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PREFACE

The housing problenm in developing countries has, in recent
yeare, received increased attention by various nactional and
international organisationa,

Population growth and an obvious trend towards rapid urbanie
sation have made apparent that the finding of a solution to
this problem is a Batter of greatest urgeney,

Its solution {s pethaps uniquely important since it is, at
the same tive, o prerequisite for policical atabilicy end o
basis for continued economic growth,

An inereasing urbanization is also a characteristiec feature
of many developed countries In the vake ~f mass migration
from rurel to urban life, the housiag industry, in these de-
veleoped countries, has introduced technically and economi-
eelly sophisticated methods of manufacturing and marketing,
A number of attempts have been made to transfer these rela-
tively advanced methods directly ¢o areas vhich are aov {n
their initial phase of induatrialisation,

Neay of those attempts have unfortunately resulted in disap-
voiatment and loss of invested capital, the applied schemes
being unrealistically costly and out of line with local cus~
toms and habits,

It is important that the introduction of nev manufacturing and
spplication techaiques i carefully planned in cooperation
with local participants, i{n order to ensure that the end
product is commensurate vith locally prevalent cultursl tra-
ditions and existing infrastructures,




In most regions, the level of urban and industrial develop-
ment is reflected in the loca'ly existing infrastructures as

well as in the prevailiug censiruccion methods,

Somewhat simplified, we may thus distinguish between threes
lsvels of development:

‘2

A, The villags structurs wvhere traditional technical mathods
are employed in the field of housing construction, '

- t.,,

B, Building areas vith lov rise urban character whaere sectivi-
ties in housing construction are dominated by small scale
industry using intermediate technslogy,

City and urban areas of high and lowv rise cha=

'";E :a: racter with larger industries and odv-necd tech-
s nology., ' ;
»
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Bach particular dsveloping ares may demand a different ap-
proach, and a thorough investigation of potentisl market for
Aerated Concrete should therefore preceds the selection of manu~

facturing and application techniques to bs introduced in that
ares,

Our purpose here will be to illustrate why Aerated Concrete is
8 building material for developing countries and how it meets ths
needs and requirements of the local construction msrkats.,




As the necessary raw matarials are, in face, readily available

in most countries, and since the basie manufacturing process

is nearls identical for all Aerated

Ranufacturing program is uniquely adaptable ¢o various
industrialized application,

dcgrees of




AERATED CONCRETE AND ITS MANUFACTURNE

FPig. bl, 2Zig-zag pattern and smooth surface of various aerated
concrete products,

Aerated Concrete is a precas: lightweight concrete, steam cured
and made from similar materials as regular dense concrete.

Its low weight, good workability and high thermal insulating
value are due to the small and uniformly distributed air cells
it eontains,

The steam curing process, which is accomplished in autoclaves,
ensures good physical strength of the material and high dimen~
sional stability, in spite of its low wveight,
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A= Raw Materjials

The bulk of the raw materials for Aerated Concrete can vary
within wide limits, and, in most cases, it i3 possible to adjust

the manufacturing process to locally available products and
minerals,

The production in Denmark is based on quicklime, Portland ce-
ment, quartz sand and fly ash, The choice of fav materials has
hera been dictated by local availability, Quality demarnds of
the and product and pProcessing economy,

In England and other coal producing countries it vas found fea-
sible to produce Acrated Concrete on the basis of fly ash and
Portland cement,

Quarts sand of reasonable purity and free of clay is the most
common silica raw material,

Ply ash, a waste Product from coal fired Pover generating sta-
tions, or blast furnace slags are other alternatives.

Sand, fly ash or blast furnace ¢lags may be used individually
or in cowbination, depending on the Properties of the matarial,

Ply ash con normally be used without further procession where-
4% quartzs saand and blase furnaca slags must be ground to a fin-
eness almosr similar to that of Portland cement,

Portland cement and quicklime are suitable binders, In coun~
tries where an adequata supply of qualitatively satisfactory
lime 15 available, a combination of those two natarials can be
used,

It is possidle to produce Aerated Concrate, using Portland cament

alone as binder, provided that cement of uniform quality can be
produced or delivered,

Aluminum povder, which is used in small quantitiea, ie obtained

from eupplicers in Europe manufactured according to epecifications
for Aerated Concrete,




A number of other additives are incorporated in small quanti-
‘ties for the purpose of controlling the process and to ensure

"'a uniform .inished product,




AERATED CONCRETE PROCESS




b~ The Manufacturing Process

On pape b4, we have illustrited the manufa turing process
for a plant in Denmark,
The production is here based on sand and fly ash as bulk raw
materials, and quicklime and Portland cement as binders,
Ground sand and fly ash arrive as a slurry at the mixing sta-
tion where the binder components are also added,
Aluminium powder is then accurately proportioned into the amix,
1t acts as an aerating agent and causes formation of hydrogen,
a8 a result of its reaction with the binder components.

The finished mix is poured into suitabfe forms and moved to

the waiting room where the gas-forming éegétion causes the nmass
to raise to a predetermined height, The gas is entrapped as
small spheres in the mass and is thus reiponsiblp for :hp.po-
rous chavacter and low weight of Asrated Concrcta. The density
of the end product is predetermfﬁable and depends upon thh wixing
formulae, It follows that it can be adjusted to suit the ap~
plication for which the mix is designed, ’

When the mass, in the waiting room, has hayrdened to a senmi-
plastic conaistence, it s divi?:d into units cf suitable size
by cutting machines of various designs,

The surface of blocks shows usually a characteristic sig~sag
pattern, '

Slabs and panels -show a smooth surface, requiring a ninimus
additionsl surface treatment, '

The figﬁro b1 {llustrates the various surface patterns, aand the
pore structure of Aerated Concrste,

After the cutting process, the moulds are transferrsd on eriéis
"into one of the large autoclaves, Steum pressure is them, by

a predctermined schedule, raised to 10 ato, with a ccrr&ipon-
ding temperature of 180 degrees Centigrade,

A'pughig_gf complex hydrothermal reactions take place in the

autoclavs and convert the amorphous mass into a microcrys~




talline structure,
eilica from sand or
of hydrated calcium

The curing time, in
hours, depending on

After relieving the

Under this process, quicklime combines with
ash and forms & binder phase consisting
silicates,

the autoclave, varics bdetween 7 snd 20
the density, shape and size of the product,

steam pressure, the moulds are removed

from the autoclave and further curing is aot required,

Although the product, ot this time, contains some moisture,

no drying time is required, and it may thus be shipped directly
from autoclave to building site and used after cooling dowa to
wormsl temperature, i
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c- Physical Pronerties of Aerated Concrete

The great succes of Aeratec Concrete as a building material
{s attributable to the fact that it may be easily cut, sawn and

worked with carpenter's ordinary toocls.,

Like most of its other properties, the workability of Aerated
Concrete is closely related to its pore structure and low den-
sity, The material can be produced with densities ranging from
400 to 900 kilograms per cubic meter,

The lowv density of Aerated Concrete veduces the cost of trans-
portation and gives a plant an increased marketing range in com-
psrison with heavier materisls as clay bricks, sand-lime bricks
and prefabricated ordinary concrete,

The low density makes it possible to use simple and light
equipment for erection of prefadbricated panels and slabs at the
building site,

Lightwveight concrete panels and slabs reduce the dead load and
gives considerable savings in the loadbearing structure and
foundations of high-rise buildiags., This fact is of specisl
importance, vhere foundation-conditions are unfavourable.

Aerated Concrete with low unit
veight is suitable for applica~-
tions where high insulating va=-

1ue combined with moderate me-
chanical strength are desirsd,
and a greater umit weight is

chosen where mechanical strength
is of major importance,

A conciderable variation of physi~

w
cal characteristics is thus pos- §} - gn g;
sidle for Aerated Concrete, and g Q}% R4 ::!g 3’%‘ g%
‘ a S LR R
this makes it a very attractive [§§ Eg §§ ?g 128 ‘ua

multi-purpose construction ma-

terial, AERATED CONCRETE DENSITY COM-
PARED WITH TRADITIONAL MATE-

RIALS' ONE
'




The diagrams illustrate some of the physical properties of

Aerated loncrete in relatior to its density
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The lov thermal conductivity is of great value in areas with
extreme climatic conditions, 1In cold areas, it reduces the
cost of heating and, in hot climates, it improves living com-
fort by delayineg heat transfer from the outside.

In this and many other aspects, Aerated Concrete is superior to
many traditional wall constructions, such as adobe bricks,
hollow concrete or clay bricks and similar materials,

When air-conditioning is used, the low heat-transfer value
(K=value) of Aerated Concrute results directly in substanctial
savings, oving both to reduction in power consumption and
difference in installation costs of smaller air-condition-
ing units versus larger ones,

The actual savings should be calculated on the basis of lo~-
cal price patterns,
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The K-value in kcal/m? * h *°C
of some external wall construc-

tions may illustrate this point:

The steam-curing process is res-
ponsible for the exeptional vo-
lumetric stability of Aerated
Concrete.

The linear shrinkage, on drying
from water saturated to comple~
tely dry, smounts to 0,2-0,4nm/m,
In practice is the variation in
moisture content smallsr and the
effective shrinkags is 0,1 -
0,2 nn/nm,

The pors structure of Aeratad
Concrete deviates radically
from that of ceramiec materisls,
This is due to the presence of
large cells vhich reduce capil-
lary sction considerably in com-
parison to most other comstruce
tion materisles.

thickn Iwall ennslruction ‘ype n value
J0cm |aeh concrets piastered o both sices 0,66
e B

2)em 0,81
19 cm 9,9

I0cm |cavity wall with hack wall of insulating
Dricks, p astered internally

1,06

b —
Joem jcavdy wall with flamed breck back
[ wall plaste:ed internally

1,35

WATER ABSORPTION AFTER
HOURS EXPOSURE

Ceramic Block Aerated

THREE
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FIRE TESTS ON AERCONCRETE WALL PANELS
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Its inorganic structure and low
heat transmission value duve to the
high porosity gives the Aerated
Concrete material excellent fire
resisting qualities.
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APPLICATION AND APPLICATION TLCHNTIOUTS

a- Application and Manufacturing Propramme

A large variety of Aerated Concrete products has been develo-
ped over the ycars, and this variety now covers all stages of
traditional and industrialized applications. This is the main
reason for delieving that it can readily and successfully be
{introduced, also in areas where traditional or intermediate
technology now dominates the construction industry. A block
factory will thercfore, in such areas, normally be recommended
{nitially, The production of Aerated Concrete blocks is technical-
ly comparatively gimple and they can be readily introduced in
competition with traditional building materials.,

The introduction of Asrated Concrete blocks does not require ma-
jor training prograus for local labour in the proper applica-
tion technigques. A production of blocks, being limited to

fev sizses and types of products, makes the maintenance of

stock manageable,

Aerated Concretes has also, in addition to its use for the manuface
ture of building blocks, been successfully adapted to the more
advanced construction methods. The use of larger prefabricated
units and load bearing structural elements, has become increa-
ningly emphasiszed.

The development of reinforced Aerated Concrete has made it po-~
ssible to produce a large number of products which combine good

structural properties and hign thermal insulation with low unit
weight,

The building and construction industry has taken advantage of
these developments, with the result that Aerated Concrete is
sov used extensively.

Aerated Concrete products have also been sussessfully adopted in

sreas where earth-quakes are frequent by placing 10 mm steel~-
reinforcements in joints between vertical slabs, The steel is

_
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anchored in dense concrete beanms,

The manufacturing program includes a large sel:ction of rein=
forced beams, floor, roof and ceiling slabs as well as parti-
tion and exterior wall panels with various designs and degrees
of finish, A’densiry of between 500 - 800 kg per cubic meter is

normally preferred for use in reinforced Aerated Concrete pro-
ducts,

When considering an extension of an Aerated Concrete manufacturing
program to include reinforced products, a thorough knowledge

of the potential market {s an important prerequisite to the
salection of a feasible production and to ensure optimal re-

turn on investments, The importance of this cannot be overem-
phasised since considerable capital outlay is required, not

only for manufacturing equipment, but also for the maintensnce of
& reasonable stock of a large variety of finished items.

The local modular system, building customs and preferences should
guide the choice of standard items to be carried in stoek,
Obviously, the combinations of varioues sizes, shapes and

finiahes leads to a nearly infinite number of different pro-
ducts,

It may be of interﬁct here, to point out that reinforced bdoams
and lintels for doors and windows area ecasily made in standard
block equipment, Such products supplement the sales program for
blocks and are resdily introduced on existing markets, These
rclativcly simple reinforced products thua provide a aatural
first step towirdl the inclusion of larger and more complica-
ted tcinfogced elements in the manufacturing program,

Despite the higher cost of reinforced products, substantial ea-
vings can be obtained in form of shorter erection time and re-
duced expenditure of manual labour, But here again, it is im=-
portant to select types of products and application techuology

vhich are commensurate with the capacity of the local construe~
tion * ‘us: -y,

A production of slabs and wall panels of various designs may




be seriously roasidered where short creciion time aund cconomy
with labour expenditure are inpertant factors. This oftea
coincides with a risicy doaand 0o hutidinp matvrials with a
higher degree of finish, The etecl reinfarcement used in slabs
and panels is comparativeiy inexpensive, and the magnitude of
such manufacturinp progran is still at a manapeable level,
Moderate investment in cranes and other handling equipment is
now required at the building gite in order to ensure speedy
erection and to prevent damage to the s5lahs and wall elements.
Structural slabs and panels of Aerated Concrete have big mar~
keting possibilities in arcas with unfavourable foundation
conditions.

Exieting block facilities can, at moderate cost, be expanded
for this production and certain specialty items may be made,
wsiap the standard manufacturing process with simple modifi-
cations,

EBxamples of tho use of these products, in various building sys~
tems, are presented in the following sections,

The latest developments in Aerated Concrete production include
factory assenoly of full scale wall units for prefabricated
buildings and the manufacture of wall elements with various
types of surface treatments, Thesc, and other Aerated Concrate

products, are supplied to the more sophisticated building mate~
rials narkets,

We shall now, in the following scctions, demonstratc the various

spplicatfons of Aeratcd Comcrete, from 2 strictly technical point
of view,




b= Aerated Concrete Buildine Blocks

As mentioned earlier, the introduction of Aerated Concrete
building blocks is normally accomplished without difficulty
in traditional markets. The low unit weight, ease of hand-
1ing and the outstanding dimensional stability are apprecia-

ted by masonry workers and these qualities also promote

speedy construction as well as improve quality and finish
of the completed job,

The characteristic zig-zag surface pattern, originally deve-
loped to promote the adhesion of plaster, has been utilized

to give new effects in the architectural design of houses and
factories,

The illustrations show examples of these sffects.







Load bearing lintels are a supplement to the manufacturing

program for blocks, and are used for the spanning of door

and window openings in Aerated Concrete masonry walls, Lin-
tels are produccd in dimensions corresponding to the various

types of blocks,

The “C" lintels manufactured
in Denmark span up to 2 meters
and have a load bearing capa-
city of 1500 kg (uniformly
dietridbuted) per running
meter,

Por larger openings, "J" 1in-
tels are provided, They consist
of a reinforced core of dense
concrete, faced with 5 em of "G" lintels g
Aerated Concrete blocks,

lintels

These beams are manuface-
tured in leangths up to
3,5 meters and gives a pat-

tern similar to the rest of the aerated facade,
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c~ Aerated Concrete Papels and Blements

In the development oi Aeratea Concrete great empahsis has been
placed on high degree of finish, short crection time and the use
of unskilled labour, This is why room-hight Aerated Concrete
panels have become janereasirgly popular in many countries, They
are widely used for pavtition walls in commercial and apartment
buildings or in sinple family dwellings, and also as inner leaf

in composite wall constructions,

These panels are delivcred to the building site in bundles
and a two man team carries out the erection., By gluing with
special types of inorpanic adhesives, unskilled labourers
successfully manage this job,

A special cutting process gives

smooth panel surface which re-
quire no further treatment
prior to the application of
for example wall papering,

Where specifications call for

extraordinary smooth surfaces,.

the pancl can be treated with

a thin skim coating.



Wall panels are uvsually produced with a density of 500 =
200 kg per cubic meter, They are made in widths up to 60 centi-
meters and lengths up to 3 meters, Sufficient steel reinforce~

ment permits transport, handling and erection vithout damage,
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A Buflding Systen for Aerated Concrete

The building system for lov rise construction, besed on the
Use of Aerated Concrete slabs and panels, is one of great flexi
bility and adaptible to local needs and customs, The desire
to provide a high rate of lov cost housing with unskilled la=-
bour and a minimum of machinery and mechunical equipment has
guided the principle of ics development, 7Tt is applied in uge
ben development and renevwal as well as in rural arsas vhere
local self~help programs are the causs, Heavy cranes and
other handling equipment is not required because of the low
uait veight of the material,

The folloving illustrations show the erection of a one family
house of 60 square meters with 4 rooms, 8 kitchen~-corner, a
bath-room and toilets, This house has been designed in order
to be duilet in series, No wechanical equipment is nesded for
its construetion,

Foundations are malde in a traditional vay, depending on the
nature of the ground. The connections to the various services

Are gathered at one point,




Floor slabs are then lsid with the use of a apecial eart and
the joints filled up with adhesive cement,

Wall panels are erccted with the use of a hand wagon, The ex-
terior panels ar< pruvidau 1iem che faccory with a rended out-
side finish, All panecls are assembled with special adhesives,

The roof is finally laid on the outside panels, the inside

load bearing clements ond a stecl beam which bears over the



iivingeroom. A rain water chenel is provided on the roof

which is ready to receive itg covering, depending on the

local climatical conditions,

Jointing around windows and doors is carried out after the

erection of the elenents isg completed,

This table shows on one side Ttabour w1
Number of Agrconcrete hourstora ' Adhesrve
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This panel Eystem provides considerable freedom for the archi=-
tect in the design of ground pPlans as well as facade eleva-
tions, “Fi1i-ip" elements provided rither directly from face~
tery or prepared on the site by simple cutting tools permit
8 horizontal modula for partition walls of as little as 10

tn. However, in order to ensure competitive construction,

Bross dimensions of the building and sizes of doors and windows




should be choscen withon tie wodule inhesent iu the wide
ths of the elementa, Dnar and wi ddny lintels are supplied in

standardized dimensions,

A short erection time is undoubtedlv a major advantage of
this Luilding system, The use of large uniform elements of
low weight permits rationalized coastruction at the building
site, This rationalization may bhe accomplished with compara-
tively inexpensive cquipment and is, therefore, applicable

not only around cities, but also in rural areas,

The accuracy of the basic house gives further possidbilities
for cost and time savings in the suosequent steps of the
building process, In order to utilize all the advantages pro=-
vided by the asystem, prefabricated parts are recommended al-
so in the later stages of the construction process, When as
much vork as possible is transferred from building site to
factory or workshop, the rate of completion for the whole
construction is in line with the speed of ercction of the

vav house,

Wall panels are made with an outside smooth surface vherehy
further rendering or application of plaster is eliminated,

A wide range of paints and other thin layer surface coatings
have been developed instead, Basic requirements for good sur=

face coatings are high coverapge and good adhesion to Aerated

Concrete surfaces, Any such surface coating should be permeadble

to the diffusion o° water vapour thrcugh the wall structure,

Prom experience in the field and based on permeability
measurements in the laboratery, paint formulas on the basis
of emulsified acryllic resins are recommended, Acryllic emul=-

sion paints mect not only the requirement for water vapour

permeability, but also the demand for a durable coat for Acrated

Concrete, Although the initial cost may be somewhat higher
. than, for examplc, a PVA tvpe paint or inorganic coatings on
Portland cement basis, acryllie paints are found, in the long

run, to be the most economical s3urface ¢oating because of

y



their greater durability and resistance to darkening and dirt

absorption,

OUTSIDE WALL ELEMENTS PROVIDED WITH THIN LAYER COATING

d- Reinforced Structural Members of Aerated Concrete
Mm

This line of production may be taken up vwhere the preexis-
ting industrial development and the availability of basic skills
provide poesibilities for the more {ndustrialized forms of con~
struction, Besides major investments in equipment and stock, {t
requires consideradble ekills for manufacturing these products
economically, This is the reason vhy this line of products
only should be put on the market when Aecrated Concrete has been
well introduced and accepted by rha local building contractors,




¥LOOR SLABS SECTION

Reinforced slabs for reofs,
ceilings, floors and walls
are manufactured with densie-
ties between 570 and 800 kg
per cubic meter and with va-
rious tvpes of reinforcements
derending on the load bhearing
ability required,

Standard slabs are 6N cm vide,
up to 6 meters long and 10,
15, 20 or 25 em thick, In ade
dition, a large variety of
slabs with apecial dircnnicens,
edge styles and shanes can be

prepared to order for certain

specialized apnlications,

-

a

L —
AN

SLABS JOINT

Reinforced slabs are delivered

0y crane~fitteu trucks tn the
building site, Special carts an
clamps have been designed for
the effiecient handling of the
prefabricated 2lements,

The construction of roof and
floor slab is easily managed

by unskilled labours,
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After palcing the slabs on the
supports, the speciallv desi-
gned joints are filled with
mortar or plued together, The
result is a monolithic strue-
ture of high strength and
stability, Low weight, high
insulation value and fire re-
sistance are some of the ad-
vantages offered by this type
of construction and makes it
particularly feasible for
factories, warehousss and
other industrial buildings,
The smooth inner surface may

be left untreated or be whita=~
washed,

In aopartment buildings and

smaller houses, slabs have

bacome populer as floor slabs over crawl spaces and in deck con-
structions. These products have been found to be very compatitive,
compared to traditional construction methods,

INDUSTRIAL BUILDING WITH HORIZONTAL AERATEDN CONCPETE PANELS
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and a six day vork wvrek,

Conerete industry,

The drawing represents a nrroduction unit

cases be quite suitable as
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A PRINCYPAL PLANT LAY-OUT

for Aerated Councrete

blocks with an annual capacity of 50,000 cubic meters or ap-~

proximately 200 cubic meters per day, ar one shift operation

A plant c¢f this size will in many

the initial stage of an Acrated

The plant lay-ocut and desipn are made with
due consideration to future plant expansions to increase
bloek production as well as for the inecorporation of rein-
forced wall panels and slabs in the manufacturing program,

In the latter case, moulds and cutting eauipment have to be
ifnstalled and the production area expanded to include a worke

shop for the preparstion of steel reinforcecment,

3 MIXING UNIT
+ & WAITING ROOM
S CUTTING EQUIPMENY
6 AUTOCLAVES
7 STORAGE AND SHIPPING
8 STEAM GENERATING PLAN?

LAY-0OUT FOR A PRODUCTION
CRETE CAPACITY:

2 SAND MiLL AND SLURRY MIXERS

50,000 cubic meters of blocks per annum
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This plant requires an investment of the order of 1,8 million

s dollars ir .ludinp design, cquiment, shipping charges, erec<
tion and start-up, but excluding buildings and sice.
The table lists the space requirements for the various facto-~

ry components?

- Main factory building approx. 2.400 mz
- Boiler room " 250 nz
- Workshop and spare parts rocm " 300 m2
- Cloak-room and canteen " 150 nz
- Office building " 250 m’
approx., J.330 uz

- Storage arca for finished product " 4,000 -2
- Total avca suggested, excl, sand 2
quarry " 25.000 »

Normally, production units smaller than 50,000 cubic meters per
sanum is not recommended, but the minimum, and still economical~
ly feasible, size depends a great desl on local circumstances,
Por more details on this question, please refer to the section
on “Economies ',

For countries with an abundant supply of manual labour and low
vags rates, low cost unit with s capacity of about 25,000 cubic
maters per year in a one shift operation can be designed. The
plant components are designed for a twvo shifte operation vhere~
by & yearly production of $0,000 cubic meters is possible,

The initial investment for this plant is raduced to 1,3 mil~
lion US dollars.

Basic rav materials

In the above presented principal plant lay=out, Aerated Concrste
production is based on sand and fiy ash as the silica rav ma-
terisls and Portland cement and quicklime as binders,

A number of modifications are possible howvever, depending on

the rav material situation in the vicinicy of the selected

production site,




The sand/ash combination can be replaced by either straight
sand or straight ash, provided the selected material is free
of detrimental agents,

Where lime is not available in sufficient quantity or in sui-
table quality, it may be replaced by Portland cement, in which

case the amount of binder required may increase somewhat,

Cement and powdered quicklime are normally received in bulk
shipments and stored in silos in the raw materials area, shown
on the left side of the lay-out,

In certain instances quicklime is available only in "lumps"
and a lime mill of suitable capacity must then be installed

at the plant,

Sand is received by truck from
the pit and ground to cement
fineness in a ball mill, where~-
as fly-ash is usually of suf-
ficient fineness for direct use
in the process,

The grinding of sand in the
ball mills may be done as a wet
or dry process, Wet grinding
is normally the most economi-

SAND MILL
cal of the two.

Mixing and aeration (drying aera)

After preparation of the raw materi-
als follows the mixing and aeration

processes, Sand and ash, in slur-

ry-form, are pumped to the mixing
units in metered quantities, while
Portland cement and quicklime arc
dravn directly from the storage
silos, via suitable weighing units,
Towards the end of the mixing pro-
cess, aluminium powder suspended

in water is added,

MIXING
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The finished mix is then cast into moveable moulds, placed be-

low the mixer,

The moulds are now transferred
to the waiting room where the
aeration process takes place.
The mas: will rise to a prede-
termined height and the set-
ting reactions simultaneously
develop the stiffness required
for the subsequent cutting pro-

cess,

Cutting - Autoclave Curing -
Storage WAITING ROOM

After rsmovel of ths mould si-
des, ths mass is devided into
the desired sizes by moving wi-
res, vhich elso produce the
characteristic sig~zag pattern
on the block surfacss, For cut-
ting penuels, special wires are
used in order to obtain a smooth
surfacs,

Pinally, the rounded top sec-

tion is removed by & vacuum~

opsrated top lift, and recir- CUTTING EQUIPMENT
culated into the slurry silos,

With a transfer trolley, the
moulds now enter the various
autoclaves for curing in ea-
turated steam at 180%°¢c, - 10

atmos,

Upon completion of the curinmg
process, the moulds are remo-
ved from the autoclaves and

the finished product, (blocks

AUTOCLAVES




or panels), are lifted from the mould bottoms and bHanded into

packs of suitable size with steel bands,

The plant production equipment are designed with enphasis
upon reliability, a reasonable degree of automation and low
maintenance cost, This design is at the same time flexible
anough to be adjustible to local conditions,

A production of 50,000 cubic meters of Aerated Concrete blnacks
per year, in a one shiftr operation, vill normally demand a
labour-force of 42 workers, 12 supervisors and office person-
nal, Tha actual numbers depend, of course, a preat deal on
the degree of automation and the industrial training and ex-
perience of the vorkers available,

Tor a plant producing a similar volume of panels, about twi-
ce as much process labour is needed,

Labour, rav material and povar consumption of the Aerated Con-
crate manufacturing process is summarized in the table beslow,

The data ara based on conditions prevailing in Denmark, but
considaring local conditions, it is believed that the figuras
provide useful guidanca in estimating the variadle cost of Aerated
Concrete production,

Rav materials per -3 Aarated Concretet

= Sand and fly ash - 500 kg

= Quicklime 90 kg

= Portland cewment 60 kg

= Aluminium powvder 0,4 kg

- Stael reinforcement 7.5 kg (for wall panels)

- Fual oil 15 kg 3

- Water O.0

- Powver 20 KWH

- Mould oil 0.8 kg

- Grinding media 0.8 kg

~ Various expensas SY of total cost
3

Labour per = !

- Bloek production 0,6 to 2,0 man-hours depending on :ra?nlng
- Panal production 2.0 to 6,0 man-hours depending on training
and products.
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According to the discussion in the precceding sections, it is
assumed that the introdurtior of Aerated Concrete oOn new mar-
kets is hast accomplished by an initial production of blocks.
The manufacture of this product requires a minimum of techni-
cal skills; equipment and the nrocess are rather simple and the
manufacturing program can be tailored to the established pat~
coern of the local market,

Furthermore, Aerated Concrete block construction is commensurate
with traditional application techniques and should, therefore

be readily accepted by local contractors and bricklayers.,

Aerated Concrete blocks will, however, be macrketed in direct com-
petition with clay bricks and cement blocks. The lattor can be
produced with rather inexpensive equipment and, if necessary,

at very low cost if che locsl market iz mot quality conscious,

Tha auccassful introduction of Aerated Concrete blocks will da-
pand on the extent to which the local market is able to uti-
1ize the suy:rior quality of th 3 material,

The high insulation value of the material is a valuable asset
in areas where heating or air conditioning is applied,

Lover veight of Aerated Concrete masonry can lead to savings
through smaller foundations and load bearing members if this
sdvantage is incorporated in the initial design,

The cost comparison for various types of masonry work in Den-
mark, shown on page e?7 , may give some idea of the relative
labour and shipping costs, The cost of an Aerated Concrete
vall is, for eample, about two thirds of that for a comparable
vall made of bricks and additionally, for high insulation re~
quirements, the brick wall would have to be combined with

minaral wool, lightweight aggregate blocks or a similar mate-
tiﬂlo

In the following graphs, the profitability of an Acrated Concrete
bloek factory has been evaluated for various levels of sales

prices, The evaluation is based on the following assumptions:

I
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Annual sales

Total Cost o! plant
(depreciated over 10 years)

Royalties
Overhead cxpenses

Production expenscs

Overhead expenses include managem
maintenance and office expenses,
high for countries with low wage
be realistic in most cases, since
rates often will be offset by the
tance in the initial stages,

The fixed expenses for this plant
expenses plus depreciation costs,

3

53,000 m~ of blocks

2,000,000 Us ¢

3 % of sales revenue
100,000 ©S §

7 US $§ per m3
blocks

of

ent, sale, supervision, plant
The stated figure may be too

rates, but it is believed to
the advantage of low wage

need for expatriate assis~

will be the sum of overhead
and will total 300,000 US §

per annum,

The variable expenses consist of production costs and royslty
fee,

The calculation presented in the graphs clearly indicate that,
to maintain a reasonable return on investments, the sales pri-
c¢e should be between 15-18 US $§ per m3.
ceed the price a highly comperitive market is willing to pay,

This may, hovever, ex~

In such cases, & larger plant may be the answer, provided the
potential market is big enough for the higher production,

A plant producing 100,000 m3 of Aerated Concrete will not cost
substandially more than one producing 50,000 mj, and the fixed
expenses per produced cubic meter Acrated Concrete will thus
be reduced.

Such a plant may show a comfortable profit margin cven at much

lowver sales prices, as indicated in the following figurest




- Production cavracity 10,000 mj por year
- Sales price 15 US ¢ per n
. 3
- Brcak-even point at sales volume of 40,000 m™ per year

- Pre~-tax retury at avnual 450,000 US $ or 23 %
sales of 100,000 m of invested capital

1f the local market does nnt permit the introduction of Aerated

Concrete blocks at a reasonable level of profit, the possibil-
{ties of marketing wall pancls and clements should be inves=-
tigated. The products will command a higher sales price due to
the higher depree of finish, the short erection time and the
elimination of plastering work.

Aerated Concrete panels will compete with ordinary reinforced con-
crete elements, plaster bonds and other larye size elements,
gather than with low cost items such as concrete blocks or

clay bricks, In this competition, Aerated Ccncrete panels have
an appreciable advantage because of low weight, ease of erection
and dimensional stability,

in comparisen with brick and block masonry, a somewhat diffe-~

rent erection technique is used rnd wome efforts should be ma-
de to train local workers for this type of work,

In many companies a contracting division for erection of panel
valls has been established. This arrangement has assisted in

{ntroducing the material at a reasonable cost and made it aa-

sier to keep in touch with the requiresents of the market with
regard to proper desipgn of products,

The break-even charts presented here are based on Aerated Con-
erste plant producing 50,0C0 m3 of panels annually or 500,000 mz,

i {f average wall thickness is assumed to be 10 cm,

The calculation is based on the followving data:

- Annual sales 500,000 mz of panels

- Total cost of plant 2,200,000 ¥S $ to be de~
preciated over 10 years

- Royalties 3 T of sales revenuc

« Overhead expenses 125,000 US §

- Production expenses 11 uUS § per n3 gr

1,10 US § per m
of panel

- ;
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The fixed expenscs for this type of plant will be 345,000 US $
per annum,

The calculation indicates i(aal reasunabi,e profits can be achie-
ved with a sales price pcr square meter panel, of 2,50-3,00 US 3,
Larger plants will do considerably better and, for a plant ma-
nufacturing 1,000,000 m2 panels per year, sales prices can drop

to 2,00 US $§ per mz and still give a fair return on invested

capital,

~ Production capacity 1,000,000 m2 per annum

- Sales price 2,00 US § per mz

~ Break-even point at salea volume 430,000 mz

= Pre-tax return 2t annugl 495,000 US 8§ or 23 I of
sales of one million m" panels invested capital,

In the discussio- of project econmomy, capital and cash flows for
the first years have not been covered,

Working capita) depends a great deal on local conditions, the
manufacturing program, product nix, the rate of turn-over of

the stock, allocations for raw materials stock and receivable
sccounts, These quescioneg must be studied separastely in each

particular cas .,

Petailed studies covering these subjects should be carried out
for each specific project as & basis for evaluation of project
economy,
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