-plate

The lap-plate shal use a non-agueous polishing
medium and diamond pastes.

C34 Reflected-light microscope

A reflected-light microscope using magnifications
up to x 800.

C35 Cylindrical mould

The mould shall be at least 25 mm in diameter, e.g.
aplastic tube.

C36 Apparatus for the determination of
carbon dioxide (Method 1)

The apparatus shall consist of a reaction flask fitted
with a tap funne through which carbon
dioxide-free air or nitrogen can be passed a a
controlled rate. The gas leaving the flask shall pass
through a water-cooled condenser, then through a
bubbler containing concentrated sulphuric acid and
then through a series of absorption tubes which
successively contain  pumice coated with
anhydrous copper sulphate, dried magnesium
perchlorate and then two weighable tubes both
three-quarters filled with a granular absorbent for
carbon dioxide and one-quarter filled with dried
magnesium perchlorate. A typical apparatus is
shown in Figure 14.
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Figure 13 - Apparatus for the Determination of Water Content
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Apparatus for the Determination of Carbon Dioxide (Method 1)
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C37 Apparatus for the determination of (c) A levdling tube which can be raised and
carbon dioxide (Method 2) lowered on a mounting panel.

(d) A thermometer of range 040°C and accurate
The apparatus shall consist of the following : to 0.2°C.

(e) A barometer.
(@) A graduated burette of 200-250 mL capacity
and reading to 0.5 mL or better.

(b) A plastic measuring cylinder of 20 mL The apparatus shdl be sat up as shown in
capacity. Figure 15.
3-way tap Graduated burette
Thermometer
Levelling tube
g Clamps

Condenser

A P L0 RN (LA L LA LN L 2 2

«————— Plastic tube

Reaction flask

Measuring cylinder

Figure 15 - Apparatus for the Determination of Carbon Dioxide (Method 2)
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APPENDIX D - VERIFICATION OF PERFORMANCE OF COMPRESSION TESTING MACHINE

D1 Loadverification

The machine scales or digital displays shall be
verified at intervals of not more than six months,
when a machine is moved to a new location or is
subject to disturbance, magor repairs or
adjustments. The verification shal be in
accordance with BS1610: Pat 1 to ensure
compliance with C1. C5 of this Standard.

D2 Performance

When testing concrete cubes or vertical cylinders
in compression:

(@) the component parts of the machine shal be
aligned accurately;

(b) the upper machine platen shal dign fregy
with the upper face of a correctly located
specimen or upper auxiliary platen as initia
contact is made; and

(c) the upper machine platen shall then be
restrained from tilting with respect to the lower
meachine platen during loading.

Compliance with these requirements shal be
checked on initial commissioning, after subsequent
relocation @ disturbance, and at intervals of not
more than six months by meeting the compliance
requirements of C1. D3.3, D3.4 and D3.6.

D3 Proving device and procedure
D3.1 The proving device

The proving device shall be a cylinder of sted
826M40, condition W, of BS970 : Part 1. It shal
be 100 + 1 mm in diameter and 200 + 1 mm high.
The flatness tolerance for the ends shall be 0.03
mm but the surfaces shal not be convex. The
parallelism tolerance shal be 0.06 mm. The
squareness tolerance of the cylinder with respect to
one end as datum face shdl be 0.03 mm. The
roundness tolerance (b in Table 4 of BS308 :
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Part 3 : 1972) of the ends of the cylinder shal be
0.02 mm, and the whole cylinder shal be within a
cylindricity tolerance of 0.04 mm. Centre loles
of maximum size 15 mm diameter by 15 mm deep
are permitted in the ends of the cylinder.

The device shdl be gauged usng matched
temperature-compensated electrical resistance strain
gauges. Four complete bridges, each centred at
one of the ends of apair of orthogona diameters
half way up the cylinder shal be used. Each
bridge shall consist of two elements measuring axia
drain and two measuring circumferentid strain as
shown in Figure 16. [Each bridge shdl be
dectrically and thermally balanced.

The device shdl be supported in a carrying box by
circumferential  shoulders near the ends of the
cylinder. The edge of each shoulder nearest the
centre of the cylinder shall be no further than 15
mm from the nearest end of the cylinder. Vertica
lines shall be inscribed on the cylinder walls so
that they are visible outside the carrying case to
indicate the postion of the centre lines of the
bridges. These lines shall not extend further than
20 mm from the lower end of the cylinder.

The device shall be used with a switch and balance
unit which enables the outputs of each of the four
bridges to be balanced in the unloaded condition
and the bridge outputs to be selected thereafter by
operation of a switch.

Note. Alternatively, ssimultaneous display of the
four bridge outputs may be used if means are
provided to enable the sengtivity of the four
channelsto be checked and, if necessary, equalized
immediately prior to the taking of a series of
readings.

The maximum limit of eror for the
strain-measuring equipment shall be £0.1% or five
microstrain, whichever is greater.

D32 Procedure for proving the
self-alignment of the upper machine platen and
the machine component parts

A 150 mm square auxiliary platen which complies
with C1. C5.3 and is ot convex shall be located
on the lower machine platen or spacing block.
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Figure 16 - Gauging of Proving Device



The proving device shall be placed centrally on
the square auxiliary platen. The mid-points of
the edges of the auxiliary platen shall be
designated by A, B, C and D and the four bridge
positions on the device designated by 1, 2, 3 and
4. The device shall be positioned by eye as shown
in Figure 17.

w
w
o
150mm

150mm

Figure 17 - Positioning of proving device
on auxiliary platen

The distances from the centre of each top edge of
the lower auxiliary platen to the nearest point on
the bottom edge of the device shal be measured
and the position of the device adjusted until the
differences between the pairs of measurements
from opposite edges of the platen to the device do
not exceed 0.1 mm.

Note. This may be conveniently achieved by
fitting a stop to the edge of the platen and
providing accurately machined spacers to
centralize the device.

The upper machine platen shall be brought to no
closer than 5mm to the top of the device. It
shal then be tilted towards A about axis BD
either to its fullest extent or until it touches the
device. The upper machine platen shall be gently
released and the machine operated so that the
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upper machine platen aigns with the device. The
indicated load on the device shal be increased
sowly up to a nomina value of at kast 200 kN.
The load shall be held constant and the outputs of
the four bridges recorded. If the load exceeds 200
kN but does not exceed 220 kN before it can be
held constant, the load shall not be reduced before
taking the readings. If the load exceeds 220 kN
the test shall be restarted.

Using the mean e, of the four bridge outputs ey, e,
e; and &, the drain ratio (e, — ey)/e, for each
bridge shall be calculated, where e, isthe strain at
the bridge position under consideration.

The test shall be repeated first with the upper
machine platen tilted down towards C about an
axis BD, secondly with the upper machine platen
tilted down towards B about an axis AC and
thirdly with the upper machine platen tilted down
towards D about an axis AC.

If the device is correctly machined and gauged, the
sengitivity of the four bridges will be equal.
However, if this is in doubt, the readings shall be
repeated first with bridge 1 adjacent to B, then with
bridge 1 adjacent to C and finaly with bridge 1
adjacent to D (see Figure 16).

The readings so obtained, together with those
obtained with bridge 1 opposite A should be
averaged to eliminate differences in bridge
sengitivity on the device. This should be done for
the readings on all four bridges.

D 33
platen

Self-alignment of the upper machine

The strain ratios at 200 kN for the four different
directions of initia platen tilt shall be obtained and
compared. The difference between the highest
and lowest values for any bridge shal not exceed
0.10.

D 34 Alignment of the component parts of
the machine

If the self-alignment is correct (see C1, D3.3), the
mean strain ratios for each of the four bridges shall
be calculated. For each bridge, this value shdl lie
within the range + 0.10.
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D35 Procedure for proving restraint on
movement of the upper platen

If the self-alignment and alignment are correct (see
C1. D3.3 and D3.4) the device shal be displaced
by 6 + 0.05 mm from the central position dong AC
towards A. Without further adjustment of the
upper machine platen, the machine shal be
operated to bring it into contact with the device
and the load applied smoothly. The outputs of the
four bridges a nomind loads of 200 kN and 2000
KN shall be recorded. If the machine capacity is
less than 2000 kN, the readings at 200 kN and at
maximum capacity shall be taken. Care shal be
taken to ensure that the output of each of the four
bridges is read while the load is held constant. If
either nominal load is exceeded by not more than
10% before it can be reld constant, the load shdll
not be reduced and the readings shall be taken. If
either nominal load is exceeded by more than 10%,
the test shall be restarted.

These readings shal be repeated with the device
displaced 6 = 0.05 mm from the centra position,
firstly along AC towards C, secondly aong BD
towards B and thirdly along BD towards D. The
change in drain ratio per mm offset for
displacement along AC and for displacement
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aong BD for each load shall be calculated. If ry,
r,, rz and r, represents strain ratios for bridges at
positions A, C, B and D and a, ¢, b and d denotes
ratio for displacement towards A, C, B and D
respectively then for each load the vaue for
displacement along AC shall be calculated as:

( Mec— rZC) - (rla_ rZa)

(D-1)
24

and for displacement along BD as:

(raa—"ra)— (Fap—"rap) (D-2)

24

D3.6 Restraint on tilt of the upper platen

The change in strain ratio per mm offset in each
of the two directions shall not exceed 0.06 at 200
KN or 0.04 a 2000 kN or a the maximum
capacity of the machine if this is less than
2000 kN.
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APPENDIX E

FLOW TABLE

(Amendment sheet no. 1206 : June 2005)
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El1 Flow Table

The flow table consisting of a moving table made
from a flat plate with plane area of (700£2) mm x
(700+£2) mm, on which concrete can be placed,
hinged to a rigid base onto which it can fal from a
fixed height.

The flow table top shal have a flat meta surface
with a minimum thickness of 2 mm. The meta
surface shall not be readily attacked by cement paste
or be liable to rusting. The flow table top shall

have a mass of (16+£0.5) kg and may be attached
usng a pin-hinge to dalow weighing. The
construction of the plate shall be such as to prevent
distortion of the upper surface. The table top shal
be hinged to the base in such away that no aggregate
can become trapped between the hinged surfaces.

The centre of the table shall be scribed with a cross,
the lines of which run parald to the edges of the
plate and with a centrd circle (210£1) mm in
diameter. At the front corners of the plate two hard
rigid blocks shall be firmly attached to the underside.

They should not deform when wet and be
non-absorbent. These stops dadl transfer the load
of the table top to the base without distorting the
table. The base frame shall be constructed so that
this load is transferred directly to the surface on
which the apparatus is placed. This minimizes the
tendency for the table top to bounce when allowed to
fal freely. Foot rests shal be provided to assist in
stabilizing the table in use.

The fal height of the table top measured at the
centre line of the front edge of the top plate shal be
limited to (40£1) mm by means of one or more
stops.

For lifting the table top, a handle or lifting
mechanism shall be provided to ensure that the top is
lifted without jerking and alowed to fal freely over
the entire lifting height.

E2 Mould

The mould shal be made of metd not readily
attacked by cement paste and not thinner than 1.5
mm. The interior of the mould shall be smooth and
free from projections, such as protruding rivets and
shal be free from dents. The mould shall be in the

form of a hollow frustum of a cone having the
following interna dimensions:

- diameter of base: (200+2) mm;
- diameter of top: (130£2) mm;
- height: (200£2) mm.

The base and the top shall be open and paralle to
each other and at right angles to the axis of the cone.
The mould shall be provided with two handles, on
the upper portion, and fixing clamps or foot pieces
on the bottom portion to hold it steady. A mould
which can be clamped to the base is acceptable
provided the clamping arrangement can be fully
released without movement of the mould or
interference with the Slumping concrete.

E3 Compacting bar

The compacting bar shall be made of hard material,
having a sguare section of side (40+1) mm and a
length of approximately 200 mm. A further 120
mm to 150 mm may be turned to a circular section to
form a handle to the bar.

E4 Rule

The rule shall be graduated from O mm to 700 mm at
5 mm maximum intervals, the zero point being at
one end of therule.

E5 Remixing container

The remixing container shall be a flat tray of rigid
congtruction and made from a non-absorbent
material not readily attacked by cement paste. It
shal be of appropriate dimensions such that the
concrete can be thoroughly re-mixed, using the
square-mouthed shovel.

E6  Stop-watch or stop-clock

The stop-watch or stop-clock shall be accurate to 1
second.
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Figure 19 — Concrete mould
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Figure 20 — Tamping bar

Figure 21 =— Measurement of spread

(Amendment sheet no. 1206 : June 2005)



