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Foreword

This British Standard has been prepared under the direction
of the Cement, Aggregates and Quarry Products Standards
Committee. It is a revision of the 1974 edition of

BS 1047 : Part 2 which is withdrawn,

BS 1047 was first introduced to specify the requirements
for air cooled blastfurnace slag used as coarse aggregate for
concrete. It was subsequently used to specify some of the
properties of air cooled blastfurnace slag used as aggregate
in a variety of construction materials covered by other
British Standards, such as BS 594 and BS 4987. This secon-
dary usage now relates to the vast majority of the air cooled
blastfurnace slag used within the United Kingdom and
therefore the title has been amended to recognize the
current use of the specification.

The bulk density of an aggregate depends upon both the
relative density of the material and on the particle size
and the grading of the aggregate tested. Blastfurnace slags
having a slightly lower density than hitherto are now
produced in the United Kingdom. Research™ on the use
of these lightweight slags as dense coarse aggregate in
concrete has shown that the strength and durability of the
concrete are similar to concrete made with denser slags and
with natural aggregates. Previously the bulk density was
measured on a graded material, but it is now determined
on a single size fraction as in BS 594 and BS 4987.

The reduced density limit and the size to be tested are
given in clauses 5 and 6.

The two equations in A.4.1 of the 1974 edition were
intended to distinguish between those slags in which
dicalcium silicate could form and those from which it is
expected to be absent. The reason for wishing to make this
distinction lies in the possibility of unsoundness which
may result when metastable § dicalcium silicate (3C,S)
converts to the ambient temperature stable YC,S.

This phenomenon is usually described as ‘falling’,

or ‘dicalcium silicate’ unsoundnesst. Exhaustive studies
at Building Research Establishment led to the conclusion
that equation 1 of A.4.1 of the 1974 edition did not serve
the intended purpose and may pass some slags containing
C,S. For a full understanding of the complex equilibria
involved and the detailed reasoning on which the
conclusion is based the papers by Gutt and Russell should
be consulted. In view of the new findings, when the slag

is to be used as a coarse aggregate for concrete equation 1
has been deleted. Equation 2 is regarded as the best
available criterion and is retained together with the over-
riding microscope test to be used as described in A.3.1
and A.3.2 of this standard. However during the many
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years during which the two equations were in use,

no examples of problems in concrete caused by the
conversion of §C,S to YC,S were established. Work by

the British Steel Corporation § suggests that this may be

an athermal process rather than a metastable conversion,
that is to say that it can occur only during the initial air
cooling process. In view of the successful application of

BS 1047 over many years, equations 1 and 2 have been
retained for use when air cooled blastfurnace slag is used
for applications other than as coarse aggregate for concrete.

The requirement for acid soluble sulphate has been
retained for slag used in concrete. The total sulphur
content for bound materials other than in concrete has
the same limit as in BS 594 and BS 4987. For unbound
material, e.g. in sub-bases and drainage, the specification
only requires a limit on the water soluble sulphate
content. However where large quantities of slag, especially
older slags, are to be used as fill below static ground water
level, sulphides may cause pollution of the water. For such
fills the limit of total sulphur in clause 5 is suggested but
each site condition will vary.

The microscope test in the 1974 edition of the standard
has been used successfully to identify $C,S for a number
of years but there have been some instances where it
appeared to be restrictive. Investigations have shown that
the test will also etch the minerals merwinite and the
higher temperature a’ and & polymorphs of dicalcium
silicate. Consequently amendments have been made to
the microscope test in appendix A to overcome these
problems.

Parts of appendix C ‘The properties of concrete made
with air cooled blastfurnace slag aggregate’ in the 1974
edition are no longer valid and it has been omitted from
this standard, as has the clause which dealt with appor-
tionment of costs of testing and certification. It may
however, be desirable for the supplier and purchaser to
agree in advance on the apportionment of costs of testing.
Attention is drawn to the purchaser’s right to require a
certificate of the resuits of tests and to the possible
reference to it in the contract between supplier and
purchaser.

It is recognized that the methods of chemical analysis

are somewhat outdated, but in order to avoid undue delay
in the publication of this standard it has been decided

to postpone the introduction of revised methods until the
next full revision.

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

*W. Gutt, D.C. Teychenne and W.H. Harrison. Building Research Establishment CP 93/74 and Mag Con Res 26 1974, 123

tThe term ‘lime unsoundness’ was formerly used, but this conveyed an erroneous impression of the mechanism involved, and it has been
replaced by the term dicalcium silicate unsoundness throughout this specification.

IW. Gutt, J. lron and Steel Inst. 201 1963, 532
W. Gutt, J. iron and Stee! Inst. 202 1963, 770
W. Gutt, J. Iron and Steel Inst. 206 1968, 840
W. Gutt and A.D. Russell, J. Mats, Sci. 12 1977, 1869

§ G.H. Thomas and 1.M. Stephenson, Silicates Industriel, 1978, 195
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Specification

1 Scope

This British Standard specifies requirements for air cooled
blastfurnace slags up to 40 mm nominal maximum size
for use as coarse aggregates in concrete for normal
structural purposes, and for use in other construction
materials.

The standard includes requirements for blastfurnace slags
cooled slowly in air by the ball, pit or modified pit, or bank
methods of cooling, but excludes requirements for blast-
furnace slags from hematite pig-iron {except when dolomite
is used as a flux in its manufacture) and ferromanganese
production, granulated blastfurnace slags or those treated

in the molten state to produce lightweight products,

e.g. foamed and pelletized slags.*

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

2 Definitions

For the purposes of this British Standard the following
definitions apply.

2.1 blastfurnace slag. The by-product produced simui-
taneously with pig-iron in the reduction of iron ore in the
blastfurnace and composed chiefly of calcium and
magnesium silicates and alumino-silicates.

2.2 hall slag. Blastfurnace slag which has been allowed
to solidify in the ladle.

2.3 pit slag or modified pit slag. Blastfurnace slag which
has been poured in a molten state into prepared pits,
canals or large moulds and allowed to solidify therein.

2.4 bank slag. Blastfurnace slag which has been poured
in a molten state on a bank and allowed to solidify.

2.5 coarse aggregate. Aggregate of which not less
than 90 % is retained on a 5 mm test sieve,

2.6 no-fines aggregate. Aggregate in which there is a
minimum of particles passing a 10 mm test sieve.

3 Sampling and testing

Sampling and testing of aggregates shall be carried out in
accordance with the requirements of the appropriate Parts
of BS 812 and appendices A and B of this standard.

The sample or samples shall be selected before delivery.

Where reference is made to test sieves, these shall comply
with the full tolerance requirements of BS 410.

NOTE 1. The guantity of slag for which one test sample is regarded
as representative is to be agreed between the supplier and the
purchaser.

NOTE 2. It is recommended that samples be taken more frequently
from old bank slags than from slags derived from other sources.
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4 Quality requirements and minimum size
of aggregate for use in concrete

4.1 General

The aggregate shall consist of crushed blastfurnace slag of
which not less than 90 % {or, for 40 mm to 5 mm aggregate,
not less than 95 %) is retained on a 5 mm test sieve,
except that when the aggregate is intended for ‘no-fines’
concrete, not less than 95 % shall be retained on a 10 mm
test sieve. It shall be hard and dense, having a fine grained
crystalline stone texture, free from adherent coatings.
Iron pellets shall not be present in sufficient quantity to
cause surface spalling or staining and there shall be no
other harmful material present in sufficient quantity to
affect the strength or durability of the concrete.

4.2 Bulk density

The compacted bulk density shall be not lower than

1100 kg/m® when determined in accordance with BS 812.
The sample of aggregate to be used for this test shall be
oven dried at a temperature not exceeding 110 °C and
shall pass a 14 mm test sieve and be retained on a 10 mm
test sieve.

4.3 Stability

The aggregate shall comply with the stability requirements
specified in appendix A except that in A.3.1 only
condition 2 shall be used.

4.4 Sulphur content

The percentage of total sulphur shall be not greater than
2.0 % and the percentage of acid soluble sulphate expressed
as SO; shall be not greater than 0.7 % when tested in
accordance with B.2 and B.3 respectively.

4.5 Water absorption

The percentage absorption shall not exceed 10 % when
tested in accordance with the method given in BS 812,

4.6 Flakiness index

The flakiness index of coarse aggregate shall not exceed the
values given in table 1 when determined in accordance with
BS 812 : Part 1. The limit for mixtures of crushed and
uncrushed particles shall be derived from those in table 1.

Table 1. Flakiness index

Grade of concrete* Limits on flakiness index

C75t0C15 no requirement
C20to C35 50
over C35 35

*See BS 5328 for definition of grade of concrete.

*BS 877 provides for lightweight foamed slag aggregates including pelletized slag.
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4.7 Mechanical properties

The 10 % fines value shall be not less than the appropriate
value in table 2 when determined in accordance with
BS 812 : Part 3.

Table 2. Limiting values on mechanical properties
for different types of concrete

10 % fines value
(not less than)

Type of concrete

kN
Heavy duty concrete floor finishes | 150
Pavement wearing surfaces 100
Others 50

4.8 Grading

The various sizes of particles of which an aggregate is
composed shall be uniformly distributed throughout the
mass before loading. The grading of the aggregate shall

be within the limits specified in table 3 when analysed by
the method given in BS 812,

Table 3. Grading of aggregates

Test Graded aggregate Single sized

sieves aggregate
40mmto |20mmto |14 mmto {‘no-fines’)
5 mm 5 mm 5 mm 20 mm

mm % passing | % passing | % passing % passing

375 90to 100 { 100 — -

20.0 35t070 [{90to 100 | 100 100

14.0 — — 90t0 100 | —

10.0 10to40 {30to60 |[50to 85 Otob

5.0 Oto5 Otob Oto5 -

5 Quality requirements for use in other
construction materials

5.1 Bulk density

The compacted bulk density shall not be lower than
1100 kg/m? when tested in accordance with BS 812.
The sample of aggregates to be used for this test shall be
oven dried at a temperature not exceeding 110 °C and
shall pass a 14 mm test sieve and be retained on a 10 mm
test sieve.
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5.2 Stability

The aggregate shall comply with the stability requirements
of appendix A.

5.3 Sulphur content

5.3.1 Bound material. The percentage of total sulphur
expressed as S shall not be greater than 2.75 % when
tested in accordance with the methods described in B.2.

5.3.2 Unbound material. The concentration of water
soluble sulphate shall not exceed 2.0 g/L when tested in
accordance with the method described in B.4.

NOTE. See foreword regarding the risk of pollution of ground water.

5.4 Water absorption

The percentage absorption shall not exceed 10 % when
tested in accordance with the method given in BS 812.

5.5 Flakiness index

The flakiness index of coarse aggregate shall not exceed 35
when determined in accordance with BS 812 : Part 1.

5.6 Mechanical properties

The 10 % fines value shall be not less than 50 kN when
determined in accordance with BS 812 : Part 3.

6 Description

When slag aggregate is supplied as complying with the
requirements of this standard the supplier shall provide
the following particulars:

{a) source of supply;

(b} method of cooling (e.g. whether ball, pit or
bank slag);

(c) whether from foundry pig-iron or basic pig-iron
production.
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