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The Centre for the Development of Industry (CDI), over ils twenly years of ope-
ralion, has built up a significant body of technical and commercial knawledge at
the service of launching, developing and rehabilitating small and medium-sized
enterprises in ACP countries (Africa, Caribbean, Pacific). It has done so parli-
cularly thanks to setting up sustainable partnerships with European Union
enterprises.

In publishing its "Practical Guides" series, the CDI is responding o a need
clearly expressed by ACP promoiers and by EU entrepreneurs wishing 1o set up
an industrial ¢collabaration with these countries. These guides aim to enable
them to adap! 1o the technical, commercial, {inancial, administrative and legal
environment proper 1o different local contexis. Intended to make their task
easier in a concrele manner - in simple and practical terms - in a field or in pre-
cise areas of their aclivities, they aim above all 1o be an efficient tool at the ser-
vice of the manager.

In preparing these documents, the CDI turns to consullanls, researchers and
praclilioners - both from ACP countries and from the European Union - who
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entrepreneurs actually encounter and of the solulions to be applied. When cir-
cumslances allow, the GBI works jointly with a co-editor {a consultancy group,
research organisation, specialised institution elc.) in order lo ensure that the
guides are distributed as widely as possible.

This document has been prepared in collaboration with CRATerre-EAG (the
International Centre for Earlh Construction - School of Architecture of
Grenoble}, with the supporl of ARSO (African Regienal Organization for
Slandardization) and the geomaterials [aboratory - URA of CNRS n® 1652 of the
ENTPE {National Engineering [nstitute for Public Works of Lyon). This docu-
ment is an output from a project co-funded by the UK Overseas Development
Administration (ODA) for lhe benefit of developing countries. The views expres-
sed are nol necessarily lhose of the ODA. The informalion contained in this
guide is provided in good faith by the GDI, CRATerre, ARSO, experts and
consultanis. They cannot, however, be held responsible for any errors, inaccu-
racies, deficiencies or possible omissions or lor their consequences.
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Preface

It emerged clearly from the sector survey of building and public works construg-
tion malerials in Cenlral Africa presented at the MAT-CONSTRUCT'95 industrial
forum held at Libreville, Gabon by the EU, UDEAC and the CDI in Oclober
1995, that earth building technology, and more specifically that of compressed
earth blocks, forms an integral part of the building industry.

The materials manufacturers and building enterprises which have adopted this
lechnology nevertheless siill find themselves facing problems of acceptance of
the material due to the absence of normative documenits.

The present guide secks to fill this gap. The guide is deliberately innovative in
so far as il results from a global approach. Thus it goes much further than the
classic, utilitarian aim of being of direct benelit to individgual enterprises, and is
positioned mere al a level which is of interesl to professional organisations as
a whole.

In drafting the slandards an innovatory process was introduced, favouring a
pluri-disciplinary approach and invelving a very large number of international
experts and specialised institutions, representing all those involved in the buil-
ding industry.

The standards were ratified as African Regional Standards under the auspices
of the African Regional Organization for Standardization (ARSO) Technical
Committee on Building and Civil Engineering (ARSQ/TC3) after having satisfied
ARSO's procedures for the approval of Regianal Standards.

Although the normative documents have an official status of African Regional
Slandards, the influence of the guide is certain to be feit far beyond the geo-
graphical fronliers of the ACP countries,

The guide also estifies to the determinalion to respond {o demands originating
in the changing realities in the field. This slandardisation corresponds perectly
te new needs in traditional building fields and helps the new technologies being
implemented by ACP country enterprises to emerge.

N

~

Dr. Qyejola O.A. Houben H.
Secrelary General Research-Engineer
African Regicnal Organization International Centre for
for Standardization Earth Construction
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Introduction

Unfired earlh has been used for building construction since the most ancient
times, as witnessed by (raditional housing in many parts of the planet.
Abandoned and forgotten wilh the advent of industrial building materials, and
particularly concrete and steel, it is nowadays the object of renewed inlerest
both in developing and in induslrialised countries.

Earth construction is loday developing a range of preduction techniques which
span [rom the mosl rudimentary, manual, cralt process to the most sophistica-
ted, mechanised, indusirial one. At the higher end of the spectrum, which has
been the object of unprecedented scientific research, the production of earth
materials is now on a par with other contamporary building materials. Amongst
the most highly developed, compressed earth block lechnelogy is particularly
noteworthy.

In the past, compressed earth blocks were produced by manual tamping in a
wooden mould. In the 18th century, Frangois Gointeraux, a Frenchman, desi-
gned the first press, the "Crécise”. Bul it was not until the beginning of the pre-
senl century that the principle of mechanical compression was laken up again,
initially using manual presses equipped with heavy lids forced down onto the
excess earth in the mould. Such machines were then motorised and equipment
manufacturers wenl on to develop stalic energy presses in which the earth is
compacted between two plates moving logether. This process was that used to
manufacture bricks for firing and was only moderately suitable.

It was not until 1952 that the first press specially designed for the production of
compressed earth blocks came onlo the market: the CINVA-RAM press, deve-
loped by the engineer Raul Ramirez al the CINVA centre of Bogota, Columbia.
It was then thal compressed earih block technology made an irreversible break-
through. All over the world, major programmes for the conslruction of buildings
using compressed earth block lechnology sprang up, especially in Lalin
America and in Africa: Sudan, Congo, Zaire, Guinea, Madagascar, Burundi,
Rwanda, Zimbabwe. Alongside lhis activity, numercus scientific research and
technological development programmes aimed te achieve a better grasp of the
large scale production process. Aller a lull in the 60s, from the mid-70s onwards
there was renewed interest, and during the 80s, the technology attracted the
attention of construction industrials world-wide. The lalter developed a whole
new range of production equipment, including high speed industrial production
chains. Simultaneously, many building enterprises were adopling earth building
technology and its applications began to spread from private lo public markets.

Since the 90s, CEB manufacturing technology has been widely disseminated
amongst small and medium-sized enterprises in ACP countries. Architectural
and technical offices in these regions are now interested in CEBs for planning
conslruction projects, and public and private building companies have recently
started 1o integrate the CEB in implementing housing programmes, demonsira-
ting that this material is today accepted by building sector professionals.

The CDI attaches parlicular importance to developing this industry because it
exploits locally available natural resources such as earth and because il creates
jobs. In addition, the technology is easy to master and the level of investment
is attainable for small and mediumn-sized industrial enterprises. In this respect,
the CDI has assisted numerous ACP promoters, this assistance being provided
at several levels:

— assessing the diagnosis of projects;
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— assessing the selting up of production unils;

— seeking European technical pariners with equipment which is advanta-
geous from an economical point of view and who are inlerested in trans-
ferring their skills and knowledge;

— ftraining staff from several small and medium-sized enterprises in the
contex! of demonstration projects;

— improving the technical and economic performances of CEB manufac-
turing units.

In addition to intervening In projects as such, the CDI, together with CRATerre-
EAG, plays an active part in promoting the technology. Thus, an exhibition of
some twenly panels presents the various types of block, the manufacturing
technologies and a few experiences known in Africa. This exhibition has been
shown at several industrial forums held in collaboration with the European
Commission.

As far as publications are concerned, the CDI, with the help of CRATerre-EAG,
has prepared a guide preseniing an invenlory of the equipment available in
ACP and EU countries, selection criteria for manufacturing equipment, and the
methodology to use in carrying out an economic feasibilily study on the deve-
fopment of this product. 3,000 copies of this guide, which has proved very suc-
cessiul, have already been distributed amongst small and medium-sized enter-
prises, NGOs and development institutions in ACP countries.

It is now a question of knowing how to encourage enterprises to manufacture
products which are certified lo conform to standards with a view to reinforcing
the use of CEBs in the conslruction seclor. The guide entitled “Compressed
earth blocks: standards” is pan of this efior.

It aims to compensalte for the relative absence of standards jor the production
and use of CEBs and presents a consistent series of standards which have {he
statute of African Regional Standards and which should ultimalely facilitate the
drafting of national standards. Il is a practical decument intended for construc-
tion industry professionals, but also a genuine "user's manual" aimed at those
responsible for the standardisalion of this material in thelr country.

The structure of the guide, which covers from the identification of raw materials
to the finished building, should enable it to be suited to most contexis. These
will dictate the relative importance of each lechnical normative element in the
light of particular needs.

For each of these elements there should be corresponding performances or
processes which make up a serias of normative data (lests, products, efc.)
which are distincl; but to promote adoption of innovative materials, systems and
designs, they should be read globally. This enables more flexibility to be intro-
duced, without losing sight of the main objectives of lhe standard, which are to
protect the citizen and the quality of life.
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The standardisation concept which has been used in preparing
the present guide conforms with ISC/IEC Guide 2, "Terminology -
General Terms and their definitions concerning standardisation
and related activities", fifth edition 1986.

The drafting and presentation of this guide have been realised in
accordance with IEC/AISO Part 3 directives - "Drafting and pre-
sentation of Internationai Standards", second edition 1989.

The recommendations on standardisation, promotion and certiti-
cation were drawn up by the experts from the national standar-
disation organisations who attended the Yaoundé seminar,
based on the texts of the document "Standard guidelines - Fibre
or Micro Concrete Tiles", FCR/MCR Toolkit - Element 4. SKAT-
ILO. BASIN. 5t Gallen/Geneva. Switzerland. 1994.

The texts which appear under an "ARS" chapter heading have

been formally ratified by ARSOQ. The ratification process is detai-
led in the chapter "Regional standardisation proceedings".
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Definition and objectives of standardisation

The International Standards Organisation {ISQ) distinguishes belween the
terms «standards» and «normative documenls» as follows:

— a standard is a: «document, established by consensus and approved
by a recognised body, that provides, for common and repealed use, rules,
guidelines or characterislics for activities or their results, aimed at the
achievement of the oplimum degree of order in a given context» and
«should be based on the consclidated results of science, technology and
experience, and aimed at the premotion of oplimum community benefits»;

— a normalive document is a: «documenl that provides rules, guidelines
or characteristics for activities or their results» and therefore does not have
the same scope, nor the same endorsement, but can become a «stan-
dardn.

Various terms of the definition deserve comment.

«Consensus» does nol necessarily imply unanimity, bul «general agreemenl
characlerised by the absence of sustained opposilion lo substantial issues».

The objectives of standards are above all economic and social, to facilitate
exchanges of goods and services and to protect the citizen (safety, preduct
qualily, etc.) and the qualily of life {health, hygiene, environment etc.) This is
why slandards refer to «common and repeated uses» which therefore involve
numerous partners and serve them as a means of reference {or communication,
for lerminology, contracts, 1echnical data, etc. This value as a reference rests of
course on its scientific and technical viability for which approval by an organi-
sation recognised for its moral aulhority and its respect for the rules on drawing
up siandards and on seeking consensus, is required.

The approval and the recognition of the standard, both by the parlies concer-
ned and by lhe moral authority, ensure «an optimum degree of order» required
for exchanges and contractual relalionships, and therefore for the industry and
the economy. This «order» is of course linked to «a given context» and a given
moment, which means that the decument is not siatic, but rather one which is
regularly re-examined and il necessary revised.

Stlandards thus enable lechnology dissemination from the relevant lechnical
and economic collective bedy to all enterprises, providing the basis for repli-
cable technical solutions and thus the gradual building up of a common «tech-
nical culture» which aims lo remove various technical obsiacles. This is parti-
cularly relevant in developing new products and in winning new markets.

On the basis of these objectives, innovation is clearly important and the stan-
dard should not prevent it from occurring. It is, however common to believe that
& slandard is rigid and constraining. It might indeed seem paradoxical 10 ensu-
re «an optimum degree of order» and to «stimulate innovalion», bul to innova-
te it is vital to know and 1o use that which axists, and nexl te have the tools and
the aids to enter the market in satisfactory conditions of competitiveness and
commercial success.

For this to occur, everylhing depends on the type of standards the communily
has and it is importan! to distinguish between the «means» sltandard and lhe
«results» standard. The {ormer, which is the mos! classic, describes in practical
lerms the means to be used to achieve an objective, il is a little akin 1o a manu-
facturing guide, but it can make the technigue inflexible.

Comprassed earh blocks: slandards 11



The latter determines the result to be achieved {(characteristics, performance,
efc.} but [eaves the service provider totally free to choose the means employed.
Contrary to the former, there is no danger of its handicapping progress and it
encourages innovation, but there is nevertheless a risk that this freedom to
choose the means employed might lead to reinventing thal which already exists
and consequently using cosily and complex means. A slandard allowing for
innovation should therefore describe means in such a way as to allow choice,
rather than to impose them.

1 2 Compressed earlh blocks: siendards



Opportunity for standardisation

The transition from traditional, rural socieliss to industrial, urban ones has signi-
ficantly transformed relationships within societies, making exchanges rnore
fragmented and complex, The way exchanges have been transformed is parti-
cularly apparenl in technical areas which were the first to undergo the efiects of
the «industrial revolution» or of «modernity».

Traditional systems involved few operators in the act of building: one could be
designer, materials producer and builder all at once, or if clients did tum to a
«professional», it was for a precise task of which they themselves had some
experience, since all «citizens» of a given area shared a single technical ¢ultu-
re. This kind of exchange, which still sometimes occurs, is inevitably tending to
disappear as a result of a greater complexity of technical cultures which have
become difficult to grasp in their entirety, and as a result of the greater number
of parties involved. Apart from the user, there are now building material manu-
facturers, wholesalers and retailers, building companies and sub-coniractors,
building societies, professicnal consuliants, funding organisations, etc. In the
face of this complexity, technical reference documents, siandards, have beco-
me vital for exchanges between all these operators to occur. Such documents
are in fact often produced on the initiative of the aperators themselves.

As far as building malerials such as the compressed earth block are concerned,
the need for standards comes virtually unanimously from producers and/or
users who want to prove that this material, although it has its raots in tradition,
can take its rightful place in current construction practices.

Thus producers and users often find themselves confronted by technical
hurdles, as for most new technologies, above all as a result of ignorance, since
they are not yet part of the «common technical cultures.

Designers cannot use the malerial since they do not know its characteristics
and performances; construction companies do not know how it should be used;
inspectors do not know how to test and measure its performances; and banks
and insurance companies, without inspectors paving the way, cannot underwri-
te loans and 10-year guarantees for bullding works, etc. As a result, the only
avenue still open 1o producers and/or builders is to ensure for themselves the
premotion and the credibility of this technology. For example, building at one’s
own expense lesl walls to reassure the client and the inspector, or following
expensive and complex tesl procedures, relating to other building materials,
because existing standards do not provide any others and are applied with no
regard far the production and utilisation context.

Refering to ISO guidelines on standards in the construction field, it can be noted
that: «any slandardisation in the field of construction should recognise that a
building is built, above all, to meet the requirements of pecple particularly with
regard to their health, comfort and safety. The best solution, ultimately, consists
in expressing inlernational construction standards as far as possible in terms of
performance requirements for building elements, components and materials,»
and particular attention is drawn lo the fact that requirements should be formu-
lated in this order rather than the cpposite one.

This means focusing firsl en results (the building) and then on the means 1o
achieve them (materials, production and construction, etc.), but if only the
means are specified, lhere is a danger that it might become impossible 1o res-
pect both the standard and the users' requirements.

Compressed earlh blogks: standards 1 3



For example, a restriclive specification stipulaling very high compressive
strength, when dealing with a simple, single-storey building, runs the risk of for-
cing the use of certain malerials which might be out of the financial reach of the
majority of the population, .
The same ISO guidelines also state: «internalional conslruction Standards
should still take account of various climatic or regional condilions, and notably
of the skills available and of the various stages of technical and economic deve-
lopmen!. It is appropriate, as often as possible, for international construction
standards to include different levels of requirements to be applied in different
regions in the light of the cenditions predominating».

It is therefore lairly clear that normative documenls on compressed earth blocks
are tools for promoling and defending this relatively new technology and that if
demand emerges and is not met, the absence of normalive documents would
penalise the various operators who had invested or who wished 10 invest in it,
in whatever particular way.

Naturally, for them to be effective and operational, such documents must foltow
the various principles stated above and which can be briefly summarised as fol-

lows:

~— they must be precise, i.e. specilic 10 this material and not a transposi-
tion of standards intended for other materials;

— they must be established by consensus, by the operators involved as
a whole, whether public, private, iechnical, user, financial, etc.;

— they must be realistic, taking accounl of climatic and regional condi-
tions (both technical and economic);

— they must be comprehensible to those qualified persons who were not
involved in drawing them up.

1 4 Compressed eanh blocks: slandards



Recommendations on standardisation

Drawing up standards for products, goods and services {alls under the respon-
sibility of the National Standards Body {(NSB), which uses a procedure valid for
all products, including compressed earth blocks (CEBs), earth mortars (EMs)
and compressed earth block masonry (CEBM).

Recommended method
The recommended method is known as the «Technical Committee Methods.

In the light of needs expressed in a specific area, lhe National Standards Body
(N8B} sels up a technical committee (TC). If necessary, sub-commiltees (SC)
and working groups (WG) are also formed 1o ¢arry out the waork of the technical
commiltee. These commiltees and working groups are made up of representa-
tives of producers, users, technical teaching staff, researchers, professionals
and various government structures, so lhat their conclusions are realistic and
meaningful, and rellect the diversity of the environment, The NSB acts as the
secrelariat and co-ordinates the work of the TC.

The method consisis of the following phases:
Phase 1: Feasibility study and programme definition

The NSB plans its work programme laking account of the requests or proposals
forwarded to it by various parties, This programme reilects the needs and
concerns of industry, of commerce, of users, of technical teaching staff, of
researchers, of professionals and of administrators. The otlher faclors the NSB
has to take into account are notably:

— the stale of development of the technique, including the most recent
scientific and lechnological programmes, as well as changes in the design
of preducts and malerials;

— the availability of resources in lhe country with regard 10 lechnolagy,
production process and matearials;

— hygiene and public safety;

— national economic development objectives.
Phase 2: Preparation
The NSB prepares or has prepared by a technical associate a draft standard
using existing texts al nalional level, the national standards of other countries,
regional andfor inlernaticnal standards and in consultation with the seclors
involved. This text, which forms {he «base document», is submitted lo the TC

for detailed deliberaticn. Once a consensus on the essential points has been
achieved, the TC prepares an «amendad documents.

Compressed earth blocks: slandards 1 5



Phase 3: Public enquiry

The project is presented 1o a wider audience, {ministry representatives, various
government and private organisations, research institutes, housing companies,
funding bodies, materials manufacturers, enlrepreneurs, technical centres,
laboratories, teaching institutions, technical control organisations, insurance
companies, elc.) in order to obtain wider comments and suggestions: the
audience consulted is then broadened to include the associates of the partners
involved, including national and foreign practitioners.

Phase 4: Ratification

Following consideration and objective evaluation of the comments and sugges-
tions resulting from the public enquiry, the «final standard» is drafted and sub-
mitted for ratification as a national standard to the relevant autherities (the

department responsible for slandards within the relevant technical depariment).

N.B. National standards can be obligatory for reasons of safety, health, protec-
tion of the environment, etc.

Phase 5; Publication

The national standard is then edited and published in the official record for
generalised distribution.

1 6 Campressed eanh blocks: standards



Recommendations for the promotion of standards

To promote CEB slandards, all the institutions involved in this technology
should take concerled action.

Training
An efficient way of making the standard familiar and ensuring thal il is used is

to regularly refer o it during training programmes. Manuals and other teaching
materials should also be adapted in consequence.

Publicity
Distributed through appropriate channels, articles and adverts in specialised

journals, radio broadcasls and video spots are all imporiant ways not to be
neglected to make the standard known,

Events

Helding events, for example combined with professional meetings or exhibi-
tions. can also be a way of transmitling information 1o a wide audience.

Institutionalisation

The NSB should lead the authorities involved to amend their national building
regulations and other legislative documents so that these lake CEBs into
account. By doing so, these authorities help 1o reinforce the standard.

City authorilies should be encouraged to modify their building regulations by
introducing the use of CEBs into relevant lzgistation.

To facilitate Lhis, it can be useful to invite the authorities concerned ta take part

in study tours, in order to familiarise them with CEBs and with current develop-
ments.

Compressed eanh blocks: slandards 17



Recommendations for certification

Only the strict application of standards to ¢check all CEB malerials at the point
of preduction will enable a consislent and reliable qualily to be oblained in a
given country. This is vital to win user conlidence.

Standards should serve as a reference for:

— eslablishing and defining a cerification procedure;
— checking production and product sales;
— drafling submission documents and purchasing contracts.

Proposed certification method

The NSB should run a certification syslem allowing producers to use a NS label
{National Standard). This label can be awarded only if production respects a
number of requirements intended to guarantee the quality of the finished pro-
ducts. This authorisation is awarded after therough and regular inspection of an
enterprise.

The inspection should review production, monitering and evaluation mecha-
nisms, quality control equipment and procedures, staff skills, and any cther fac-
tor enabling an appreciation of whether a preducer is capable of respecting the
slandards. During the inspection, the NSB sheould provide as often as necessa-
ry technical advice allowing the producer to improve current preduction and
quality control.

Thus, when a product is labelled NS, this means that it is good quality, reliable
and strong.

The label of conformity lo slandards affixed to products andf/or packaging
should give the following information:

— name of producer;

— preduction label or olher means of identification;
— {he number ol the standard;

— 1he date ol production.

On request, the producer should provide a cerificate attesting that the products
conform 1o the slandard in gueslion,

Product control and laboratory accreditation

To supporl the cerlification label system and to encourage the development of
standards, the NSB should work in collaboration with control laboratories.

These public or private laborateries work in collaboration with the NSB on pro-
duct contrel. They should be the object of an accredilation procedure laking
account of their skills, their integrity and their desire to work in close connection
with the NSB,
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The terminology of compressed earth block technology is very
similar to the classic terminology for small masonry elements
which is generally perfectly suitable.

To designate the specific product which is the object of this
guide, the experts as a whole opted for the term “"Compressed
Earth Blocks" (CEBs). This generic term includes all the varia-
tions of this product, whether or not the earth is stabilised.

it should be noted, however, that the literature abounds with
other designations, all referring to the same products: Stahilised
soil-cement, Stabilised soil blocks {(SSB), Stabibloc, Terracrete,
Soilcrete, pressed soil bricks, Geocrete, etc,

20
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ARS 670: 1996 - Compressed earth blocks
Standard for terminology

1 General
1.1 Object

The aim of lhe present standard is to define the principle terms applying to com-
pressed earth block technology (CEB).

1.2 Fields of application

The terms delined by the presentl standard are applicable in drawing up all tech-
nical, administrative and coniractual documenls relating to compressed earth
block technology and relale both to public and {o private contracts.

2 Terms applicable to compressed earth blocks
2.1 Definition

Compressed earth blocks (CEBs} are masonry elements, which are small in
size and which have regular and verilied characteristics obtained by the static
or dynamic compression of earth in a humid state followed by immediate
demoulding.

Compressed earth blocks generally have a rectangular parallelepiped format
and are full or perforated with vertical and/or horizontal indentalions.

Campressed earth blocks are principally made of raw earth and owe Lheir cohe-
sion in a humid state and in a dry slate essentially to the clay fraction wilhin the
earth; an additive can, however, be added {0 the earth to improve or enhance
particular characteristics of the product (see 3.1.2).

The final characteristics of CEBs depand on the quality of the raw materials
used (earlh, additive} and on the guality of he execution of the various manu-
facturing stages (preparalion, mixing, compression, curing).

Note: this definition therefore excludes blocks obtained by extrusion, as well as
agglomerated products where the chemical binder plays an essential parl in
ensuring cohesion when dry.

2.2 Description

The most eommon lype of CEB can be described geometrically staling its for-
mat. The formal of the product described consists of its general shape, its prin-
cipal dimensions and the nature of any indentations (hollows, perforations etc.)
incorporaled into the product.

The most common format is a rectangular parallelepiped {or prismatic) format
with a length (1), a width (w) and a height {h). Giving these three dimensions in
this order (1, w, h) is sufficient for their use.

Non parallelepiped reclangular formats require a fuller description {cylindrical,
conical, hexagonal, wedge-shaped, in the form of a truncated cone, etc.). The
{format used for the description is the nominal format which takes into account
the manufacturing dimensions.
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The format may be principal or secondary, The principal format or commeon for-
mat corresponds to the basic format from which secondary formals are obtai-
ned, these being merely fractions or multiples of the basic format in relation to
its length. The most frequently found secondary formats are the «3/4», the
«if2» and the «1/4» the respective lengths of which are:

— 13/4 =(14/4 -tm/3} 3/4
— 11/2=(14/4-1m) 1/2
— | 1/4 = {1 4/4 - 3tm) 1/4

where Im is the thickness of the vertical joint. There are also CEBs reduced by
half in height,

Secondary formal CEBs are required to ensure bonding continuity throughoul
the built structure, for example at wall corners, and at the intersections of walls
and partitions.

Secondary format CEBs are oblained either directly by manufacturing, or cut at
the moment of use.

The «nominal format» should nol be confused with the «work formats which
corresponds to a description using real dimensions to which a corresponding

joint thickness has been added.

The work format is therefore a unit of measurement for practical use enabling
the dimensions of a built structure to be rapidly calculated. To recapitulate:

— nominal format: (I, w, h)
— work format: (| + tm, w + tm, h + im}

Table 1 — Example relating to the height of blocks

NOMINAL FORMAT WORK FORMAT

h +tm

Ex:h=9cm Exxh+tm=9+15=10,5¢cm

The nominal format is the ene normally used and in the event of any danger of
confusion it is recommended that the nature of the format being used should be
specified.
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2.3 Description of the parts of CEBs

The prismatic block has 6 faces, each of which has a name:
— 2 faces are known as surface «siretchers» (I x h);
— 2 faces are known as surface «headers» (w x h);

— 1 face is known as the «laying face» {I x w), being lhe upper face of the
CEB when laid;

— 1 face is known as the «bed face» (| x w), being the lower face of the
CEB when laid.

Table 2 — CEB faces

HEADER STRETCHER

LAYING FACE BED FACE
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The details describing a CEB sheuld include the lollowing valugs:
— gross section: | x w {l and w measured on the same plane);
— net section: gross section less any hollow;

— bed sectien: surface commeoen to the laying and the bed faces when
superimposed in conlact with the mortar joints and capable of transmitling
lhe load.

Table 3 — CEB sections

GROSS SECTION

NET SECTION

BED SECTION

24
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3 Terms applicable to compressed earth block production and
production equipment

3.1 Terms applicable to CEB constituents
3.1.1 Earth

Earth intended for CEB construction designates the basic material made up
essentially and in carefully controlled proportions of the following components,
before any mixing with an additive or with water: gravel, sand, siit and clay.
These components can be defined using a metric classification, or with regard
to the fines, by their mineralogical nature.

The meftric classificalion is as follows:

— gravel fraction: coarse gravel - 60 mm to 20 mm;
medium gravel - 20 mm to & mm;
fine gravel S 6 mm to 2 mm;

— sand fraction: coarse sand - 2 mm to 0.6 mm;
medium sand - 0,6 mmto 0,2 mm;
fing sand - 0,2 mm to 0,06 mm;

— silt fraction: coarse silt - 0.06 mm to 0.02 mm;
medium silt - 0,02 mm to 0,006 mm;
fine silt - 0,006 mm to 0,002 mm;

— clay fraction: passes Llhe S 0.002 mm sieve.

There are other classificalions which are also acceptable.

Coarse material (gravel and part of the sand fraction) consists of compenenls
with a diameter in excess of 0.08 mm. Cearse material provides the slable "ske-
letan® of CEBs thanks to its inlernal friction and its inertia.

Fine materizl (a par of the fine sand fraction, silt and clay)} consisls of compo-
nents the diameter of which is less than or equal to 0.08 mm. From a minera-
logical point of view, the notions of clay and of silt are not restricled to the metric
values given above. Understanding the mineralogical nalure of fines may be
vital when selecting types of earth.

Fines fill in the voids in the "skeleton®. Clay and par of the sill [raction provide
the cohesion of CEBs because they act as binders.

3.1.2 Additive

An additive is a substance added during manufacture, intended 1o improve the
final characterislics of the CEB or to enhance panicular characterislics.

The most common additives are siabilisation products, know as slabilisers,
such as cement, lime, pozzolonas, etc. intended 10 neutralise the sensitivily 1o
water of the fine fraction and thus to maintain cohesion at an acceptable level
even in a humid state. But other additives can also be used lo modify other cha-
racteristics such as colour {colouring agents), tensile strenglh and reducing
shrinkage cracks (fibres), ele.

3.1.3 Filler
Afiller is a granular material, generally of a sandy type, employed as an additi-

ve in lypes of earth which contain loo great or too active a silt and/or clay frac-
tion.
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3.14 Mix
The mix is the materfal obtained by adding additives and/or filler and water to

the earth, preparatory to being introduced into the press {or the manufacture of
the CEB.

3.2 Terms applicable to the production of compressed earth blocks
3.2.1 Preparing the earth

This censists of the following operations:

— drying;
— screening.
— pulverising;

3.2.1.1 Screening

This operation is intended to eliminate all undesirable components {rools, leaves,
elc.) together with any components with a diameter greater or lesser than that requi-
red. This operation also enables the earth to be loosened in a uniform manner.

3.2.1.2 Pulverising

This operation is intended to break down lumps made up of coarse malerial andfor
fines. It can also be used to split coarse material to reduce it 1o smaller diameter
aggregates.

3.2.2 Mixing

This is a series of technical operations aimed at making the prepared earth, to
which additives and/or a filler may have been added, homogeneous. Mixing
most ofien takes place in two stages: dry mixing before adding water and wet
mixing after adding water. There may also be a third stage, after a given reac-
tion time, which consists in subjecting the mix to a further phase of stirring.

3.2.3 Retention time

Retention tlime is the delay between the start of wet mixing and the compres-
sion of the earth.

3.2.4 Compression

Compression is the operation which consists in compressing the material in a
confined space known as a mould using a static or dynamic mode; compression
is followed by immediate demoulding, freeing the shaped block.

3.2.5 Curing

Curing is lhe period following compression during which two types of pheno-
mena principally occur. These can be differentiated as follows:

— physicochemical reactions between the various components of the mix
and above all between the earth and the additives resulting in the stabili-
sation of the block; during this phase, conditions of relative hygrometry and
of heat are crucial and require careful attention;

— drying which consisls in the gradual removal of manufacturing humigi-
ty by evaporation.
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3.3 Terms applicable to production equipment
3.3.1 Preliminary note

All preduction operations can be caried out manually with simple tools or using
manual or motorised mechanical equipment.

3.3.2 Earth preparation equipment
Preparation equipment includes:
— screens, to remove components with too large a diarmeter;
— pulverisers, which allow the panticle size of coarse components 1o be
reduced or silt and clay aggregales to be broken dewn without affecting the
parlicle size distribution.
3.3.3 Mixing equipment
Mixing is carried out using a mixer. Mixers can be planetary, where the mixing
system is mounted on a verlical axis, or linear, where the mixing system is dri-
ven by a horizontal axis.
3.3.4 Presses

Presses are classified using several criteria:

a) the energy source: manual or motorised (with a distinction between
thermal and electric motors);

b} the system by which the energy is transmilted fo the moulding system:
mechanical, hydraulic, or combined.

3.3.5 Specific characteristics of presses

In describing presses, cerlain specific criteria are used.
a) Compression aclion: this is the very principle of the operation of the
compression system. Compression may be static, dynamic by vibration or
dynamic by impacl.
b) Usable force: the force potentially available to compact the earth,
¢} Compression pressure: lhe pressure theorstically applied to the mix
and which expresses the ralio of usable force to the surface to which it is

applied; compression pressure is classified as follows:

— very low pressure: 1to2 N/mm?Z;

—- low pressure: 2tod Nlmmz;

— medium pressure: 4106 memz;

— high pressure: 6 to 10 N/mm?2;

— hyperpressure: 10 to 20 N/mm?;

— megapressure 20 N/mm2 and over.

It should be noted thal the highest comprassion pressures are not ngces-
sarily the most efficient.

d} Pressure at the end of compression: the pressure actually applied to
the mix at the end of compression.
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e) Dynamic effect coelficient: \he eflect, on stalic compression presses,
due to the inertia of the lever movement of the machine, which increases
the pressure at the end of compression.

f) Compression mode: lhe principle of spreading the pressure across the
mix. In simple compression, pressure is transmitled by displacing a single
plate onte the laying or the bed face. In double compression, pressure is
applied by displacing both plates onto the laying and the bed face simulta-
neously or allernatively.

g) Comprassion ratio: the ratio between the depth of the press mould
before compression and the depth at the end of compression (which cor-
responds to the height of the CEB product).

R) Ouiput: lheorelical oulpul corresponds 1o the sum of the number of
CEBs produced per cycle, by number of cycles (filling, compression,
demoulding} per hour; practical cutput corresponds to the theoretical out-
put adjusted for estimated down time (machine maintenance etc.); actual
output is the output measured in the context of normal activity.

3.4 Terms applicable to delivery conditions

3.41 Order

3.4.1.1 Ordering earth

The order specifies the designation of the earlh {gravely earth, sandy earth,

clayey earth, eic.), the quantity, the place of delivery, and the procedure for

accepling or rejecting delivery. The order may also specily the localion of the

quarry and the depth of the quarrying operation.

3.4.1.2 Order for CEBs

The order specifies the designation of the CEBs, the quantity, the delivery location,
and the procedure for accepting or rejecting defivery.

3.4.2 Supply
The quanlily of merchandise corresponding to one and the same order,
3.4.3 Delivery

The gquantity of merchandise delivered or intended o be delivered on one single
occasion, whatever the number and the nature of the means of ransport used.

3.4.4 Lot

The quantity of merchandise serving as a basis for determining samples for tes-
ting.

3.4.5 Taking delivery

A series of operations enahling ithe conformily of the merchandise to be chec-
ked against the specilicalions of the standard.

4 Terms applicable to construction with CEBs
Compressed earth blocks being masonry elements, when referring to their use,

one therelore applies the common terminology of traditional masonry with thick
mortar jeints (around 15 mm).
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4.1 Earth mortar

An earth mortar (EM) is a mortar used for compressed earth block masonry of
a fraditional type using thick mortar joints.

An earth mortar consists principally of raw sarh and water and owes ils cohe-
sion in a humid or a dry state essentially to the clay fraction of the earth; an
additive and/or a filler can, however, be added to the earth to improve or enhan-
ce particular characteristics of the mortar.

4.2 Compressed earth block masonry

Compressed earth block masonry {CEBM) is masonry of a traditional type using
thick earth mortar joints,

5 Terms applicable to assessing the characteristics, performan-
ce and suitability for use of CEBs

To assess lhe characteristics, performance and suitability for use of compres-
sed earth blocks, one should use the terminology commonly used for other

small masonry elements, excluding the elements provided in the present stan-
dard relaling to terminoclogy.

6 Symbols and units
6.1 Units of measurements

Table 4 — Symbols and basic units of measurement

Units used In the building

Symbols English French Sl Units sactor
L Length Longueur metre m m, ¢m, mm
F Force Force newton N MN, kiN, N
c Pressure,Siress Pressian, Contrainte pascal N/m2 MPa=Nimm2=MN/m2
m Mass Masse kilogramme Kg t. kg, g
1 Temperalure Température degrees °C “C
Celsius
T Time Temps seconds 5 h, min, §
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6.2 General notations

Table 5 — Symbols and units of general notations

Symbol English French Formula Unit
Ph Humid weight Poids humide g, kg
Pd Dry weight Poids sec g, kg
Pw Weight of water Poids d'eau , k

v Volume of sample Volume de ['6chantillon em?, me
Pw x100
w Waler content Teneureneau W= T % weight
Wopt Optimum water content Teneuren eau oplimale % weight
. Masse volumique séche (Densité Ph
¥d Dry density séche) ( Yd = m}* kN/m3
Masse volumique apparente
¥h Apparent density (Densitéd gppargﬁte) Yh= % kN/m3
Ys ) . ] Masse volumique des grains
Solid grains densily solides {Densité des grains s =265 kN/m®
solides)
Pstab Weight of binder Poids de liant g. kg |
. Pstab » 100 .
Stab Binder content Teneur en liant Stab = T % weighl
D Largest grain diameler Diamétre du plus gros grains mm
0/d Grain fracticn between 0 and Fraction granulométrique entre 0
dmm etd mm
LL Liguid limit Limite de liquidité % weight
PL Plastic limit Limite de plasticité % weight
Ip Plasticity index Indice de plasticité Ip=LL-PL
WBS(0/d) Methylene blue value of the 0/d | Valeur de bleu de méthyléna de
fraction of soil la fraction 0/d du sol
VBS iotal Methylene blue value of the Valeur de bleu de méthyléne
entire soil totale du sol
I Length of CEB LongueurduBTC mm, ¢m
w Widlh of CEB Largeurdu BTC mim, Gm
h Height of CEB Hauteur duBTC mm, cm
tm Thickness of mortar Epaisseur du mortier Mmm, cm
fp dry Dry compressive strength of CEB | Résislance a la compression sec N/mm2
tested in homogeneous du BTC testée dans des
conditions conditions homogénes
t Dry tensile strength of CEB Résistance A la traction sec du N/mm2
fp dry BTC
fh wet Wel compressive strength of Reésistance & la compression N/mm?2
CEB humidedu BTC
t Wet tensile strength of CEB Resistance a [a traction humide N/mme
Ip wet duBTC
fm dry Dry compressive strength of Resistance a la compression sec N/mme
morar du mortier
i d Dry tensile sirength of mortar Resistance a la traction sec du Nimm2
m ary mortier
Ehp Young's modulus of CEB Module d'Youngdu BTC N/mm=
vb Poisson's ratic of CEB Coefficient de Poisson du BTC
Em Young's modulus of EM ModuledYoung duMT N/mme
Vm Poisson's ratio of EM Coefficient de Paisson du MT
hef Effeclive height of wall Hauteur effective du mur cm, m
t Thickness of wall Epaisseur du mur cm, m
fik Dry characteristic compressive Résistance nominale & la N/mme
strength of masonry compression sec de la
magonnerie
vk Dry characleristic shear sirength | Résistance au cisaillement sec N/mm2
of masonry de la magonnarie
Tvko Dry characteristic shear strength | Résistance au cisaillement sec N/mm2
of masonry at zero de la maconnerie sans
precompression précompression
30

Comprassed eanh blacks: slandards



ARS 671: 1996 - Compressed earth blocks
Standard for definition, classification and designa-
tion of compressed earth blocks

1 General

1.1 Object

The aim of the present standard is to define compressed earth blocks (CEBs),
to classify them according to their typolegy, their appearance, their condiliens
of use, and to determine the categories into which they fall as well as their desi-
gnations.

1.2 Fields of application

The definitions, classifications and designations of the present standard are
applicable in establishing any technical, administrative or contractual document
relating to compressed earth block technology, and relate bolh to public and to
private contracts.

The standard applies exclusively to CEBs intended for the realisation of simple
built structures in common masonry with thick mortar joints (walls, partitions,
piers, small lintels, arches, vaults, domes, elc.) and of any similar built structu-
re.

The standard does not apply o CEBs used for flooring or liling, nor to CEBs
designed lo be assembled dry, interlocking, using glue-morar, or used in rein-
forced masonry.

The standard is not applicable in areas subject to earthquakes, floods or
cyclones to an extent that requires the application of appropriate rules in order
to avoid major damage.

2 Definition of CEBs

Compressed earth blocks (CEBs) are masonry elements, which are small in
size and which have regular and verified characteristics obtained by the slalic
or dynamic compression of earth in a humid state followed by immediale
demoulding.

Compressed earth blocks generally have a rectangular parallelepiped formal
and are full or perforated, with vertical and/or horizontal indentations.

Compressed earlh blocks are made principally of raw earth and owe their cohe-
sion in a humid state and in a dry state essentially to the clay fraction within the
earth; an additive can, however, be added to the earth to improve or enhance
particular characteristics of the product.

Note: this definition therefore excludes blocks obtained by extrusion, as well as

agglomerated products where the chemical binder plays an essential part in
ensuring their cohesion when dry.
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3 Classification of CEBs

3.1 Classification of CEBs by type

Compressed earth blocks are classified according to saveral types.
3.1.1 CEB type i

Full reclangular parallelepiped formal with no indentation on any face.
3.12 CEB type 2

Full rectangular parallelepiped format with an indentation on one or both of its
larger faces (laying and bed face). Various commen indentatiens include:

— hollows (frogs), which makes the CEB lighter and easier lo handle;
— slight horizontal greoves allowing a better bond with the moriar;

— horizental grooves to receive lthin construclion elemenls, such as
pipes, electric cables ele.;

-— deep horizonlal grooves lo receive construction elements such as ring
beams el¢,;

— lateral grooves enabling claustra-work structures to be built without
needing 10 use special bonding.

3.1.3 CEB type 3
Full reclangular parallelepiped formal with one or more indentations (e.g. hol-
lows, rounded or chamlered corners, etc.) on the streicher or header faces or

simultaneously on several faces.

Indentations in the vertical (header or slretcher) faces of CEBs are most often
greoves intended to receive thin construclion elements.

314 CEE type 4

RAectangular parallelepiped formal with holes or perforations belween the lar-
gest faces. Depending on the section of the holes and on how many there are,
one refers to parforated blocks {a few, small holes), hollow blocks {a few, large
holes) or alveolar blocks (many small perforalions).

3.1.5 CEB type 5

Rectangular parallelepiped format with holes or perfarations in combination with
indentalions on its larger faces (laying face and bed face}.

3.16 CEBtype 6
Rectangular parallelepiped lormat with holes or perforations and with indenta-

tions on the sirelcher and header faces sometimes in combination wilh inden-
lations on ils larger faces.
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Table 1 — The 6 types of CEB
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3.2 Classification according to use
CEBs can be classified into two groups according 1o use:

— ordinary CEBs;
— facing CEBs.

3.2.1 Ordinary CEBs (CEB Q)

These are CEBs used in masonry siructures inlended lo be covered by some
form of protection.

3.2.2 Facing CEBs (CEB F)

These are CEBs used in masonry structures inlended to remain visible. One
can differentiate between:

— normal [acing CEBs {CEB NF});
— fine facing CEBs (CEB FF).

The difference between these two facing CEBs is restricted to their appearan-
ce without affecting their other characteristics.

3.3 Classification according to field of use

The fields of use of CEBs within masonry structures are classified according to
two types of constraints which can occur simultaneously;

— mechanical constraints;
— environmental constraints.

3.3.1 Mechanical constraints
These are defined according to three categories of resistance:

— category 1: structural elements which are not load-bearing and struc-
tural elements capable of withstanding limited external {live) loads

{e.qg. fill-in in a load-bearing structure}

{e.g. boundary wall)

{e.g. a single-storey building made of load-bearing structural elements);

— category 2. structural elements capable of wilhstanding important
external {live) loads

(e.g. a two storey building with accessible terrace made of thin load-bea-
ring structural elements);

— category 3 slructural elements capable of withstanding high external
(live) loads

{e.g. a three storey public building made of thin lcad-bearing structural ele-
ments).

3.2.2 Environmental constraints

These are delfined according to 4 categories of environment:
— calegory D: structural elements located in a dry environment with no
danger of being wet
(e.qg. internal partitions}

(e.g. external walls which are not exposed or which are protected from
water damage);
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— category R: structural elements capable of withstanding water damage
by lateral spraying

{e.g. laleral walls exposed lo rain)

{e.g. bathroem walls being splashed);

— cafegory C: slructural elements capable of withslanding water damage
by vertical penetration {capillary rise, penetration by gravity, suction or
internal condensaltion)

(e.g. external walls unprotected from capillary rise)

(e.g. internal walls unprolected from water leaking through the roof);

— category A: structural elements capable of withstanding mechanical
abrasion {impact, rubbing or wind damage)

(e.g. corners or walls subjecl 1o impact)

{e.g. areas subject to rubbing by animals)

{e.9. areas subject to sand storms).

4 Designation of CEBs

The designation of compressed earth blocks includes the following indications,
to be given in the same order:

— producl designation
CEB for «compressed earth blocks»;

— designatiocn according to use:
Q for «ordinary»
F for «facing»
NF for «<normal facing=
FF for «fine facing»;

— designation according to mechanical constraints:
1 for «category 1»
2 for «wcategory 2»
3 for «category 3»;
— designation accerding to the constraints of the hygrometric
environment:
D for scategory D»
R for «category R»
C for «category Cn;
— designation according to the constraints of the mechanical abrasion
environment;

A for «category A,

The CEB designalton may aiso include the following indicalions to be given in
the same order:

— type of CEB;

— manufaciurer's trade name or mark;

— the manufacturing dimensions (L, w, h};
— colour;

— any other fealure which helps to identify the CEBs,
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Table 2 — Examples of designation

Designation Description Example

CEBO1D Ordinary compressed earth block used as | Internal partition of a single family ground
an element in a non lead bearing structure in | floor house
a dry environmenl not subject to mechanical
abrasion

CEBFF3RA Fine facing compressed earth block used as | External wall of a 3-storey building of high
an element in a load-bearing structure quality appearance exposed to driving rain
exposed to rain weathering by lateral and to sand storms
spraying as well as to mechanical abrasion
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ARS 672: 1996 - Compressed earth blocks
Standard for definition, classification and designa-
tion of earth mortars

1 General

1.1 Ohject

The aim of the present slandard is lo define earth mortars (EMs), lo classify
them according 1o their appearance, their conditions of use, and to determine
the categories inlo which they fall as well as their designalions.

1.2 Fields of application

The definitions, classifications and designations of the present standard are
applicable in drawing up all iechnical, administrative and contractual documents
relating to compressed earth block technology, and relate both 1o public and to
private contracts.

The standard applies exclusively to EMs intended for the realisalion of simple
built structures in common masonry with thick morlar joints (walls, partitions,
piers, small linlels, arches, vaults, domes, etc.) and of any similar built structu-

re.

The standard applies only to mortars prepared on sile and inlended to be used
cn the spol.

The standard does not apply to EMs used for flooring or liling, nor does it apply
to reinforced masonry.

The standard is not applicable in areas subject 1o earlhquakes, flocods or

cyclones to an exlent that requires the application of appropriate rules in arder
to avoid major damage.

2 Definition of EMs

An earth mortar (EM) is a mortar used for compressed earth block masonry of
a traditional iype using thick moriar joints.

An eanth morlar consisis principally of raw earnth and waler and owes its cohe-
sion in a humid or a dry state essentially to the clay fraction of the earth; an

addilive andfor filler can, however, be added to the earh to improve or enhan-
ce parlicular characteristics of the mortar.

3 Classification of EMs

3.1 Classification according to use

EMs can be classified into two groups according to use:
— ordinary EMs;

— lacing EMs.
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31.1 Ordinary EMs (EM O)

These are EMs used in masonry siructures intended lo be covered by some
form of protection.

3.1.2 Facing EMs (EM F)

These are EMs used in masonry structures inlended lo remain visible. One can
diflerentiale between:

— normal facing EMs (EM NF);
— fine facing EMs (EM FF).

The difference between these two facing EMs is restricled to \heir appearance
without affecting their other characterislics,

3.2 Classificalion according to field of use

The fields of use of EMs within masonry structures are classified according to
two types of conslraint which can occur simultanecusly:

— mechanical constraints;
— environmental constraints.

3.2.1 Mechanical constraints
These are defined according to three categories of resistance:

— category 1: structural elements which are noti load-bearing and struc-
tural elements capable of withstanding limited external (live) loads

(e.q. fill-in in a load-bearing structure}

(e.g. boundary wall)

(e.g. a single-storey building made of load-bearing structural elemenis);

— caiegory 2: structural elements capable of withslanding imporiant
external {live) loads

{e.g. a two storey building with accessible terrace made of thin load-bea-
ring structural elements);

— category 3: structural elements capable of wilhstanding high external
{live) loads

(e.g. a three storey public building made of thin load-bearing structural ele-
ments).

3.2.2 Environmenial constraints
These are defined by 4 calegories of environment:

— calegory D: structural elements located in a dry environment with no
danger of being wet

{e.g. internal partitions)

(e.g. external walls which are not exposed or which are protected from
waler damage);

— calegory A: structural elements capable of wilhsianding water damage
by lateral spraying

{e.g. Iateral walls exposed lo rain}

{e.9. bathroom walls being splashed);
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— category C: structural elements capable of wilhstanding water damage
by vertical peneliralion {capillary rise, penetration by gravity, suction or
inlernal condensation)

(e.g. external walls unprolected from capillary rise)

(e.g. inlernal walls unpratected from water leaking through the roof);

— calegory A: structural elements capable of withstanding mechanical
abrasion (impact, rubbing or wind damage)

{e.g. comners or walls subject to impact)

(e.g. areas subject {o rubbing by animals)

(e.g. areas subject to sand storms).

4 Designation of EMs

The designation of earth morlars includes the following indications, to be given
in the same order:

— produect designation
EM for «earth mortar»:

— designation according tc use:
O for «ordinary»
F for «facing»
NF for «normal facing»
FF for «fine facing»;

— designaltion according 1o mechanical constrainls
1 for «calegory 1»
2 for «calegory 2»
3 for «category 3»;

— designalion according to the constraints of the hygrometric
environment
D for «calegory C»
R for «calegory Rw»
C for «calegory C»;

— designation according to the constraints of the mechanical abrasion
environment:

A lor «category A».

The EM designation may also include the following indicalions 1o be given in the
same order:

— colour;

— any other fealure which helps 1o idenlify EMs.
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Table 1 — Examples of designation

Designation Descriplion Example

EMO1D Ordinary earth monar used as an elementin | Internal partition of a single family ground
a non load bearing structure in a dry floor house
environment not subject to mechanical
abrasion

EMFF3RA Fine facing earth mortar used as an elemenl | External wall of a 3-starey building of high
in a load-bearing structure exposed fo rain | quality appearance exposed to driving rain
weathering by lateral spraying as wellasto | and to sand starms
mechanical abrasion
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ARS 673: 1996 - Compressed earth blocks
Standard for definition, classification and designha-
tion of compressed earth block masonry

1 General

1.1 Object

The aim of the presenl slandard is to define various forms of compressed earth
block masonry (CEBM), to classify them according to their appearance, their
condilions of use, and to delermine the categories into which they fall as well
as their designations.

1.2 Fields of application

The definitions, classificalions and designalions of the present slandard are
applicable in drawing up all lechnical, administrative and contractual documents
relating to compressed earth block technalogy, and relate both to public and 10
privale contracts.

The standard applies exclusively to forms of CEBM inlended for the realisation
of simple built structures in common masonry with thick mortar joints (walls,
partitions, piers, small lintels, arches, vaults, domes, etc.) and of any similar
built struclure.

The standard does not apply to reinforced CEBM.

The standard is nat applicable in areas subject to earthquakes, floods or

cyclones to an extent that requires the application of appropriate rules in order
to avoid major damage.

2 Definition of CEBM

Compressed earth block masonry is masonry of a traditional type using thick
earlh mortar joints.

3 Classification of CEBM

3.1 Classification according to use

CEBMSs can be classified into lwo groups according lo use:
— ordinary CEBMSs;
— facing CEBMs.

3.1.1 Ordinery CEBM (CEBM O}

These are CEBMs used in structures intended to be covered by some form of
protection. They are assembled using ordinary CEBs and ordinary EMs.

3.1.2 Facing CEBM (CEBM F)

These are CEBMs used in structures intended o remain visible. They are
assembled using facing CEBs and facing EMs. One can differentiate between:
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— normai facing CEBMs (CEBM NF) assembled using CEB NF and EM
NF;
— fine lacing CEBMs {CEBM FF) assembled using CEB FF and EM FF.

The difference between these two facing CEBMSs is resiricted to their appea-
rance without affecting their other characteristics.

3.2

Classification according to field of use

The fields of use of CEBMs within masonry structures are classified according
to two types of constraint which can eccur simultaneously:

— mechanical conslraints;
— environmental constraints.

3.2.1 Mechanical constraints

These are delined according te three categories of resistance:

— calegory 1. structural elements which are not load-bearing and struc-
lural elements capable of withstanding limited exiemnal (live) loads

{e.g. fill-in in a load-bearing structure}

{e.g. boundary wall}

(e.g. a single-siorey building made of load-bearing structural elements);

— category 2 struclural elements capable of withstanding important
external {live) loads

(e.g. a two storey building with accessible lerrace made of thin load-bea-
ring slructural elements);

— calegory 3: structural elements capable of withstanding high exiernal
{live) loads

(e.g. a three siorey public building made of thin load-bearing structural ele-
ments).

3.2.2 Environmental constraints

These are defined by 4 categories of environment:
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— calegory L structural elements located in a dry environment with no
danger ol being wet

(e.g. internal partilions)

(e.g. external walls which are not exposed or which are pretected from
water damage);

— calegory A: structural elements capable of withstanding water damage
by laleral spraying

(e.g. lateral walls exposed to rain)

(e.g. bathroom walls being splashed);

— category C: structural elements capable of withslanding water damage
by verlical penetration (capillary rise, penelration by gravity, suction or
internal condensation)

{e.g. external walls unprotected from capillary rise)

(e.g. internal walls unprotected irom water leaking through the reof);

— category A: struclural elements capable of withstanding mechanical
abrasion {impact, rubbing or wind damage)

{e.q. corners or walls subject to impacl}

(e.g. areas subject {0 rubbing by animals)

(e.g. areas subject to sand storms).
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4 Designation of forms of CEBM

The designation of forms of compressed earth block masonry includes the fol-
lowing indicalicns, te be given in the same order:

— product designation:

CEBM for «compressed earth block masonry»;

— designation according to use:

O for «ordinary»

F for «facing»

NF lor «normal facing»
FF for «fine facings;

— designation according to mechanical constraints:

1 for «category 1»
2 for «category 2»
3 for «category 3»;

— designalion according lo the consirainls of ihe hygrometric

environment:

D for «category C»
R for «category Rw»
C for «category C»;

— designation according to the constraints of the mechanical abrasion

environment;
A for «category An.

The CEBM designalion may also include the following indicalions 1o be given in

the same order:

— lype: load bearing or non load hearing;

— colour;
— decoralive effec!s;

— any olher fealure which helps 1o idenlily CEBMs.

Table 1 — Examples of designhation

Deslgnation Description Example

CEBMO1D Crdinary compressed earlh block masonry | Internal pastition of a single family ground
used as a component of a non load bearing | floor house
siructure in a dry environment not subject to
mechanical abrasion

CEBMFF3RA Facing compressed garth block masonry External wall of a 3-storey building of high

used as a component in a [oad-bearing
structure exposed to rain weathering by
lateral sprinkling as well as to mechanical
abrasion

quality appearance exposed 1o driving rain
and to sand storms
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In order to open up the range of possible uses of compressed
earth blocks as widely as possible in very different contexts, the
technical specifications have been adapted to the specific
demands which will be made on the blocks, the mortars and the
masonry systems.

This gives a highly flexible system, enabling all eventualities to
be covered, whilst respecting the spirit of a quality-based
approach, i.e. giving a perfect match between the demands on
the one hand and the performances on the other, with no wasting
of resources.
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ARS 674: 1996 - Compressed earth blocks
Technical specifications for ordinary compressed
earth blocks

1 General
1.1 Object

The aim of the present standard is to define the requirements applicable to ordi-
nary compressed earth blocks (CEB O},

1.2 Field of application

The field of application is that defined by the slandard «ARS 671: 1996 -
Compressed earlh blocks - Definition, classification and designation of com-
pressed earlh blocksw.

1.3 Definition

The definitlion of ordinary compressed earth blocks is specified by the standard
«ARS 671: 1986 - Compressed earth blocks - Definition, classification and desi-
gnalion of compressed earth blogks».

1.4 Classification

The classification of ordinary compressed earth blacks is specified by the slan-
dard «ARS 671: 1996 - Compressed earth blocks - Definition, classificalion and
designation of compressed earlh blockss.

1.5 Designation

The designalion of ordinary compressed earth blocks is specified by the slan-
dard «ARS 671; 1856 - Compressed earth blocks - Definition, classification and
designation of compressed earth blocks».

1.6 Reference

Slandard «<ARS 671: 1996 - Compressed earth blocks - Definition, classification
and designation of compressed earth blocks».

2 Specifications

2.1 Textural characteristics

The earth should not contain any particles with a diameler grealer than 20 mm.
To oblain an optimal result, the diameler of the largest particles will be restric-
led to 5 mm.

2.2 Dimensional characteristics

2.2.1 Dimensions

The most commonly employed full compressed earth blocks have the following
theoretical moulding dimensions and nominal dimensions:
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— length: 29.50 cm;

— width: 14.00 cm;

— height: 9.00 cm to 9.50 cm.
These blocks are used as a reference here for the lerms of the specifications
which follow. For CEBs of different dimensions, tolerances should be adjusted
using a linear mathematical relationship.

The measurements given are the net biock dimensions, nel counting any hol-
lows or indenlations.

Special blocks can be developed using other main formats.
Dimensional tolerances are as follows:

— length: + 2 to - 3 mm;

— widlh: + 2 to - 3 mm;

— height: + 3to -3 mm.
In addition, the difference between lhe corresponding dimension of two CEBs
of any kind from the same supply must not exceed 4 mm for the length, 3 mm
for the width and 5 mm for the height,

2.2.2 Thickness of sides of indented or hollow blocks

For all faces: minimum 25 mm or 3 times the diameter of the largest particle if
lhe diameter of the largest parlicle exceeds 8 mm.

2.3 Geometric characteristics

2.3.1 Irregular geometry

CEBs which have a deliberately irregular geometrical form are nol subject to the
specifications of this article. However, lhe flatlness of the bed laces must meet
the conditions which follow.

2.3.2 Parallelism

Defacts of parallelism or of right angles, and also lhe acceplable sweep of a
face, cannot exceed the tolerance for the dimension affecled.

2.3.3 Surface smoothness

— Sides: the sweep must not exceed 2 mm.
— Compression surfaces: the sweep must not exceed 3 mm.

2.3.4 Edge smoothness
— The sweep must not exceed 3 mm.

— Some roughness on the edges can be tolerated, whether it is due to
demoulding or caused by mishandling.

2.3.5 Surface obliquity

— For exterior faces, form and dimensional tolerances must be respec-
ted.
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— Interior faces and the hollows of hollow or indenied blocks must be
oblique and must have no sharp corners.

2.4 Appearance characteristics

2.4.1 Damage

A distinction is made between mechanical damage caused by impact when
handling CEBs and cracks or other defects which resull irom an imperfect pro-

duction process.

For cracks and other manufacturing defecls, the prescriptions which {ollow are
applicable.

For mechanical damage, the following rule is to be respecled: damage which
has no effect on the appearance of the masonry (such as chips on the side of
the CEB which is not visible) will not be taken into account.

The following are regarded as damaged:

— any broken CEB;

— any CEB displaying chipped edges or corners the overall volume of
which exceed 5% of the volume of the CEB.

2.4.2 General appearance

The CEBs should display no systematic defects such as cracks or significant
chips of a kind likely lo jeopardise correcl execution and the stability of the
masonry.

2.4.3 Holes, punctures and scratches

For exposed faces, these must affect no more than 20% of the surface and not
exceed 5 mm in depth.

2.4.4 Roughness
The exposed faces can have a grainy and rough appearance.
2.4.5 Chipped corners

Chipped corners and edges which do nol extend over more than 10 mm and
which de not exceed 10 mm in depth are tolerated on all surfaces.

2.4.6 Flaking, splitting
These are tolerated provided mechanical performance is not affected.
2.4.7 Cracks, crezing, fissures
Micro-cracks:
— are tolerated on all faces.
Macro-cracks:

Conditions of acceptability for all faces:
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— they must not exceed 1 mm in width;
— they musl not exceed 40 mm in length;
— they must not exceed 10 mm in depth;
— 1hey must not exceed 3 in number on any one surface,
2.5 Physicochemical characteristies
2.5.1 Pitting
No pitting due to the bursting of expansive materials is tolerated.
2.52 Efflorescence
CEBs must not display any significant and lasting efflorescence covering more
than 1/3 fo the total surface of lhe CEBs. A faint whitish film or a thin band are
not taken into account.
2.6 Mechanical, hygrometric and physical characteristics
Mechanical, hygrometric and physical characleristics are determined by lhe

vzlues shown in the following table.

Table 1 — Mechanical, hygrometric and physical characteristics
required for ordinary CEBs

Environmental Meachanical fp dry i wet Water Abrasion
Deslignation constraint constraint N/mm< N/mm?2 absorption loss of
category category % matter
%
CEBC1D Dry enviconment 1 =2 N/A N/A N/A
CEBO2D ©) 2 >4 N/A N/A N/A
CEBO3D 3 =6 N/A N/A NIA
CEBO1R Effect of water by 1 =2 =1 N/A N/A
CEBO2R lateral e 2 >4 >2 N/A N/A
CEBO3R 3 =6 23 N/A N/A
CEBQO1C Effect of waler 1 =2 21 <15 N/A
by vertical
CEBOQ2C penetration 2 >4 22 <10 NA
CEBO3C (©) 3 >6 >3 <5 N/A

Note: 1) N/A =not applicable

2) The use of CEBs in R and C category environmenls requires using a stabiliser if the protection provided is nol
guaranteed. If the protection provided against water damage is guaranteed, the environment is regarded as

category D.

3} If tests to establish water absorption or abrasion are not feasible, or if the results are not available, this deficiency
can be compensated by increasing the requirements for the dry and/or wet compressive strength by one category.

4} The values given are the average values cbtained from tests carried out on a sel of samples.

50 Compressed earth blocks: standards



ARS 675: 1996 - Compressed earth blocks
Technical specifications for facing compressed
earth blocks

1 General
1.1 Object

The aim of the present standard is to define the requirements applicable to
facing compressed earth blocks (CEB F).

1.2 Field of application

The field of application is that defined by the standard «ARS 671: 1996 -
Compressed earlh blocks - Definition, classification and designation of com-
pressed earth blocksn.

1.3 Definition

The definition of facing compressed earth blocks is specified by the standard
«ARS 671: 1996 - Compressed earth blocks - Slandard lor definition, classili-
calion and designation of compressed earth blockss.

1.4 Classification

The clagsification of facing compressed earth blocks is specified by the slan-
dard «ARS 671: 1996 - Compressed earth blocks - Definilion, classification and
designation of compressed earth blocks».

1.5 Designation

The designation of facing compressed earth blocks is specilied by the standard
«ARS 671: 1996 - Compressed earth blocks - Standard for definition, classifi-
cation and designation of compressed earth blocks».

1.6 Reference

Standard «ARS 671: 1936 - Compressed earth blocks - Slandard for definition,
classification and designation of compressed earth blocks»,

2 Specifications

2.1 Textural characteristics

The earth should preferably not contain any particles with a diameter greater
than 10 mm. To obtain an optimal resull, the diameter of the largest particles will
be restricled to 5 mm.

2.2 Dimensional characteristics

2.2.1 Dimensions

The most commonly employed full compressed earth blocks have the following
theoretical moulding dimensions and nominal dimensions:
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— length: 29.50 cm;

— width: 14.00 cm;

— height: 9.00 em to 9.50 cm.
These blocks are used as a reference here for the terms of the specifications
which follow. For CEBs of different dimensions, tolerances should be adjusied

using a linear mathematical relationship.

The measuremeants given are the net block dimensions, nol counting any hol-
lows or indentations.

Special blecks can be developed using other main formats.
Dimensional tolerances are as follows:

— length: + 1 10 - 3 mmy;

— width: + 1 to - 2 mm;

— height: + 2 to - 2 mm.
In addition, the difference between the cerresponding dimension of two CEBs
of any kind from the same supply must not exceed 3 mm for the length, 2 mm
for the width and 3 mm for the height.

2.2.2 Thickness of sides of indented or hollow blocks

For all faces: minimum 25 mm or 3 times the diameter of the largest particle if
the diameter of the largest particle exceeds 8 mm.

2.3 Geometric characteristics

2.3.1 Irregular geometry

CEBs which have a deliberately irregular geometrical form are not subject to the
specifications of this aricle. However, the flatness of the bed faces must meetl
the conditions which follow.

2.3.2 Parallelism

Defects of parallelism or of right angles, and also the acceptable sweep of a
face, cannot exceed half the tolerance for the dimension affected.

2.3.3 Surface smoothness

— Sides: the sweep musl nol exceed 1 mm.

— Compression surfaces: the sweep must not exceed 3 mm.
2.3.4 Edge smoothness

— The sweep must not exceed 2 mm.

— Some roughness on the edges can be tolerated, provided this is due to
demoulding and not caused by mishandling.
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2.3.5 Surface obliguity
— For exterior faces, form and dimensional tolerances must be respected.

— Inlerior faces and the hollows of hollow or indented blocks must be
obligue and must have no sharp corners.

2.4 Appearance characteristics

These characteristics are common to both NF and FF blocks excepl where spe-
cific indications are given.

2.4.1 Damage
A distinction is made between mechanical damage caused by impact when
handling CEBs and cracks or other defects which result from an imperfect pro-

duclion process.

For cracks and other manufacturing defects, the prescriptions which follow are
applicable.

For mechanical damage, the following rule is to be respecled: damage which
has no effect on the appearance of the masonry (such as chips on the side of
the CEB which is not visible) will not be taken into account. ’

The following are regarded as damaged:

— any broken CEB;

— any CEB displaying chipped edges or corners the overall volume of
which exceed 2% of the volume of the CEB.

2.4.2 General appearance

The CEBs should display no sysiematic defects such as cracks ar significant
chips of a kind likely to jeopardise correct execution and lhe stability of the
masonry,

90% of facing compressed earth blocks should not display on the faces inten-
ded to remain visible, any cracks, chips or efflorescence compromising the
appearance of the buill structure required, visible at a dislance of two metres.

2.4.3 Holes, punctures and scratches

For exposed faces in lhe NF category, these musl affect no more than 10% of
lhe surface and nol exceed 2 mm in depth.

For exposed faces in the FF category, these must affect no more than 2.5% ol
the surface and not exceed 1 mm in depth.

2.4.4 Roughness

The exposed faces can be rough for the NF category, must be smooth for the
FF category, other than when a particular effect is being sought by the client.

2.4.5 Chipped corners

Chipped corners and edges whi¢ch do not exlend over mere than 10 mm and
which do not exceed 10 mm in depth are lolerated on all surfaces.
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2.4.6 Flaking, splitting

These are not lolerated on any surface.

2.4.7 Crachks

Micro-cracks:
— can be lolerated on all faces.

Macro-cracks:

Conditions of acceptability for all faces:
— they must nol exceed 0.5 mm in width;
— they musl nol exceed 20 mm in length;
— they must not exceed 5 mm in depth;

~ they must not exceed 2 in number for NF category CEBs, 1 in number
for FF category CEBs, on any one surface.

2.4.8 Colour
This can be:

a) uniform colour: all the facing CEBs of the lot have the same basic
colour on all visible faces.

b) varied colour: facing CEBs from the same lot have different shades of
colour as defined by the client.

2.4.9 Structure
CEBs musi have a uniform and homogeneous slruclure.

Depending on the structure, the following main indications of the surface of
materials can be distinguished:

a) smoolh: a closed structure surface fer which the voids between grains
have been completely filled; any hollows are superficial and spread even-
ly over the surface.
b) granulaied: a surface with a practically closed surface, characlerised
by the calibre of the grains and by the voids spread evenly belween these
particles.
2.4.10 Surface texture
The surface of CEBs has a homogeneous lexiure. The following indications of
the surface texture depending on iheir paricular treatment, mechanical or not,
can be distinguished: {lat, splil, grooved, streaked, etc. This list is not restricti-
va.
2.5 Physicochemical characteristics

2.5.1 Pitting

No pilling due to the bursting of expansive materials is tolerated.
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2.5.2 Efflorescence

CEBs must not display any significant and lasling efflorescence covering mere
than /4 of the total surface of the CEBs. A fainl whitish film or a thin band are
not taken into account.

2.6 Mechanical, hygrometric and physical characteristics

Mechanical, hygrometric and physical characlerislics are determined by the
values shown in the following table.

Table 1 — Mechanical, hygrometric and physical characteristics

required for facing CEBs
Environmental Mechanical 1y dry fp wet Water Abrasion
Desgignation constraint constraint Nmm2 N/mme absorption Loss of
category caetegory % matter
%
CEBNF1DorCEBFF1D Dry environment 1 >2 N/A MNIA <10
CEBNF2D orCEBFF2D @) 2 24 N/A N/A <5
CEBNF3DorCEBFF3D 3 26 N/A N{A <2
CEBENF1RorCEBFF1R Effect of water by 1 22 =1 N/A <10
CEBNF2RorCEBFF2R | aterdl it 2 24 22 N/A <5
CEBNF3RorCEBFF3R 3 26 23 N/A <2
CEBNF1CorCEBFF1C Effect of water 1 22 >1 <15 <10
by vertical
CEBNF2CorCEBFF2C penetration 2 >4 =2 =10 <5
CEBNF3CorCEBFF3C © 3 26 23 <5 <2

Nole: 1) NfA = not applicable
2) The use of CEBs in R and C category environmenis requires using a stabiliser if the protection provided is not
guaranteed. If the proleciion provided against waler damage is guaranteed, the environment is regarded as
category D.
3) I tesls to establish water absorption or abrasion are not feasible, or if the results are not available, this deficiency
can be compensated by increasing the requirements far the dry andfor wet comprassive strength by one calegory.
4) The values given are the average values obtained from tests carried out on a set of samples.
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ARS 676: 1996 - Compressed earth blocks
Technical specifications for ordinary earth mortars

1 General
1.1 Object

The aim of the present standard is to define the requirements applicable to ordi-
nary earth mortars {EM Q).

1.2 Field of application

The lield of application is that defined by ihe standard <ARS 672: 1996 -
Compressed earth blocks - Standard for definition, classification and designa-
tion of earth mortars».

1.3 Definition

The definition of ardinary earth mortars is specified by the standard «ARS 672:
1996 - Compressed earlh blocks - Standard for delinilion, classification and
designation of earth mortars».

1.4 Classification

The classificalion of ardinary earth mortars is specilied by the standard «ARS
672: 1996 - Compressed earth blocks - Standard for definition, classification
and designalion of earth mortars».

1.5 Designation

The designation of ordinary earth mortars is speciflied by the standard <ARS
672: 1996 - Compressed earlh blocks - Standard for definition, classification
and designation of earth mortars».

1.6 Reference

Standard «ARS 672: 1996 - Compressed earth blocks - Standard for definition,
classification and designalion of earth mortars»,

2 Specifications
2.1 General characteristics

The characteristics of ordinary mortars must be compatible with the category of
blocks chosen,

2.2 Textural characteristics

The earth must contain at feast 90% of grains the dimensions of which are less
than 1/3 of the Lhickness of the joinl. 10% of grains with a maximum dimension
of belween 1/3 and /2 of the thickness of the joint is lolerated. The use of an
earth mortar the largest grain size of which is less than or equal to 4 mm s
recommended.
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2.3 Appearance characteristics

2.3.1 General appearance

Ordinary EMs should display ne systematic defects such as cracks or signifi-
cant chips of a kind likely to jeopardise correct execution and the stability of the
masonry.

2.3.2 Cracks

Micro-cracks and macro-cracks can be tolerated on all surfaces but their pre-
sence must not be concentrated or systematic over a part or the whole of the
built structure.

2.4 Physicochemical characteristics

2.4.1 Pitting

Mo pitting due to the bursting of expansive materials is toleraled.

2.4.2 Efflorescence

Qrdinary EMs must not display any significant and lasting efflorescence cove-
ring a large area of the EM. A faint whitish film or a thin band are not taken inte

account.

2.5 Mechanieal, hyarometrie and physical characteristics

Table 1 — Mechanical, hygrometric and physical characteristics
ol ordinary earth mortars

Environmental Mechanleal fp dry Ty wet Water Abrasion
Deslgnatlon constraint constraint N/mm2 N/mm2 absorption Loss of
category category % matter
%
EMO1D Dry environment 1 >05 N/A N/A N/A
EMO2D D) 2 >1,5 N/A N/A N/A
EMO3D 3 225 N/A N/A N/A
EMO1R Effect of water by 1 205 205 <30 N/A
EMO2R e i 2 215 21 < 20 N/A
EMO3R 3 =25 z15 <10 N/A
EMO1C Effect of water 1 =05 =05 £ 30 N/A
by vertical
EMO2C penetration 2 215 =1 < 20 N/A
EMO3C © 3 >25 215 <10 N/A

Note:

1) N/A = not applicable

2) The use of EMs in R and C category environments requires using a stabiliser if the protection provided is not
guaranteed. If the protection provided against water damage is guaranteed, the environmenl is regarded as
category D.

3) H tests 1o establish water absorption or abrasion are not feasible, or if the results are not available, this deficiency

can be compensated by increasing the requirements for the dry and/or wet compressive strength by one category.
4) The values given are the average values obtained from tests carried oul on a set of samples.
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ARS 677: 1996 - Compressed earth blocks
Technical specifications for facing earth mortars

1 General
1.1 Object

The aim of the present standard is lo define the requirements applicable to
facing earth mortars (EM F).

1.2 Field of application

The field of application is that defined by the standard «ARS 672: 1996 -
Compressed earth blocks - Standard {or definition, classification and designa-
tion of earth mertars».

1.3 Definition

The definition of facing earth monrtars is specified by the standard «ARS 672:
1996 - Compressed earth blocks - Standard for definition, classification and
designation of earlh mortarss.

1.4 Classification

The classification of facing earth mortars is specilied by the standard «ARS
672: 1996 - Compressed earth blocks - Standard for definition, classification
and designation of earth mortars».

1.5 Designation

The designation of facing earth mortars is specified by the standard «ARS 672:
1996 - Compressed earlh blocks - Standard for delinilion, classification and
designation of earth mortars».

1.6 Reference

Standard «ARS 672: 1996 - Compressed earth blocks - Slandard for definition,
classification and designation of earth monars».

2 Specifications
2.1 General characteristics

The characterislics of facing mortars must be compatible with the calegory of
blocks chosen.

2.2 Textural characteristics
The earth should nol contain grains larger that 1/3 of the thickness of the joints.

The use of an earth mortar the largest grain size of which is less than or egual
to 4 mm is recommended,
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2.3 Appearance characteristics
2.3.1 General appearance
Facing EMs should display nc systematic defects such as cracks or significant
chips of a kind likely lo jeopardise correcl execution and the stability of the
masonry.
2.3.2 Cracks
Micro-cracks:
— can be tclerated on all exposed faces.
Macro-cracks:
Conditions of acceplability for all faces:
— they must not exceed 0.5 mm in width,
— they must not exceed 20 mm in length;,

— they must not exceed 10 mm in depth,

— the presence of acceplable macro-cracks must not be concentrated or
found throughout one part or the whole of the built structure.

2,3.3 Colour

The colour of facing EMs should be uniform throughout the built structiure. it
may differ from that of the CEBs.

2.4 Physical-chemical characteristics

2.4.1 Pitting

No pitting due o the bursting of expansive materials is tcleraled.

24,2 Efflorescence

Facing EMs must not display any significant and lasting efflorescence covering

a large area of the EM, A faint whilish film or a thin band are not laken into
account.
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2.5 Mechanical, hygrometric and physical characteristics

Table 1 — Mechanical, hygrometric and physical characteristics
of facing earth mortars

Environmental Mechantcal fp dry th wet Waler Abrasion
Designation constraint constraint N/mm< N/mim2 absorptlon Loss of
category category % matter
%
EMNF1DorEMFF1D Dry environment 1 205 MN7A N/A <15
EMNF2DorEMFF2D D) 2 215 N/A N/A <10
EMNF3DorEMFF3D 3 =25 N/A N/A <5
EMNF1RorEMFF1R Effect of water by 1 20,5 =05 <30 215
EMNF2RorEMFF2R | 'ateral (EF)’”W'"Q 2 215 >1 < 20 <10
EMNF3RorEMFF3R 3 =25 215 <10 <5
EMNF1CorEMFF1C Effect of water 1 205 =05 <30 <15
by vertical
EMNF2CorEMFF2C penetration 2 >15 =1 <20 <10
EMNF3CorEMFF3C © 3 225 >15 <10 <5

Note: 1) N/A = not applicable
2) The use of EMs in R and C category environments requires using a stabiliser if the protection provided is not
guaranteed. If the protection provided against water damage is guaranteed, the environment is regarded as

catlegory D.

3) If tesis to establish water absorplion or abrasion are not feasible, or if the results are not available, this deficiency
can be compensated by increasing the requirements for the dry and/or wet compressive strength by one category.
4) The values given are the average values abtained from tests carried out on a set of samples.
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ARS 678: 1996 - Compressed earth blocks
Technical specifications for ordinary compressed
earth block masonry

1 General
1.1 Object

The aim of the present standard is 1o define the reguirements applicable to ordi-
nary compressed earth block masenry (CEBM Q) intended to be covered.

The covering can be a wash, a fine or a thick render or another kind of protec-
tion or decoration. It is generally intended to protect against the effects of water
or mechanical abrasion, bul could also have an aesthelic role.

1.2 Field of application

The flield of application is that defined by lhe standard «ARS 673: 1996 -
Compressed earth blocks - Standard for definition, classificalion and designa-
tion of compressed earth block masonry».

1.3 Definition

The definilion of compressed earth block masonry is specified by the standard
«ARS 673: 1996 - Compressed earth blocks - Standard for definition, classifi-
cation and designation of compressed earth block mascnry».

1.4 Classification

The classification of ordinary compressed earth block masonry is specified by
the slandard «ARS 673: 1996 - Compressed earth blocks - Slandard for defini-
lion, classificaticn and designation of compressed earth block masonrys.

1.5 Designation

The designation of ardinary compressed earth block masonry is specified by the
standard «ARS 673: 1996 - Compressed earth blocks - Standard for definition,
classification and designation of compressed earth block masonry».

1.6 Reference

Standard «ARS 673: 1996 - Compressed earth blocks - Standard for definition,
classification and designation of compressed earlh block masonry»,
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2 Specifications
2.1 Configuration characteristics

Bonding patterns will be those used for tradilional mascnry using small mason-
ry elements.

The vertical and horizontal joints should be perectly executed lo ensure the
best adhesion possible between blocks and mortar thus ensuring the optimal
transmission of loads.

In order to aveid superimposed vertical joints, the overlap belween CEBs must
be at least 1/4 of their lenglh.

2.2 Dimensional characteristics

The vertical and horizontal joints should be minimum 8 mm and maximum
15 mm in thickness. Locally, a thickness of 20 mm can be tolerated.

Load bearing masonry will have a minimum thickness of 14 cm with a maximum
slendermess ratio of 20. Non load bearing masonry will have a minimum thick-
ness of 9 cm.

2.3 Geometric characteristics

The posilion of the vertical and horizontal joints mus! be consistent with the
brickwork drawings which are provided before building work begins.

The acceptable sweep of any surface cannoi exceed 10 mm along any verlical
or horizontal length. Deviation irom verticality cannot exceed 7 mm per siorey.

Telerance along the length of the masonry elements is as follows:
For thin walls (<20 cm thick):
— far small size sections of masonry (<100 cm), the tolerance is 10 mm;
— for larger size sections of masonry (=100 cm), the tolerance is 25 mm.
For thick walls (>20 cm thick):
— for small size seclions of masonry (<100 ¢m), the tolerance is 15 mm;
— for larger size sections of masonry (>100 ¢m), the tolerance is 30 mm.
2.4 Physical-chemical characteristics
24.1 Efflorescence
The masonry must not display any significant and lasling efflorescence cove-

fing a large area of the surface. A faint whitish film or a thin band are not taken
into account.
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2.5 Mechanical, hygrometric and physical characteristics

The mechanical, hygrometric and physical characleristics of the masonry are
not only a function of the quality of its componenl products {compressed earth
blocks and earth mortars}), but are also highiy dependent on the quality of the
workmanship and curing conditions.

2.5.1 Dry characteristic compressive strength of the CEBM wall

The dry characteristic compressive strenglh {fi) of the CEBM wall must be at
least equal to the dry characleristic compressive stress at the foot of the wall,
determined by a slalic calculation of the vertical load on the masonry, in accor-
dance wilh the slandards in force.

2.5.2 Compressive strength of the CEBs

For CEBMs in a dry or protected environment, the CEBs must have a dry com-
pressive strength (fy dry) al least egual to 10 limes the value of the dry cha-
racteristic compressive strength (fi)} required for the wall.

For CEBMSs in a wel environment, with no protection against water damage, the
CEBs should have a wet compressive strength (f, wet) at least equal to 10
limes the value of the dry characteristic compressive strength (fi,) required for

the wall,

The value of the compressive strength of the CEBs fixed in this way will deter-
mine lhe category of resistance of the CEBs to mechanical constraints.

2.5.3 Thermal resistance

The thermal resistance of masonry under internal or external climatic conditions
is specilied only In the case of masonry expressly designed to provide thermal
insulalion,

2.5.4 Thermal capacity

Thermal capacily per unit of volume is specified only in the case of masonry
specifically intended 1o provide thermal capacity. Thermal capacily is determi-
ned in the light of the project requirements.

2.5.5 Acoustic attenuation coefficient

The acouslic attenuation coefficient is specified only in the case of masonry
expressly designed to provide acoustic insulation.

2.56 Fire resistance

The fire resistance of masonry is specified only in Ihe case of masonry express-
ly designed Lo resisi fire.
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ARS 679: 1996 - Compressed earth blocks
Technical specifications for facing compressed
earth block masonry

1 General
1.1 Object

The aim of the present standard is to define the requiremenlts applicable to
facing compressed earth block masonry (CEBM F) intended Lo remain visible.

1.2 Field of application

The field of application is that defined by the standard «ARS 673; 1996 -
Compressed earth blocks - Standard for definition, classification and designa-
tion of compressed earth block masonry».

1.3 Definition

The definition of facing compressed earlth block masonry is specified by the
standard «<ARS §73: 1996 - Compressed earth blocks - Standard for definition,
classification and designation of compressed earth black masonry».

1.4 Classification

The classification of facing compressed earth block masonry is specified by the
standard «ARS 673: 1996 - Compressed earth blocks - Standard for definition,
classilication and designation of compressed earth block masonry».

1.5 Designation

The designalion of facing compressed earth block masonry is specified by the
standard «ARS 673: 1996 - Compressed earth blocks - Slandard for definition,
classificalion and designalion of compressed earth block masonry».

1.6 Reference

Standard «ARS 673: 1996 - Compressed earth blocks - Slandard for definition,
classification and designation of compressed earth block masonry».

2 Specifications
2.1 Configuration characteristics

Bonding patterns will be those used for traditional masonry using small mason-
ry elemants.

The vertical and horizontal joints should be perfectly executed to ensure the
best adhesion possible between blocks and mortar thus ensuring the optimal

transmission of loads.

in order to avoid superimposed vertical joints, the overlap between CEBs must
be at least 1/4 of their length.
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2.2 Dimensional characteristics

The vertical and horizontal joints should be minimum 8 mm and maximum
15 mm in thickness.

Load bearing masonry will have a minimum thickness of 14 em with @ maximum
slenderness ratio of 20, Non load bearing masonry will have a minimum thick-
ness of @ cm.

Walls less than 20 c¢m thick will have an expansion joinl every 5 m maximum,

2.3 Geometric characteristics

The position of the vertical and horizontal joints must be consisten! wilh the
brickwark drawings which are provided befare building work begins,

The acceplable sweep of any surface cannol exceed 7 mm along any vertical
or horizontal length. Deviation from verlicalily cannol exceed 5 mm per storey,

Tolerance along the length of the masonry elements is as follows:
For thin walls (<20 cm thick):
— for small size sections of masonry (<100 cm}, the tolerance is 5 mm;
— for larger size seclions of masonry (>100 cm), the tolerance is 15 mm.
For thick walls (=20 cm 1hick):
— for small size seclions of masonry (<100 cm), the tolerance is 10 mm;
— for larger size seclions of masonry (=100 cm), the tolerance is 20 mm.,
2.4 Appearance characteristics
241 Drips

The execution should be flawless and with ne drips. All the morar joints should
be perfectly smoclh.

2.4.2 Cracks
Micro-cracks:
— can be tolerated on all exposed laces.
Macro-cracks:
Conditions of acceptability for all faces:
— they must not exceed 0.5 mm in width;
— they musl not exceed 200 mm in length;

— the presence of loleraled macro-cracks should nol be concentraled in
or found throughoutl one part or the whele of the built structure.
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2.4.3 Chipped corners

Comners should be perfecl and chips al corners are acceptable only within the
limit of chipped corners acceptable for facing CEBs.

2.4.4 Colour

The masonry colour will be as homogeneous as possible, other than if for aes-
thelic reasons, a more varied appearance is reguired.

2.4.5 Surface texiure

The masonry should have a homogeneous surface texiure. However, one can
seek special eflecls by introducing different textures in precise areas (e.g.
arcund cpenings, al corners, elc.)

2.5 Physicochemical characteristics

2.5.1 Pitting

No pitting due to the bursting of expansive malerials is tolerated.
2.5.2 Efflorescence

The masonry must nol display any significant and lasting efflorescence cove-
ring a large area of lhe surlace. A faint whilish fiim or a thin band are not taken
inlo account,

2.6 Mechanical, hygrometric and physical characteristics

The mechanical, hygromeltric and physical characteristics of the mascnry are
not only a function of the qualily of ihe component products (the compressed
earth blocks and the earlh maorlars), bul are also highly dependent on the qua-
lity of the workmanship and curing conditions.

2.6.1 Dry characteristic compressive strength of the CEBM wall

The dry characleristic compressive strength (f,;) of the CEBM wall must be at
least equal 10 lhe dry characlerislic compressive stress at the foot of the wall,
determined by a stalic calculation of the vertical load on the masonry, in accor-
dance with lhe slandards in force.

2.6.2 Compressive strength of the CEBs

For CEBMs in a dry or protected environment, the CEBs must have a dry com-
pressive strenglh (f, dry) at least equal to 10 times the value of the dry cha-
raclerislic compressive strength (fi) required for the wall.

For CEBMs in a wet environment, wilth no prolection against water damage, the
CEBs should have a wel compressive strength (f,, wet} at least equal to 10
times the value of the dry characteristic compressive strength (fy) required ior
the wall.

The value of the compressive slrengih of the CEBs fixed in this way will deter-
mine the category of resislance of the CEBs to mechanical constraints.

2.6.3 Thermal resistance
The thermal resistance of masenry under internal or exlernal ¢climalic conditions

is specified only in lhe case of masonry expressly designed 1o provide thermal
insulation.
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2.6.4 Thermal capacity

Thermal capacity per unit of volume is specified only in the case of masonry
specifically intended 1o provide thermal capacity. Thermal capacity is delermi-
ned in the light of the project requirements.

2.6.5 Acouslic altenuation coefficient

The acouslic allenualion coefficient is specified only in the case of masonry
expressly designed to provide acoustic insulation.

2.6.6 Fire resistance

The fire resistance of masonry is specified only in the case of masonry express-
ly designed to resist fire.
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The uses of compressed earth block technology vary greatly.
Not only is there a very wide range of products, but manufac-
turing and construction processes can be infinitely modified.

However, a good number of basic rules are common to all
variations if good results are to be obtained. Alternative prac-
tices may also give satisfactory outcomes, but in this event
technical and scientific checks will need to be made.
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ARS 680: 1996 - Compressed earth blocks
Code of practice for the production of compressed
earth blocks

1 General

1.1 Object

This code of praclice describes the slate of the art relating lo ihe manufacture
of compressed earth blocks (CEBs), such as it is known in the light of the cur-
rent state of the technigue.

1.2 Field of application

The rules described in ihe present code are applicable in all production enter-
prises operating in the context of public or of private markets.

The slandard is not applicable in areas subject to earthquakes, floods or

cyclones tc an extent that requires the application of appropriate rules in order
to avoid major damage.

2 Code of practice

2.1 Recommendations on earth selection

Selecting a suitable type of earth can take place in the field using parameters
which are the fruit of experience acquired in the course of operaticnal practice.
If any doubt persists, laboratory identification tests should be cariied out.

2.1.1 Granular composition

The granular composition of the earth should preferably fall within the limits of
the shaded area on the diagram of texture which follows and should be similar
in shape.

The limits of the recommended shaded area are approximate.

Types of earth the granular composition of which fall within the recommended
shaded area in most cases give satisfactory resulis.

Types of earth the granular composition of which fall outside the shaded area

may slill give acceplable resulls, but il is recommended that they be subjected
10 a series of tesis enabling their suilability to be assessed.
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Figure 1 — Diagram of texiure
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2.1.2 Plasticity

The plaslicity of the earth should preferably fall within the limits of the shaded
area of the diagram of plasticity which follows.

The limils of the recommended shaded area are approximale.

Types of earth lhe plasticity of which fall within the recommended shaded area
in most cases give satisfactory resulis.

Types of earth the plasticily of which fall outside the shaded area may still give

acceplable resuits, but it is recommended that they be subjected to a series of
lests enabling their suitability to be assessed.

Figure 2 — Diagram of plasticity

40
o 30
.>< Yy
15}
a
=z B
E 20
o 1
55 Aatadis
5 i
& 10 1

0 AN

0 10 20 30 40 50 €0
LIQUID LIMI Wi (96)

72 Compresses aarh blocks: slandards



2.1.2 Nature

Table 1 — Classification of materials according to their nature

Material
Max [ < 50 mm

Passing at 80 um

A |
p
o 12 25 40 -
Aq Az |Aa|Ag
95%
Bg Bg Passing at 2 mm
y
12% 100%
D; 1B B
11 2 70%
D B B
o 2|3 4 0% VES
0 01 02 15 25 6 8 o

Passing at 80 um \
A

C-| or 02

C1: rounded or not very structu-

Material red angular materials
Max D > 50 mm (G50 » 60 to 80%)
. Ca: highly structured angular
12% materials (0/50 <60 to 80%)
D3 VBS
-
0 01
Chalks Ry
Carbonaled rocks
Limestones Ra
Sedimentary : R

e Clayey rocks Marls, argils, ete. 3

Rocky Siliceous rocks Sandstones, etc. R4
materials

Saline rocks Rock salt, gypsum Rs

Magmatic and Granites, basalts, gneiss <l
- : : 6§
metamorphic rocks metamorphic schists and slates, efc.

el Organic soils or industrial by-products F

materials
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The nalure of types ol earth is determined by the combination of values resul-
ting from tests for particle size distribulion, plasticity and methylene blue value.
The overall suitability of soils is as follows:

Al: an accepiable material but with slighlly too many fines.

AZ: an acceptable material but with too many fines.

A3: an acceptable material but requiring particular care, as il is relatively
active.

A4: a malerial which s difficult to use, as it is very active.
B1: a sandy malerial requiring fines to be added to make it acceptable.
B2: an acceptable material slighily lacking in fines,

B3: a sandy material requiring a considerable addition of fines to make it
acceptable.

B4: an acceplable material lacking in lines.
B5: an acceptable material but slightly lacking in fines.
B6: an accepiable material but slightly lacking in fines.

C1: a malerial containing tco much gravel, which should be sieved to
change its nature.

C2: a malterial containing too much gravel, which should be sieved to
change its nature.

D1: a sandy material requiring fines to be added to make it acceptable.

D2: a sandy malerial requiring a considerable addition of fines o make it
acceplable.

D3: a material containing t00 much gravel, which should be sieved to
change its nature and which requires a considerable addition of fines
to make it acceptable.

R: unsuilable materials,

F: materials requiring advanced identification lests notably with regard (o
their chemical analysis and mechanical tests in order to be able to
determine their suitability. Testing pre-production stage CEBs should
be considered.

2.2 Recommendations for the use of stabilisation additives

2.2.1 Precautions to take when stabilising by adding a physicochemical
additive

The presence of certain salts or organic materials can affect the efficacy of sta-
bilising by the addition of an additive. In these cases, some chemical analysis
should be therefore be undertaken to detlermine the presence, the value and
the concentration of the following factors:

— PH;
— soluble salls;
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— acid salts;

— alkaling salls;

— organic matter or humus;
— carbonates;

— sulphates;

— chilorides.

2.2.2 Cement stabilisation
2.2.21 Efficacy and dosage

The efficacy of the dosages degends on the lexlure and structure of the earth,
andon how it is used. 4 to 12% of the weight of the dry earth gives good results.
Some types of earth require only 3% whereas others, with the same dosage,
behave less well than withoul the cement. In general, at least 6% cement is
needed to obtain satisfactory resuits. Compressive strength remains highly
dependent on the dosage.

The dosages indicated are relative to dry weight and are determined in labora-
tory conditions. Measures for checking in the workshop or on site should take
account of the specific hygromelric conditions existing locally.

2.2.2.2 Efficacy parameters

1) Types of earth

Almost all types of earth can be stabilised with cement. The best resulls are
obtained with gravely and sandy types of earth. Compression at optimum water
content is the most efficient.

2) Organic matter

This is recognised as deleterious, and as a general rule, an organic maiter
cantent in excess of 1% is risky; earlh containing more than 2% should not be
used.

3) Suiphates

When dry, calcium sulphates, which are frequently found, are less deleterious
than magnesium sulphates. When wel, sulphates are always very deleterious.
Sulphates destroy the hardened hydraulic binder matrix and increase the sen-
sitivity to humidity of the clays. A specific study for earth containing more than
2 to 3% total sulphate conlenl is indispensable.

4) Oxides and metaliic hydroxides

Essentially, these are iron and aluminium oxides which are rarely present in
excess of around 5% and which in that event have little effect. In lypes of earth
centaining more than 5%, stabilisation has been observed to be highly eHeclti-
ve with lilile cement.

5} Water
In principle one should rejecl waler containing crganic matter and salty water:
these may cause efflorescence. Water rich in sulphates may be unfavourable.

2.2.2.3 Types of cement
Portland cements or cemenis of a similar class are very suitable. Composite
cements can also be used. However, suitability tests should be carried out to

justify using them. There is na point in using high sirenglh cements which give
no parlicular improvement and which are more expensive.
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2.2.2.4 Additives

Certain products, added in small quantities to the earth-cement during mixing,
can improve certain of its properties.

1) Reducing sensilivily lo organic matter

Slaked lime, used al 2%, can reduce the deleterious effect of organic malter, as
can calcium chloride (0.3 to 2%} which also accelerates the sefting of the
cement.

2) Madifying the plasticity of the earth
Slaked lime can also be used to modify the plasticity of the earth and to restrict
the fermation of nodules.

3) Rendering the earth water-proof
Bitumens, in emulsion or cut-back, used at 2 to 4%, anable CEBs to be made
impermeable.

2.2.3 Lime stabilisation
2.2.3.1 Types oflime

1) Non-hydraulic limes
These are preduced by caleinating very pure limestone and are the main kinds
of lime used in stabilisation.

— Quicklime (CaQ}: produced direclly by calcinaling stone containing
lime. its use may be restricted because of the careful storage and handling
il requires. Quicklime is highly water absorbent and must be protected from
humidily. It is an aggressive material which must be handled with great
care; il becomes very hot during the hydration phase (up to 150°C). Weight
for weighd, it is more efficient than slaked lime because it contains more
calcium ions. When the earth is wet, it can absorb the water required for it
to be hydrated.

— Slaked lime (CaOH)2: this is abtained by hydrating (slaking) quicklime.
Used in slabilisation, it does not have the storage and handling disadvan-
tages of quicklime. Slaked limes should not be too finely ground o be
effective. Industrial quality slaked limes contain 90 to 99% «aclive lime»,
whereas these of craft production quality can contain as little as 70 to 756%
with the remainder being inen maiterial which is either not calcinaled or
excessively calcinated. Stabilisalion dosages should be modified in conse-
quence.

2) Hydraulic limes

These resemble cements. They should be considered for use only if there are
no other qualities of lime available. Natural hydraulic limes are more efficient for
stabilisation than artifictal hydraulic limes which are not recommended.,

3) Agricultural limes
These are used to modily agricultural types of earth and generally have no sta-
bilising effect.

4} Dolornite limas
These are suitabla for stabilisation, but they set excessively slowly.
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2,23.2 Efficacy and dosage

By adding 1% quicklime to the earth, the exothermic reaction of hydration dries
the earth, removing approximately 0.5 to 1% moisture,

Adding 2 to 3% quicklime immediately causes a fall in the plasticity of the earth
and breaks down lumps; this reaction is called the lime fixing point. For ordina-
ry stabilisation using slaked lime, dosages of 4 to 12% are generally used, equi-
valent to those used with cement, but it should be noted that with lime, there is
an optimal quanlity for each type of earth,

The dosages indicated are relalive to dry weight and are determined in labora-
tory conditions. Measures for checking in the workshop or on site should take
account of the specific hygrometric conditions existing locally.

2.23.3 Efficacy parameters

1) Types of earth

These should contain a reasonable clay fraction. Results vary depending on the
nature of the clay minerals and are good with those which are high in aluminium
silicale, in silica, and in iron hydroxide. Natural pozzolanas react quickly and
well with lime.

2} Organic matter

This can prevent ion exchanges in clayey types of earth, withou! however, pre-
venting the pozzolanic reaction.

Types of earth containing up to 20% organic matter ¢an be siabilised with lime
but care must be taken,

3) Sulphates

When dry, calcium sulphates, which are frequently found, are less defeterious
than magnesium sulphates. When wet, sulphates are always very delelerious.
Sulphates destroy the hardened hydraulic binder matrix and increase the sen-
sitivity to humidity of the clays. A specific study for earth conlaining more than
2 lo 3% lotal sulphate conlent is indispensable.

2.2.3.4 Additives

Certain additives mixed with lime can produce special effects.

1) Increasing compressive strength

— Portland cement or composite cement with a variable dosage which
can be up to 100% of the lime dosage.

2} Rendering the trealed earth walerproof

— bituminous products;

— other waterproofing agentis.
2.2.4 Stabilising using commercial products
Using commercial products other than cement and lime to stabilise lhe earlh
with a view to manufacturing compressed earth blocks should be examined
beforehand by an approved testing laboratory to establish the genuine efficacy
of the product.

2.3 Recommendations for manufacturing parameters

Poor execution of any one of the manufacluring slages will considerably lower
the quality of the CEBs.
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2.3.1 Siocking raw materials
2.3.1.1 Stocking the earth

Earth which has been taken delivery of should be stocked in such a manner as
lo avoid any pollution Irom another type of earth or any olher material. The
earth should also be prolecied from accidentally being moistened.

2.3.1.2 Stocking additives

Stocking additives should be arranged so that they are protected from bad wea-
ther and so that there is a rapid lurnover between delivery and use.

2.3.2 Preparing the mix

At the end of the preparation, the earth should have a water content below the
optimum water content for compression and if possible it should be dry (water
content < 5%}. No grain or particle should have a diameter in excess of 20 mm
and preferably not in excess of 10 mm, the ideal being around 5 mm.

If on completion of the preparation stage, the earth falls outside the recom-
mended zones of texiure and plastisity, it should be corrected by adding a filler
unlil it comes back within the recommended zones. If even after correction, the
mix is still oulside lhe recommended areas, anolher lype of earth will have lo
be sought or the suilabilily of the mix will have lo be specilically examined by
an approved laboralory.

2.3.2.1 Screening the earth

This operation aims 1o eliminate all componenis with a diameter in excess of
that required. However, these components can be made up of aggregates or
agglomerales made up of fines which will equally be eliminated, whereas they
are required to ensure the cohesicn of the final product. It is therefore prefe-
rable to break down these agglomerates by a pulverisalion operation.

2.3.2.2 Pulverising the earth

This is an importanl operation and must be carried out with great care. The
more finely the clay and the sili are broken down, the more homogenecus Lhe
earth will be, and in the event of stabilisation, the more efficient the action of lhe
stabiliser, The operation can be a difficull one as clay is highly cohesive. There
should not be loc greal a concentralion of fines in agglomerates the size of
which should not exceed 1C mm, The presence of 50% by weight of agglome-
rales of fines of > § mm in size can reduce compressive strenglh by hali.
Cerlain types of earth still require screening after pulverisation.

2.3.2.3 Mixing

The homogeneily of the malerial depends on the quality of the mixing. I is
important 1o use dry earth to obtain best mixing conditions.

In wet regions, this may mean drying out the earlh beforehand. Mixing can
accelerate the drying process and help to break down lumps. The water requi-
red for mixing should be sprinkled or sprayed in and only at the end of the
mixing process, after a required phase of dry mixing.

The water should be added gradually until a homogeneous mix with optimum

water content has been obtained, the optimum water content having been
determined beforehand by lests.
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Mixing in an additive should he done dry except in the particular case of pro-
ducls requiring wel mixing. Mixing should continue until a homogeneous mix
has been obtained.

The time needed for manual ar mechanised mixing depends on the mixing time
required 10 obtain a perfeclly homogeneous mix; this can be assessed by its
uniform colour, and no streaks should be visible.

2.3.3 Manufacturing the CEBs
2.3.3.1 Retention time of the mix

When the mixing has been with added cement, the mix should be used within
half an hour of the beginning of the wet mixing stage.

When the mixing has been with added non-hydraulic lime, the mix can be used
afler several hours.

Any precautions needed to preven! water evaporation [rom the mix musl be
taken in order lo maintain the oplimum water content of the mix at the required
level.

2.3.3.2 Compressing the CEBs

The mix should be compressed al a water conlenl which has been checked,
close 1o lhe optimum waler content. A 2% devialion in water content, either
higher or lower, will very significantly reduce the quality of the CEBs. The highar
the pressure during compression, the greater the harmful effect of any deviation
from the optimum water content on the quality of the CEBs will be.

Compression takes place alfter filling the mould with an optimum volume of mix.
Pressure should be maintained for at least one second at the end of compres-
sion, The press manufaclurer's particular recommendations should be {ollowed
to oblain the best level of compression, at the end of compression.

2.3.3.3 Curing the CEBs

The way curing is erganised should be suited bolh to local hygrometric condi-
tions and to the nature of the CEBs (non-stabilised or stabilised).

Condilions for drying and curing should be delermined in tha light of the eva-
poralion values observed locally during lhe periocd in question. Evaporation
varies depending on a relationship belween air temperature, humidity and
speed. Except when the air is saturated, air movements should be restricted.
The higher the ambient temperature, the more care must be taken 10 maintain
a high degree of relative air humidily for at least one week afer demoulding. In
the case of low ambient temperature, care should be laken 1o restrict heat
losses,

In the case of cement slabilisation, 14 days curing are absolutely indispensable,
and 28 days are recommended.

in the case of lime stabilisation, 30 days curing are absclutely indispensable
and 90 days are recommended.
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Cement and lime slabilised CEBs should be kept in a humid environment, pro-
tected from the harmful effects of the sun and out of the wind: too fast a surfa-
ce drying can resull in shrinkage cracks appearing. Stabilised CEBs musl be
slocked in a compact configuralion, moislened by sprinkling or covered with
plastic sheeting which mainlains lemperalures al a benelicially high level whil-
st giving a relative humidity of close 1o 100%.

3 Checking procedures
3.1 Raw materials
3.1.1 Earth
See «Condilions for taking delivery of earth supplies».
3.1.2 Stabilising additives
1) Procedure’
— Jor cements, tests on samples of standard cement mortar;

— for lime, chemical composition tests.

2} Frequency
— al each delivery.

3.1.3 Water

1) Procedure
— in the case oi a manufacluring process with stabilisation using an addi-
tive with a physicochemical eflecl (Portland cement, lime), analysis of the
content of salts and of the pH value.,

2) Frequency
— once during lhe «running in» period, then annually.

3.2 Preparation of the earth

1) Procedure
— wet screening of the prepared earlh and calculalion of lhe percentage
by weight of grains the diameler of which is belween 5 and 10 mm and in
excess of 10 mm.

2) Frequency
— waeekly during the start-up period, less freguently once production is
established.

3.3 Mixing

3.3.1 Earth and additive dosage

1) Procedure
— weighing and measuring velume direclly or calculating consumption
periodically (e.g. the number sacks of slabiliser consumed per number of
blecks produced).

2) Frequency
— frequently and without warning.
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3.3.2 Mix
1) Procedure
— visual examinatien of the homogeneity of the mix;
— liming the average mixing time;
— measuring the water content before use by quick drying and weighing,
or measuring using a moisture gauge, or using the dropping ball test.

2} Frequency
— weekly or more.

3.4 Waiting time before use

1} Procedure
— timing the average waiting time.

2) Frequency
— weekly or more.

3.5 Compression
3.5.1 Density
1) Procedure
— weighing the wet block;
— resistance to the penetromeler;

— visual examination.

2) Frequency
— daily.

3.5.2 Geometry

1} Procedure
— measuring the dimensions and checking the geomelry of the blocks.

2) Frequency
— weekly.

3.6 Curing
1) Procedure
~— visual examination {shrinkage cracks, surface drying out);
— measuring the temperalure and the humidity of the atmosphere around
the blocks;
— weighing the blocks.

2) Frequency
— weekly.

4 Conditions for taking delivery of earth supplies
4.1 General
4.1.1 Types of check on taking delivery

There are two types of check on laking delivery:
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— a simple check, which relates sclely to the comparative examinalion of
the appearance, lhe simplified sedimentaiion lest and sand equivalent test
of the earth supplied compared with the values recorded in the reterence
earlh type selected when ordering;

— a complete check, which relales to measuring texture and plasticily
and the presence of organic matter and sulphates with the values of the
sample of reference earth type.

4.1.2 Choosing the type of check on taking delivery

The buyer is free 10 choose the type of check on taking delivery.

If ihe buyer requires that a complete check should be carried out, it is preferabie
for him to inform the supplier of this in writing on the order document.

Carrying out laboratory tests intended lo check product conformity to reterence
values normally requires a minimum of two weeks.

4.1.3 Date and place of taking delivery

Taking delivery occurs at the moment the buyer assumes responsibilily for the
products, i.e. either at the supplier location or at the delivery location.

If it takes place al the supplier location, the date should be mutually agreed.
The buyer should be presenl or represented.

IF it takes place at the delivery localion, the date should be indicated lo the sup-
plier who has the right to be present at the eperations relating to taking delive-
ry, or to be represenied there by a persen attending on his behalf.

Unless specifically slaled, laking delivery can eccur at the delivery localion only
if the supplier is responsible for the transport.

4.2 Taking delivery on site

As soon as lhe earlh has been unloaded and before any subsequent handling
in the produclion planl, the buyer should proceed with a overall examinalion of
the appearance of lhe eanh.

If this examinalion shows that the earth delivered is not homogeneous in natu-
re, after due hearing of the parlies, one may proceed, at the supplier's expen-
se, to sort it with a view Lo separating the a priori acceptable types of earth from

the rest of the delivery.

If the earth is homegeneous in nalure, one should proceed with the operations
lor 1aking delivery properly speaking.

4.3 Simple check on taking delivery

4.3.1 Samples

For each delivery, 1ake a sample at random and below the surface of four buc-
kets of earth at four points from the bottom of the pile and two buckels from the

upper parl of the pile.

Having carried out the simple sedimenlalion test examination of appearance
and that of sand equivalent, these products should be relurned 1o the delivery.
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4.3.2 Conditions of acceptability

If the resulls of the examination give values corresponding to the reference
values, the delivery should be accepted.

4.4 Complete check on taking delivery
4.1.1 Examination of appearance

The complete check on taking delivery includes, firsl, examining appearance as
delined above.

Complete checks on taking delivery are carried out in the manner described
below.

4.4.2 Samples from the lots
4.4.2.1 Deliveries of up to or equal to 7 tonnes or 5 m3

No sample is faken if the delivery is up 10 or equal lo 7 lonnes or 5 m3 in volu-
me. Consequently, visual examination is sulficient,

4.4.2.2 Deliveries of over 7 tannes or 5 m°
Split the delivery into lots of maximum 7 fonnes or 5 m?.
4.4.2.3 Particular case of supply occurring on several sites

When delivery is taken on the supplier locaiion, split the complele supply into
fots of maximum 21 tonnes or 15 m3.

When delivery is taken on sile where il is common 1o several siles, the refe-
rence site is selected by the enirepreneur, who advises lhe supplier of this in
writing.

4.4.2.4 Samples

The samples must be taken on the basis of a sampling process the procedure
for which is defined by the standards for lesting.

4.4.3 Conditions of acceptability

If, for each of the tests carried out, lhe results conform 1o the reference values,
the delivery should be accepled.

if this is not the case, one may proceed with a counter-expertise for the lest
which failed to give satisfaction.

If the results of the counter-expertise are still unfavourable, the delivery can be
refused. If the result is lavourable, the whole delivery should be accepted.

4.4.4 Choice of laboratory

Tests are carried out on site, in a workshop or in a laboratory selected by mutual
agreement between the supplier and the buyer.

4.4.5 Costs of taking delivery

The costs of taking delivery are borne by the buyer if the conditions of accep-
labilily are salisfactory and borne by the supplier if they are nol.
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4.5 Particular case
The preceding measures do not preclude, by mutual consent, the buyer and the

supplier proceeding with partial checks, relating only to certain reference
values.

§ Conditions of acceptability of CEB supplies

6.1 General

5.1.1 Types of check on taking delivery

There are two types of check on taking delivery:
— the simple check, which relates solely 1o examining dimensions and
appearance, as defined in the standards and measuring the apparent den-
sily;

— the complete check, which relates 1o all the specificalions described by
the slandards.

5.1.2 Choosing the type of check on taking delivery
The buyer is free to choose the lype of check on taking delivery.

If the buyer requires that a complele check should be carried out, it is preferable
for him to inform the supplier of this in writing on the order decument.

In the event of being supplied by a whalesaler, condilions for taking delivery are
valid only for homogenaous lots from the same production plant.

3.1.3 Date and place of taking delivery

Taking delivery ocours at the moment the buyer assumes responsibility for the
products, i.e. either at the supplier localion or at the delivery location.

If it takes place at the supplier location, the date should be mutually agreed.
The buyer should be present or represented.

If it takes place at the delivery localion, the date should be indicated to the sup-
plier who has the right to be presen! at the operalicns relating to taking delive-
ry or lo be represented there by a person altending on his behalf.

Unless specifically stated, taking delivery can cccur at the delivery localion only
if the supplier is responsible for the transpor.

5.2 Taking delivery on site

As soon as the CEBs have been unloaded and before any subsequent handling
on site, the buyer should proceed with a overall examination of the appearance
of the CEBs.

If this examination shows that the number of preducts which do not conferm to
the specifications of dimension, appearance or apparent density appears lo
exceed 10%, after due hearing of the parties, one may proceed, at the sup-
pliers’ expense, to sort them with a view to separating the producls assumed to
conform from the rest of the delivery.

If the number of CEBs displaying defects appears to be less than lhe percen-
tage thus defined, or when the products have been sorted, one should proceed,
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il the buyer requests this, with the operations for taking delivery properly spea-
king.

5.3 Simple check on taking delivery
5.3.1 Samples

For each delivery, take at random 1 CEB oul of every 300, with a minimum of
20 CEBs being sampled.

Having examined them for dimensions, appearance and weight, these products
should be relurned to the delivery.

5.3.2 Conditions of accepiahility

It the results of the examinalion satisly the specificalions as defined in the stan-
dards, lhe delivery should be accepted.

5.4 Complete check on taking delivery
5.41 Examination of dimensions, appearance and weight

The complete check on taking delivery includes, first, the examination for
dimensions, appearance and weight as defined in the standards.

Complete checks on taking delivery are further carried oul in the manner des-
cribed below.

5.4.2 Samples from the lots
5.4.2.1 Deliveries of up to or equal to 7 tonnes or 4 m3

No sample is taken if the delivery is up to or equal to 7 tonnes or 4 m3 in valu-
me. Consequently, visual examination is sufficient.

5.4.2.2 Deliveries of over 7 tonnes or 4m3
Split the delivery into lots of maximum 21 tonnes or 12 m3.
5.4.2.3 Particular case of supply occurring on several sites

When delivery is laken on lhe supplier localion, split Lhe complete supply into
lots of maximum 21 tonnes or 12 m2.

When delivery is taken on site where it is common to several siles, lhe refe-
rence site is selected by the entrepreneur, who advises the supplier of this in
writing.

5.4.2.4 First lot

Take al random minimum 20 blocks intended to be subjected to the lests detai-
led in the standards.

5.4.2.5 Subsequent lots

Take a minimum of 6 additional CEBs for each 21 tonnes or 12 m*3 lot or frac-
tion of lat in excess of 7 tannes or 4 m3 of blocks.
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Half of these CEBs will be used for the compressive strength test.
The other half will be used for olher lests, agreed upon by commen consent.

5.4.3 Conditions of acceptability

If, for each of the tests carried out, the results conform to the specifications of
the order, the delivery should be accepted.

li this is not the case, one may proceed with a counler-expertise for the test
which failed to give salisfaction.

If the results of ihe counier-expertise are still unfavourable, the delivery can be
refused. If the result is favourable, the whole delivery should be accepted.

5.4.4 Choice of laboratory

Tesls are carried out on sile, in a workshop or in a laboratery selecled by mutual
agreement belween the supplier and the buyer.

5.4.5 Costs of taking delivery

The costs of faking delivery are borne by the buyer if the conditions of accep-
tability are satisfactery and borne by the supplier if they are not.

5.5 Particular case
The preceding arrangements do not preclude, by mutual consent, the buyer and

the supplier proceeding with partial checks, relating only to certzain reference
values.

6 Annexe
It is recommended thal the fellowing lechnical document be consulted:
— Compressed earth blocks. Vol. . Manual of production. CRATerre-

EAG: Rigassi V., Aus der Arbeil von GATE. Friedrich Vieweg & Sohn,
Braunschweig/Wieshaden, Germany, 1995;
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ARS 681: 1996 - Compressed earth blocks
Code of practice for the preparation of
earth mortars

1 General

1.1 Object

This code of practice describes the state of the an relating to the manufacture
of earth mortar (EM), such as it is known in the light of the current state of the
technique.

1.2 Field of application

The rules described in the present code are applicable in all consiruction enter-
prises operating in the context of public or of private markets.

The standard is not applicable in areas subject to earthquakes, floods or

cyclenes to an extent that requires the application of appropriate rules in order
to avoid major damage.

2 Code of practice

2.1 Recommendations on earth selection

Selecting a suitable type of earth can take place in the field using parameters
which are the fruit of experience acquired in the course of operalional praclice.
If any doubt persists, laboratory identification tests should be carried oul.

2.1.1 Granular composition

The granular composition of the earth should preferably fall within the limits of
the shaded area on the diagram of texture which follows and should be similar
in shape.

The limits of the recommended shaded area are approximate.

Types of earth the granular composition of which fall within the recommended
shaded area in most cases give satisfactory results.

Types of earth the granular compasition of which fall outside the shaded area

may still give acceplable results, but it is recommended that they be subjected
to a series of lesls enabling lheir suilabilily to be assessed.
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Figure 1 — Diagram of texture

CLAY SILT SAND GRAVEL

100

80

P

70

Bzt za 60

40

i i 55 gk Z 20

10

0,001 0,002 0,01 0,06 0,1 1 2 10 60 100
PARTICLE SIZE (mm)}

% PASSING

2.1.2 Plasticity

The plasticily of the soil should preferably fall within the limits of the shaded
area of the diagram of plasticily which follows.

The limits ol lhe recommended shaded area are approximate.

Types of earth the plasticity of which fall within the recommended shaded area
in most cases give satisfactory results.

Types of earlh the plasticity of which fall outside the shaded area may still give
acceptable resuits, but it is recommended that they be subjected to a series of
lests enabling their suitability 1o be assessed.

Figure 2 — Diagram of plasticity
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2.1.3 Nature

Table 1 — Classification of materials according to their nature

Materal
Max D £ 50 mm

Material
Max D > 50 mm

Passing at 80 um

100% 12 2540 -
Aq Ax  |Ag|Ag
35%
Bg Bs ‘ Passing at 2 mm
12% 7T 5 ‘;33:15
0% P2 [ B B4 0% V.ES

Passing al 80 um
A

C1 ar Cz
C4: rounded or nol very structu-
red angular materials
(0/50 > 60 10 BD%)
Co: highly siruclured angular

i2% materials (0/50 <60 1o 80%)
D3 VBS
-
¢ o1
Chalks R4
Carbonated rocks
Limestones Ro
Sedimentary - R
P Clayey rocks Marls, argils, elc. 3
Rocky Siliceous rocks Sandstones, elc. Ra
materials
Saline rocks Aock sal, gypsum Rs
Magmatic and Granites, basalis, gneiss Rg
metamorphic rocks melamorphic schisls and slales, elc.
Par1|C|_.|Iar Organic soils or industrial by-products F
materials
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The nature of types of earth is determined by the combination of values resul-
ling frormn tests for parlicle size distribution, plasticily and methylene blue value.
The overall suitability of lypes of earth is as follows:

Al: an acceptable material bul wilh slightly too many fines.

AZ: an acceptable material bul with too many fines.

Ad: an acceptable material bul requiring particular care, as it is relatively
active.

A4: a material which is difficult to use, as il is very active.
B1: a sandy material requiring fines o be added to make it acceptable.
B2: an acceptable malerial slightly lacking in fines.

B3: a sandy malerial requiring a considerable addilion of fines to make it
acceplable.

B4: an acceptable material lacking in fines.
B&: an acceptable material bu! slightly lacking in fines.
B6: an acceptable material but slightly lacking in fines.

C1: a material containing too much gravel, which should be sieved to
change its nature.

C2: a material containing teo much gravel, which should be sieved to
change ils nature.

D1. a sandy material requiring fines lo be added to make il acceptable.

D2. a sandy material requiring a considerable addition of fines to make it
acceptable.

D3: A material containing too much gravel, which should be sieved to
change its nature and which requires a considerable addilion of fines
fo make it acceptable,

R: unsuitable materials.

F:  materials requiring advanced identification tesis notably with regard to
their chemical analysis and mechanical lests in order to be able to
determine their suitability. Testing pre-production stage CEBs should
be considered.

2.2 Recommendations for the use of stabilisation additives

2.2.1 Precautions to take when stabilising by adding a physicochemical addi-
tive

The presence of certain salls or organic materials can affect the efficacy of sta-
bilising by the addition of an additive. In these cases, some chemical analysis
should be therefore be undertaken to determine the presence, the value and
the conceniration of the following factors:

— PH;
— soluble salts;

80 Comprassed earh blocks: slandards



— acid salts;

— alkaline sails;

— organic maller or humus,
— carbonates;

— sulphates;

— chlorides.

2.2.2 Cement! stabilisation
2.2.2.1 Efficacy and dosage

As earth mortars are used in a plastic state, up to 50 % mare cement is some-
limes required to obtain the same efficacy as when using the same type of
earth, compressed in a hurmid state, for the manufaclure of CEBs.

The efficacy of the dosages depends on the texture and structure of the earth,
and on how it is used. 6 to 12% of the weight of the dry earth generally gives
good results. Compressive strength remains highly dependent on the dosage.

The dosages indicated are relative to dry weight and are determined in labora-
lory conditions, Measures far checking in the workshoep or on site should take
accouni of the specific hygrometric conditions existing locally.

2.2.2.2 Efficacy parameters

1) Tvpes of earth
Almost all types of earth can be stabilised with cement. The best results are
obtained wilth sandy types of earth.

2) Organic matter

This is recognised as deleterious, and as a general rule, an organic matter
conlent in excess of 1% is risky; earth containing more than 2% should not be
used.

3) Sulphates

When dry, calcium sulphates, which are frequently found, are less deletericus
than magnesium sulphates. When wet, sulphates are always very deleterious.
Sulphales destroy the hardened hydraulic binder matrix and increase the sen-
sitivily 1o humidily of the clays. A specific study for earlh containing more than
2 1o 3% lotal sulphate content is indispensable.

4) Oxides and melallic hydroxides

Essentially, these are iron and aluminium oxides which are rarely present in
excess of around 5% and which in that event have little effecl. [n lypes of earth
containing more than 5%, stabilisation has been observed to be highly effecti-
ve with little cement.

5) Water
In principle one should reject water containing organic matter and salty water:
these may cause efflorescence. Water rich in sulphates may be unfavourable.

2.2.2.3 Types of cement
Portland cements or cemenls of a similar class are very suitable. Composile
cements can also be used. However, suitability tests should be carried out to

justify using them. There is no poinl in using high strength cements which give
no particular improvement and which are more expensive.
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2.2.2.4 Additives

Cerlain products, added in small quantities to the earth-cement during mixing,
can improve cerlain of its properties.

1) Reducing sensitivity fo organic matter

Slaked lime, used at 2%, can raduce the delelerious effect of organic mailer, as
can calcium chloride (0.3 to 2%) which also accelerates the selting of the
cement.

2} Modifying the plasticity of the earth
Slaked lime can also be used 1o modify the plaslicity of the soil and to restrict
the formation of nodules.

3) Rendering the earth water-proof
Bitumens, in emulsion or cut-back, used at 2 to 4%, enable morlars to be made
impermeable.

2.2.3 Lime stabilisation
2.2.3.1 Types of lime

1} Non-hydraulic limes
These are produced by calcinating very pure limestene and are the main kinds
of lime used in stabilisation.

— Quicklime (CaO): produced direclly by calcinating stone containing
lime. Its use may be restricted because of the careful storage and handling
it requires. Quicklime is highly water absorbent and must be prolected from
humidity. It is an aggressive material which must be handled with great
care: it becomes very hot during the hydration phase (up to 150°C). Weight
for weight, il is more efficient than slaked lime because it contains more
calcium ions. When the earth is wet, il can absorb the water required for it
to be hydrated.

— Slaked lime (CaOH)Z2: this is oblained by hydrating {slaking) quicklime.
Used in stabilisation, it does not have lhe storage and handling disadvan-
lages of quicklime. Slaked limes should not be tao finely ground to be
effective. Indusirial guality slaked limes contain 90 to 99% «active lime»,
whereas those of craft production quality can coniain as liltle as 70 to 75%
with the remainder being inert material which is either nol calcinated or
excessively calcinated. Stabilisalion dosages should be modified in conse-
quence.

2) Hydraufic limes

These resemble cements. They should be considered for use only if there are
no other qualities of lime available. Natural hydraulic limes are more eficient for
slabilisation than artificial hydraulic limes which are not recommended.

3) Agricultural limes
These are used to modify agricullural types of earth and generally have no sta-
bilising effect.

4) Dolomite limes
These are suilable for stabilisalion, but they set excessively slowly.
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2.2.3.2 Efficacy and dosage

By adding 1% quicklime lo the earth, the exothermic reaction of hydralion dries
the garth, removing approximalely 0.5 to 1% moisture.

Adding 2 to 3% quicklime immediately causes a fall in the plasticity of the earth
and breaks down lumps; this reaclion is called the lime fixing point. For ordina-
ry stabilisation using slaked lime, dosages of 4 to 12% are generally used, equi-
valent lo those used with cement, but it should be neted that with lime, there is
an oplimal quanlily for each type of earth.

The dosages indicaled are relative to dry weight and are determined in labora-
lory condilions. Measuras for checking in the workshop or on site should take
account of the specific hygrometric conditions existing locally.

2.2.3.3 Efficacy parameters

1) Types of eanth

These should contain a reasonable clay fraction. Results vary depending on the
nalure of the clay minerals and are good with those which are high in aluminium
silicale, in silica, and in iron hydroxide. Natural pozzolanas react quickly and
well with lime.

2} Organic mafler

This can prevent ion exchanges in clayey soils, without however, prevenling the
pezzolanic reaction.

Types of earth containing up to 20% organic matter can be stabilised with lime
but care must be taken.

3} Sulphates

When dry, calcium sulphates, which are frequently found, are less deleterious
than magnesium sulphates. When wet, sulphates are always very deleterious.
Sulphales destroy the hardened hydraulic binder matrix and increase the sen-
silivily to humidily of the clays. A specific study for earth containing more than
2 to 3% lotal sulphate content is indispensable.

2.2.3.4 Additives
Certain additives mixed wilh lime can produce special efecis.

1) Increasing compressive strength
— Portland cement or composite cemenl wilth a variabie dosage which
can be up to 100% of the lime dosage.
2) Rendering the trealed sarth water-proof
— bituminous producls;
— other walerprooiing agents.

2.2.4 Stabilising using commercial products

Using commercial products other than cement and lime lo stabilise the earh
with a view to manufacturing earth montars should be examined beforehand by
an approved testing laboratory to establish the genuine efficacy of the product.

2.3 Recommendations for manufacturing parameters

Poor execution of any one of the manufacturing slages will considerably lower
the quality of the EMs.

2.3.1 Stocking raw materials
2.3.1.1 Stocking the earth
Earth which has been taken delivery of should be stocked in such a manner as

lo avoid any pollution from another type of earth or any other malierial.
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The earth should also be protecled rom accidentally being meistened,
2.3.1.2 Stocking additives

Stocking addilives should be arranged so that they are protecied from bad wea-
ther and so that there is a rapid lurnover between delivery and use.

2.3.2 Preparing the mix

At the ena of the preparation, the earth should be as dry as possible (water
content £ 5%). No grain or panicle should have a diameter in excess of 4 mm
and preferably not in excess of 2 mm,

If on completion of the preparation stage, the earth falls oulside the recom-
mended zones of lexlure and plasticity, it should be correcled by adding a filler
unlil it comes back within the recommended zones. If even after correction, the
mix is slill oulside the recommended areas, another iype of earth will have to
be sought or the suitability of the mix will have lo be specifically examined by
an approved laboratory.

2.3.2.1 Screening the earth

This operation aims to eliminale all components with a diameler in excess of
that required. However, lbese compenents can be made up of aggregates or
agglomerates made up of fines which will equally be eliminated , whereas they
are required to ensure the cohesion of the final product. It is therefore prefe-
rable to break down these agglomerates by a pulverisatlion operalion.

2.3.2.2 Pulverising the earth

This is an important operalion and must be carried oul with great care. The
more finely the clay and the silt is broken down, the more homogeneous the
earth will be, and in the event of stabilisation, the more efficient the action of the
stabiliser. The operation can be a diificult one as clay is highly cohesive. There
should not be foc great a concentralion of fines in agglomerales the size of
which should not exceed 4 mm. The presence of 50% by weight of agglome-
rales of fines of > 4 mm in size can reduce compressive sirenglh by half.
Certain lypes of earth still require screening after puiverisation,

2.3.2.3 Mixing

The homogeneity of the malerial depends on the qualily of the mixing. It is
important to use dry earih lo obtain best mixing condilions.

In wet regions, this may mean drying out the earth beforehand. Mixing can
accelerate the drying process and help to break down lumps. The water requi-
red for mixing should be sprinkled or sprayed in and only at the end of the
mixing process, after a required phase of dry mixing.

The water should be added gradually until 2 smooth and homogeneous mix has
been obtained.

Mixing in an additive should be done dry except in the particular case of pro-
ducts requiring wet mixing. Mixing should continue unlil a homogeneous mix
has been obtainad.

The time needed for manual or mechanised mixing depends on the mixing time

required to obtain a perfectly homogeneous mix; this can be assessed by ils
uniform colour, and no streaks should be visible.
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2.3.3 Using the EM
2.3.3.1 Retention time of the mix

The earth mortar should be plastic and smooth and should hold on the trowel.
Liquid earth mortars should not be used.

Any precautions needed to prevent water evaporation from the EM must be
taken in order to maintain the plasticity and the smoothness at the required

level.

When Lhe mixing has been with added cement, the EM should be used within
half an hour of the beginning of the wet mixing stage.

When the mixing has been with added non-hydraulic lime, the EM can be used
after several hours.

Any precautions needed lo preven! water evaporation from the mix musl be
laken in order to maintain the right water content of lhe mix at the required level,

3 Checking procedures
3.1 Raw materials
3.1.1 Earth
See «Conditions for taking delivery of earth supplies».
3.1.2 Stabilising additives
1) Procedure
— for cements, lests on samples of slandard cement monrtar,;

— for lime, chemical compesilien tests.

2) Frequancy
— at each delivery.

3.1.3 Water

1) Procedure
— in the case of 2 manufacturing process wilh slabilisalion using an addi-
tive with a physicochemical effect (Pertland cement, lime), analysis of the
content of salls and of the pH value.

2) Freguency
— once during the «running in» period, then annually.

3.2 Preparing the earth

1} Procedure
— wet screening of the prepared earth and calculation of the percentage
by weighl of grains the diameter of which is in excess of 4 mm.

2} Frequency

— weekly during the start-up period, less frequenlly once production is
eslablished.
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3.3 Mixing

3.3.1 Earth and additive dosage

1} Procedure
— weighing and measuring volume directly or calculating consumption
periodically (e.g. the number sacks of stabiliser consumed per number of

batches produced).

2) Fregquency
— frequently and without warning.

3.3.2 Mix
1) Procedure
— visual examination of the hemaogeneily of the mix;

— timing the average mixing time.

2} Frequency
— weekly or more.

3.4 Waiting time before use

1) Procedure
— timing the average waiting time.

2) Frequency
— weekly or more.

3.5 Curing

1) Procedure
— visual examination (shrinkage cracks, surface drying out);

2) Frequency
— weekly

4 Conditions for taking delivery of earth supplies

4.1 General

4.1.1 Types of check on taking delivery

There are two types of check on taking delivery:
— a simple check, which relates solely to the comparative examination of
the appearance, the simplified sedimentation tesi and the sand equivalent
test of the earth supplied compared with the values recorded in lhe refe-
rence earth selected when ordering;
— a complete check, which relates 1o measuring texture and plasticity
and the presence of organic malter and sulphates with the values of the
sample of reference earih.

4.1.2 Choosing the type of check on taking delivery

The buyer is free to choose the type of check on taking delivery.

If the buyer requires thal a complete check should be carried out, it is preferable
for him to inform the supplier of this in writing on the order document.
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Carrying out laboratory tests intended te check product conformity to relerence
values normally requires a minimum of two weeks.,

4.1.3 Date and place of taking delivery

Taking delivery occurs at the moment the buyer assumes responsibility for the
products, i.e. either at the supplier location or at the delivery location.

If it takes place at the supplier location, the date should be mulually agreed.
The buyer should be present or represented.

If it takes place at the delivery location, the date should be indicated to the sup-
plier who has the right to be presenl al the operations relating to taking delive-
ry, or to be represented there by a person aftending on his behalf.

Unless specifically slated, laking delivery can occur at the delivery location only
if the supplier is responsible for the transport.

4.2 Taking delivery on site

As soon as the earth has been unloaded and before any subsequent handling
in lhe brickworks, the buyer should proceed with a overall examination of the
appearance of the earth.

If this examination shows thal the earh delivered is not homogeneous in natu-
re, after due hearing of the parties, one may proceed, at the supplier's expen-
se, to sorl it with a view to separaling the a priori acceptable types of earth from

lhe rest of the delivery.

If lhe earth is homogeneous in nalure, one should proceed with the operations
for laking delivery properly speaking.

4.3 Simple check on taking delivery

4.3.1 Samples

For each delivery, take a sample at random and from below the surface of four
buckels of earth at four points from the bollom of the pile and iwo buckets from

the upper part of the pile.

Having carried out the simple sedimenlalion lest examinalion of appearance
and that of sand equivalent, these products should be returned to the delivery.

4.3.2 Conditions of acceptabllity

If the results of the examination give values corresponding to the reference
values, the delivery should be accepied.

4.4 Complete check on taking delivery
4.4,1 Examination of appearance

The complete check on taking delivery includes, first, examining appearance as
delined above.

Complete checks on laking delivery are carried out in the manner described
below. .
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4.4.2 Samples from the lots
4.4.2.1 Deliveries of up to or equal to 7 tonnes or 5 m3

No sarnple is taken if the delivery is up to or equal to 7 tonnes or 5 m3 in volu-
me. Conseaquently, visual examination is sufficient.

4.4.2.2 Deliveries of over 7 tonnes or 5 m3
Split the delivery into lots of maximum 7 tonnes or 5 m3.
4.4.2.3 Particular case of supply accurring on several sites

When delivery is taken on the supplier location, split the complete supply into
lots of maximum 21 tonnes or 15 m3.

When delivery is taken on sile where it is common to several sites, the refe-
rence sile is selected by the entrepreneur, who advises the supplier of this in
writing.

44.2.4 Samples

The samples musli be Laken on the basis of a sampling process the procedure
for which is defined by the slandards {or {esting.

4.4.3 Conditions of acceptability

It, for each of the iesls carried out, ihe results conform to the reference values,
the delivery should be accepted.

If this is not the case, one may proceed wilh a counler-expertise for the lesl
which failed 1o give salisfaclion.

It the resulls of the counler-experlise are slill unfavourable, lhe delivery can be
refused. If the resull is favourable, the whole delivery should be accepled.

4.4.4 Choice of laboratory

Tests are carried out on site, in a workshop or in a laboralory selected by mulual
agreement between the supplier and the buyer. -

445 Costs of taking delivery

The costs of laking delivery are borne by ihe buyer if the conditions of accep-
labilily are salisfaclory and borne by the supplier if they are not.

4.5 Particular case
The preceding arrangements do not preclude, by mutual consent, the buyer and

the supplier proceeding wilh parial checks, relaling only lo ceflain reference
values.

5 Annexe
It is recommended that the Tollowing technical documeni be consulted:
— Coampressed earlh blocks. Vol. Il. Manual of design and construction.

CHATerre-EAG: Guillaud H., Joffroy T., Odul P. Aus der Arbeit von GATE,
Friedrich Vieweg & Schn, Braunschweig/Wiesbaden, Germany, 1995.
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ARS 682: 1996 - Compressed earth blocks
Code of practice for the assembly of compressed
earth block masonry

1 General
1.1 Object

This code of practice describes ihe state of the ar relating to the assembly of
compressed earth blocks masonry (CEBM), such as it is known in the light of
the current state of the lechnique.

1.2 Field of application

The rules described in the present code are applicable in all construction enter-
prises operaling in the context of public or of private markels.

The standard is not applicable in areas subject lo earthquakes, floods or
cyclones lo an extent that requires the application of appropriate rules in order
to avoid major damage.

2 Code of practice
2.1 Laying out
2.1.1 General

It is on the quality of the layout of buildings that ease of assembly partly
depends and as a result the qualily of the construction, from both a technical
and an aesthelic point of view, and this is particularly true for facing masonry.

If a detailed brickwork plan has been prepared, i.e. if the distances (horizontal
and vertical) have been defined using 1he dimensions of the blocks used as well
as the thickness of the joints, laying oul should scrupulously respect lhe dimen-
sions indicated on the plans.

If no detailed brickwork plan has been prepared or if the dimensions of the
blocks and/or the thickness of the joints ditfer from what the designer had anti-
cipated, lhe dimensions given should be modified. Agreement with the architect
may be needed. Laying out should be done according to accepled practice
using approved and reliable measuring instruments the measurements of which
do nol vary.

2.1.2 Horizontal laying cut

Measuring instruments which enable one to measure directly the grealest
lengths of the buildings should be used. Flexible tape measures should prefe-
rably be metallic. Right angles should be determined by triangulation (the 3-4-
5 rule).

The best technique for laying cut is lo use site boards firmly fixed into the
ground; these enable alignmenl strings to be stretched from nails or saw culs.
The sile boards (at least their upper part) must be placed at the same level, and
this should if possible correspond to the first course of CEBM (or o the upper
part of the footing), which will enable this first course to be perfectly adjusted
and therefore to serve as a reference.

Compressed earth blocks: slandards 99



2.1.3 Vertical laying out

The upper level of the site boards (horizontally adjusted) should preferably
serve as a reference for the masonry work. Other points can, however, be used,
provided they are firmly fixed.

To respecl the vertical distances indicated by the brickwork plan, gauge rods
should be used. These indicate the levels of courses and of important elements
(window sills, lintels, ring beam, height of wall}. Gauge rods can be mobile, but
should preferably be fixed in strategic points of the building. When the gauge
rods are sufficiently rectilinear and rigid, they can serve directly as a support for
the strings possibly using strainers, nails or saw cuts. These marks are placed
at regular intervals corresponding to the vertical brickwork measurements.

2.2 Scaffolding and safety
2.2.1 Safety on site

Scaffolding should be erecled in such a way as lo respect safely regulations. It
is standard practice to use safety bools and sile helmets.

2.2.2 Fixing scaffolding

With facing masonry, fixing scaffolding 1o the walls should be avoided as this
means subsequent patching which is nol easy. Scaffolding should therefere
preferably be posilioned sufficiently far away to avoid it banging against the wall
and may be equipped with a system to prevent this oceurring.

With rendered masonry, fixing scaffolding to the walls is not a problem.
However, using the wall to support the scaflolding sheuld be done only after its
capacity to resist specific forces has been checked, and notlably with regard to
the stresses caused by scaffolding sysiems resting on the wall,

2.3 Deliveries and on-site stocks
2.3.1 General

Materials should be checked when they are delivered on site as a minimum by
visual inspection. Simple field tests can also allow an overall assessment of
whether the materials delivered conform.

It is recommend thal the same types of check be carried oul just before appli-
calion, in order to separate out materials which might have deteriorated as a
resuit of being badly stocked on site.

2.3.2 Compressed earth blocks

Compressed earth blocks should be unloaded wilh care. Transporling them on
the site should be restricled and if possible done with suitable means of trans-
port with a flat loading base.

Btocks intended for facing masonry should be handled with particular care, 10
avoid chipping them. One should therefore seek lo restrict unnecessary hand-
ling by always stecking them as near as possible to where they are to be used.
At the same time care should ba taken not lo overload recently completed scaf-
folding and floor slabs.

Stecks should be kept in stable piles and on ground which is sufficiently flat and
{irm and not liable to flooding.
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2.3.3 Unstablised compressed earth blocks

Stocks of unstabilised compressed earth blocks should be protected from rain
in order to avoid surface erosion. If the blocks are stocked directly on the
ground, good peripheral drainage should be used, to avoid rising damp which
could affect the blocks. These measures should be taken only when a risk does
exisl {e.g. rainy season).

2.3.4 Cement and other binders

These should be stocked shellered from humidily, or under cover, and raised off
the ground on palleis or on any other support which allows good ventilation.

2.3.5 Earth and sand intended for preparing laying mortar

Earth and sand should be stocked on areas which are clean and above ali clea-
red of any vegetation. Earth which is to be sieved should be protected from rain
as wet earth is impossible 10 screen.

2.3.6 Earth intended for preparing stabilised earth mortar

In order lo avoid lumps forming and to ensure the hemegeneity of the mix, the
earlh should nol be wel. [t should therefore be pretected from rain and capilla-
ry rise.

2.4 Composition, preparation and utilisation of the mortars
2.4.1 General

Bonding belween compressed earth blocks is generally achieved using morars
prepared from the same materials as the CEBs, in order to achieve compatibi-
lily and similar strengths, i.e.:

— an earlh mortar for unstabilised CEBs;
— a stabilised earlh mortar for stabilised CEBs.

The earth used should preferably be of the same nalure bul can be different in
arigin.

Because no compression occurs, the strength of the mortar oblained is gene-
rally lower than that of the CEBs. Morecver, the significanl waler dosage
(approximately 30%]) required for the mortar to be easily workable, can resull in
cracking. The generally rapid drying out of mortar, despite the precautions
which should be taken, can result in the stabilisation being less efficien!, and
this is particularly the case with low dosages.

For example, in lhe case ol cemenl, correct practice is to adjust the dosage
used for CEBs by:

— significantly increasing the proportion of sand to eliminate risks of
cracking;

— significanily increasing the dosage of stabiliser, i.e. a preportion of

approximately 1.5 to 2 times greater for low dosages {3 to 6%} and of 1.2
to 1.5 times greater for high dosages {7 to 10%).
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Cement stabilised compressed earlh blocks can also be bonded with sand-
based mortars such as the following:

— sand and quicklime or slaked lime mortar (approx. 1 part lime to 4 parls
sand};

— sand and hydraulic lime morlar with low dosages (200 to 250 kglm3);
— quarry sand and cemen! mortar (250 kgr’m3).

Carrying oul preliminary tests, in real conditions on site, allows the most sui-
table composition to be determined.

In certain circumstances, it is acceplable lo use unstabilised earth mortar for
the masonry of stabilised earlh blocks {(e.g. well protected walls subject to littte
stress).

2.4.2 Screening the earth

Earth screened using a 10 mm side square mesh is perecily suitable. Other
sizes, however, can also be suitable, bearing in mind that the maximum grain
size passing through the mesh can be adjusled by tilling the mesh.

It is recommended that the screen should be fairly large in size. Dimensions in
the order of 2m x im (h x w} are perfectly suitable.

2.43 Dosages

The materials making up the compositicn of the mortar should be measured out
with precision. Dosage by weight is precise, but diflicult to carry out on site
wilhout special equipment. Procedures for dosing by volume are therefore the
most commonly used. Using spades to measure oul is loo imprecise, and not
acceptable. One can, however, use buckets or wheelbarrows when their volu-
me is known. These volumes should correspond o a whole number of reci-
pients. Filling regularly, by levelling off and using the enlire velume of the reci-
pient are essenlial lo obtain a regular dosage.

Using gauge boxes is recommended. These are of predelermined velume and
therefore enable the prescribed dosage to be malched wilth a high degree of
precision.

Using the sack {of stabiliser) as a basic unit is valid only if the quantity contai-
ned is reliable.

2.4.4 Preparing unstabilised earth mortars

These are prepared by mixing water into the earlh. The proportion of water is in
the order of 30%, but varies according to the clay content of the earh.

Mixing can be done by hand, in a cement-mixer, or even in a planetary or linear
mixer.

Preparation can be done a long time ahead and in large quaniities, wheiher in
a dry or a wet slale.

As earth absorbs water little by little, mixing is always carried out more liquid
than is necessary to achieve the workability required for the assembly of com-
pressed earth blocks.

If the earth has started lo set through drying out, more water can be added, and
as often as necessary, lo recover the required workability.
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2.4.5 Preparing earth mortars stabilised wilh cement or with hydraulic lime

The earlh should be loose. If it is not naturally so, or loose on delivery, it should
be screened or broken down, even if il conlains no grains of too great a size,
Loosening the earth is necessary to enable the mixing to take place quickly
which ensures the homogeneily of the mix by spreading the stabiliser evenly
throughout the mass.

2451 Manual mixing

The various components are first mixed dry and then the waler is added. To
obtain good homogeneity, each mixing operation should nol exceed 5 wheel-
barrew leads, i.e. approximalely 300 lilres ol mix.

Mixing with water should be carried oul only for a quanlity of mix which can be
used within the lollowing half hour in order to take advantage of the reaction of
the cemenl wilh the other components of the mortar. To achieve this, mixing
wilh waler can be done gradually with small quantities taken from the initial dry
mix.

Relempering 2 mortar which has already taken with water is not permissible as
the stabilisation could not occur in good conditiens and the slrength of the ulti-
male mortar would be very low {in cerlain cases even lower lhan that of an uns-
tabilised earth mortar).

2.4.5.2 Mechanical mixing

Mixing can be done using a planetlary or linear mixer or even with a simple
concrete-mixer.

With a planetary or linear mixer, mixing takes place as for manual mixing, i.e.
first the dry mixing is done, and lhe water is added laler.

With a concrete-mixer, the filling process is reversed: the waler is put in firs,
then the cement is added, followed by the sand (if any) and finally the earth. For
ihe same reasons as stated for manual mixing, the quantities of mertar prepa-
red musl be capable of being used within the following half hour 2nd any mor-
lar which has already taken should be rejected.

2.4.5 Preparing earth mortars stabilised with non-hydraulic lime

The mix should be prepared in advance (at least 2 hours before, but preferably
one day ahead} and if possible covered so that it stays moist until it is used.
This gives the lime time to react properly with the clays, without hardening
through carbonatation occurring, as this takes place only in the presence of air.

2.4.7 Preparing earth mortars stabilised with bitumen

Bitumen is used in liquid form {cut-back or emulsion}.

Mixing is carried out with earlh which has already been mixed wilth water and is
therefore in a liquid slate (see preparing unstabilised earth mortars). These
maorlars can be prepared in advance. However, remixing them once they have
dried oul is not advisable.
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2.5 Executing the masonry work
2.5.1 Bonding patterns

Compressed earth blocks should be used in masonry in accordance wilh the
delailed brickwork plan already drawn up and fallowing a bonding pattern which
respects the rules that there should be no superimposed vertical joints and that
al least 1/4 of the horizonlal surface of the block should be covered.

The mast common bonding patterns are those used for traditional masonry
work with small elements.

2.5.2 Thickness of the mortar

The most common thickness of mortar is 1.5 em.

To be able to use all the classic bonding patterns, the dimensions of the block
should follow the rule:

I =2 xw+tm (Il = length, w = width, tm = thickness of the join),

For fill-in walls with no bonding patlern, it is not necessary to apply this rule.

2.5.3 Wetling the blocks

In order 1o allow the binder to lake, the morlar must be prevented from drying
out too quickly. It is therelore vital to wet the blocks and the course on which
they will rest before laying them. This should be done by sprinkling using a whi-
tewash brush or by rapidly dipping them in water. Excessive wetting reduces
the quality of the masonry work. When using unstabilised CEBs, they should
not be wel too much to aveid damaging them. The water should be fully absor-
bed before laying. The waler used should not contain any deleterious malter.

2.5.4 Cutting blocks

Cutting CEBs as they are being used should be carried out using any tool
enabling one lo obtain a precise cut and a flat surface, e.g. bolsters, saws,
disks, elc.

2.5.5 Laying blocks for ordinary masonry intended to be rendered

The blocks should be laid an a full bed of mortar in order 1o ensure that they
adhere well. It is recommended that the verlical joints should be filled at the
same time as laying the CEBs, which is fasler but above all more efficient than
filling in from above after laying.

The joints can be lightly brushed or scraiched after laying to allow the render to
adhere well.

2.5.6 Laying blocks for facing masonry

The blocks should be laid on a full bed of mortar in order to ensure that they
adhere well. It is recommended that the verlical joints should be filled at the
same lime as laying the CEBs, which is faster but above all mare efficient than
filling in from above after laying. Using this technique also enables one to obtain
a good finish more easily. As the mortar cozes out slightly, one has only lo scra-
pe off the surplus holding the trowel al an angle to obtain a well filled and neat
joint thal can either be left as it slands or finished off later with a special tool.

As a result, the consistency of the mortar is very imporlant. It should not be too
liquid as it would drip down the wall during laying; nor should it be too dry as
ihis would make it difficull to squeeze the mortar and thus to obtain a well filled
and neat joint, The mortar should therefore not be laid too far in advance on the
preceding course.
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257 Laying the first two block courses

The first two courses will serve as a reference for aligning all the subsequent
ones. Thay therefore have to be perfectly aligned (see chapter on laying out ).
Before proceeding with actually laying these courses, it is preferable to try them
out dry in order to check that the dimensions and the bonding pattern corres-
pond properly.

Adjusting the dimensions is acceptable if this allows simple and correct bonding
pattern configurations 1o be used. The thickness of the joints can also be modi-
fied wilthoul however exceeding = 5 mm of the thickness planned.

Laying is then done one block at a time which allows the mortar thickness to be
respected and avoids running the risk of gradually shifting the bonding pattern
along. If the footing is seriously defective in terms of flatness, it will take seve-
ral courses to retrieve horizontality in order to respect the tolerance of £ 5 mm.
To obtain high strength masonry, it is recommended that the corner blocks
should be laid using a plumb line and the others using a guide string.

2.5.8 Laying the remaining courses

Each course should be started off in lhe corners and at the level of wall junc-
tions. Levelling, adjusting te plumb and adjusting the height of the course (see
chapter on laying out) should be carried cut for each of these blocks belore
geing on to lay the whole course.

The use of vertical gauge rods is strongly recommended for facing masonry.
Vertical gauge reds can be mebile or fixed. Laying several levels of blocks in
the course before filling in the wall is possible if the mortar sets suificiently
guickly and enables the blocks to be adjusted without shifting the blocks on the
lower courses and if the mortar has negligible shrinkage.

The maximum height of masonry work should not exceed 1m per day.
2.5.9 Jointing for facing masonry

Joints {including dry joints) can be simply scraped off with a trowel as descri-
bed above. If necessary, joinling can be done using a poinling trowel.

Jointing should preferably be done as soon as the morlar slarts to set, i.e.
within 1/2 an hour o an hour of laying the blocks. The morlar, which has pre-
viously been scraped level with a trowel (after joinling if appropriate) is simply
pressed in using a tool with a rounded shape (jointer) in such a way as to obtain
a finish which is slightly hollow, but which does not retain water.

toare hollow joint finishes are possible inside or on walls which are well protec-
ted from bad weather, or with CEBs and EMs which are highly resistant to humi-
dity.

2.5.70 Pointing for facing masonry

The laying mortar is scraped {o a depth oi at least 2 cm. The joint is moistened,
and as soon as the water has been fully absorbed, it is refilled with fresh mor-
tar treated in the same way as described above. This technigque, wbhich is espe-
cially useful for thick masonry, allows a water-resistant mortar to be used on the
fagade and a more weakly dosed mortar for the inside of the wall.

2.5.11 Protecting freshly erected masonry and cleaning
In hot, dry wealher and if the walls are built with an earth mortar stabilised with
a hydraulic binder, il is advisable to protect the walls from direct exposure to the

sun and to spray them lightly and al regular intervals tn order to prevent them
from drying oul oo quickly, so that the binder can take correctly.
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Walls erected using a non-hydrautlic binder (lime) should not be moistened; on
the contrary, for one month after laying, they should be protected from Lhe direcl
eftects of bad weather.

Drips or dirty marks should be cleaned ofl lhe masonry as soon as it is finished
using nen abrasive tools (e.g. a sponge or a sofl brush, elc.)

Subsequently, masenry should be prolected from blows to avoid any risk of
chipping or other damage.

2.6 Bonding with the other construction components
2.6.1 Water proofing from ground humidity

Footings are subject to capillary water rise irom surrounding ground which is
(even temporarily) wet, when the materials used for their construction are per-
meable. This phenomenon will be accentuated if the evaporation capacity of the
fooling is poor gither because it is low or because it has a water proof render,

If this is the case, special technical measures should be used. There are seve-
ral possible solutions:

— very good surface drainage around the building;

— lhe footing is built up sufficiently high and has a surface which encou-
rages hydric exchanges, allowing water t¢ evaporate before it reaches the
CEB wall;

— lhe CEBs used have properties of sufficient wet compressive slrength
and are capable of resisling alternate dry-wet cycles;

— a capillary barrier {(a layer of sufficientiy dosed mortar, bituminous felt,
etc.) is inlerposad belween the footing and the wall;

— a cement slab is inlerposed belween the footing and the wall. In this
event, the slab itsell should be protected from capillary rise.

2.6.2 Window sills

The use of window sills is highly recommended. -

Window sills can be inlegrated into the fixed frame of the wood or metalwork,
poured in situ or prefabricaled. In the latter case, they should be laid on a bed
of mortar.

Except where olherwise prescribed, window sills should jut out from the bare
fagade by at least 6 cm and should be fitted with a throat.

2.6.3 Fixing doors and windows

In the absence of technical specifications proper lo the project, fixing doors and
windows will be carried out according to the following prescriptions.

1} Placing openings during wall constiuction

Wood or metalwork openings {(or at least their pre-frame which wili be made
rigid) should be put into place and braced. If the prefabricated frames are made
of wood, they must be perfeclly dry so that they do not move once they are in
position. The bond with the wall is achieved using fixing anchors (for metalwaork)
or 100 mm nails {for woodwork) spaced so that there is a fixing point approxi-
mately every 5 courses.
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The spacing of the lixing anchers should be planned in such a way that they
correspond (o lhe focation of a joint so thal lhey are set into the mortar. Nails
should be located between twe courses of blocks, before the next course is laid,
The mortar used at the level of the fixing points can be stronger than the usual
mortar if the latter is considered to be too weak.

2) Placing prefabricated elements after consiruction

Special elements should have dimensions cerresponding eilher to whole
blocks, or to half-blocks, so thal they can be positioned in the walls. These
blocks can be made of poured concrete in which a fixing anchor has been posi-
tioned, or alternalively they can be pre-treated wooden blocks.

3) Piacing openings after consiruciion by fixing

There should be at least 4 fixing points for windows and 6 fixing points for
doors.

In thick walls, the fixing 1s achieved by digging a hole shaped like a fish-tail and
leaving a gap of al least 5 cm around the {ixing anchor. It is recommended that
the bond between the wall and the mortar be improved by hammering 100 mm
nails in all around the hole. The fixing morar should preferably be a sand-
cement mortar dosed o 300 kg/m3 and should be applied with a minimum of
water in order lo avoid shrinkage.

In thin walls, half-blocks [ocated on either side of the metal or woodwark should
be removed. The spaces thus liberated should then be dealt with in lhe same
way as described in the previous point. Using a formwork is however necessa-
ry to ensure thal the hole is well filled. In the case of metal or woodwork which
is subject o litlle siress, as in the case of «Naco» louvre window systems, the
same procedure can be used by digging only lhe thickness of the joint and the-
refore refilling it after the metal or woodwork is in position. This procedure
however requires the fixing anchors to be weli positioned al the height of the
joinls.

2.6.4 Beams and lintels

Wooden beams and lintels should be placed on a bed of montar. The same
applies lo prefabricated concrele beams or lintels. Before putting them into
position, one should check thal these elements are dry and that their shrinkage
is complete. In the case of concrete beams or lintels poured in sifu, the pouring
should be done as little liquid as possible in order to avoid to the maximum
extent the lensions caused by shrinkage which could cause lhe walls to crack.
In the case of buildings with facing masonry, using a fairly dry bed of mortar on
the edges of ihe formwork is indispensable to fill in inevitable gaps and thus
avoid dripping onlo the masonry which would be very difficuft to clean off sub-
sequently.

2.6.5 Ring beams

Using wooden horizontal ring beams is possible, but the wood should be dry
and pre-treated against fungi and insects. The bond between ihe wall and the
ring beam is achieved by using 40 mm nails in all the joinis. Wooden ring
beams are placed on a bed of morar.

Reinforced concrete can be used for ring beams. However, the seclion of
concrete ring beams should be minimal so Ibat the forces fransmitted during the
drying out of the concrete are not too great, thus avoiding the danger of crac-
king in the walls or even destabilising the structure.
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The concrete used should be sufliciently firm in order to avoid too much shrin-
kage which could lead lo cracking in the walls. For buildings with facing mason-
ry, using a lairly dry bed of mortar on the edges of the formwork is indispensable
to fill in ingvilable gaps and thus avoid dripping onto the masonry which would
be very difficull to clean off subsequently.

Using special compressed earth blocks is paricularly recommended as this
avoids all of the problems described above. Vertical reinforcement should pre-
ferably be replaced by simply using thicker masonry.

2.6.6 Tving down the roof

Common roofs should be built according the stale of the art relative to building
construction.

So-called light roofs should be anchored Lo the masonry in order to avoid the
possibility of being ripped off by the wind. In medium risk circumstances. it is
recommended {hat anchoring should de done over a height of blocks of at least
40 cm. If possible, the anchoring should be fixed on or under the ring beam.

2.7 Stabilised renders (earth-sand-cement/lime and sand-cement/lime)
Renders on compressed earth block walls should be applied following the usual
rules, proper to each lype of render. Nevertheless it is advisable to avoid ren-
ders which are too thick (maximum 2 cm) and single ceat covering products in
he case of sand-cement/lime renders. It is also appropriale to apply the follo-
wing recommendations.

1) Preparing the key

The key should be well prepared by lightly brushing the jeints te hallow them
out to a depth of no more than 2 c¢m, and by brushing the surface of the blocks
if it is loo smooth.

2) Wetiing the wall

The wall must be particularly well wel, and several limes, before applying the
render, especially if it is lo be applied in dry wealther.

3) Sand-cement and sand-hydraulic fime renders

These often faitly rigid renders have a tendency to come away from the walls.
To ensure lhat they slick well over lime, it is appropriate to:

— carefully check the efficacy of the capillary barrier chosen;

— on stabilised CEB walls, not to use cement dosages which are too
high: maximum 250 kg;’m:3 or 300 kglma;

— on non-stabilised CEB walls, 1o place a mesh of steel wire (if possible
galvanised) stretched between nails regularly spacad over a square or tri-
angular screen with 30 cm sides. One wire should always be stretched at
the level of the edges in the corners of the wall and the window ledges.

This mesh will be fixed belween the two (first) coals of render which should be
applied at minimum one day's interval and if possible two days’ interval.

2.8 Paints, washes and waterproofing products

Applying paints and washes should be carried out according to the known rules
preper 1o each product. However, the following rules should be applied:
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1) Preparing the key

The walls should be dusl-free. Any blocks which are too smoocth should be bru-
shed beforehand o oblain a rough suriace providing a good key.

2) Wetling

This is necessary only for cement based washes and should be done tho-
roughly, and several limes.

3} Thickness

The thickness of coats of paint and washes should be minimal. Preliminary
tests should be carried out to determine the ideal mix enabling sufficient cove-
rage with lhe minimal thickness.

4) Preparing earth-cement washes

This type of wash is highly suitable for obtaining a finish which is neat, durable
and reliable, at a very low cost. The use of white cement and colouring agenls
enables one to achieve very high quality finishings.

The earth should be mixed with water until a very liquid wash is obtained. This
mix is left to rest for approximately 2 minutes so that the largesl sand parlicles
sellle. The resulting wash is transferred into another container and mixed wilh
half its volume in cement, if necessary with an added colouring agent. The
resulting mix should be vigerously stirred from time to time and used within two
hours.

Small colour differences may occur between different preparalions. Sufiicient
guantities must therefore be prepared to cover complete wall panels.

&} Waterproof paints or washes and walerproofing producls

Products which form a waterproof coat can be eilicient bul are extremely dan-
gerous as they prevent water from moving from the inside towards the outside
of the wall. If such movement occurs, they can blister or fall off, but more
seriously, they can cause problems due to stagnant humidity in the walls. As a
result, such products are usable only if adequale measures are taken to avoid
any water infiltration in the walls: capillary barriers, prolecting the wall at plinth
level, good ventilation in the rcoms, especially rooms with water {bathroom,
WC, kitchen, etc.) It is also recommended to use such products only on walls
which behave well it the presence of moisture.

3 Checking procedures
3.1 Laying out

Check thal the dimensions given on the plans have been respecied.

Check the suilability ol the proposed bending pattern.

If necessary, modify the dimensions indicated on the plans fo be able lo use
simple bonding patterns.

Check that the footing has been levelled.

Beforehand check the gauge rods used by the different builders.

3.2 Scaffolding
Check that safety standards are being respected.

Check that the scaffolding is not banging against the walls (only for facing
masonry).
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3.3 Deliveries and stocking CEBs on site

Monitor the care taken when unloading and transperting CEBs using suilable
means (flat support bed).
Menitor stocking and identification procedures.

3.4 Storage of cement and/or lime

Check that the sacks are carefully stocked sheltered from humidity, or covered
and raised off the ground on paltels or on any other support allowing good ven-
tilation.

There must be visual verification with a fine mesh screen (1 mm) that the
cement andfor lime contains no tiny lumps which would prove that it had alrea-
dy gone off when accidentally wet.

3.5 Storage of earth and sand for the preparation of the mortar

Check that the earth and the sand are slocked on clean areas, are Iree of orga-
nic matter, and are well protected (rainy season) from water and humidity.

3.6 Screening the earth

Check thal the screening operalion eliminates any particles larger than those
tolerated.

Check that the screen is sulficienlly large and is not damaged lo avoid projec-
ting larger paricles.

3.7 Dosage

Check the accuracy of the dosage used after the mortar has dried out (if pos-
sible by conducling preliminary lests): cracking, resistance to brushing, resis-
tance to water, or cther laboratory tests.

Check the volume of the recipienl used.

Verify the procedures for levelling off raw materials when filling measuring reci-
pients.

Verily the daily consumption of materials per m2 aclually built. This means kno-
wing the outputs oblained for each type of wall or block.

3.8 Preparing cement stabilised earth mortars

Verify the homoegeneily of the mix. Il should contain no foreign bodies. It should
contain no lumps (due to poar screening).

Check thal the waler content is correct {plasticily).

Verify that the wet mix is used within maximum 1/2 hour and if possible within
less than 1/4 hour.

3.9 Laying the blocks

Check the correct practice, wetting the course and the bBlock belore laying,
using the mortar within the correcl fime limits, laying on a full bed of mortar.
Verify that the qualily of the morar (presence and % of large particles) enables
a good finish 10 be achieved.

Check the bonding patiern and the thickness of the joints; check thai heights
are being respected (use of gauge rods); chack that the verticality and the hori-
zonlality of the courses and their reclitude (or curvature) are being respected,
taking account of lolerances.

Check any cracking of the morar.

Check that work is being carried cut cleanly,

In dry periods, check that the walls are being regularly moistened for a week
after construction,
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3.10 Window sills and parapets

Check that they are correctly positioned and enable water run-off to occur cor-
rectly.

3.11 Ring beam and lintels

Verify the bed surface and the laying on a bed of mortar.

Wilh regard lo reinforced concrete, if pouring is done i situ, before this occurs
check thal the formwerk is correctly positioned or that some measure has been
taken to avoid the congcrete running down the wall.

Verify the plasticity of the concrete (if it is too liquid, its shrinkage could pull on
the masonry and cause cracking).

3.12 Typing down roofs

Verily the tension of the fixing points and that a very strong protection between
the roof structure and the top of the wall has been used.

3.13 Fixing doors and windows

Check that the specifications have been fallowed.

Check that the number of fixing points conforms to the instructions and that it is
sufficient.

3.14 Renders

Check that the key has been properly prepared: by brushing, wetting, and if
necessary correct fixing of a mesh.

Check that execution has followed the prescriptions and that drying conditions
are good.

3.15 Finishing

Check the final cleaning of the walls {gentle brushing, dusting off).

3.16 Washes

Check walls have been wet beforehand.
Check dosage and correct execution (thickness, homogeneily of colour).

4 Annexe
It is recommended that the following technical document be consulted:
— Compressed earth blocks. Vol. 1l. Manual of design and construction.

CRATerre-EAG: Guillaud H., Jofiray T., Odul P. Aus der Arbeit von GATE,
Friedrich Vieweg & Scohn, Braunschweig/Wiesbaden, Germany, 1995.
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There are two kinds of identification tests for raw materials, and
more specifically for earth: quantitative and qualitative,

In the case of the former, tests are carried out using laboratory
equipment and the operating modes are those habitually used,

In the case of the latter, these are so-called field tests, the use of
which certainly figures in the technical literature, but which
nevertheless requires a sure level of skill and knowledge on the

part of the operator. In all cases, professional experience will be
vital.

With regard to mechanical tests, these should be suited to the
intrinsic characteristics of earth, which differ widely from those
of most other mineral building materials,
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ARS 683: 1996 - Compressed earth blocks
Standard for classification of material identification
tests and mechanical tests

1 General

1.1 Object

The aim of the present document is to enumerate the tests required to deter-
mine the characteristics specified in all of the standards relating to compressed
earth block technology, to determine their nature {quantitative and qualitative),
the place where they are carried out {at the quarry, in the workshop, on sile or
in a laboratory) and their characler {optional or recommended) and to give indi-
cations relating to sources of information on their modes of operation.

1.2 Field of application

These lesls are applicable to the material, equipment, elemenis and cempo-
nents of compressed earth block technelogy.

1.3 Sources of information
The lollewing documents provide detailed modes of operation which can be
used for the execution of the tests. They are referenced by number in the fables
which follow.
1. National, regional or international standards habitually used.
2. Compressed earth blocks. Vol. I. Manual of produclion. CRATerre-
EAG: Rigassi V., Aus der Arbeit von GATE, Friedrich Vieweg & Sohn,

Braunschweig/Wiesbaden, Germany, 1995.

3. Earth Construction: a comprehensive guide. CHATerre-EAG : H.
Houben and H. Guillaud. IT Publications, Rugby, United Kingdom, 1994.

4. Compressed earth blocks: materials identification tests and mechani-
cal tesls. ENTPE/CRATerre-EAG, Lyon, France, 1998.

2,2 Tables of tests
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Table 1 — Earth tests
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Table 4 — Lime tests

Table 3 — Cement tests

Table 2 — Water tests
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Table 5 — CEB tests
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Table 6 — Mortar tests
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Table 7 — Masonry tests

aalleyuentb = N aanepenb =

'L b b N JUBWRINSEW DUy — ebexuuysg
L X X N 30U|S1S0 BJ1q — aoue|sISal a1l
L X X N paieoE) - i Jualan)aod uondiosqe aNsNRdY
1 X b N pelenaen — Q |usiayjaca Be) |euual
1 X ® N PEIBINIRD — 1US101}e02 S50} 1Y |BuMBy |
yifans earssoaidwgn
q b N psleneD — ) asueiaeIeys g
DldQAH
ANY TWOISAHd "TYOINYHIIW
o b X | UOIBUILIERS [ENSIA — LR TE |
N n X 1 LIOIELILIEXS [ENSIA, — Guimd
IYIIWIHOOIISAHL
t by X 1 UOlEUILEXS [BNSIA — ain|xa]
P b X " UOLBUNLEXS [BNSIA — nojon
UBLBMSesW JUjaL

t X X | QUE Uol|eU/WEX [BNSIA — sdiyn
b b x | LOIBLILLEXA |BNSIA — SHOBID0NRN
¥ X X 1 UCHIBUILLRXS [ENSIA — Buizog
JONYHYIddY
¥ X X N uBLIBINSEaLL SO — quing
¥ « X N JUBLLIRINS BALU SUja — deamg
AHLIWCID
b b4 X N uewainsealu o8 — SUDISUAWIP udnnoaxy
SNOISNIWIQ
b % X N JUALLIBINSEEW DA — $95102 Jo AEIU0ZUOH
v'e x X | UOI[BULIWEXD [ENSIA — uisjied Buipuog
NCILYHNDIINOD

sonoesd | papuswwossy Jeuondo Alojesoge] augrdoysyiomn Aleng s159¢

40 3P0 Jo )o aaniey sisa) S|oquAS SO1}511912BIRYYD
13y 1591 JO JaloRIeyD) Bujysa) jo aseld

Compressad ganh blocks: slandards

120



i

ifit

I
},f,ﬂw!ﬁﬂi{

i

i
1

I
]lrnn‘fnlnrfj;}f;u!

SN

USEFUL PROMOTIONAL
MATERIAL AND DOCUMENTS

IR TR,

d
I

A
eﬁeg_g |
gge
W
5

V"O?
0
S
XX

OEX
3?:.3332
AKX

%

e b T )

DX
Ay
%5

OB

RIS

o
e

%

o

y lTI H'lwul;!...“. ‘ '

121

Compressed earh blacks - standards



Standards cannot contain all the technical factors which are spe-
cific to compressed earth block technology.

These technical factors are to be found in technical and scienti-
fic works and the complementary use of these is recommended.

The chapter which follows presents and describes the main aids
operators need.
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The fellowing malerial has been specially prepared to promote compressed earth block
technology amongst all who are involved in the building sector: governments, clients,
national standards bodies, chambers of commerce, funders, technical endorsement
companies, insurers, scienlific and technical centres, laboratories, architectural and
engineering praclices, commercial enterprises, eic. It enables the impressive perfor-
mances of the contemporary technology to be visualised in an eye-catching way.

EXHIBITION

Building with compressed earth blocks
CRATerre-EAG: Rigassi, V.

CDI, Brussels, Belgium, 1995.

110 x 75 cm. Colour, 23 panels.

This exhibilion’s large, exceptionally fine colour photographs and its cencise, pregise
lexls cover all aspects of the technology and give a spectacular demonstration of the
contemporary perfermances of 1his material. It has already been shown on the occasion
of industrial working seminars and internalional meetings in such cities as Lusaka,
Libreville, Yaoundé, Brussels, Frankfurt, Grenoble, 8ordeaux, etc.

The touring of the exhibition is organised by the CDI and CRATerre-EAG.

POSTER

industrialised compressed earth block lechnofogy
70 x 100 cm. Colour.

This poster, which was specially prepared on the occasion of the CDI seminar held in
Yaoundé in April 1996 on the standardisation of compressed eanh blocks, dramatically
illustrates the current state of the an of compressed earth block production and indus-
trial construction. It is aimed at all who are involved in the building industry.

Distributed by the CDI and CRATerre-EAG.

VIDEO

Compressed earth blocks

CRATerre-EAG, GTZ-GATE, UNIDQ, DesignWrile Productions.
CRATerre-EAG, Grenoble, France, 1984,

VHS-PAL, 24 min, colour.

This video gives an overview of compressed earth block technology. After first placing
earth once more in the historical context of architecture, this documentary shows uses
of CEBs which are suited to modern building requirements, a range of different produc-
tion machines, and examples of the current use of compressed earth blocks in various
parts of the world.

Distributed by CRATerre-EAG/BASIN.
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Technical documents

The following documents have been specially prepared so that together they form a
coherent ensemble, enabling all the main stages of compressed earth tlock production,
design and construction to be thoroughly understood.

EQUIPMENT

Compressed earth blocks : production equipment
CDI Guide, "Technolegies series" N°5

CRATerre: Houben H., Rigassi V., Garnier P.

CDI, Brussels, Belgium, 1996

210 x 297 mm, 149 pages, graph,, ill., 1ab., bibl.
ISBN 2-906901-13-X

This guide, published by the COl in its "Technologies series", is now in its third edition.
It presents a complete and detailed inventory of compressed earth block production
equipment manufactured and marketed in ACP and EU countries. It alsc contains selec-
ficn criteria as well as technico-economic factors. The guide is an irreplaceable aid to
decision-making on investment.

Distributed by the CDI and CRATerre-EAG.

BASIC INFORMATION

The basics of compressed earth blocks

CRATerre: d'Ornano S.

Aus der Arbeit von GATE, GTZ, Eschborn, Germany, 1991.
210 x 297 mm, 28 pages, ill.

This booklet lists advanlages and conslraints, briefly describes the production process
and gives indications on lhe general approach operators wishing te launch an activity
in the field of compressed sarlh blocks should follow; it also addresses some basic eco-
nomic aspects.

Distributed by CRATerre-EAG/BASIN.

PRODUCTION

Compressed earth blocks. Vol.1 : manual of production

CRATerre-EAG : Rigassi V.

Aus der Arbeil von GATE, Friedrich Vieweg & Sohn, Braunschweig/Wiesbaden,
Germany, 1985.

210 x 297 mm, 104 pages, graph., ill., tab., bibl.

ISBN 3-528-02079-2

This manual provides decision-makers, designers, brick manuiaciurers and building
entrepreneurs with the information they need on compressed earth block production. It
is designed to enable an overall undersianding of a production unit, as an aid to finan-
cial planning, and to help with the technical mastery of all stages of produclion.

Dislribuled by CRATerre-EAG/BASIN.
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PRODUCT INFORMATION

DESIGN AND CONSTRUCTION

Compressed earth blocks . Vol. 2 : manual of design and construction
CRATerre-EAG : Guillaud H., Joffroy Th., Qdul P.

Aus der Arbeit von GATE, Friedrich Vieweg & Sohn, Braunschweig/Wiesbaden,
Germany, 1995,

210 x 297 mm, 148 pages, graph., ill., tab., bibl.

ISBN 3-528-02079-6

This manual covers all theoretical and practical aspects of design and construclion. A
large part of the document is devoted to practical, finished examples. It provides ans-
wers to all the factual questions which field practitioners ask ihemselves, be they land
use planners, architecls, engineers, entrepreneurs or builders.

Distribuled by CRATerre-EAG/BASIN.

TESTS

The characterization of earthen building materials

Teutonico J.M.

Historic Preservation Division, ICCROM, CRATerre-EAG, GAIA Project, National Park
Service, New Mexico Slale Monuments, Museumn of New Mexico, Santa
Fe/RomefVillefontaine, United Stales/Haly/France, 1994.

VHS-PAL or SECAM, 60 min., cofour.

This video shows laberatory tests on earth as a building material. The video is accom-
panied by a booklet that gives a delailed technical description of all the tesling proce-
dures, as well as all the diagrammes, graphs and tables necessary for the successful
execution of the tests.

Cistributed by CRATerre-EAG.

SCIENCE AND TECHNOLOGY

Earth construction: a comprehensive guide
CRATerre-EAG: Houben H. and Guillaud H.

IT Publications, London, United Kingdom, 1994
175 x 260 mm, 372 pages, graph., ill,, tab., bibl.
ISBN 1-85339193-X

In the nature ol an encyclopaedia, this book covers all aspects of conlemporary earth
construction technology. Each chapter summarises the most recent work on the subject.
An indispensable aid for technicians, engineers and archilecis interested in or working
in the field of eanth construction.

Distributed by bookslores and CRATerre-EAG.

PRODUCTS

Stabilisers and montars (for compressed earth biocks)
CRATerre-EAG and Mukerji, K.

In: Product information

Aus der Arbeit von GATE, GTZ, Eschborn, Germany, 1984.
210 x 297 mm, 20 pages, graph., tab.

This document explains the principles of stabilisation and describes the different types
and characterislics of mortars used in eanth block construction. It contains 7 data sheets
on products used for stabilisation, mortars, plasters and renders: nalural products, lime,
Portland cement, gypsum, bitumen, synthetic producls, specialised commercial pro-
ducts.

Distributed by CRATerre-EAG/BASIN.
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Introducing compressed earth block technology into an enter-
prise presupposes that equipment and skills have heen acqui-
red.

This technology transfer must be carefully considered and orga-
nised in a suitable and professional manner.

In order for this transformation to take place in the best possible
conditions, a certain number of services are available to opera-
tors wishing to take the precautions necessary to ensure the
success of their initiative,
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The Centre for the Development of Industry {(CDI) is an ACP-EU institution financed by the
European Development Fund (EDF) under the Lomé Convention bringing together the
European Union and the 70 ACP countries (Africa, Caribbean and the Pacific). Its objective is
to encourage and support the creation, expansion and restructuring of industrial companies
{mainly in manufacturing and agro-industry) in the ACP countries. To this effect, it promotes
partnerships between ACP and European companies which may take various forms: financial,
technical or commercial partnership, management contracts, licensing or franchise agreements,
subcontracts, elc.

The CDI’s services are easily accessible and are subdivided into 4 facilities (see table) to
support the different stages in the creation, expansion and rchabilitation of ndustrial
companies. In this framework, the CDI intervenes free of charge by providing its own expertise
er making a non-reimbursable financial contribution. The CDI docs not finance the mvestment
of the project but helps to seck our and put tegether a financing package.

The requests for assistance submirted to the CDI are evaluated on the basis of the financial and
lechnical viability of the projects and their contribution as regards the development of the country
concerned. All dossiers submitted to the CDI are treated confidentially. The total amount invested
in these projects, or the value of the assets in the case of existing companies, must normally be
between ECU 200,000 and ECU 10 million. Smaller companies may be accepted in certain cases:
pilot projects, grouping together of several companies with a view to joint assistance, priority
industnial sectors, etc.

By ,,project", the CDI means an industrial unit or group of units in the process of being created
or undergeing expansion, diversification, rehabilitation or privatisation.

CENTRE FOR THE DEVELOPMENT QF INDUSTRY {ACP-EU LOME CONVENTION)
Avenue Hermann Debroux 52, B-1160 Brussels, Belzium
Tel: +322679 18 11 - Fax: +322 67526 03

ACP Group European Union
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FACILITIES WITH A VIEW TO THE CREATION, :
EXPAN SION, DIVERSIFICATION, REHABILITATION AND |
PRIVATISATION OF INDUSTRIAL ENTERPRISES

FACILITY 1 FACILITY 2 FACILITY 3 FACILITY 4
TYPE OF Identification of company  Operation prior to Mounting the project Projecl slart-up and
OPERATION projecis and polential implementalion of the  (Assistance in assembling development
partners project the financial and legal (Help in serting up the
(Preliminary siudices by {Scarch for partners, packape, search [or project, technical and
country or by seclor, assistance in Ist comact,  financing and support in slart-up assistance,
interfirm meeling) feasibility studies, conlacts with [inance assistance in training,
market surveys, inslilions) management and
diagnoses, cxperlisc) markeling}
BENEFICIARIES  Developmenl, prometion Promolers andfor companies in an ACP country or an European Union
and finance institutions member country wishing to become involved individually or joinily in an
indusitrial project in an ACP counlry
TYPE OF Adyvice, technical assistance or subsidy
CONTRIBUTION
AMOUNT Case by case Max, ECU 150,000 per project per year
(The aggregale amonnt of all contributions to the same project/company musl
not ¢xceed ECU 300,000 and must be less than 209 of the tolal investment,
excepl in Lhe case of pilol projects.)
LIMITS TQ THE Maximum 50% of the total Maximum 2/3 ol Lhe (olal cost
CD1 cost (Beneficiary promolers/companies must conlribute al least one Lhird of the
CONTRIBUTION CosL.)
WHERE TO Applicanls may approach the CDI directly or contacl one of the eomrespondents in the CDI's ACP network or
SUBMIT YOUR one of the member institutions of the CDI's European Union network, a list of which is available on request
REQUEST
PRESENTATION  Companies and promoters must clearly deline the assistance ihat they require from the CDL
OF THE A brochure entilled ,,How Lo benefit lrom the CDI facilities” ix also available on request.
REQUEST This describes in detail the way in which to presem dossiers requesting assislance, a summary of which s given

below.

SUBSTANCE OF THE REQUEST

In general, the information 10 be provided is as follows:

FACILITY 1; .

Identification of industrial projects and potential partnerships

= description of the organisation putting forward the proposal and,
if upphcable the companies on whosc behalf this identification
process is being conducted,

= description of the proposed activity,

* detailed timetable for execution of the specific operauons

« detailed hudgct proposal.

FACILITY 2:

Operations prior to implementation 'of the project

» descriptton of the company or promoter preseniing a proposal,
including informatton on their financial situation,

+ description of Lhe project under consideration,

« preliminary financing plan for the mw:stmcnt or development
project,

= working plan covering the operations (o be carried out,

= breakdown of the budget for the proposed operation.

FACTLITY 3;

Mounting the project

= description of the existing company and.f‘or mvcstmcnt cnwsagod
{sector, size, financial prcuecuons etc)

* praject feasibility study from lhc lcchmcal ECONOMIG and ﬁnan-
cial points of view, :

+ description_of the proposed ﬁnanc:al and legal slructurc, )

* working programme and deuule_d budget proposal.

FACILITY 4:

Project siart-up and development :
» -description of the company, mcludmg its ﬁnancml pos1l1on
+ description of the technical assistance and Lraining,

= working programme; main assistance objectives,

+ demniled budget proposal. '
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CRATerre-EAG - International Centre for Earth
Construction - School of Architecture of Grenoble

CRATerre-EAG is an international scienlific and technical erganisation based in
Grenoble, France. In the course of over 20 years of activity in some fifty coun-
tries, CRATerre-EAG has built up a body of skills and knowledge covering all
aspects of earth construction at all levels. The present offer of services is spe-
cific and relates only ta compressed earth black {CEB) technology.

Standardisation

With its considerable experience of CEB standardisaticn, as well as with earth
construction in general, CRATerre-EAG can provide services relating to stan-
dardisation covering a very wide spectrum: updating standards, drafting stan-
dards on new subject areas, standards on new building systems, standards for
specific products, standards on production eguipment, standards on calculation
melhods, drawing up national standards, auditing enterprises, information
seminars, training laberatories in testing, training in a quality-based approach,
writing leaching documenis 1o be distributed amongst users {explanalory and
illusirated versions), lranslalion, dccumentary research, setling up certification
syslems, elc.

Training

CRATerre-EAG can provide training of various kinds at the request of clients.
Training may relale 1o areas as wide-ranging as: identifying types of earth,
equipmenl operalion and maintenance, CEB production, implementation, quali-
ty control, elc. Training sessions are preferably held at CRATerre-EAG's pre-
mises where all suitable and necessary leaching rescurces are permanently
available, Training sessions in lhe field can also be envisaged.

Technical assistance

Clients can call on CRATerre-EAG's skills in all areas relating to CEB promo-
lion, production and conslruclion; e.g. idenlificalion missions, geotechnical sur-
veys, feasibility sludies, idenlilicalion tesls, equipment inslallation, production
organisalion, introducing the qualily-based approach, drafling specifications
and norms, laboralory lesling, brickwork management, markel surveys, com-
mercial stralegy, elaboraling building sysiems, architectural design, structural
calculations, economic studies, recommendations on building systems, evalua-
tion, elec.

Procurement

Clienls may request CRATerre-EAG to carry out all tasks relating of the pur-
chase of producticn equipment, materials and laboratory equipment, such as:
short-listing equipment, contacts with manulacturers, negoiiations on purchase
price, purchase, monitoring equipment manufaciure and delivery times, taking
delivery of equipment and malerials, arranging transport.

Dissernination
In collaboration with client technical works can be published relating to the ins-

tallation, the use and the maintenance of equipment, plans for the constructicn
of buildings, reports on tests, standards elc.
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Research

Clients may request research lo be conducted in precise areas, the results of
which will be used by lhe clients, e.g. work on parlicular stabilisers, developing
processes for recycling industrial wasle, designing specilic building systems,
etc.

It is stressed thal CRATerre-EAG's services are not solely reslricted to CEBs,
but that clients may also call upon CRATerre-EAG 1o extend its services to other
earthen producls. All services must be covered by a contract.

CRATerre-EAG is a network partner of basin (Building Advisory Service and
Information Network), a cealition of experts with worldwide experience in all
aspects of the building sector.

basin network pariners are actually:
— Argentina: CEVE {Ceniro Experimental de la Vivienda Economica);
— France: CRATerre-EAG (lnternational Centre for Earth Construction);

— Germany: GATE/GTZ {German Appropriate Technology Exchange
Deutsche Gesellschaft fir Technische Zusammenarbeit);

— India: Development Alternatives;
— Kenya: Shelter Forum;

— Switzerland: SKAT (Swiss Centre for Development Cooperation in
Technology and Management);

— United Kingdom: ITDG {Intermediate Technology Development
Group).

basin’'s experience and expertise include:
— assessing local resources, skills and opportunities,
— developing enabling and people-focussed pelicy approaches,
— reviewing standards and regulations,
— investment appraisal fer profitable local production,
— training programmes for iechnolegy awareness and construclion,
— information dissemination,
- research and development programmes,
— strengthening local capacities for the premotion of
a vibrant building industry,
— preject management.

CRATerre-EAG/bhasin

International Centre for Earth Ceonstruction
School of Architecture of Grenoble

B.P. 53

F - 38032 VILLEFONTAINE CEDEX

FRANCE

Telephone +33 4 74 95 43 91

Telefax +33 4 74 95 64 21

Email craterre-eag.villefontaine @ grenoble.archi.ir

Compressed parlh Blogks: slandards 1 33



ARSO - African Regional Organization for
Standardization

Establishment

The African Regional Organization for Standardization (ARSQ) is an African
inlergovernmental organisalion eslablished in January 1977 by the Uniled
Nalions Economic Commission for Africa (UNECA) and the QOrganisation of
African Unily (OAU).

Membership

Membership of ARSO is open lo member states of the United Nations Economic
Commission for Alrica and the Crganisaticn of African Unity.
By 1998 ARSO’s member states numbered 24.

Structure and administralion

The general assembly, consisting of the member Slates of the organisation, is
the supreme organ of ARSO. At its sessions, held every three years, the gene-
ral assembly devotes its attention 1o general policy matters and priority pro-
grammes, and considers and approves future proposals.

The council consists of the Presidenl, the Vice-president, the Treasurer and
nine elected membars of the organisation. Il guides, subject to the directions of
the general assemtly, the activities of the organisation. The council also directs
the implementation of resolutions, approves annual programmes of work and
budget and reviews achievements made thereof.

The Secretarial, headed by the Secrelary General, services the general assem-
bly, meetings of the ceuncil and the subsidiary organs of the organisation. The
Secrelariat, subject to the general directions of lhe council, is entrusted with the
admnislralion of the organisation and carries oul resolutions and implements
work programmes and priorities.

Objectives

In executing its mandales as spelt out by the Lagos plan of aclion, ARSO has
put in place various organs, tools and programmes. The Lagos plan of action
was further reinforced by the Abuja treaty of 1991, establishing lhe African
Economic Community and the associated protocol on slandardisation, quality
assurance and measurement systems.

The objeclives of ARSO are :

— lo promote standardisation activities in Africa;

— 1o elaborate regional standards;

— lo promote scocial, industrial and economic develoepment and provide consu-
mer prolection and human safely by advccating and establishing activities
concerning standardisation in Alrica;

— to promote the harmonisalion of the views of ils members and their contri-
bution and participation al the international level in {he field of slandardisation.

Technical work

The technical work of ARSO is concerned with the operation of activities in the
{ollowing principal fields :

— preparation and issuance of Africa Regicnal Standards;

— qualily conlrol activities;

— cerlilicalion marking cperations;
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— metrology;

— laboralery testing;

— 1echnical information and consullancy services in standardisation ;

— training programmes; and

~— internaticnal liaison and participation.

The technical work of the organisation is carried out in accordance with tha pro-
visions detailed out in the "Rules Governing Technical Activities of ARSO".

Activities and services

It is planned for the activilies under the following programme elements to be
carried out:

— preparation and issuance of African Regional Slandards;

— operation of regional network of documentation and Information syslems
(AARSO-DISNET);

— operation of a regional netwark of testing, metrology and instrumentation
centers (ARSO-TIMICNET), aimed al developing and promoling the sharing of
testing, metrology and instrumentation services;

— operation of regional cerlification systems (ARSO-CERT) which is a conti-
neni-wide third party cerlification system for products of conformity to African
Regional Standards or other technically equivalent standards;

— operation of the ARSO accreditation scheme {ARAS), the system to accre-
dit certificalion, test and inspection bodies after assessing their independance,
integrity and technical competence in their areas of operalion;

— conducting training programmes in the field of standardisation, quality
control, certification and metrelogy;

— assisting member states in the development of their nalienal mechanisms
for slandardisation, quality control, certification and metrology;

— co-ordinating the views and participation of member states in international
slandardisation activities; and

— undertaking promotional aclivities.

Expected impact

The conduct of AR3S0O activities is expected to make the following impacts
towards the realisation of the plan objectives stipulated in the Lagos plan of
action for the economic development of Africa:

— lacilitating the development and expansion of intra-Africa trade;

— contributing towards lhe realisation objectives of the African region;

— assisting in strengthening of the national standards and measuremenl capa-
bililies of member stales and promoling the effective application of science and
lechnology for the socio-economic development of member slales and thal of
ihe region ;

— assisling in the integration and co-ordination of lransporl and communica-
tion infrastructures in the region;

— contributing towards the rapid integration of lhe various economic sectors of
the African region as stipulated in the final act of Lagos plan of action; and

— providing a forum for the effective co-ordinalion of the views and participa-
tion of African countries in internalional standardisation work.

ARSO

African Regional Organization for Standardization

12 th Floor - City Hall Annex - Muindi Mbingu Street, Nairobi
P.O Box 57363, Nairobi, Kenya

Telephone +254 2 330 895, 330 882

Telefax +254 2 218 792

Email arso@arso.gn.apc.org, or, arso @ arsa. $asa.unon,org
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Draft normative texts on compressed earth blocks were prepared
as a result of the work of the members of the International
Scientific and Technical Committee "Compressed earth block
technology".

Once ready, these documents were presented to ARSO (African
Regional Organization for Standardization) which decided to
attribute to them a provisional standards numbering system.

The normative texts were then submitted to an assembly of 37
experts from 16 countries who attended the ACP-EU seminar on
the standardisation of compressed earth blocks which was held
by the CDI from 23 to 27 April 1986 in Yaoundé, Cameroon. These
experts, representing the whole of the building industry, studied
and revised the provisional standards texts on compressed
earth blocks, as well as standardisation procedures in the
course of four working sessions in plenary assembly and three
working sessions in technical sub-committees.

121 pages of text relating to 10 standards were examined. Qver
100 amendments were incorporated and a series of new stan-
dards was drawn up.

During the final plenary session, the amended texts were pre-
sented by the chairmen of the technical sub-committees and
submitted for agreement to all the experts present. The latter
suggested a few additional amendments, which were incorpora-
ted, following which the texts received their overall agreement,
and consensus was cbtained.

These amended provisional texts were then submitted to all of
the members of the International Scientific and Technical
Committee, which suggested a number of corrections and clari-
fications, respecting the spirit of the Yaoundé seminar.

ARSO submitted those texts to a formal vote by all the national
standards bodies of its 24 member states. Their comments and
corrections were incorporated into the texts. Under the auspices
of the Technical Committee on Building and Civil Engineering
(ARSO/TC3) and after having satisfied ARSO’s procedures for
the approval, the standards were approved and on 18 October
1996, ARSO conferred on them the numbering system and the
status of African Regional Standards.
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Experts of the International Scientific and Technical
Committee «Compressed earth block technology»

This committee drew up the content of the provisional standards texts and revi-
sed lhe provisional slandards adopted by the experls attending the Yacunde
seminar.

— Algeria : Benouali A., Centre Nalional d'Etudes et de Recherches
Integrées du Batiment.

— Australia : Heathcote K., Sydney University of Technology.

— Australia : Hornibrook J., Queansland University of Technolagy.

— Australia : Walker P., University of New England.

— Cameroon : Bidjocka C., Ecole Nationale Supérieure Polytechnigue.
— France : El Gharbi Z., National Engineering Institute for Public Works.
— France : Fadli A,, CEAA-Terre - School of Architecture of Grenoble.

— France : Houben H., Inlernational Centre for Earth Construction -
School of Architecture of Grenoble, Coordinator of the Commiltee.

— France : Mesbah A., Nalional Engineering Institute for Public Works.

— France : Olivier M., Nalicnal Engineering Institute for Public Works.
Secrelary General of the Commillee.

— France : Simonnet J., {ex) Centre Expérimental de recherches el
d'études du Batiment et des Travaux Publics.

— India : Maini S., Auroville Building Center.
— South Africa : Morris J., University of the Witwatersrand.

— South Africa : Wallis B.L., Council for Scientific and Industrial
Research.

— Togo : Samah O., Centre de la Construction et du Logement.

— United Kingdom : Webb D., {ex) Building Research Establishmenl.
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Experis of the Yaounde Seminar on the
standardisation of compressed earth blocks

These experts adopted by consensus the provisional standards texts during the
plenary assembly of 26 April 1996,

— Burkina Faso: Yamba T., Minisiry of Infrastruclure, Housing and Urban
Planning.

— Burundi: Baransaka D., Société Immobiliére Publique.

— Burundi: Hamenyimana E., Bureau d'Etudes Topegraphiques,
Urbanisme et Construclion.

— Burundi: Nzinahora G., Bureau Burundais de Normalisation et
Contréle de la Qualité.

— Cameroon: Bidjocka C., Ecole Nationale Supérieura Polytechnique.
— Cameroon; Chendjouo F., Ministére de I'Urbanisme et de I'Habitat.
— Cameroon: Diwouta Kotto D., Cabinet d'architecture Diwouta.

— Cameroon: Djoda H., Crédit Foncier Cameroun.

— Cameroon: Epee R., Ecole Nationale Supérieure Polytechnique.
— Cameroon: Kuete Sonkoue M., Terkocam.

— Ceameroon: COtye Elemva G., Société Immobiliere du Cameroun.

— Cameroon: Sende J.V., Arer.

— Cameroon: Tanke Toka J.Th., Ecofac.

— Central African Republic: Feiganazcu A., Societé Dominor.

— Central African Republic: Wodobode P, Ministry of Public Works,
Housing and Land Use.

— Central African Republic: Zouta-Yamandja G., Chambre de
Commerce d'Industrie des Mines et de 'Artisanat.

— Chad: Scharer R., Arc en Terre.
— Congo: Birangui Mbys P., Sobaco.

— Congo: Moudzingoula J., Ministry of Industrial Development Energy
and Mining.

— Congo: Moukakou B., High Commission to Urban planning, housing
and registry.

— Cote d’lvoire: Aka J.J., Céte d'Ilvoire Normalisation.
— Cote d'lvoire: Romagnole Ph., Ad'Terre.

— Equatorial Guinea: Cayelano Toerida E.M., Consullec.
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— Egquatorial Guinea: Ela Kung Nkone G., Ministry of Industry and
Small/Medium Enterprise Promotion.

— France: Houben H., International Gentre for Earth Construction -
School of Architecture of Grenoble.

— France: Olivier M., National Engineering Institute for Public Works.

— France: Simmonet J., Centre Expérimental de recherches el d'études
du Batiment et des Travaux Publics.

— Gabon: Beluriée P., Université des Sclences el Techniques de
Masuku.

— Gabon: Ndegue F., Cradit Foncier du Gabon.
— Gabon: Ngoua-Obiang P., Ministry of Public Works and Construction.

— Germany: Strassburger H., Deutsche Gesellschall fiir Technische
Zusammenarbeit.

— Nigeria: Ogunsusi V., Centre for Earth Construction Technology.
— $Sao Tome and Prineipe: Bonfim F., Ministére de I'Industrie.

— Senegal: Sarr B., Instilut Sénégalais de Normalisation et Organisation
Régionale Africaine de Normalisation.

— Toge: Kouliho A., Sociélé de Contrdle Technigque.
— Togo: Samah O., Cenlre de |la Construction et du Logement.

— United Kingdom: Lowe L., Intermediate Technology Development
Group and Building Advisory Service and Information Netwark,
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MNational standards bodies of the member states of

ARSO

These organisalions took part in the formal vote resulting in ARSO conlerring
the status ol African Regional Standards on 18 October 1996.

142

Burkina Faso : Direclion Générale de la Qualité et de la Métrologie.
Cameroon : Ministry of Commerce and Industry.

Cote d'lvoire : Céte d'lvoire Normalisation.

Egypt : Egyptian Organization for Standardization and Quality Control.
Ethiopia : Ethiopian Authorily for Standardization,

Ghana : Ghana Standards Board.

Guinea : Institut de Normalisalion el de Métrologie.

Guinea Bissau : Ministry of MNatural Rescources and Industry.

Kenya : Kenya Bureau of Standards.

Liberia : Bureau of Standards.

Libya : National Centre of Standardization and Metrology.

Malawi : Malawi Bureau of Standards.

Mauritius : Mauritius Standards Bureau.

Niger : Ministry of Mining, Energy, Industry and Crafls,

Nigeria : Standards Organization of Nigeria.

Senegal : Inslitut Sénégalais de Normalisation.

Sierra Leone : Bureau of Slandards.

Sudan : Standards and Qualily Conirel Depariment.

Tanzania : Tanzania Bureau of Standards.

Togo : Ministry of Industry and State Companies.

Tunisia : Institut National de Normalisation et de Proprigté Industrielle.
Uganda : Uganda National Bureau of Standards.

Zaire : Département de I'Economie Nationale et de I'Industrie.

Zambia : Zambia Bureau of Slandards.
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The industrial production of compressed earth blocks enables the transformation of earth
into resistant, durable and inexpensive elements of masonry without firing.

The production and utilisation of compressed earth blocks creates employment, generates
foreign currency savings and requires relatively low investments which are within the
reach of small and medium-sized enterprlses

Thanks to their technical and economic performance, compressed earth blocks are now
increasingly in demand in ACP countries as building material both for private housing
and for pughc buildings such as dispensaries, hospitals, schools, covered markets, crafts
centres, administrative premises.

For offers received from demgners and from construction companies to be vc:hd fhey need
to respect local legislation.

This guide puts forward a body of standards ratified as the African Reglonal Standards
which should henceforth enable planners to accept proposa|s from contractors and buil-

ders for the utilisation of compressed earth blocks.

The guide is also a tool for the drawing up of national standards as regards the use of
compressed earth blocks.
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