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New developments in applied concrete technology

Current practice: Lightweight Aggregates
for use in Concrete

CONCRETE TECHNOLOGY

Concrete is a material that has been in use in construction since the Roman times, when slaked lime was mixed with pozzolana, a volcanic
ash from Mount Vesuvius. It has come a long way over the last 2,000 years to be one of the most used building materials. Looking around
our built environment there will hardly be a structure that doesn’t contain it, as its versatility, durability and cost-effectiveness continue to
make it a key component in today’s buildings. However, Normal Weight Concrete (NWC) can cause issues during design, as its natural den-
sity is high in relation to its strength, meaning a greater dead weight when compared to other building materials. This can be addressed in
a number of ways, depending upon the required properties of the concrete and its end use.
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By far the largest use of lightweight concre-
te is in the production of concrete blocks.
This may be achieved using activating
agents such as aluminium powder, which
reacts in the slurry mixture of cement or
lime/pfa and water, forming gas bubbles,
to produce aerated building blocks. How-
ever, using lightweight aggregates (LWAs)
in place of dense aggregates can also
reduce the concrete weight, and is com-
monly known throughout the industry as
Lightweight Aggregate Concrete (LWAC)
LYTAG is one such lightweight aggregate,
which uses Pulverised Fuel Ash (PFA), the
by-product from coalfired power stations,
in its manufacture. Pelletising the ash, by
adding a controlled amount of water in spe-
cially designed dish pelletising pans, produ-
ces rounded pellets. These are then heated
on a sinfer strand to a temperature of bet-
ween 1000°C and 1250°C. The resultis a
round, hard, honeycombed structure of
interconnecting voids within the aggregate,
sizes of which range from 14 mm down to
fines.

Lightweight Concrete

LWAC is not just confined to the commodity
market - indeed, with the use of appropria-
te Lightweight Aggregates and good mix
design technology the full range of concre-
te mix types may be produced successfully.
These range from no fines screeds or bon-
ded fills, using just coarse aggregate,
cement and water, with densities in the regi-
on of 1100 kg/m?® and strengths of 6-10
N/mm?, to structural LWAC, using light-
weight coarse aggregate and natural sand,
with oven dry densities in the order of 1750
kg/m?, and strengths up to 70 N/mm?
With today’s admixtures it is fairly straight-
forward to produce self compacting LIWAC
with oven dry densities in the region of
1450 kg/m? and strengths in excess of 40
N/mm? using both coarse and fine LWAs.
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The requirements for Lightweight Aggre-
gates for use in concrete, mortar and grouts
are covered in EN 13055-1 [1], which
came into effect in 2002. To meet the requi-
rements of the standard for LWA, primarily
the material must have a loose bulk density
less than 1200 kg/m*® or a particle density
less than 2000 kg/m?.

A wide range of concrete applications can
use LWAs, although not all types of LWA
will be suvitable for every application.
LWAC is a widely accepted alternative to
NWC, and design requirements can be
derived from BS 8110 [2]. However, it
should be noted that during 2008, the new
Eurocode 2 (EN 1992 1-1 [3]) will begin
to replace this. The concrete standard, EN
206-1 [4], provides guidance on the use of
lightweight aggregate concrete, specifical-
ly with regard to strength class and density
class which ranges between 800kg/m®
and 2000kg/m®.

With good concrete practice a given, a
number of reports covering a wide range of
structures, have concluded that IWAC is
certainly as durable as NWAC, and in
some cases performs better [5, 6].

Using LWA in structural concrete

LWAC is now a standard type of concrete,
regularly produced by most readymix con-
crete producers and some concrete plants
even have LWA for use in structural concre-
te as a stock material. However, it should
be noted that the properties of the IWAC
will be a little different to those of NWC, in
terms of production, transportation and pla-
cement. Specific properties such as gro-
ding, shape, surface texture, absorption,
specific gravity, and reaction to moisture
changes can all affect the handling of the

LIWAC.

It is because of LWAC's different properties
that, in the past, there has been some reluc-

tance in pumping this type of concrete.
Although LWAC containing LYTAG coarse
aggregate and natural fines has been suc-
cessfully pumped for many years, there has
continued to be issues with mixes contai-
ning both lightweight coarse and fines.
However, through advances in admixture
technology the use of LYTAG, in both the
coarse and fine fractions, with consistencies
around 600 mm flow (Consistence Class
F5), it is now possible to pump lower densi-
ty LYTAG LWAC. Once in place, the com-
paction, curing and quality of the concrete
will have more of an affect on its strength
and durability, than the type of aggregate
used in the mix. The added benefit of using
a coarse/fine LWA mix is additional weight
saving - by replacing the natural coarse
aggregate with LYTAG coarse can reduce
insitu concrete density by around 25 per
cent. By combining coarse and fine LWAs,
savings in excess of 35 per cent can be
achieved.

As part of the development of pumpable
and Self Compacting Lightweight Aggre-
gate Concrete (SCLWAC) works trials were
carried out by LYTAG, the results of which
are shown in Table 1 [7].

Using LWA in precast concrete

Precast concrete manufacturers are also uti-
lising lightweight aggregate to increase
productivity, reduce unit weights or to pro-
duce larger units of the same weight.

Lightweight Aggregate is used extensively
by precasters, from smaller concrete pro-
ducts such as lintels, posts and street furnitu-
re to assist with manual handling, to large
scale units for bridges and stadia. Using
just coarse aggregate provides a weight
saving of around 25 per cent over NWC,
leading to significant advantages in pro-
duction techniques, reduced fixings, logi-
stics and crane requirements.  Larger
panels can also be cast, which reduces the
number of joints, speeds up construction
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Tab. 1: Test results for pumpable and self compacting lightweight aggregate concrete [7] and cuts mould costs. External walls also
have improved thermal insulation over

By using both coarse and fine LWA, weight

Mix designation P450 Pump P450 Pump P450 SCC ) 2
. ) savings of over 35 per cent mean that signi-
Mix design ficant manual handling benefits can be utili-
CEM 1 (Kg/m?) 450 450 450 sed in smaller precast units.
4/14 lytag (m°) 0,64 0,64 0,55 The reﬁevelop:er\]/f\/:f Wimbledon Centre
Court has used LWAC precast units as it
0/4 Lytag (m’) 0,55 0,55 0,63 enabled the contractors r(F)) extend within the
Free water/cement rafio 0,44 0,44 0,40 existing building without requiring major
Fosroc Structuro 11180 0,4% 0,4% 0,6% support work to be undertaken to the sur-
Consistence (on site) (mm) 630 530 780 rounding structure and foundations (Figure 1).
+16 1/m? slump flow The same work would not have been possi-
water - 630 ble using NWC, as the structure, as it stood,
S — ——— 580 760 wou.lcltl not hc?/e been able to support the
additional weight.
7 day strength (N/mm?) 30,8 31,6 28,4 Through working with the precast market
7 day strength (geséttigt) (Kg/m?) 1788 1821 1796 and admixture suppliers, LYTAG designed
28 day strength (N/mm?) 41,5 42,9 38,7 the first self compacting LWAC for use in
28 day strength (N/mm?) 40,2 40,9 39,1 walls off: lightweight bo‘throomo pod, being
cast vertically and of thin section meant it
28 day mean (N/mm?) 41,0 42,0 39,0 was impossible to get poker vibration into
28 day density (sat) 1799 1809 1809
28 day density (sat) 1798 1822 1811 | M Andy Doel is Managing Director of
28 day density mean (sat) 1799 1816 1810 . lymg_“d having worked in o V"riety, of
roles in the concrete and aggregate indu-
Concrete density " stry after starfing his career conducfing
7 day density (sat) (Kg/m?) 1795 1818 1801 polymer research.
Oven dry density (Kg/m?) 1444 1463 1450 rwoods@amarguept.com
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Fig. 1: Precast components made from lightweight aggregate concrete for the redevelopment
of Wimbledon Centre Court, UK

the walls, so self compacting concrete was
the only option. The even grading and high
fines content of 0/4mm LYTAG meant that
when combined with LYTAG coarse aggre-
gate and cement a very good grading
curve was achieved. The admixture was a
polycarboxylate polymer based superpla-
sticising admixture specifically for precast
operations and engineered for high-perfor-
mance flowing concrete [7].

Using LWA in civil engineering

LWAs should be considered for use as an
alternative to NWA in series 500 and 600
of the UK Manual of Contract Documents
for Highway Works - Volume 1 - Specifi-
cation for Highway Works. Depending on
the particular LWA, the particle shape and
porous nature of the material means it is
free draining, allowing water to pass
through rapidly and it also has a relatively
high absorption allowing it to soak up
excess water quickly.

LYTAG's GeoHill can be used as a bulk fill
material either bonded with cement or
unbonded. Densities are typically 700 to
900 kg/m?, depending upon the ambient
moisture content, and, compared to NWAs,
reduces the dead load and lateral pressure
on surrounding ground or structures.
Typically it is used in civil engineering appli-
cations as fill, especially around bridge
abutments or near supporting walls, as its
lightweight nature reduces pressure on
Due to the spherical
nature of the Geodill aggregate, minimal
compaction is required when placing, elimi-
nating the need for mechanical compacti-

these structures.

on, reducing time and noise pollution.
Lightweight structural fill can also be produ-
ced by mixing Geofill with cement to pro-
duce a more stable bulk fill.
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Using LWA in screed

Lightweight floor screeds have proved
important where the thickness or loadings
of using traditional sand: cement screed are
a concern. LYTAG no fines screed is a
cement bonded LWA normally used as a
base coat. Where a smooth finished surfa-
ce is required a thin sand: cement topping
is applied. The UK national standard BS
8204-1 [8] covers the use of LWA screeds.
Depending upon the application, a no fines
base coat of 10:1, 8:1 or 6:1 by volume is
used.

This can be bonded to a concrete sub-base,
unbonded or floating over an insulation
layer. The material can be laid in deep sec-
tions and is easily formed to falls. The free
passage of air through the nofines base
coat can improve drying rates over a com-
parable thickness sand: cement screed.
Low shrinkage characteristics (0.04%) and
a A value that is three to four times lower
than traditional screeds all add to the bene-
fits of lightweight no fines screeds.

It was for these reasons that a LYTAG no
fines base coat screed was used in
Heathrow’s new Terminal 5 (Table 2,
Figures 2, 3)). In excess of 125,000 m? of
an 8:1 no fines screed was laid in the
upper hall of the terminal building. This had
a thin sand: cement topping onto which ter-
razzo ceramic floor tiles were laid.
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Financial considerations

The financial implications of using a diffe-
rent material are a critical concern. A num-
ber of research exercises [5, 9] have shown
that whilst the cost of the actual LIWAC may
be higher than NWC, it will not increase
the overall cost of the project, and in many
cases can actually reduce the costs.
Eurolightcon’s report into ‘The economic
potential of lightweight aggregate concrete
in c.i.p. concrete bridges’ looked at the cost
implications of LWAC in four bridges in
Norway [?]. The report showed that the
saving obtained by using IWAC, was up to
2% of the estimated construction cost,
which is significant when the cost of such
projects is considered. This however can
only be achieved if the LWAC benefits are
taken into account from the initial design
stages.

When extensions or remedial works are
carried out, the additional weight added to
a structure needs to be considered. To use
normal weight concrete or screed, could
potentially add significant work and costs
to a project. By using lightweight materials
this can allow the works to be carried out
without the additional constraints. An excel-
lent example of this was the Wimbledon
Centre Court redevelopment referred to
earlier.

Sustainability

Sustainability too continues to be an impor-
tant consideration, and this is especially so
for the construction industry. We all have a
responsibility to meet our current needs wit-
hout compromising the ability of future
generations to meet theirs and using secon-
dary aggregates is one way we can make
a difference. By using such materials that
are recognized and proven, we assist in
diverting materials going to landfill, and
reduce demand for virgin, normal weight
natural aggregates. For example, every
tonne of LYTAG used saves the extraction of
two tonnes of natural aggregate. There is
also a positive impact on our environment

Tab. 2: Properties of LYTAG no fines base coat for Heathrow’s new Terminal 5

Mix (Vol.)

of No-fines

BaseCoat (N/mm?)

10:1 7,0
8:1 9,0
6:1 11,0

Compressive strength

Approx. Dry Density of
Base Coat (kg/m?)

1060
1120
1180
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Fig. 2: Constructing the lightweight LYTAG no fines base coat screed
for Heathrow’s new Terminal 5, UK

’%] Sand : Cement Topping
e h } Lytag Mo Fines base Coat

Concrete Slab

Fig. 3: Basic concrete slab and no fines lightweight screed build up
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as more LWA can be transported in one load, reducing the number
of vehicle movements and associated emissions.

Closing remarks

The evidence shows that LWA are a strong and proven alternative
to NWA in a wide variety of applications. Using LWAC brings a
number of benefits - financial, architectural, technical and environ-
mental and in many cases, using LWAs can produce a concrete that
offers greater structural or performance requirements than NWAs.
In today’s climate, where clients want bigger, better, sustainable
and more cost effective structures, including a LWA is one way to
help deliver on all levels.
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