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FOREWORD

This manual was designed for the builders, technicians, professionals involved in rural
housing development programmes in humid tropical climates where :

- Rainfalls are important
- Clay content of the soil is very high
- Existing building techniques are based on the use of adobe blocks as in-fill material :

. Wooden structure filled with adobe for rural housing.
. Concrete structure filled with adobe or burnt bricks for public buildings.

In theses regions, adobe blocks are often considered as :
- A rare material
- A copy of the burnt brick

- A copy of the cement block

Thus, the adobe technique is not considered as a specific technology with its own cha-
racteristics, and both the production cycle and the building details are not well mastered.

Finally, few technicians understand the rules of bearing masonry walls, as they are
influenced by the framework system.

THE SQUARE BLOCK:

In hot and humid climates where soils are very clayey, it is recommended to produce
square blocks to reduce the risk of cracks.
The proposed dimensions are based on the conventional building materials:

- Double size of the local burnt bricks, Example: 22 x 22 x 9 cm. or 9" x 9" x 4"
- Half size of the local cement block, Example: 20 x 20 x 10 cm.

The square format is well adapted to teach the rules of bearing masonry.




GENERAL PRESENTATION

state and drying it naturally
The necessary quantity of
water is about one fourth of
the dry earth volume.

soil prepared in a plastic
on the ground.

The adobe production basi-
cally consist in moulding

Shape block

-

block

‘One and a half’

Square block

- Very cheap basic produc-
tion equipment.

-no fuel is required to bake
- Drying time dependent

from the climat.
- Blocs with low water

- Large drying space nee-
resistance.

material on a local level.
ded.

ADVANTAGES

- Availability of the raw
DISADVANTAGES

- Very water consuming.




THE ADOBE PATH

5 m3
Extracted soil
.+

1 m3 of water

4 m3

Prepared soil

1100 ADOBES
20x 20 x 9 cm

25m?2

brickwork




EARTH AS A RAW MATERIAL 3

ORIGIN Soil is the loose material that results from the
mechanical and chemical erosion of the underlying
parent rock.

This rock crumbles into mineral particles of very
variable sizes going from the stones to the clayey
ashes.

In the upper layer, these particles are mixed with the
organic material coming from the decomposition of
the living world. This "organic" soil is reserved to
agriculture.

The other layers are used for construction.

Stones Gravels Sand Silt Clay
200 - 20 mm 20 - 2mm. 2-0.02 mm. 0.02 -0.002 0 < 0.002 mm.

Different types of soil can be found, depending on the importance in quantity of one of the components:
GRAVELLY SOIL - SANDY SOIL - SILTY SOIL - CLAYEY SOIL.

HYDROUS STATES

A soil will react very differently depending on the amount of water it has absorbed. The 4 fundamental states

are: DRY - HUMID - PLASTIC -LIQUID
The adobe is produced at the PLASTIC state. This hydrous state enables the soil to be shaped without deforma-

tion until it comes back to the DRY state.

COHESIVE PROPERTIES
To shape adobe we use the property of COHESION, which works in 2 phases:

Phase 1: The soil absorbs the water (from 20 to 30 %, according to the type of earth), the clays start to swell,

this process is long and takes time.
Phase 2: The soil dry, the clays reduce their volume and carry the other materials that finish, at the dry state

to be completely bonded.

If the inter-penetration between grains is such that only a few voids remain, then once the soil is dry, it is able
to support compressive stresses of about 3 MPa.

STABILIZATION

When the soil is clayey, it may shrink after drying.

Possible correction : - add sand in order to reduce the cohesion.
- mix with straw in order to reduce the size of the cracks.




SOIL ANALYSIS

OBJECTIVE
Determine whether the soil is con-
venient for adobe.

The more simple way is to mould adobes and to analyse their behaviour
after drying (aspect, cracks, resistance)
If you lack time, the field tests can help to select the best soil.

TOUCH AND SMELL TESTS
- With water, our senses can identify the compo-
nents of the soll:

Emanation of a smell: ORGANIC soil

Rough, crumbly, not very sticky: SANDY soil

Fine, easy to break into powder, sticky:SILTY
soil

Hard to crush, long to dissolve into water, very
sticky: CLAYEY soil

SUITABILITY:

The ideal soil would
be both clayey and
sandy.

Take care of the silty
soil because once
they are dry, they do
not resist to water.

THE “CIGAR” TEST

- Remove all gravels from the sample.

- Moisten, knead it well and leave to stand for
half an hour to allow the clay to react with water.
- The soil must not dirt too much the hands.

- Roll on a board into a cigar-shape 3 cm in dia-
meter.

- Push gently the cigar forward.

- Measure the length of the piece which breaks
off.

- Repeat 3 time and work out the average.

RESULTS:
less than 5 cm, it is TOO SANDY
more than 20 cm, it is TOO CLAYEY

SUITABILITY:

Between 7 and 15 cm.

Good soil
THE “BISCUIT” TEST:
Retrieve the soil sample of the cigar test and
mix it at the plastic state.
Mould it into 2 biscuit-shape discs with a piece
of plastic tube or similar.
After drying:
- Observe any sign of shrinkage.
- Evaluate the soil resistance by breaking and
crushing between the thumb and the forefinger.
RESULTS:
- No shrinkage, easy to break into powder:
TOO SANDY SUITABILITY:

- Shrinkage, easy to break into powder:
TOO SILTY
-Important shrinkage, very hard to break into

powder:
TOO CLAYEY

Less than 1 mm shrin-
kage, hard to break
into powder:
Good soil




MIXING

WITH THE FEET
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VERTICAL
MIXER
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LINEAR
MIXER

This is the more common
way of mixing for a small-
scale production.

4 m3 /day/man

Animals that turn round on
the working area can do the
footing.

"Imeanings, this mixer is

Manufacture with simple

powered by animals.

Used in the medium and
large-scale production unit.

From 5 to 50 m3/ day




PRODUCTION TYPOLOGY
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SINGLE
PRODUCTION
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MULTIPLE
PRODUCTION

PRODUCTION
ON TABLE
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MECHANISED
PRODUCTION

Single production of adobe
is made directly on the
drying yard.

Ladders can be used when
the drying yard is flat and
large enough.

A moulding table offers a
confortable station to work.
The block is transported in
its mould to the drying
yard. '-

A metallic mould contai-
ning a large number of
compartments can produce
more than 10’000 adobes
per day.




MOULDS AND TABLE 7

Round corner detail:
Plastic tube
of 10 cm in diameter

Wood for 3 basic moulds
2 0of 235 x 9 x 2cm.

1 of 30 x 15 x 5.5cm.
10of 24 x 24 x 1cm.

Wood for 1 ladder
30f245x9x2cm.

3 pooooogooo

Wood for the table
4 of 4 x4 x 85 cm.
7 of 4 x 4 x 50 cm.
20f40 x 1 x 20 cm.
10of 50 x 1 x 20 cm.
10of 50 x40 x 1 cm.
Steel tank, thikness:
2 mm.

Dimension: 20 x 50 x 35 cm.




PREPARATION OF THE DRYING YARD

Drain for the rain

£ i |

LEVELLING

Fine sand
Ashes
Wood shavings
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COMPACTING

INSULATION LAYER

The height of the adobes
mainly depend upon the prepara-
tion of the drying yard.

EXAMPLE:

A =15 metres
= 4 days of production
=4 x 800 (20x20x9)
= 3 days of drying.




MOULDING / DEMOULDING 9

CIRCULATION SPACE CIRCULATION SPACE

O d N

Plan a circulation space
every meter allowing an
access to place a protec-
tion over the adobe in case
of rains or too hot climate.

For a better space man-
agement and the account-
ing of the blocks, it is
important to respect the
alignment.
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Basin to clean the mould Leveller
PRECAUTIONS AGAINST SHRINKAGE DUE TO HOT CLIMATE

N Q’ Avoid producing during the hottest i i |

s E

TOOLS

hours of the day, between 110"
and 15 hr.

v : .
7 l \
RS _ o
! Protect immediately the surface of
the block with a layer of sand or
ashes or vegetal mat.




STORAGE / TRANSPORT 10

First stocking should allow ventila-
4 O tion for final drining
N
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EXTERIOR STOCKING

Types of covering :
- leaves (banana, palm, etc.),
- corrugated iron,

- plastic sheet
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Insulation layer of sand, gravel Detail of the top Maximal height
Peripheral drain

N

To avoid loosing adobes during the transport:
T e - spread a layer of sand under adobes
- wedge the adobes against the sides of the truck with wood.
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PRODUCTION LINE
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Day of production
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QUALITY CONTROL
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CONTROL OF THE SOIL

During extraction:

Check every week that the new
soil is similar to the one you've
selected at the beginning.

Carry out a "bottle test" (settling of
the soil into water after shaking)
Compare the different layers with
the reference bottle.

Reference Sample

CORRECTION :

When the two bottles
do not have the same
aspect, restart the soil
analyses to verify its
properties.

CONTROL OF THE SHAPE

During demoulding:

- No hole is allowed on the edges.

- The base must not increase of
more than 5%

CORRECTION :

- Better compression
of the edges in the
mould.

- Reduce the water
content of the mix.

CONTROL OF THE SHRINKAGE

After demoulding:
- Rapid appearance of cracks on the
surface.

After drying
- No cracks longer than 5 cm.

CORRECTION :

- Protect from the hot-
test sun

- Stabilise the soil with
sand or straw.

After complete drying:

Choose 3 adobes into the daily stock at
random. The 3 adobes must be stronger
than what is specified in the “client-
contract”.

I Resistance to bending stress: RB

- s RB = 1,5 x L x.d
h:l: . Wx h?
: , yam Example :
d Adobe 20x20Xx9cm , d= 15 cm,
-I——L Load = number of blocks x 7kg
Good if:

W = width of the adobe L> 20 blocks (RB > 2,9 kg./cm?2)

CORRECTION :

-Verify the soaking
time of the soil before
moulding.

- Verify the cohesion
of the soil:

If it is too sandy, chan-
ge your career.




FABRICATION OF A VERTICAL MIXER

ANNEXE

100 20 145 30, 50 | 30 145 po_ 100 _1p
\ C i

The mixing basin allows
the soaking of 4 m3 of

soil during 24 hours.

This one is then mixed in

the central tube.

120 T—+

Collar guide

Steel reinforcement bar diam. 8mm

Tube diam. 100mm (stell or wood)

Steel bar diam. 10mm inclined at 30°
150 mm length

Mix output dloor
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