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INTRODUCTION |

BLOCKS AND BR'CKS ARE USED IN BUILDING CON-
STRUCTION ALL OVER THE WORLD., THE FACT THAT IT IS
LABOUR CONSUMING IS NOT NECESSARILY A HANDICAP BUT
MAY ON THE CONTRARY BE ADVANTAGEOUS IN MANY DEVE-
LOPING COUNTRIES, |

~ CoMMON TYPES OF BLOCKS AND BRICKS ARE:

1, CONCRETE BLOCKS

2, BAKED CLAY BRICKS AND BLOCKS

3. AUTOCLAVED DENSE OR LEIGHTWEIGHT
CALCIUM SILICATE BRICKS AND BLOCKS

THIS PAPER DESCRIBES A NEW BUILDING MATERIAL.,
LATOREX, WHICM CAN BE PRODUCED FROM ANY KIND OF LA-
TERITE OR LATERITIC sOIL., LATOREX 1s Less ExPENSIVE
TO PRODUCE THAN ANY OF THE BUILDING UNITS MENTIONED
ABOVE,

CONCRETE BLOCKS ARE PRODUCED BY CASTING AND
IN SOME CASES PRESSING A MIXTURE OF SAND, GRAVEL
AND CEMENT INTO THE SHAPE OF DENSE OR HOLLOW BLOCKS,




CLAY BRICKS AND BLOCKS ARE PRODUCED BY

BURNING UNITS FORMED FROM PLASTIC CLAYS,

AUTOCLAVED CALCTUM SILICATE BRICKS AND
BLOCKS ARE PRODUCED BY CURING A COMPRESSED
MIXTURE OF LIME AND QUARTZ SAND IN HIGH PRESSURE
STEAM CHAMBERS (AUTOCLAVES),

WHILE THESE PRODUCTS ARE STANDARD IN MANY
COUNTRIES THERE ARE A NUMBER OF FACTORS WHICH
DETERMINE WHETHER THEY CAN BE ECONOMICALLY PRO-
DUCED IN ANY GIVEN COUNTRY,

CEMENT 1S REQUIRED FOR PRODUCTION OF CON-
CRETE PRODUCTS. [N ORDER TO PRODUCE QUALITY CON-
CRETE. SAND AND GRAVEL MUST BE PHYSICALLY AND CHE-
MICALLY SOUND, THIS IS NOT THE CASE IN MANY COUN-
TRIES,

PRODUCTION OF CLAY PRODUCTS REQUIRES THAT A
SUITABLE CLAY 1S AVAILABLE AND A BURNING AT CON-
TROLLED AND FAIRLY HIGH TEMPERATURE.

PRODUCTION OF SAND-LIME PRODUCTS REQUIRES
THAT LIME AND FAIRLY PURE QUARTZ SAND ARE AVAIL-
ABLE. [OR DENSE BRICKS AND BLOCKS PRESSES ARE
REQUIRED, THE HARDENING PRCCESS REQUIRES STEAM

GENERATORS AND HIGH PRESSURE AUTOCLAVES,




AN IDEAL., LOW-COST BUILDING MATERIAL FOR USE
IN DEVELOPING COUNTRIES SHOULD FULFIL THE FOLLOWING
REQUIREMENTS:

1) THE RAW MATERIALS SHOULD' BE ACCESSIBLE I
IMMENSE QUANTITIES WHEREVER BUILDING AC-
TIVITIES TAKE PLACE, AND ACCORDINGLY THE
COST OF RAW MATERIALS SHOULD BE THE LOW-
EST POSSIBLE,

2) 1T SHOULD BE POSSIBLE TO PRODUCE A MATERIAL
OF REASONABLY GOOD QUALITY ON LARGE INDU-
STRIAL SCALE AS WELL AS IN SMALL-SCALE EN-
TERPRISES BY MEANS OF PRIMITIVE TECHNIQUES,

3) THE ENERGY REQUIREMENTS OF THE PRODUCTION
PROCESS SHOUL BE AS LOW AS  )SSIBLE, FOR
INSTANCE SOLAR HEAT SHOULD BE SUFFICIENT
FOR CHEMICAL REACTIONS TO TAKE PLACE,

THe LATOREX BUILDING MATERIAL FULFILS THESE REQUIRE=
MENTS.

LATOREX 1s BASED ON LATERITE OR LATERITIC SOILS.
IT WAS DEVELOPED BY THE AUTHORS AT THE BUILDING MaTE-
RIALS LABORATORY, THE TECHNICAL UNIVERSITY OF DENMARK.
DURING THE YEARS 1968 To 1971, LATOREX BRICKS HAVE
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BEEN PRODUCED FROM LATERITIC SOILS FROM VARIOUS
PARTS OF THE WORLD, FULL-SCALE TESTS FOR PRO-
DUCTION OF HOLLOW BLOCKS ARE NOW IN PROGRESS,

IN THE FOLLOWING., EQUIFMENT AND PRODUC-
TION METHODS ARE DESCRIBED WHICH COULD BE USED
IN THE PRODUCTION OF LATOREX, As THE PRODUCTION
METHOD 1S IN THE PROCESS OF BEING PATENTED, IT IS
NOT POSSIBLE FOR US TO REVEAL THE MANUFACTURING
PROCESS IN DETAIL AT THIS MOMENT, HOWEVER, WE
ARE PREPARED TO DISCUSS THE METHOD IN SOME DETAIL
WITH INTERESTED PARTIES.

THE ADVANTAGES OF THIS NEW MATERIAL ARE

DESCRIBED AND THE COST OF EQUIPMENT FOR PRODUC-
TION IS ESTIMATED,




ProbucTion oF LATOREX

LATOREX 1S PRODUCED FROM A PRESSED MIXTURE
OF CRUSHED LATERITIC SOIL AND AN INEXPENSIVE AD-

DITIVE,

THE HARDENING PROCESS TAKES PLACE IN A

PRIMITIVE HEATING CHAMBER WHICH CAN BE BUILT OF
PLASTIC FOIL HEATED BY THE SUN,

THE MANUFACTURING PROCESS CAN BE DIVIDED
INTO FOUR STEPS:

1)

2)

3)

4)

PBEBABATION_QF _BAW_MAIERIALS
LATER!TIC SOIL IS ESCAVATED AT THE PRO-

DUCTION SITE AND CRUSHED, IF NECESSARY,
TO THE FINENES™ OF REGULAR BEACH SAND.,

M1x1ING
THE RAW MATERIALS ARE MIXED BY HAND OR
IN A MECHANICAL MIXER,

BLoCK_PBESSING
THE MIXTURE IS FORMED INTO THE DESIRED

SHAPE BY MECHANICAL PRESSING,

HaBDENING

By PROCURING A REACTION BETWEEN ALUMI-
NIUM MINERALS IN THE LATERITE AND THE
ADDITIVE, STABLE ALUMINIUM HYDRATES

ARE FORMED., THEZSE COMPOUNDS CEMENT THE




REMAINDER PART OF THE MATERIAL FIRMLY TOGETHER
AND ARE RESPONSIBLE FOR THE EXTRAORDINARY HIGH
QUALITY oF LATOREX,

THE CHEMICAL REACTION TAKES PLACE IN PRI-
MITIVE REACTION CHAMBERS, FOR INSTANCE IN PLASTIC
TENTS HEATED BY THE SUN,

FACTORIES CAN BE DESIGNED FOR DIFFERENT
LEVELS OF INDUSTRIALIZATION, SCHEMATIC FLOW-
SHEETS FOR THREE TYPES OF LATOREX FACTORIES ARE
SHOWN IN F1G. 1,

IN THE FOLLOWING WE WILL DESCRIBE THE MOST
IMPORTANT MACHINERY IN SUCH A FACTORY.,




A. MOBILE BLOCK PRESS, PRIMITIVE CRUSHING. MIXING AND CURING

LATERITE QUARRY CRUSHER MIXER PRESS  UNCURED BLOcks  MEACTION CHAMBER

HEATED BY SUN

B. _ STATIONARY ROTARY PRESS, MORE INDUSTRIALIZED CRUSHING. MIXING AND CURING
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REACTION CHAMBER
LATERITE QUARRY CRUSHER MIXER PRESS UNCURED BLOCKS HEATED BY SOLAR MEATERS

C. _ STATIONARY AUTOMATIC PRESS. FULLY AUTOMATIC PRODUCT ON

RAW PRE
HAT!RIALS REACTOR
SIL

M\@*Q Py =

I o

UNCURED LOW
LATERITE QUARRY  CRUSHER PRE MIXER FINAL MIXER PRESS ng:KS REACTION CHAMBER PRESSURE
STEAM
GENERATOR

Fi, 1 FLow SHEETS FOR THREE TYPES OF LATOREX FACTORIES




THE ESSENTIAL EQUIPMENT IN A LATOREX
FACTORY IS THE BLOCK PRESS WHICH CAN BE MO-
BILE OR STATIONARY,

MOST DEVELOPING COUNTRIES MUST IMPORT
THE BLOCK PRESSES.
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Fi, 2 CINVA-RAM MANUAL PRESS DEVELOPED BY THE

INTER-AMERICAN HOUSING AND PLANNING CENTER,
CoLUMBIA,

F16. 2 sHows A CINVA MANUAL PRESS FOR PRI-
MITIVE PRODUCTION OF BRICKS. THIS TYPE OF PRESS
CAN BE USED UNDER EXTREMELY PRIMITIVE CONDITIONS,
THe PrIce oF THE CINVA Press 1s A FEW HUNDReD US.S$.




Fi6. 3 HvDrAuLIC VIBRATION PRESS. (BESSER),

F16. 3 SHOWS A HYDRAULIC VIBRATION PRESS, PRO-
DUCING TWO HOLLOW BLOCKS PER STROKE, A PRESS OF THIS
TYPE CAN BE USED IN A MOBILE PRODUCTION PLANT. THE
WEIGHT OF THE PRESS SHOWN IS 7 TONS., IT PRODUCES
APPROXIMATELY 600 BLOCKS PER HOUR, AND THE PRICE IS
asout US$ 50,000,
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F16., 4 ROTORY TABLE PRESS.

F16. 4 SHOWS THE CONVENTIONAL ROTARY TABLE
PRESS WHICH HAS BEEN USED FOR MANY YEARS IN THE
SAND-LIME BRICK PRODUCTION, THE BRICKS ARE PRESS-
ED BY MECHANICALLY MOVED PISTONS., AND THE MOULDS
ARE ARRANGED ON A ROTATING TABLE MAKING SIMULTANEOUS
PRESSING AND REMOVAL OF BRICKS POSSIBLE. THIS TYPE
OF PRESS IS SUITABLE FOR A STATIONARY BUT NOT FULLY
AUTOMIZED PRODUCTION OF LATOREX BUILDING ELEMENTS.
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A ROTARY TABLE PRESS PRODUCES FROM 1000 To
3000 STANDARD SIZE BRICKS PER HOUR, [T REQUIRES
FROM TWO TO FOUR WORKERS TG OPERATE THE PRESS.
THE COST OF A ROTARY TABLE PRESS IS SOMEWHAT LESS
THAN THE COST OF THE AUTOMATIC PRESS DESCRIBED
BELOW, BUT SECOND HAND ROTARY TABLE PRESSES ARE

AVAILABLE AT REASONABLE TERMS FROM EUROPEAN
SAND-LIME BRICK MANUFACTURERS,

F16. 5 sHowWS A FULLY AUTOMATIC PRESS OF
A TYPE NOW USED BY MOST EUROPEAN SAND~LIME BRICK
AND BLOCK MANUFACTURERS. [T 1S USUALLY COMBINED

WITH AN AUTOMATIC STACKING MACHINE AS SHOWN IN
FIG., 6,

THE COST OF A FULLY AUTOMATIC PRESS PRO-
DUCING 4-5000 STANDARD-SIZE BRICKS PER HOUR OR
- 1000-3000 HoLLOW BLOCKS PER HOUR IS APPROX]MA-
TeLy US.$ 200,000,




F16. 5 A FULLY AUTOMATIC PRESS USED IN THE SAND-LIME
BLOCK INDUSTRY CAN BE USED FOR PRODUCTION OF LATOREX,
THE PRESS SHOWN IS AN ATLAS MODEL.
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Fic, 6 AUTOMATIC STACKING EQUIPMENT (ATLAS),
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THE LATERITE SHOULD BE OF BEACH SAND FINENESS
AND MIXED WITH THE ADDITIVE BEFORE PRESSING,

ANY LUMPS IN THE LATERITE SHOULD BE CRUSHED
BEFORE MIXING,

A SUITABLE HAMMER MILL CRUSHER IS SHOWN IN
FIG, 7,

F16. 7A HAMMER MILL FOR CRUSHING OF LATERITE (FUCHS),
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F16. 7B CROSS SECTION oF HAMMER MILL, (FUCHS),

THZ MILL HAS A ROTOR DIAMETER OF 50 CM AND %
A HAMMER WIDTH OF 35 cM, THE WEIGHT Is 1200 k6
AND THE CRUSHER COSTS APPROXIMATELY US.$ 9,000.
SMALLER MILLS ARE ALSO AVAILABLE,

MIXING CAN BE DONE BY HAND, BUT IN MOST
CASES A MECHANICAL MIXER LIKE THE DOUBLE SHAFT

MIXER SHOWN IN FIG., 8 1S RECOMMENDED. (APP,PRICE
Us.$ 6.000).




Fi6. 8 DouBLE sHAFT MIxer (ATLAS),
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THE REACTIONS BETWEEN THE MINERALS IN THE
PRESSED BLOCK TAKE PLACE IN A SIMPLE REACTION
CHAMBER HEATED BY SUN OR HOT WATER. HIGH PRESSURE
STEAM CHAMBERS ARE NOT REQUIRED, THIS IS IN CON-
TRAST TO THE SAND-LIME BRICK PRODUCTION WHERE HIGH
PRESSURE STEAM CHAMBER AUTOCLAVES ARE NECESSARY FOR
THE HARDENING PROCESS TO PROCEED, EASY CURING AND
LOW ENERGY CONSUMPTION ARE SOME OF THE ADVANTAGES
oF LATOREX: [N saND-LIME ~RIcKk PRODUCTION 10-15
- ATMOSPHERES OF STEAM PRESSURE ARE REQUIRED TO PRO-
DUCE BRICKS OF THE SAME QUALITY As LATOREX. SoLar
HEAT MAY BE UTILIZED To CURE THE LATOREX uNiTs,

LATOREX UN1TS ARE RED OR REDDISH-BROWN AND
THE SURFACE IS SMOOTH AND UNIFORM, WALLS BUILT
FRoM LATOREX DO NOT REQUIRE ANY FURTHER SURFACE
TREATMENT, ADHESION TO MORTAR IS EXCELLENT,

TABLE 1 SHOWS EXAMPLES OF COMPRESSIVE STRENGTH
VALUES OBTAINED FOR LATOREX PRODUCED FROM RAW MATE-
RIALS FROM VARIOUS PARTS OF THE WORLD AS COMPARED
TO TYPICAL VALUES FOR TRADITIONAL MATERIALS.

PHYSICAL PROPERTIES SUCH AS DURABILITY, SHRINK-
AGE. EFFLORESCENCE AND FROST RESISTANCE HAVE BEEN
DETERMINED FOR LATOREX WITH COMPLETELY SATISFACTORY
RESULTS, |
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TABLE 1

CoMPRESSIVE STRENGTH OF LATOREX COMPARED TO OTHER

BUILDING MATERIALS
LATOREX:
ORIGIN OF CuRING TEMPERATURE| TIME OF CURING | COMPRESsIVE
LATERITE STRENGTH
ACCRA, GHANA 979¢ 3 HOURS 75 ke/cMe
- b - 120 -
- 10 - 155 -
- U - 275 -
- 30 - 225 -
80°C 1 pay 110 - ‘
- 2 DAYS 200 - 1
60°C 1 pay 75 - ‘
- 7 DAYS 115 -
409¢ 3 DAYS 35 -
Ke?ess, 970¢C 1 pay 121 -
ANZANIA
NAJROBI ., 979¢ 1 pay 335 -
ENYA
THATLAND 970¢C ‘1 pay 206 -
SAND-LIME BRICKS 150-250-
CLAY BRICKS 150-450-
CONCRETE BLOCKS -1 150-300-
AERATED CONCRETE BLOCKS 20-60 -
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A RESULT OF THE COMPRESS®ON MOULDING
TECHNIQUE 1S THE UNIFORM DIMENSIONS OF F|-
NISHED LATOREX UNITS., WHICH MAKE IT POSSIBLE
TO DESIGN BLOCKS WITH SPECIAL JOINING LOCKS
AS DESCRIBED BELOW. FI6, 9 SHOWS EXAMPLES
OF VARIOUS TYPES OF BRICKS AND BLOCKS WHICH
CAN BE PRODUCED BY THE LATOREX TECHNIQUE,
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Fi6, 9A MopeLs ofF LATOREX BUILDING UNITS.

BR1CK FOR TRADITIONAL
BRICK LAYING,
L=240, B=115, H=71 MM
WEIGHT U k6.

SPLIT BRICKS WITH
ROCK-LIKE SURFACE.

SoLID BLOCK FOR MORTAR-
FREE BUILDING. THE SEMI-
SPHERICAL LOCKS ENSURE

THE CONSTRUCTION OF RIGID
CORNERS AND SELF-ALIGNMENT
AND SHEAR STRENGTH OF WALLS
L=398, B=198, H=98 MM
WEIGHT CIRCA 17 k6.
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PERFORATED BLOCK
L=240, B=115, H=113 MM
WEIGHT CIRCA 4 K6

HoLLOW BLOCK WITH GROOVES
FOR EASY HANDLING
L=365, B=240, H=238 MM
WEIGHT CIRCA 30 k6

Fic. 9B MobeLs ofF LATOREX BUILDING UNITS.




- 22 -

HoLLow BLOCK,
L=435, B=214, H=240 MM
WEIGHT CIRCA 35 ke,

HoLLow BLOCK FOR USE WITHOUT
MORTAR, CCNCRETE REINFORCE-
MENT CAN BE PLACED IN THE
BIG HOLES.

L=375, B=250, H=255 mm
WEIGHT CIRCA 35 k6,

HoLLOW BLOCK FOR LONG-SPAN
FLOOR AND ROOF ELEMENTS. THE
BLOCKS ARE BONDED TOGETHER T@
BEAMS BY PRESTRESSED BARS,
THE BARS ARE PLACED IN THE
SMALL HOLES AND BONDED TO THE
BLOCKS BY GROUTING.

L=500, B=200. H=200 MM
WEIGHT CIRCA 40 ke,

Fic, 9C MobeLs oF LATOREX BUILDING UNITS.
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IT IS DIFFICULT TV QUOTE AN EXAC™ FIGURE
FOR INVESTMENT COSTS OF A COMPLETE LATOREX Fac-
TORY,

EQUIPMENT MUST BE SELECTED WITH DUE RE-
GARD TO THE LOCAL CONDITIONS, TME RAW MATERIALS.
LABOUR CONDITIONS, ETC,

THE INVESTMENT FOR A COMPLETE, AUTOMATED

PLANT WOULD PROBABLY BE IN THE RANGE US.$ 400,000-

600.000. | |
A SEMI-AUTOMATED OR LABOUR INTENSIVE FACTORY |

WOULD BE MUCH LESS EXPENSIVE,
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BuiLDiING wiTH LATOREX ELEMENTS

17 1S POSSIBLE TO DESIGN BUILDING UNITS
SUITABLE FOR A VARIETY OF PURPOSES ON THE BASIS
oF LATOREX,

MOST BUILDING SYSTEMS FOR LOW-COST, LOW-RISE
HOUSING ARE BASED ON SMALL UNITS SUCH AS BRICKS
OR BLOCKS WHICH USUALLY ARE SET IN MORTAR, IN
MANY CASES A MORTAR-FREE SYSTEM WHICH CAN BE ERECT-
ED WITHOUT ANY KIND OF SKILL WOULD BE PREFERABLE,
As THE SPECIFIC WEIGHT of LATOREX 15 2.0 ke/cMZ, A
HEAVY BLOCK COULD BE USED FOR ERECTION OF MORTAR-
FREE GRAVITATION MASONRY wALLS, As LATOREX BLocks
CAN BE PRODUCED TO UNIFORM DIMENSIONS. THEY CAN BE
PROVIDED WITH SPHERICAL LOCKS AS SHOWN IN FIG, 10,
THIS WILL ENSURE THE CONSTRUCTION OF RIGID CORNERS
AND SELF-ALIGNMENT OF WALLS. |F MONOLITHIC WALLS
ARE REQUIRED, THE BLOCKS MAY BE GLUED TOGETHER.

HOLLOW BLOCKS FOR MULTI-STOREY CONSTRUCTION

CAN ALSO BE PRODUCED FROM LATOREX AS SHOWN IN FIGS,
9 anp 11,
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Fie, 11 BLoCkS LIKE THE GERMAN SAND-LIME BLOCK TYPE KSHBL 2U4A
(DIN 106) cAN BE PRODUCED BY THE LATOREX METHOD. THE
BLOCK HAS GROOVES FOR EASY HANDLING AND SMOOTH UPPER
SURFACE FOR PLACING OF MORTAR, LATOREX BLOCKS SUITABLE
FOR TRADITIONAL MASONRY WALL CONSTRUCTION ARE SHOWN IN
F16., 9.
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SUMMARY

THE LATOREX BuiLDiNG SYSTEM

BUILDING wWiTH LATERITE BLOCKS

THE PAPER INTRODUCES A NEW LOW-COST
BUILDING MATERIAL, LATOREX,

THE PRODUCTION METHOD 1S DESCRIBED, ANY
KIND OF LATERITE OR LATERITIC SOIL CAN BE MIXED
WITH AN INEXPENSIVE ADDITIVE, PRESSED INTO BLOCK
SHAPE AND CURED IN PLASTIC TENTS HEATED BY SUN OR
HOT WATER,

FLOW SHEETS FOR LABOUR INTENSIVE AS WELL AS
FULLY AUTOMATED PRODUCT:ON PLANTS ARE SHOWN, EQuip-
MENT IS DISCUSSED IN DETAIL, APPROXIMATE COSTS OF
EQUIPMENT ARE STATED,

PROPERTIES OF LATOREX ARE COMPARED WITH PRO-
PERTIES OF OTHER MATERIALS.,

THE PAPER CONTAINS EXAMPLES OF VARIOUS BLOCK
UNITS AND A SYSTEM FOR LOW-COST, LOW-RISE BUILDINGS
BASED ON THE LATOREX METHOD,




NOTE

PRICES QUCTED FOR MACHINERY IN THI!S PAPER ARE

- EX FacTery, (972









