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SUMMARY

Lytag is a synthetic lightweight aggregate which has been in commercial
production for many years. Its production process involves sintering pulverised
fuel ash at approximately 1200-1300°C to produce spherical, chemically inert
pellets with a porous structure, which is graded into coarse, medium and fine
grades.,

Concrete, produced with Lytag coarse and fine material, has been
extensively studied to assess its basic material and structural properties.

Few data, however, are available on concrete made with Lytag coarse material
and natural sand fines. The aims of this investigation were basically two-fold.
Firstly the material properties of Lytag~sand concrete were investigated and an
extensive study of various properties such as strength, moduli of elasticity,
Poisson's ratio, stress-strain characteristics, shrinkage, moisture movement
and creep are reported. Secondly, the structural behaviour of reinforced
Lytag-sand concrete T-beams failing in shear and flexure was also investigated.

As with all concretes, these properties are affected by the constituents
which make up the concrete, in particular the aggregate. With this in mind
microscopic ex;mination of several Lytag pellets was carried out using a scanning
electron'microscope (S.E.M.) in order to observe some of the physical
characteristics of Lytag aggregates in general. An attempt was then made to
relate these characteristics to the water absorption of Lytag aggregates.

The test results show that concrete strengths of 60 N/mm? are easily
obtainable using Lytag and sand, and that in general a lower cement centent 18
required for Lytag-sand, than for other sand replaced lightweight concretes, 1in
order to achieve a given compressive strength. Shrinkage and creep are
comparable with the range of values obtained for concretes made with various

dense aggregates but when compared to concretes made with good quality dense

aggregates values of the order of 1.5 times the dense concrete values are to be

expected.




The nominal ultimate shcar stresses at failure, for the beams tested were

sipnificantly greater than the allowable shear stresses quoted in the British
design code. The instantancous deflection and crack widths at design service
moment are within the maximum recommended values for serviceability and tests
showed that Lytag~sand concrete has a high strain capacity in excess of 4000
microstrain.

Various empirical formulae and design equations are presented and
conclusions are drawn at the end of each chapter concerned with test data.

Limitations of the present investigation and proposals for future work are also

.discussed.
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NOTATION

Symbols which are used constantly throughout the thesis are defined below
which occur less frequently are defined as they appear.

area of tension reinforcement

distance between load point and support; shear span
section width

flange width

web width

concrete: cover

effective depth of section

elastic modulus of concrete

dynamic modulus of elasticity

static modulus of elasticity

cylinder crushing strength

tensile strength of concrete

cube crushing strength

tensile strength by modulus of rupture test

tensile strength by split cylinder test

yield stress of tensile reinforcement

overall depth of section

moment of inertia of cracked transformed section
effective moment of inertia

moment of inertia of gross concrete section about the centroidal axis,

neglecting reinforcement

effective span between supports

applied bending moments

moment due to tensile strength of concrete

moment at first flexural crack
experimental ultimate moment

calculate ultimate flexural moment

ultimate moment for shear beams

link spacing -
time after loading or initial readings

concrete crushing strength

shear strength

shear cracking strength

ultimate shear strength |

maximum allowable concrete shear stress (CP110 (54))
shear cracking stress

ultimate shear stress

neutral axis depth

internal lever arm

longitudinal steel percentage

balanced steel ratio

longitudinal steel percentage based on flange width
longitudinal steel percentage based on web width
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CHAPTER 1

INTRODUCTION

l.1 GCeneral Introduction

Concrete, either reinforced or prestressed, is perhaps the most widely
used structural material; it 1s economical and the raw materials needed for the
manufacture of its constituents are available in most countries throughout the
world.

When compared to other building materials such as steel, however, the
density of a crushed rock or gravel concrefe is high in relation to 1its strength.

Thus the availability of a structural concrete with reduced density has obvious

advantages.

Structural lightweight concrete 1s not a new building material, on the
contrary it has been in existénce for a considerable number of years. Despite

this, and the fact that many investigators have turned their attentions towards
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the properties and behaviour of lightweight concretes, both at home and abroad,

it 1s still regarded with great caution by the majority of practicing engineers

in this country.

To most engineers the word concrete describes a material consisting of
cement, sand and crushed rock or gravel, with a certain water cement ratio,
having an air dry density of approximately 2300-2400 kg]m3 and able to achieve
a wide range of strengths, 15 - 100 +N/mm%,depehding on the relative proportions
of 1ts constituents. Their only contact with lightweight concrete is in the

form of concrete blockwork or floor and roof screeds. Thus an association 1s

¥ ) "
rF , ,

formed between lightweight and low strength.
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It 1s true that not all lightweight concretes are suitable for reinforced

or prestressed concrete work; however most lightweight aggregates are capable
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of producing concretes suitable for reinforced concrete members and several types

of aggregate are capable of producing high strength concrete, 60 + N/mm?, suitable

for prestressing.

Several classifications exist for lightweight concrete and probably the

most comprehensive is that put forward by Rilem (1).
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The classification covers the following:

(a) type of lightweight concrete

(b) type of binder
(c) type of aggregate
(d) type of curing
(e) function.

For the purpose of this thesis, only lightweight aggregate concrete will
be under consideration, unless otherwise specified, It shall be referred to
simply as lightweight concrete while crushed rock or gravel concrete shall be
referred to as dense concrete.

The first organised attempt to promote the use of lightweight concrete,
in the UK, was undertaken*b; the British Reinforced Concrete Association who
held a one-day symposium on ‘'Structural lightweight concrete' in June 1962.

This was attended by over four hundred engineers from both the consulting and

the contracting sections of the civil engineering industry. Over the next ten
to fifteen years, numerous articles appeared in the various construction
journals (2-9), heralding the advent of structural lightweight concrete. There
have been two international congresses on lightweight concrete both held in

| London. The first was in 1968 and the second, CI80, in 1980. In addition to
this researchers in the UK have been investigating the physical properties and
characteristics of the various lightweight aggregates manufactured in this
country (10-15), since the late fifties, but despite these attempts to educate
the construction industry in the virtues of lightweight concrete, its use 1s

still relatively limited in comparison to that of dense concrete.
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Its early use as a structural'material'stemmed*mainly from a need to

| solve specific problems such as a need to reduce a structure$ dead weight

- because of span or poor ground conditions, for example the prestressed cantilever
roofs on the grandstands at Doncaster, Leopardstown and Goodwood racecourses, OT
iﬁ the floor slabs of the new National Westminster bank tower in London. Present
day design and construction knowledge, for lightweight concrete, stems mainly
from the south east of England where the scarcity of good quality natural
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aggrepates has forced the construction industry to look at alternative sources

of agpregates. It is now fair to say that several consultants, contractors and
ready mix concrete companies arc well experienced in the design and construction
of lightweight concrete structures.

The use of lightweight concrete in the USA and Europe has shown that it
has many advantages. Its lower density means that a structure's dead weight
can be reduced with a consequent reduction in the size of foundations. Altern-
atively the dimensions of elements can be considerably enlarged without having
to alter erection systems or craneage capacity; or the geometric shape of an
element can be greatly simplified without increasing its overall weight. The
density of lightweight concrete in air ranges between about 75-85% of that of

dense concrete. When submerged under water, however, the density of lightweight

concrete may be as low as 557 of that for dense concrete (15). This increased
bouyancy has obvious advantages for use in marine structures such as offshore

production platforms and floating docks. Further advantages include the fact
that lightweight concrete is easier to handle enabling larger pours, free from
construction joints to be undertaken. Lightweight aggregates tend to be less
abrasive than dense aggregates thus reducing formwork and plant maintenance
"costs. Lightweight concrete shows better insulating and fire resistance
properties and experience (16) has indicated that for a given fire endurance,
the thickness of lightweight concrete required is approximately 20% less than
traditional gravel concrete. Heat losses through solid lightweight concrete
%‘ walls are reduced by between 20 and 50Z, depending upon the density of the
material. Also drilling, cutting and chasing of lightweight concrete 1s
easier and therefore cheaper.

As with all materials, there are of course disadvantages, not least of
wvhich is the fact that per cubic metre lightweight concrete is generally more
expensive than dense concrete.

This higher cost is made up, basically, of two components, namely:

(a) The higher haulage costs generally associated with lightweight aggregate
delivery to site or ready mix plants. The relatively small number of plants
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producing lightweight aggregates means that, generally, longer haulapge

distances are involved with delivery,

(b) The higher cement contents generally required to reach a given cube
strength, i1n relation to the cement contents of a dense concrete of
similar strength.

Investigations (17, 18) have shown that if a direct substitution of
lightweight for dense concrete is made then costings will invariably favour
dense concrete. It is only when the project as a whole is designed specifically
with lightweight concrete in mind that the savings in foundations, steel and
concrete quantities and handling and erection costs can be appreciated. In some
cases savings are considerable. For example the One Shell Plaza in Houston,

Texas was originally designed as a 35-storey building in dense concrete on a

floating foundation. The design was changed to a 52-storey, 217 m high building

in lightweight concrete, with no increase in the 18 m deep foundation despite

the fact that it rests on a 600 m thick layer of clay.

Other disadvantages include lower sound absorption, higher creep and
therefore prestress losses and greater deflectiohs due to the lower modulus of
elasticity.

Although individual brands of lightweight aggregates are very consistent
in physical properties and characteristics sUbstantiél differences may éccur

between different brands. This has often been quoted as a measure of their
potential unreliability, while the variation in quality, durability and long
term behaviour of concretes made with dense aggregates from various sources,
which 1s considerable, has been neglected. It is important however, that data
be available for all lightweight aggregates and the concretes they produce.
For this reason research projects to investigate the various commercially
available lightweight aggregates in the UK have been undertaken.
1.2 Aims of this Investigation and QOutline of Thesis

The purpose of this project was to investigate the properties and
behaviour of concrete made with coarse sintered-pulverised fuel ash, Lytag,
aggregate and natural sand fines. Chapter 2 is a literature review of available
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information relevant to this project. Chapters 3-8 cover the various propertics
and characteristics investigated and Chapter 9 summarises the limitations of

the present work, the overall conclusions and recommendations for future work.

Each of Chapters 3-8 covers a series of tests carried out to investigate
a particular set of related properties and characteristics and the aims of each
series of tests are described below.

Although Lytag has been commercially available since the early sixties no
work has been reported on investigations of the microstructure of Lytag pellets.
As a part of this project a study of the microstructure of Lytag pellets was made
using a scanning electron microscope (S.E.M.) and this work is reported in
.Chapter 3 along with an attempt to relate, qualitatively, the water absorption
characteristics of the pellets to their microstructure.

Chapter 4 covers mix design and strength characteristics of Lytag-sand
concrete. A mix design chart is derived for compressive strengths ranging from
20 N/mm?® up to 60 N/mm?. Long term compressive strength characteristics and
short term tensile strength characteristics are also reported.

Chapter 5 covers the short term deformation properties of Lytag-sand
concretes for strengths ranging from 20 N/mm? up to 60 N/mm?. The properties
investigated included the static and dynamic moduli of elasticity and Poisson's
ratio. A series of tests was also carried out to obtain the complete stress-
strain curves for concretes of different compressive strength.

The results of a series of tests to investigate the long term deformation
properties of Lytag-sand concrete are presented in Chapter 6. The shrinkage,
creep and moisture movement properties were studied for three different concrete
strengths. Shrinkage specimens were curved under four different conditions
while creep specimens were cured under constant temperature and humidity only.
For each cube strength studied, two specimens were loaded pér creep rig with two
rigs at different stress-strength ratio's being used. Moisture movement
specimens were subjected to cyclic drying and wetting in order to determinme its

effect on the volume and density stability of the concrete.

Chapter 7 covers tests carried out to investigate the shear behaviour of
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Lytag=sand concrete T=beams. Three of the more important parameters which

cffect the shear behaviour of reinforced concrete beams were varied, namely the

shear span-effective depth ratio, the longitudinal steel percentage and the
concrete strength. Four shear span-effective depth ratio's, six longitudinal
steel percentages and three concrete strengths were investigated and a total of
thirty three beams were tested.

The last chapter dealing with test data, Chapter 8, covers tests carried
out to determine some of the flexural characteristics of Lytag-sand reinforced
concrete T-beams. Two concrete strengths and six longitudinal steel percentages
were used with a total of six beams being tested.

Conclusions are drawn at the end of each chapter with a summary of

limitations of the present work, conclusions and recommendations for future

work being presented in Chapter 9.
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CHAPTER 2

LIGHTWEIGHT AGGREGATE CONCRETE: A LITERATURE REVIEW

2.1 Introduction

In this chapter, an up to date review of the literature available on
structural lightweight concrete is presented. It begins with an account of the
history and development of lightweight aggregate concrete which is followed by

a review of past research in both the USA and the UK. The main conclusions
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concerning the general properties of lighweight concrete are summarised. This

is followed by a review of past research concerned with investigating the effects
of sand replacement on the properties and behaviour of lightweight concrete and
‘again a summary of the main conclusions is presented. Finally a review of the

various design procedures and guidelines for lightweight concrete, given in the
American and European design codes, 1s presented.
2.2 History and Development

Lightweight concrete is by no means a new material. Probably its earliest
use, in a structural form, was as far back as Roman times. In the second century
AD the Romans constructed the Pantheon in Rome. The outstanding feature of this
building is its 43 m diameter domed roof, composed almost entirely of cast-in-situ
lightweight concrete made with pumice aggregate. A similar type of concrete was

used in the construction of the Colosseum, also in Rome.

The first larée scale use of lightweight aggregates, for concrete, occurred
during the First World War when a number of lightweight concrete ships and barges
were built in both the UK and USA. With the war over, however, and the shortage

of steel no longer a problem, the use of lightweight concrete was all but aban-

doned.

Possibly the most important development in the history of lightweight
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concrete occurred in America. In 1918, Mr. S. J. Hayde patented a process for
manufacturing lightweight aggregates by expanding clay in a rotary kiln. The
market did not develop significantly until after 1945 when there was a rapid
expansion in the use of lightweight concrete throughout the USA. In 1957
Shideler (19), reported that most of the 41 plants producing lightweight
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agpregates from shales and clays, at that time, had only been built in the post-

war years. There were also 18 plants producing lightweight aggregates {from slag.

Despite the fact that at the turn of the century, clinker from the then
new solid-fuel-fired power stations was being used on a commercial scale in the
UK, it was not until 1944 that the first British Standard specification for
clinker aggregate, BS 1165 (20), was published.

The first processed lightweight aggregate in Great Britain, foamed blast
furnace slag, came into commercial production in 1935 and a covering British
Standard, BS 877 (21), was published in 1939. However, it was not until the
1957 edition of CPl14 (22), 'The Structural use of Reinforced Concrete in
Buildings', that mention.was;made of foamed slag, to BS 877 (21), and natural
pumice as allowable aggregates for use 1n structural lightweight concrete.
Pumice had been imported in small quantities before 1939 when imports ceased.

They did not restart until 1966.

In 1954 commercial production of an expanded clay aggregate, 'Leca',

began in Britain. This was followed in 1957 by 'Aglite' a sintered colliery

shale and clay mix; in 1961 by 'Lytag' a sintered pulverised-fuel ash and in
1966 by 'Solite' an expanded slate.

The revised edition of CPl14, 1965 (22), stated that foamed slag to
BS 877 (21), expanded clay, slate shale or slag, sintered pulverised-fuél ash
and other types of suitable aggregate were now permissible materials for use as
lightweight aggregates.

Thus, it can be seen that suitable standards covering quality control and
design were slow in coming. This was probably due to the comparative abundance
of natural gravels, sands and crushed rock was well as the lack of understanding
of the potential of lightweight aggregates for use in structural concrete.

By the late fifties, early sixties, therefore, the UK was producing
several lightweight aggregates but their use was restricted mainly to the
production of lightweight concrete building blocks. Production has increased

since then to some 1.5-2.0 million tonnes, annually.
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2.2.1 LiEhtwciEht Agprepate Production in the UK

One of the advantages of lightweipght aggregates i1s that they can be

manufactured from a variety of waste materials which are produced in this
country.

Table 2.1 lists the quantities, disposal and use of common waste materials
produced in Great Britain in 1978 (23). Table 2.2 shows the estimated aggregate
production (dense and lightweight) in Great Britain in 1978 (23). It can be
seen that recycled waste materials only contribute a very small proportion of
the sum total.

Table 2.3 and Figure 2,1 show the locations and annual productions of
Britains lightweight aggrega}e*manufacturers (23). There are a total of 15
aggregate production plants in Great Britain grouped mainly in the North of
England and the Midlands. This in itself may explain why the use of lightweight

- concrete is not more widespread. The cost of lightweight aggregates delivered
to ready mix plant or to site is generally greater than for dense aggregate.

This is accounted for mainly by the longer haulage distances associated with

lightweight aggregate distribution. Coupled with this is the fact that many
areas of the North of England and the Midlands, such as the Trent valley region,
still have plentiful supplies of easily accessible sands and gravels.

However at a time when conservation of the landscape is such a prominent
issue, it seems unthinkable that we should not utilise the vast spoils of

 ~ potentially recyclable materials available in this country.

2.3 General Properties of Lightweight Aggregate Concrete

The state of the art in terms of the use of lightweight aggregate concretes
is well advanced, and it is probably fair to say that more is known about
individual lightweight aggregates than any single type of natural aggregate.
This has been brought about by the detailed investigations of many different
types of lightweight aggregates, reported by researchers in the USA and the UK.
The realisation that different brands of lightweight aggregate exhibit their own

individual characteristics has led to the production of data on each aggregate

type.




Colliery
spoil

Pulverised
fuel ash

(pfa)

Furnace
bottom
ash

China
clay
waste

Blast
furmace
slag

Amount
Stockpile Used

M. Tonnes M. Tonnes
per Year

Production
M. Tonnes

Disposal

M. Tonnes

per Year per Year

LA, 42

50 bricks, on land
fill and sea
LWA, fill, { >-6
agoons
11 cement
replacement and old
P workings
concrete,
.5 not known | most used | blocks, lagoons
fill
brick tiooin
22 manufacture PPLNE,
lagoons
LWA, filter
10 not known media,

etc.

TABLE 2.1 APPROXIMATE QUANTITIES, DISPOSAL
AND USE OF THE MAJOR WASTE MATERIALS

IN GREAT BRITAIN (23) 1978

Million Tonnes

Sand and gravel

Marine dredged aggregate
Crushed rock

Furnace bottom ash
Furnace clinker

Manufactured lightweight aggregates

TABLE 2.2 ESTIMATE OF AGGREGATE PRODUCTION
IN GREAT BRITAIN (23) 1978
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No. of
Plants

Production
(m3 x 1000)

Location

ABETSgRt (Fig. 2.1)

Aglite 200

Foamed slag 300

Foamed slag
(pelletised)
Lycrete, Pellite

300

Leca 250

Lytag 550

Sintag 200

Taclite 150
50

TR TP S ik

TABLE 2.3 LOCATIONS AND ANNUAL PRODUCTION OF BRITAINS
LIGHTWEIGHT AGGREGATE MANUFACTURERS (23) 1979
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In this section a review of past rescarch i1s presented. The following

chapters cach contain a comprehensive review of rescarch relevant to the topic
under discussion.

2.3.1 Previous Research in the United States

Probably the earliest investigators to concern themselves with the
properties of lightweight concrete were Richart and Jensen (24), who carried out
a series of tests on concrete made with Haydite aggregate. The investigation
was divided into twé groups of tests concerned with the properties of the

aggregates themselves and the properties of concrete made with them. Their main

conclusions include the following:

1. Whiie concrete made with Haydite aggregate generally required greater water-
cement ratios for similar mixes and equal slumps, the relation between
compressive strength and water-cement ratio of Haydite concrete does not
differ greatly from that for gravel concrete.

2. For beams without web reinforcement, which failed by diagonal tension, the

ratio of the shearing unit stress to the compressive strength of control

cylinders was practically the same for corresponding mixtures of gravel and

Haydite concrete.,

3. The ultimate strength of reinforced concrete columns made with Haydite
concrete varied between 84 and 108% of the values for corresponding gravel
concretes for tied and spiral reinforcement cages respectively.

4. The modulus of elasticity of Haydite concrete is approximately 55Z of that
for corresponding gravel concrete for the considerable range of mixtures and
consistencies tested.

Washa, Kluge, Carlson and Valore (25) presented a condensed early history
of the use of lightweight aggregates in 1956. Washa and Kluge (25) investigated
the structural properties of lightweight concretes as part of the work of A.C.I.
Committee 213 after 1948, Washa (25) concluded that:

1. The modulus of elasticity of structural lightweight concrete varies between

about 50 and 677 of that for comparable gravel concrete.
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2, Drying shrinkapge is variable, for lightweight concrete, usually ranging
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between 0.01 and 0.507%.

3. The coefficient of thermal expansion of lightweight concrete is usually
about equal to that of gravel concrete.

Kluge (25) attempted to correlate all the available test data, published
and unpublished and presented this as a guide in the use of lightweight aggregate
for structural concrete, in 1956. The main conclusions are as follows:

1. The unit weight of the concretes increased with increase in strength. At
high strengths the rate of increase was relatively small.

2. The modulus of elasticity data for thevafious concretes considered showed
similar values to thoselyeported by Richart and Jensen (24).

3. The bond strengths reported vary widely, mainly because of a lack of
standard test procedure. Calculated values of bond stress from pull out

tests were 50Z or more than required by ACI-318-51 (26).

4., There were very few data available on the shearing resistance of lightweight

concrete. Shear strengths were 60 to 3007 above those required by the 1951

ACI Building Code (26).

For a number of years tests were carried out on various lightweight
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aggregates at the Portland Cement Association. Early tests were reported by
f Shideler (19). An extensive series of tests were carried out on concretes made
: with eight different lightweight aggregates and one gravel aggregate. Concrete
mixes were designed to produce compressive strengths of 21 N/mm? and 31 N /mm?

for all aggregates and 48 N/mm? and 69 N/mm? for three selected aggregates.

Data reported include mix properties, compressive and flexural strengths,

modulus of elasticity, bond, creep and drying shrinkage. The main conclusions

are as follows:

1. The various lightweight aggregates produced concretes with unit weilghts

: ranging from 1440 to 1760 kg/mﬁ. Expanded shale aggregates from rotary
kilns produced the lower weight concretes whereas expanded slag and sintered

shale aggregates produced the heavier lightweight concretes.
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E 2. For 21 and 31 N/mm? concretes, the modulus of clasticity varied between 53

and 827 of that for comparable gravel concretes.,

J. The flexural strengths of the lightweight and sand and gravel concretes were

approximately equal at early ages, but after 28 days the sand and gravel

concrete showed greater strength gain with continuous moist curing than did

the lightweight concrete.

4. Bond strengths of some of the lightweight concretes were approximately equal
to those of the sand and gravel concretes. The position of the bar was an
important factor in the development of bond. In the 21 and 31 N/mm? series,
all specimens, with a single exception reached bond stresses in excess of
6 N/mm?. For the high strength series all specimens failed at bond stresses
in excess of 10 N/mm?. .

5. The creep of lightweight aggregate concrete of 21 N/mm? was between 84-145%
of that of comparable gravel concrete. For the 31 N/mm?® concrete the range
was between 100-175%, and for the 48.5 N/mm? concrete the range was between

6. In the lower strength series, 21 N/mm%, at age 6 months the drying shrinkage
of the lightweight concretes stored at 507 relative humidity was between
95 and 1382 of that of the sand and gravel concrete.
In a follow up to Schidelers work at the P.C.A., Hanson (27,28) reported
on the shear capacity of lightweight concrete beams. The test data showed a

good correlation between the nominal unit shear strength of the beams and their
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associated split cylinder tensile strengths. Nominal unit shear strengths for

the lightweight beams varied between 60 and 100Z of the values for comparable

L
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gravel concrete beams.

Greib and Werner (29), reported results from an investigation into the
effect of curing conditions on the tensile and compressive strength properties
of various concretes. Tests were carried out on ten different types of light-
weight aggregate concrete and comparable crushed rock and gravel concretes.
Specimens were cured under two different environments, namely moist curing

until testing at 28 days or moist curing for 7 days followed by alr curing at
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23°C and 507 relative humidity until testing at 28 days. The main conclusions

are as follows:

B

The ratio between the averapge tensile splitting strength and the average
flexural strength for specimens cured in moist conditions and tested between

7 days and 1 year was 67%Z, 627 and 767Z for crushed stone, gravel concrete

and lightweight concrete respectively. The ratio of the tensile splitting
strength to compressive strength was 10.77, 10.87% and 8.07 respectively.

For specimens cured in air after 7 days the 28 day tensile splitting, flexural
and compressive strengths were 697, 387 and 967 respectively of those for
continuously moist cured specimens. One year values were 907, 572 and 82%
respectively.

In 1979, Committee 213 of A.C.I. published a report (30) giving guidelines

for the use of structural lightweight aggregate concrete. The aim of the guide

was to summarise the knowledge on lightweight concrete then available. The

physical and mechanical properties of structural lightweight aggregate concretes,

described in this report, can be summarised as follows:

1.

5.

Depending upon the source of material, structural grade lightweight concrete
can be obtained with unit weights in the range 1440~1840 kg/m?.

Generally the modulus of elasticity for structural lightweight concrete 1is
considered to vary between 50%Z and 75% that of sand and gravel concrete of
the same strength.

A wide band of creep values can be obtained for various lightweight concretes
some higher, some lower than comparable gravel concretes. The spread of
results reduces markedly as the 28 day compressive strength of the concrete

increases.

Low strength lightweight concretes generally show higher shrinkage than
comparable gravel concretes. At higher strengths, however, some lightweight

concretes exhibit lower shrinkage.
Lightweight concretes show lower thermal conductivities and coefficients of
thermal expansion. Heat losses through solid walls range between 50-80Z of

values for comparable gravel concretes, depending on density.
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6. Structural lightweilpght concretes are more fire resistant than normal weight

concretes because of their lower thermal conductivity, lower coefficient of

thermal expansion and the inherent fire stability of an aggregate already
burned to over 1100°C.
2.3.2 Previous Research in the United Kingdom
There are, today, a number of different brands of lightweight aggregates
commercially available in the United Kingdom and these are listed in Table 2.4,
along with some of their basic properties.
Lydon (13), published a review of research, in progress or planned, in
1976 along with a bibliography of selected publications dealing with lightweight
concrete in the UK.
The Building ResearcéStationmwere probably the first organisation.to
actively study a variety of commercially available lightweight aggregates,
including foamed slag, Aglite, Leca and Lytag, back in the late 1950's. Work

on mix design, lightweight aggregate production processes and the behaviour of

concrete block walls have been reported as recently as the mid 1970's (13).
The bulk of the remaining work, either reported or in progress is being

carried out by various research and educational establishments, mainly the

Universities. Of these there are three which have reported work relevant to

this project, namely Leeds, Sheffield and University of Wales Institute of

Science and Technology, (UWIST).

2.3.2.1 Research at the Building Research Station (B.R.S.)

Early work at the B.R.S. was concerned with investigating a wide range
of concretes made with various aggregates, as mentioned above, and the first
results were reported by Short (31) in 1959. This was followed by reports from
Teychenné (11,32), Grimer (10) and Taylor and Brewer (33).

Their conclusions can be summarised as follows:

1. The workability characteristics of lightweight aggregate concretes differ

somewhat from those of sand and gravel concretes, but there is no difficulty

in producing lightweight concrete suitable for full compaction under site

conditions.
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