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At the same time, Government legis-

lation and targets are driving the in-

dustry to build in a greener way from 

the very outset of a project. For example, 

recent proposals to update the Construction 

Prod ucts Regulations in the UK would see 

architects required to consider the sustain-

ability of the products they specify. 

Additionally, new considerations such as 

the possibility of extreme weather and ter-

rorist attacks are continually added to the 

list of factors that today’s architects and 

structural engineers are asked to take into 

account when developing a design. It is un-

doubtedly a complex challenge but there are 

solutions available that can help architects 

and engineers comply with both client and 

Government demands within tight time-

frames. One of these approaches is material 

choice. For concrete this involves selecting 

a type that will suit a project’s requirements 

and will also tick the sustainability box.

Secondary aggregate in concrete
In architecture, weight is a crucial considera-

tion and the high dead-weight of traditional 

concrete can be especially limiting. Using 

secondary aggregate, manufactured from 

materials such as pulverised fuel ash (PFA), 

can create concrete that weighs significantly 

less than that made with natural aggregate, 

but still offers the same structural integrity. 

This combination can allow architects to de-

liver on a variety of fronts including design 

innovation and sustainability. For instance, 

concrete manufactured using Lytag second-

ary aggregate offers a 25% weight reduction 

over traditional concrete so architects and 

structural engineers can access some signifi-

cant design benefits. These can include larger 

structures and greater spans, and a reduced 

number and size of columns because the 

lighter floors need less support. Ultimately, 

building owners and occupiers can enjoy 

maximised usable floor space – additional 

area that can be of great commercial value. 

Lightweight aggregate concrete 
(LWAC)
Secondary aggregate can be used to make 

structural LWAC, with oven-dry densities 

in the order of 1750kg/m³, and strengths 

exceeding 70MPa, achievable using light-

weight coarse aggregate and natural sand. 

It is also common for lightweight aggregate 

to be used in precast concrete, from smaller 

concrete products such as lintels, posts 

and street furniture, to large-scale units 

for bridges and stadia. Lytag lightweight 

coarse aggregate provides a weight saving 

of around 25% over normal-weight precast 

concrete, leading to advantages in produc-

tion techniques, reduced fixings, logistics 

and crane requirements, and by combining 

both coarse and fine lightweight aggregate 

even greater savings are possible. 

Advances in admixture technology and tai-

lored aggregate gradings have resulted in a 

wider range of concretes made using second-

ary aggregate being available, providing ar-

chitects and structural engineers with a great-

er selection to consider. Structural LWAC is a 

widely accepted alternative to normal-weight 

concrete (NWC) and design requirements are 

included in the new Eurocode 2 (BS EN 1992-

1-1)(1). The concrete Standard, BS EN 206-1(2), 

provides guidance on the use of lightweight 

aggregate concrete, specifically with regard 

to strength class and density class which 

range between 800kg/m³ and 2000kg/m³. 

Pumpable and self-compacting LWAC, using 

both coarse and fine lightweight aggregate, 

can be produced with oven-dry densities in 

the region of 1450kg/m³ and strengths in 

excess of 40MPa. As a result of such devel-

opments, even greater weight reductions of 

around 35% can be achieved by combining 

coarse and fine lightweight aggregates. This 

lighter-weight concrete offers opportunities 

for architectural innovation and design that 

AGGREGATES

Lightweight aggregate 
has design benefits

Much is expected of 21st Century architecture – buildings are bigger and better than ever before and 
both space and time have become increasingly precious. Efficient use of space, impressive aesthetics, 

and serving specific occupancy needs are just some of the requirements that clients 
expect architecture to meet. 

Gareth Moores, Lytag, Selby, North Yorkshire, UK

Figure 1: Buildings making up the London skyline have enjoyed 

greater flexibility of design by using lightweight aggregate.

Figure 2: Heathrow Terminal 5 has chosen to use

lightweight aggregate.
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would not be feasible with tradi-

tional concrete.

The Swiss Re building
Concrete made using lightweight 

secondary aggregate has al-

lowed for innovative designs 

and enhanced sustainability 

credentials in the construction of 

many of the UK’s landmark 

structures – ‘the Gherkin’ is just one 

example. De-veloped for Swiss Re and 

designed by architect Norman Foster of Foster 

and Partners, the 40-storey Gherkin building 

opened in 2004. It has been designed to ap-

pear less bulky than other buildings of a com-

parable size, and this was facilitated in part 

by choosing concrete made using secondary 

aggregate. The lighter weight enabled the dis-

tinctive tapered shape of the building to be 

structurally feasible and using the secondary 

material boosted the sustainability creden-

tials of the project, which specified recycled 

materials wherever possible. The structural 

concrete in the 180m-high tower was made 

using 4–12mm Lytag coarse aggregate (now 

4/14mm), and 4/8mm Lytag was used for no-

fines screeds.

From Wimbledon Centre Court to Heath-

row’s Terminal 5, Lytag has been used to help 

meet design and environmental objectives 

in a variety of structural projects. For many of 

these, as well as for the Gherkin, it is the ma-

terial’s lightweight quality coupled with the 

additional performance benefits – such as 

improved thermal and insulation properties – 

that have played a major part in allowing 

architects and engineers to fulfil both client 

and Government requirements.

Environmental credentials
One such requirement that has risen high up 

the construction industry’s priority list over 

recent years is sustainability. Government 

legislation and targets such as halving the 

amount of construction waste sent to landfill 

by 2012, a goal set out in the 2008 Strategy 

for Sustainable Construction, are driving the 

industry towards a more sustainable future. 

There is a role for everyone to play, from cli-

ent and designer to structural engineer and 

contractor. Using secondary aggregate in 

concrete is one way for the in-

dustry to work towards meeting 

sustainability targets, as using 

a sustainable material reduces 

the demand for natural quarried 

aggregate, and also diverts sig-

nificant amounts of waste from 

landfill each year.

Conclusion
Both the versatility and the sustain-

ability of materials are important 

factors for today’s architects and structural 

engineers, particularly as the expect ation for 

more innovative designs and taller structures 

is coupled with greater demands for ‘greener’ 

buildings. Using concrete made with light-

weight, secondary aggregate can make a 

building more sustainable, while also offer-

ing opportunities for design that can take 

architecture forward in delivering innovation 

and efficiency. ■
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Figure 3: Precast concrete units.
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of cranage and puts the concreting, which

is done late in the afternoon, on the criti-

cal path.

For the Lai King project, DTP preferred

to change the sequencing by dividing the

floor plate into two areas only; the wall

formwork panels are handled every two

days and the concrete is poured on the

consecutive days (see Table 2).

This solution brings a lot of flexibility

and removes concreting from the critical

path – a noisy activity that is sensitive to

weather and unforeseen conditions. The

quality is also improved, with more time

being given to formwork adjustment and

gap-filling between panels, and the con-

crete setting time is increased.

Preparation – the key to success

A design-and-build project gives the con-

tractor the opportunity to be involved in

every step of the design process. With its

know-how of site constraints and pitfalls,

it can advise designers about optimisation

and buildability. 

At Lai King, DTP first optimised the

material quantities without jeopardizing

the characteristics and the user require-

REGIONAL REPORT ASIA

Table 1: Typical four-day cycle.

Table 2: Four-day cycle for Lai King project.

Day 1 Day 2 Day 3 Day 4 Day 1 Day 2 Day 3

Area 1 Activity 1 Activity 2 Activity 3 Activity 4 Activity 1 Activity 2 Activity 3

Area 2 Activity 4 Activity 1 Activity 2 Activity 3 Activity 4 Activity 1 Activity 2

Area 3 Activity 3 Activity 4 Activity 1 Activity 2 Activity 3 Activity 4 Activity 1

Area 4 Activity 2 Activity 3 Activity 4 Activity 1 Activity 2 Activity 3 Activity 4

Activity repeated every four days

Seven days to complete one floor

Activities at the same floor

Day 1
Day 2

Day 3 Day 4

Area 1 Activity 1
Activity 2

Activity 3 Activity 4

Area 2 Activity 3
Activity 4

Activity 1 Activity 2

Concreting day
Concreting day

Activity 1: Wall reinforcement, precast façade installation, wallform installation

Activity 2: Wall concreting

Activity 3: Wallform removal, slab form erection, slab reinforcement

Activity 4: Slab reinforcement, slab concreting

Transfer of wall formwork panels

The complex takes shape: detailed planning and co-ordination enabled rapid 

construction on the three towers simultaneously.

The three towers of the

Lai King project. Total

floor area is 76,900m2,

involving 30,500m3

concrete and 2920

tonnes of reinforcement.

The design-and-build

contract ran for 26

months, starting in

November 1999.

Below left: an impressive

night -time shot.
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H ong Kong is known for its shortage of
space, its premium land price and
its fast-track construction pro-

grammes to recoup investment quickly. As

a result, residential buildings 30–50

storeys high spring up like mushrooms.

They usually look very similar because of

design optimisation, a consequence of

construction regulations, and the maxim:

‘the maximum usable area for the mini-

mum constructed area’. Dragages et Travaux Publics (DTP), the

subsidiary of Bouygues present in Asia for

100 years and particularly in Hong Kong

since 1955, has always wanted to bring

innovative ideas and efficient methodology

to shorten the construction programme.

Ten years after DTP had introduced the

four-day cycle in Hong Kong (Pacific Place

Phase II project, 1989), a new step has

been achieved: DTP handed over to the

Government 610 units for junior staff in Lai

Chi Kok District early this year, 26 months

after the award of the design-and-build

contract, by completing successfully a

four-day cycle during construction of the

38-storey towers. The challenge was not restricted to the

achievement of the cycle; it also lay in the

fact that it had to be achieved against a

backdrop of the environmental constraints

of the sensitive residential area (work has

to stop at 7pm) and the commitment to

quality. Both were attained by meticulous

preparation of activities and by employing

efficient methods of construction (precast

elements and metal system formwork).

What does ‘four-day’ cycle mean?
Structural activities are composed of tasks

related to formwork, reinforcement and

concreting for the walls and for the slab. A

cycle is the repetition of all of them from

floor to floor. Logically, a four-day cycle

results from executing all the activities in

four working days; in other words, a new

storey starts every four days. It does not mean each floor is com-

pleted in four days: if the building is

divided into four areas, each floor is com-

pleted in seven days (see Table 1). This

does not consider ancillary tasks, such as

crane climbing or telescoping, inclement

weather or plant breakdown. Typically, in a

four-day cycle, the wall formwork panels

are transferred every day from one area to

the next. This has the advantage of opti-

mising the formwork,but it also
requires
a lot

Efficiency forgovernmentquarters
Careful advance planning enabled Dragages et Travaux Publics, 

a subsidiary of Bouygues Asia, to complete a four-day cycle in order 

to construct three 38-storey towers in 26 months.
Construction of the residential buildings for Hong Kong Government junior staff 

did not depend on using any revolutionary systems but simply by preparing 

meticulously and determining to be efficient.
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