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BS 6699 : 1986

Foreword

This British Standard has been produced under the direction
of the Cement, Gypsum, Aggregates and Quarry Products
Standards Committee,

Blastfurnace slag is the by-product produced simultaneousty
with iron in the blastfurnace and is composed chiefly of
calcium and magnesium silicates and aluminosilicates, It is
granulated by rapid quenching of the molten material.

The resulting granules are subsequently dried and ground
to a fine powder.

Ground granulated blastfurnace slag (g.g.b.s.) has been used
in composite cements and as a cementitious component of
concrete for many years. This standard covers its use in
combination with Portiand cement in concrete, mortar and
grout,

Guidance on its use in concretes, either as a component of
composite cements such as Portland-blastfurnace cement
complying with BS 146, or as a direct addition to the
concrete mix, can be found in BS 5328, BS 6543 and

BS 8110 : Part 1. Guidance on its use in mortar, as a
component of composite cements such as BS 146, can be
found in BS 56262 and BS 5628.

When using g.g.b.s. containing magnesia up to the limit of
14 % by mass with ordinary Portland cement, the magnesia
content of the cement combination may exceed that
permitted by BS 146, i.e. 7 % by mass; however, this will
not adversely affect the properties of the concrete. To
permit a limit for magnesia of 14 % by mass, an upper
limit of 1.4 has been introduced for the lime/silica ratio.
To ensure a suitable and optimum potential benefit from
siag a minimum value of 1.0 has been specified for the
chemical modulus.

There is at present no reliable direct test for sulphate
resistance other than prolonged storage of concrete or
mortar specimens in sulphate solutions; this type of test is
not suitable as the basis for a standard. However,
experimental work and practical experience have shown
that a considerable degree of sulphate resistance is
conferred on concrete containing combinations of Portland
cements complying with BS 12 and g.g.b.s., if the slag
proportion is not less than 70 % by mass provided that the
alumina {Al, 03} content by mass of the slag is less than
15 %. (See BS 8110 : Part 1 and BRE Digest 250.)

in structures where large masses of concrete or cement-rich
concrete have to be placed, there will be a considerable rise
in temperature resulting from the heat evolved as the
cement hydrates: unless suitable precautions are taken to
control the temperature rise, cracking may result due to the
development of tensile stresses during the rise and fall of
temperature within the mass, Combinations of Portland

‘BRE Digest 258, BS 8110 : Part 1, Concrete Society

cement and g.g.b.s. within the composition requirements of
BS 4246 are intended for use in such structures since they
evolve heat more slowly than ordinary, rapid-hardening or
sulphate-resisting Portland cements; BS 4246 stipulates a
minimum slag content of 50 % by mass. The rate of strength
development of such combinations is lower than that of
ordinary Portland cement but the long-term strength is
comparable, If it is required to determine the heat of
hydration of a particular blend of slag and Portland cement,
the method described in BS 4550 : Section 3.8 should be
used. (See BS 8110 : Part 1.)

Advice on the use.of combinations of Portland cement and ~
g.9.b.s. to reduce to an acceptable level the expansion
caused by the alkali-silica reaction may be obtained from
Technical Report Minimizing the risk of alkali-silica .
reaction. Guidance notes and model specification clauses
and the Department of Transport's Specification for road
and bridge works.

Some of the methods of sampling and testing g.g.b.s.

are the same as those used for cement. Sampling is covered
by BS 4550 : Part 1 and certain methods of testing by

BS 4550 : Parts 2 and 3. Where appropriate, this standard
gives only the specification requirements with cross-
references to the appropriate clauses of BS 4550.

Following extensive cooperative tests, counting particles by
reflected-light microscopy has been chosen as the primary
method for determining glass content. Limits are specified
for the numbers of both pure glass particles and glassy
particles, i.e. pure glass particles and particles containing
both glass and crystalline material, As counting glass
particles under a microscope tends to give relatively high
between-laboratory variations, an X-ray diffraction method
for total glass content has also been included for use only

in the event of a disputed failure of the slag to comply with
the limits imposed for microscopical counting.

As the two methods measure glass content according to
different criteria, different limits are specified for them.

It is important to recognize that glass content alone does
not represent a direct index either of strength or of
reactivity.

In addition to the information provided in clause 12,

users can consult the manufacturer of the g.g.b.s. on an
informal basis about the provision of information additional
to that referred to in the standard, e.g. on the chloride and
alumina (Al;O3;) contents.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.
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BS 6699 : 1986

Specification

1 Scope

This British Standard specifies the requirements for the
composition, manufacture and chemical and physical
properties of ground granulated blastfurnace slag (g.9.b.s.)
for use in combination with Portland cement as a
cementitious component of concrete, mortar and grout.
NOTE 1. Granulated blastfurnace slag may be taken to include
pelletized blastfurnace slag.

NOTE 2. 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 definitions
given in BS 6100 : Section 6.1 apply.

3 Composition and manufacture

The g.g.b.s. shall be obtained by quenching molten iron
blastfurnace slag in water (except sea water), steam or air
to produce a glassy granular product, which is then dried
and ground to a fine powder. If a manufacturer wishes to
add propylene glycol to improve the grinding process, it
shall be added to the blastfurnace slag before grinding, so
that the proportion by mass retained after grinding does
not exceed 0.10 %, as determined in accordance with
clause 18 of BS 4550 : Part 2 : 1970.

No other materials shall be added after grinding. Metallic
iron from the grinding process shall not be regarded as an
addition.

4 Fineness

The g.9.b.s., when tested for fineness in accordance with
BS 4550 : Section 3.3, shall have a specific surface of not
less than 275 m? /kg.

B Glass content

When determined in accordance with appendix A, the
number of pure glass particles shall be not less than 40 %
of the total number of particles counted, and the number
of glassy particles shall be not less than 85 % of the total
number of particles counted.

In the event of a dispute as to the failure of the g.g.b.s. to
comply with the requirements for glass content determined
in accordance with appendix A, the total glass content
shall be determined in accordance with appendix B, and
shall be not less than 66 % by mass.

N

6 Compressive strength

A combination by mass of 70 % g.g.b.s. and 30 % ordinary
Portland cement complying with BS 12, intimately mixed
together, when tested in accordance with clause 1 of

BS 4550 : Section 3.4 : 1978, shall have compressive
strengths, expressed as the mean value for three concrete
cubes, of:

(a) at 3 days: not less than 3 N/mm?;
(b) at 28 days: not less than 22 N/mm?.

NOTE. The results obtained with a particular Portland cement will
not be representative of those that may be obtained with any other
Portland cement. |t is recommended that, by agreement between
the vendor and the purchaser, tests be carried out with the Portland
cement to be used in the work.

7 Setting time

When determined in accordance with BS 4550 : Section 3.6, .
the setting times of a paste made from the combination of
g.0.b.s. and ordinary Portland cement given in clause 6 and
of standard consistence (as determined in accordance with
BS 4550 : Section 3.5), shall be:

(a) initial setting time: not less than 45 min;

(b} final setting time: not more than 10 h.

8 Soundness

The combination of g.g.b.s. and ordinary Portland cement
given in clause 6 shall have an expansion of not more than
10 mm, when tested for soundness in accordance with

BS 46560 : Section 3.7.

If the combination fails to comply with this requirement,

a further test shall be done using the same method. For this
test, another portion of the same sample shall be used after
it has been aerated by being spread out to a depth of 70 mm
to 80 mm, at a relative humidity of 50 % to 80 %, for

7 days. The expansion of this aerated subsample shall not
exceed b mm,

9 Chemical composition

9.1 Insoluble residue

The mass of insoluble residue, as determined in accordance
with clause 3 of BS 4650 : Part 2 : 1970, shall not exceed
1.5 %.

9.2 Magnesia

The mass of magnesia, as determined in accordance
with 9.1 of BS 4550 : Part 2 : 1970, shall not exceed
14.0 %.
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9.3 Sulphur

The mass of sulphur present as suiphide, as determined in
accordance with 11.2 of BS 4550 : Part 2 : 1970, shall not
exceed 2.0 %.

9.4 Loss on ignition

The loss on ignition, as determined in accordance with
appendix C, shall not exceed 3.0 %.

9.5 Manganese

The mass of manganese, expressed as Mn, O3 and
determined in accordance with 14.1.4 of BS 4550 :
Part 2 : 1970, shall not exceed 2.0 %.

9.6 Chemical modulus
The value of the chemical modulus:

{Ca0) + (Mg0) + {Al;03)

(Si0,)

shall be not less than 1,0, and the lime/silica ratio
{Ca0/Si0, ) shall be not greater than 1.4: each bracketed
formula refers to the percentage of the particular oxide
by mass of g.9.b.s. {excluding any oxide contained in the
insoluble residue (see 9.1)), as determined in accordance
with the following clauses of BS 4650 : Part 2 : 1970:
4.2 for Si0,, 6.2 for Ca0, 7.2 for Al, 03 and 9.1 for MgO.

10 Moisture content

The moisture content, as determined in accordance with
appendix D, shall not exceed 1.0 % of the mass of dry
g.g.bs.

11 Sampling and tests

11.1 Physical tests

I the g.g.b.s. is to be tested for fineness, glass content,
compressive strength, setting time or soundness, a represent-

BS 6699 : 1986

ative sample or samples of the g.g.b.s. shall be taken in
accordance with BS 45650 : Part 1.

11.2 Chemical tests

If the g.g.b.s. is to be tested for chemical composition or
moisture content, a representative sample or samples of the
g.g.b.s. shall be taken in accordance with BS 4550 : Part 1
and shall be prepared in accordance with 1.2.1 of

BS 4550 : Part 2 : 1970,

NOTE. If a purchaser requires independent tests to check
compliance on delivery, they should be carried out in accordance
with this British Standard. The purchaser should opt for the
sample(s) to be taken either before delivery of the g.g.b.s. or within
1 week of delivery. In either case, the g.g.b.s. should be sampled in

accordance with BS 4550 : Part 1. The tests should be commenced
within 8 weeks of the date of delivery of the g.g.b.s.

12 Information to be provided

A certificate shall be provided, if requested, relating to the
material giving the resuits of the tests for fineness,
compressive strength, setting times, soundness, and the
type and source of Portland cement used in the tests.

NOTE. The certificate is normally provided by the manufacturer
but may be available from a supplier.

13 Marking

For the purposes of identification, the g.g.b.s. shall be
marked in refation to the material delivered e.g. on the bag,
manufacturer’s certificate, delivery note or invoice, with
the following particulars:
(a) the name, trade mark or other means of identification
of the vendor;
{b) the name of the material, i.e. ground granulated
blastfurnace slag;
(¢} the number and date of this British Standard,
i.e, BS 6699 : 1986.

* Marking BS 6699 : 1986 on or in relation to a product is a claim by the manufacturer that the priaie’ Fas been manugcture to the
requirements of the standard. The accuracy of such a claim is therefore solely the manufacturer’s raspeisipility[ Enquiniesas folthe
availability of third party certification to support such claims should be addressed to the appropriate certificationbpdsye . ———
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Appendices

Appendix A. Method of determining the
glassy particle content of g.g.b.s. by
reflected-light microscopy

A.1 Principle

The proportions of pure glass, glassy and crystalline
particles in a representative sample of g.g.b.s. are
determined by particle counting across an etched polished
specimen placed under a reflected-light (metallurgical)
microscope. |n each case these proportions are expressed
as percentages of the total number of particles counted.

NOTE. The test should be carried out by a suitably qualified and
experienced microscopist.

A.2 Classification of particle types

Samples of g.9.b.s. include the following different types of

particle, which can be readily distinguished on etched

polished surfaces under a reflected-light microscope.
(a) Pure glass particles (see figure 1). These particles
comprise only featureless, colourless to light-brownish
glass, sometimes containing vesicles, especially if the
g.g.b.s. is pelletized rather than granulated. Over-etching
will darken the brownish colouration and may create a
stippled surface texture,
(b) Particles containing both glass and crystalline
material (see figure 2). These particles have the same
features as those in (a), but they also contain crystalline
inclusions in variable proportions, The crystalline
inclusions may appear as dendritic formations or may
occur as acicular, globular or rod-like clusters and
discrete inclusions. More rarely, the crystalline inclusions
may be more tabular in shape and may also exhibit
cleavage, Over-etching may cause some of the crystalline
material to exhibit a bluish colouration.
Particles containing dendritic formations are always
classified according to (b) as they certainly contain
interstitial glass.
(c) Crystalline particles (see figures 3 and 4). These
particles comprise only crystalline material, with no
glass content. Discrete particles of native iron and of
oldhamite (calcium sulphide) exhibiting a silvery high
reflectance may be present.
NOTE, If required, native iron and oldhamite may be
distinguished by the use of polarizing filters. In cross-polarized
reflected-light, native iron appears black whereas the oldhamite
appears a light greyish colour.

Any particle that is not in accordance with either (a}, (b}

or (c} shall be classified separately, whether identified or

not.

M 1bL24kL9 0019589 5 W

A.3 Reagents and materials

A.3.1 Abrasive, medium grade, e.g. 26 ym silicon carbide
powder.

A.3.2 Polishing medium, non-aqueous, e.g. analytical-grade
paraffin.

A.3.3 Mounting resin. An epoxy or polyester resin which
sets rigidly when mixed with an appropriate hardener,

A.3.4 Diamond pastes, of the following grades:
14 ym, 6 pm, 3 pm, 1 pm and 0.25 pm,

A.3.5 Ethanol, pure.

A.3.6 Etching solution. A freshly prepared solution of 2 %
by volume of concentrated nitric acid (density 1.40 g/cm3
to 1.42 g/cm® at 20 °C) in ethanol.

NOTE. This solution should not be stored for more than & days.

A4 Apparatus

A.4.1 Grinding/polishing machines®. A machine or series of
machines which can provide both for grinding on a rotating
steel lap with abrasive and for polishing on rotating, high-
speed cloth-covered laps, using a non-aqueous polishing
medium and diamond pastes. The lapping speed shall be
variable between 30 r/min and 350 r/min. A contrarotating
specimen holder is also useful,

A.4.2 Microscope. A reflected-light microscope for viewing
polished specimens in normal reflected light, with the
capability of resolving particles 5 pm or less in size at
magnifications up to at least x650. The eyepiece (or
eyepieces) shall not exceed X 15 magnification. A graticule
cross-wire in the field of view and a facility for attaching an
electromechanical point-counter shall be provided, if
applicable (see A.4.3(a)). Binocular eyepieces, a rotating
stage and polarising filters are desirable,

A.A4.3 Particle-countert of one of the following types.
(a) Electromechanical point-counter consisting of a
specimen holder, attached to the stage of the microscope,
and a separate counter device which activates the
specimen holder to move the specimen a fixed distance
when any one of at least six counters is operated, The
locus of the centre of the cross-wire shall describe a
straight line traverse across the specimen surface. A
‘move-on’ facility, which activates the mechanical stage
without incrementing the total on the counter, is highly
desirable.
(b) Weibel graticule and a mechanical stage to move the
specimen between fields of view.

NOTE. Type (a) is preferable,

A.4.4 Cylindrical mould, at least 25 mm in diameter,
25 mm in height and with a flat base.

A.4.5 Electric oven, with natural ventilation controlled at
105 £ 5 °C.

* For information on the availability of suitable grinding/polishing machines, apply to Enquiry Section, BSI, Linford Wood,

Milton Keynes MIK14 6LE enclosing a stamped addressed envelope for reply.
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+ For information on the availability of microscopes and particle counters, apply to Enquiry Section, BSI, Linford Wood

Milton Keynes MK14 6LE enclosing a stamped addressed envelope for reply.
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