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ABSTRACT. This study aims to characterize Belgian clays in order to evaluate their use for manufacture of compressed earth blocks
(CEB). Nineteen Belgian clay deposits were sampled in 56 sites and 135 samples were collected and analyzed. The analyses focus on
the determination of particle size, plasticity, nature and mineralogy as the main characteristics for assessing the suitability of the raw
clays to make CEB. These analyses allow for classifying the sampled clay deposits in three categories: clays that can be used unchanged
to make CEB (2 clay deposits), clays that are suitable for the manufacture of CEB but require addition of sand and gravel particles (13
clay deposits) and clays that are suitable for the manufacture of CEB if they are mixed with other raw clays (4 clay deposits). In order
to verify the use of these clays, five of them served as a model for making CEB. The strength of these bricks was evaluated by testing
for compressive strength and abrasion resistance. The results of these tests confirm the suitability or not of the sampled clays for the

manufacture of CEB.
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1. Introduction

Faced with the current environmental challenges about climate
change and depletion of earth’s resources (UNEP/UNECE,
2016), the building sector needs to renovate its design practices
and methods by taking into account economic, sanitary and
comfort criteria. The development of materials that address these
criteria and promotion of their use is put forward. Raw earth is
one of these materials (Niroumand et al., 2017).

Raw earth designates the earth used in construction unfired
but simply dried. Earth construction techniques are very varied:
adobe (the molded and sun dried brick), cob (construction
made by stacking earth balls handmade), wattle and daub (the
earth used in filling load-bearing structures, usually made of
wood), rammed earth (earth compacted in a framework), and
Compressed Earth Block (compacted earth, achieved using
manual or mechanical presses) are the main ones (CRAterre et
al. 1979; Houben & Guillaud, 1989). Raw earths can be used to
produce compressed earth blocks (CEB) with ecological, thermal
and economic advantages. However, the raw earth blocks have
the disadvantage of deteriorating to humidity change or abrasion.
This decreases its durability, i.e. resistance over time (Rigassi,
1995). Stabilization is a process to improve the impermeability
(water resistance) and the hardness (impact and friction resistance,
reduction of crumbling) of the earth block. There are more than
a hundred products stabilizing the earth: sand, gravel, cement,
lime, bitumen, resins, fibers, ... (Houben & Guillaud, 1989).
Stabilization is not necessary when the material is not exposed to
water (coated walls, interior walls, protected walls) but becomes
indispensable in the opposite case (Houben & Guillaud, 1989).

The use of raw earth for construction purposes remains
widespread in many rural parts of the world. In Europe, its use
is generally considered incompatible with modern constructions
standards. What followed is a loss of expertise (Projet Terra
Incognita, 2014).

Currently, raw earth is reconsidered because of its particular
benefits: it is an ecological, economical and healthy material
providing thermal, hygrothermal and acoustic comfort to the
building (Houben & Guillaud, 1989; Fontaine & Anger, 2009;
Trachte, 2012; Echarri & Brebbia, 2016).

In Belgium, the remaining examples of earthen architecture are
rare and the potential for this architecture remains unknown to the
public. After industrialization in the early 19th century, Belgium
has experienced a rapid increase of materials from industrial
production (concrete, fired bricks, and metal). This profoundly
changed the monumental heritage (Bronchart & Bavay, 2011).
The new interest for raw earth construction resumed in 1990
in Belgium, when several professionals, composed of builders
and architects, formed an association named TerraMorpho, and
introduced the clay-straw construction technique in Belgium
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(Bronchart & Bavay, 2011). Currently, the raw earth industry
in Belgium concerns three families of complementary building
materials: raw earth bricks, coatings and other bulk products (e.g.
ramming mixes). Two types of earth bricks are currently marketed
in Belgium: natural bricks without additions, intended for indoor
use, for non-load bearing walls, and bricks with sand or lime
additions for outdoor use and load-bearing walls. Following the
renewed interest in these products, local producers (e.g. Argio,
Argibat, Lebailly) are emerging. Their offer is supplemented
by companies that prepare coatings and other bulk materials
(e.g. Hins, Le Comptoir des Argiles, Morpha Minera). These
companies offer local alternatives to the importation of foreign
products, mainly those of Claytec (Germany), Argilus (France)
and Tierrafino (Netherlands) (LOCI, 2016).

In several regions of Belgium, there are important clay
deposits, used in ceramic industry. The main clay deposits
exploited in Belgium are polder clays, Boom Formation clay,
Campine clays, Ieper Group clays, Hainaut Group clays, loam
and alluvial silt and weathered shale (Gulinck, 1958; Laga et al.
2001). These clays are the raw material used for this study.

Not all natural earths are suitable for CEB construction
technique. The earth use standards in CEB construction vary
from one country to another and are often based on granulometry,
cohesion, chemical and/or mineralogical composition,
characteristics on which the behavior of final products depends
(Jiménez & Guerrero, 2007; Sitton et al., 2017). These are non-
restrictive norms because earth that does not comply with these
norms nevertheless can give good CEB when it is modified (Riza
et al., 2010; Moevus et al., 2012). Currently, in Belgium there
are no standards for earth bricks, but the many clay-bearing
sedimentary deposits suggest that there is a clear potential for
development. This study is motivated by the need for basic
knowledge about the CEB potential.

The objective of this research is the characterization of a wide
range of Belgian clay deposits for their ability for the manufacture
of raw earth bricks, according to the technique of compressed
earth blocks. Thereafter, some clay samples of different nature
are effectively tested for making CEB.

2. Sampling

Fieldwork consisted of prospecting and sampling clay deposits
in Belgium. Exploration, outcrop description and mapping of
the deposits were achieved using classical prospecting surveys
(manual auger borings, sampling on the quarry fronts). A total of
56 sites were sampled (Fig. 1), and 135 samples were collected.
Each sample contained about 3 kg of material. The geographic
coordinates of the sites are presented in Appendix 1, stratigraphy
according to National Commission for Stratigraphy Belgium
(NCS, 2019) and/or to Boulvain & Pingot (2015).
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Figure 1. Location of sampled sites on the map of Belgian clay deposits. The numbers correspond to the sampled sites (modified from DOV, 2001; Rekk,

2014; Haesaerts et al., 2016).

Sampled clay deposits are detailed hereafter.

1) Schelde Group clays: the alluvial plains of the Scheldt river
basin contain sediments with a fine sandy-silty texture, assigned
to the Middle Pleistocene Ecklo and Late Pleistocene Arenberg
Formations (NCS, 2019) interstratified with other sediments such
as clay, sand to gravel, peat and/or calcareous tufa (Gullentops et
al., 2001).

2) Loam deposits: Middle Belgium and parts of Upper
Belgium are covered by a continuous mantle of aeolian loess,
largely weathered into loam (Calembert, 1947; Gulinck, 1958).
These are assigned to the early Pleistocene Veldwezelt and late
Pleistocene Gembloux Formations (Haesaerts et al., 2011; NCS,
2019).

3) Campine clays: these are estuarine deposits of Belgian
rivers during the early Quaternary (early Pleistocene). These
consist of clays and fine sands assigned to the Rijkevorsel and
Turnhout Members of the Weelde Formation of Lower Pleistocene
age (Bogemans, 1997).

4) Clays of Andenne and Condroz: these plastic clays of
late Oligocene age are localized in the paleokarsts formed in the
carbonates of Givetian, Frasnian, Tournaisian and Visean from
the region between Andenne and Dave (Calembert, 1945; Dupuis
et al., 1996; Nicaise & Dupuis, 1997). The dissolution pockets,
up to 100 meters deep, evolved into karst lakes that were clogged
by the alteration products of the surrounding shale rocks. These
deposits are very irregular, and composed of sands, clays and
lignites (Nicaise & Dupuis, 1997; Goemaere & Declercq, 2010;
Goemaere & Quinif, 2010).

5) Clays of Entre-Sambre-et-Meuse: these occupy dissolution
pockets located in the limestone bands of Lower Carboniferous
or Devonian age of the Dinant Synclinorium (Gulinck, 1958).
They were formed at the same time and according to the same
mechanisms as the clays of Andenne and Condroz (Gulinck,
1958).

6) Boom Formation clay: corresponding to marine fine
detrital deposits of Rupelian age (Lower Oligocene). The Boom
clay consists of a cyclic alternation of (clayey) silt and clay layers
(Wouters & Vandenberghe, 1994; Vandenberghe et al., 1997; De
Craen etal., 1999). The lithostratigraphic subdivision of the Boom

Formation consists of three members: the Belsele-Waas Member
is characterized by coarser granulometry, silt-enriched layers on
top and thicker layers, the Terhagen Member is less silty, and the
Putte Member is characterized by silty clay layers enriched in
organic matter (Vandenberghe et al., 1997; Vandenberghe et al.
2014; Vandenberghe, 2017).

7) leper Group clays: they were deposited during the Lower
Eocene transgression that flooded Flanders, Hainaut and Brabant.
They are mainly marine and consist of fine sand, silty clays and
plastic clays. The most clayey part of the Ieper Group is composed
of the Kortrijk and Tielt Formations. The Carniéres Formation is
a lateral equivalent of the Orchies and Roubaix Members of the
Kortrijk Formation (Maréchal, 1993; Steurbaut, 1998; Maréchal
& Laga, 1988; Laga et al., 2001; Steurbaut et al., 2016; Steurbaut
& King, 2017).

8) Landen Group clays: these deposits are related to the
Thanetian transgression (Late Paleocene) and consist of sand,
tuffaceous sandstone, sandy clay and heavy clay (Doremus &
Hennebert, 1995; De Geyter, 1981). They are subcropping in
southern Brabant and Hainaut (Tavernier & Gulinck, 1947) as the
Formations of Hannut and Tienen.

9) Vaals Formation clay: it constitutes a marine deposit
accumulated in the Herve region during the Cretaceous
transgression of the Cenomanian to the Maastrichtian, more
particularly during the lower Campanian (Marliére, 1954;
Robaszynski et al., 2001). It is also known as “Herve Smectite”
(Marliére, 1954).

10) Aachen Formation clay: the Aachen Formation is a
fluvio-estuarine deposit accumulated in the region of Herve
during the Cretaceous transgression from the Cenomanian to
the Maastrichtian. Near the type locality, the Aachen Formation
attains 100 m in thickness (Laloux et al., 1996). This formation
consists of yellow and white sand with clay levels of 5 to 15
meters thick (Barchy & Marion, 2000).

11) Hainaut Group clays (Wealdian facies clays): they
form the lower part of a sedimentary sequence accumulated in
the Mons Basin (Marliére, 1954). They probably result from
alteration of the Brabant Massif and the upper Carboniferous
shales of northern Hainaut during the early Cretaceous marine
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transgressions (Albian to Cenomanian) (Yans et al.,, 2002).
They crop out along the northern rim of the Mons Basin over
40 kilometers between Hautrage and Thieu (Yans et al., 2002;
Spagna et al. 2008). Wealdian deposits are also trapped in karst
pockets of Dinantian limestones to the north of the Wealden Clay
outcrop zone (Legrand, 1968; Vergari & Quinif, 1997).

12) Ethe Formation clay: this formation is located in a set
of sedimentary deposits that result from successive periods of
transgression and regression from east to west that have marked
the Jurassic of Belgian Lorraine (Maubeuge, 1954). It consists of
claystones, micaceous silty argillites and carbonate clay (marl)
(Boulvain et al., 2000).

13) Paleoalteration clays: these are mainly clays from the in
situ alteration of shales and schists. Besides the continental clays
of Andenne and Condroz, and the Sambre-et-Meuse trapped in
paleokarsts resulting from the dissolution of a carbonate substrate,
there are other kaolinitic clays forming the weathering products of
Devonian or Ordovician to Cambrian shaly sandstone, shale and
schist generated during continental weathering and peneplanation
of the Ardenne at different stages, from Mesozoic to Neogene.
These can be covered with aeolian silt-loam or mixed with them
(Spagna et al., 2006). Kaolins correspond to a primary type
deposit or residual kaolin from the weathering of shales and
arkoses. They are present on the Rocroi Massif across the border
in France (Voisin, 1995) and on the peneplanated ridges of the
High Ardenne (Dupuis et al., 1996, Demoulin et al, 2018).

3. Raw clays characterization

The laboratory analyzes covered the characterization of the raw
clay materials selected during prospecting with the following
properties: particle size, plasticity, nature and mineralogy.

3.1. Particle size

Granulometric analysis classifies the grains of a sample according
to their size and gives the percentage of each class relative to the
total weight of the sample. The particle size distribution has an
important role in shaping and drying.

The particle size of the samples was carried out by both
sieving and wet laser granulometry. The laser granulometry
allows for classifying the particles whose diameter is between
900 um and 0.05 um. The sieving permits the classification of
particles beyond 900 pm. The laser granulometry was carried out
in the Structural Chemistry Laboratory of University of Liége,
using the particle size analyzer Malvern Mastersizer 2000. The
sieving was carried out in the Geotechnologies Laboratory of
University of Liege.

According to Rigassi (1995), soil recommended for the
manufacture of CEB without stabilizer contains 0 to 40% gravel,
25 to 80% sand, 10 to 25% silt and 8 to 30% clay. However,
many soils that do not correspond to the recommended grain size
distribution may yield good results, depending on the stabilizers
used (Houben & Guillaud, 1989; Rigassi, 1995). Granulometry is
therefore not a restrictive selection criterion.

3.2. Plasticity

The plasticity or Atterberg limits is used to classify soils, and to
predict their behavior when they are mechanically loaded. They
correspond to the proportions in water for which the soil material
passes from a semi-liquid behavior to a plastic behavior (liquid
limit W ), and then from a plastic behavior to a semi-solid behavior
(plastic limit W) (Peltier & Rumpler, 1959). The Atterberg limits
are realized on a material whose particle size is <425 um using the
Casagrande cup for the Liquid limit measurement. The Atterberg
limits were carried out in the Geotechnologies Laboratory of
University of Liege.

The Atterberg limits are used to calculate the plasticity index
(PD). It is obtained by the difference between the liquid limit and
plastic limit: PI =W, - W, It characterizes the interval where the
soil material remains plastic or shapeable.

For the manufacture of CEB, a plasticity index close to 9 is
recommended, or between 7 and 25; a liquid limit close to 27 or
between 25 and 45; and a plastic limit close to 17 or between 10
and 25 (Guérin, 1985; Houben & Guillaud, 1989; Rigassi, 1995;
AFNOR, 2001; Jiménes & Guerrero, 2007).
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3.3. Nature

The nature of soil is determined by the combination of the values
from the particle size, plasticity and methylene blue values
(Fig. 2). The value of methylene blue (VBS in g of blue/kg
of clay material) is used to determine the clay fraction. It is
obtained by the methylene blue test. This test is done by adding
a solution of methylene blue in a clay material suspension placed
in distilled water. A drop of the suspension is taken periodically
and deposited on a chromatographic paper. The quantity of clay
fraction present in the sample is evaluated by the form of the drop
taken (AFNOR, 2013). The methylene blue tests were carried out
in the Geotechnologies Laboratory of the University of Liége.

3.4. Mineralogy

The mineralogical analysis was done by X-ray diffraction, on
bulk powder and clay fraction (less than 2 um). The analysis
was carried out in the Argiles, Géochimie et Environnements
sédimentaires Laboratory of University of Liege, using Bruker
D8 Advance X-ray diffractometer. The semi-quantitative
interpretation of the diffractograms was based on the height of
the peaks.

4. Classification of sampled raw clays

Appendix 1 summarizes the properties of the raw clays sampled.

The results allow to classify the studied raw clays in three
categories: raw clays that can be used unchanged to make CEB
(first category), raw clays that are suitable for the manufacture of
CEB but require modification by addition of coarse particles like
sand or gravel (second category) and raw clays that are suitable
to the manufacture of CEB if they are mixed with other raw clays
to give them a better consistency and possibly coarse particles
(sand, gravel) (third category) (Table 1).

5. CEB characterization

5.1. Realization of CEB

Five clay formations were chosen to produce CEB. These five
clays served as a guide to evaluate the suitability of all the clays
sampled for the manufacture of CEB. They were chosen on the
basis of their diversity.

1) The Campine clay (Turnhout Member) in Beerse: this is
a deposit rich in sand (53%), containing 6% clay and 41% silt.
It is moderately plastic. Its clay mineralogy is characterized by
smectite associated with illite. The Turnhout Member in Beerse
was classified as suitable for CEB manufacture.

2) The Boom Formation clay (Putte Member) in Rumst: its
clay mineralogy is dominated by illite associated with kaolinite.
It has a high silt content (72%) and little fine sand (16%). The
Putte Member clay in Rumst was classified as acceptable, but
requiring modification by adding coarse particles (sand, gravel).

3) The Ieper Group clays (Kortrijk Formation — Orchies
Member) in Tournai: it is moderately plastic clay (plasticity
index between 5 and 15). It is characterized by clay mineralogy
dominated by illite and smectite, and fine particle size distribution
(clay <11%, silt 80 to 90%, sand 5 to 10%). The Orchies Member
clay in Tournai was classified as acceptable, but requiring
modification by adding coarse particles (sand, gravel).

4) The clay related to the paleoalterations of Ordovician
shales in Gembloux: it is a raw clay rich in illite, without smectite,
and not plastic (plasticity index <5). It is also characterized by a
fine grain size distribution (9% clay, 85% silt and 6% fine sand).
The clay related to the paleoalteration of Ordovician shales in
Gembloux was classified as not suitable for CEB manufacture if
not mixed with other materials (clays, sand, gravel).

5) The alteration clay of Devonian shales at Libin: it is a non-
plastic clay, with less than 7% clay, 48 to 87% silt and 2 to 48%
sand. Its clay mineralogy is dominated by kaolinite. The clay
related to the alteration of Devonian shales at Libin was classified
as not suitable for CEB manufacture if not mixed with other
materials (clays, sand, gravel).

These samples were dried at 40 °C in a dryer. They were then
milled using a grinder to break up the concretions of clay.
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Table 1. Classification of raw clay formations.
Categories Sampled raw clays Description
I - Campine clays (Weelde Formation, Turnhout Member) Acceptable material, good particle size
- Paleoalteration clays of Famennian shales distribution and good consistency.
They can be used unchanged to make
CEB.
2nd - Schelde Group clays Acceptable material but containing too
- Campine clays (Weelde Formation, Rijkevorsel Member) much fine particles and requiring an
- Clays of Andenne and Condroz addition of coarse particles (sand,
- Clays of Entre Sambre-et-Meuse gravel) to make CEB.
- Boom Formation clay (Putte Member)
- Ieper Group clays (Tielt Formation; Kortrijk Formation;
Carniéres Formation)
- Landen Group clays (Hannut Formation)
- Vaals Formation clay
- Aachen Formation clay
- Hainaut Group clays
- Ethe Formation clay
3rd - Loam Raw clays with low consistency. They

- Paleoalteration clays of Devonian shales
- Paleoalteration clays of Ordovician shales
- Ardennes kaolin

need to be mixed with other materials
(clays, sands, gravel) to be used to
produce CEB.




BELGIAN CLAYS AND COMPRESSED EARTH BLOCKS CONSTRUCTION

Once the preparation of the sample is complete, a volume
dosage of the sample is made for mixing with the water. For each
mixture, the amount of water added is 12% of the total mass of
the soil fraction in the mixture. After mixing, the CEB were made
by pressing, using a hand press. Three blocks were made for each
type of raw clay. After demolding the blocks are dried at 40 °C. A
complete drying is reached when the mass measured between two
successive days does not change any more. The manufactured
CEB are 29.5x 14 x 9.5 cm (L x W x H). All of these tests and the
measurements of compressive strengths and abrasion resistance
were carried out in the Laboratory of Building Materials of the
University of Liege.

5.2. Compressive strength and abrasion resistance

Compressive strength is the main mechanical property of the earth
brick that interests the builders (Houben & Guillaud, 1989). It is
the only mechanical property that is subject to strong regulatory
requirements. The higher the compressive strength is, the lower
the thickness of the walls can be (Jiménez & Guerrero, 2007).

There are several operating procedures for determining
compressive strength. The compressive strength of the CEB is
either measured on a masonry unit (block and joint), on a half
block, or a whole block (individual unit) (Morel et al., 2007). In
this study, the compressive strength was measured according to
the method developed by Walker (2000), on a whole block. Two
iron plates were placed on both surfaces of the block before the
application of the load, as shown in Figure 3. The block is then
loaded at constant rate (144 kN/min) until rupture.

The abrasion resistance is evaluated by the weight loss of
a sample subjected to abrasion simulated by the brush test. It
consists of brushing the surface of the block with a wire brush,
one round trip per second for one minute without applying
vertical force on the brush. At the end of the brushing process,
the block is cleaned of elements that have come loose and then
weighed again (AFNOR, 2001).

The coefficient of abrasion Ca (in cm*g) is conventionally
expressed by the formula:

c S
@ m0 —ml

S: brushed surface (length x width brushed);

mO: mass of the block before brushing;

m1: mass of the block after brushing.

Abrasion resistance only applies to blocks intended to be
exposed to the risk of abrasion resulting from human activity
(AFNOR, 2001).

The values of the compressive strengths and abrasion
resistance are presented in Table 2.

Depending on the standard used and the country of reference,
the minimal compressive strength required for CEB differs,
ranging from 1.3 to 3.5 MPa (Fig. 4).

The compression test confirms that clays related to
paleoalterations of Ordovician shales in Gembloux and the
Ardennes kaolins are not suitable for making CEB if not mixed
with other materials (clay, sand, gravel). Their compressive
strengths are low (0.24 and 0.12 MPa), below all standards.
The Boom (Putte Member) and Ieper Group (Orchies Member)
clays are acceptable for the manufacture of the CEB. They
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Figure 3. Testing for compressive strength.
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Figure 4. CEB minimum values of dry compressive strength (MPa)
according to different standards: IS 1725 (India), NBR (Brazil), ARSO
(Africa), NT (Tunisia), NZS (New Zealand), KS 02-1070 (Kenya), XP
P13- 901 (France), NTC 5324 (Colombia), UNE 41410 (Spain), SLS
1382 (Sri Lanka), ASTM E2392M-10 (America), NMAC 14-7-4 (New
Mexico), (after Jaime et al., 2012).

have compressive strengths between the minimum values of the
different standards (3.06 and 2.16 MPa). Nevertheless they have
to be used with care. The Campine clay (Turnhout Member) is
perfectly suited to the manufacture of CEB, with a compressive
strength (5.13 MPa) above the minimum values of the different
standards.

The abrasion resistance Ca coefficient of the blocks intended
for external walls must be at least equal to 5 cm*g (AFNOR,
2001).

On the basis of the results of the abrasion resistance test, we
can conclude that the clays related to the paleoalterations of the
Ordovician shales in Gembloux and the Ardennes kaolin are not
adapted to the construction of the CEB if not mixed with other
materials (clay, sand, gravel). Their resistance to abrasion is low
(0.7 and 0.5 cm?g), below the recommended value. The Boom
(Putte Member) and Ieper Group (Orchies Member) clays have

Table 2. Values of compressive strengths and abrasion resistance of the five samples selected for producing CEB.

Raw clays Compressive strength Abrasion resistance
(MPa) (cm¥/g)

The Turnhout Member clay 5.13 7.3

The Putte Member clay 3.06 4.1

The Orchies Member clay 2.16 3.6

Paleoalteration clay of Ordovician shales in Gembloux 0.24 0.7

Ardennes kaolin

0.12 0.5
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an abrasion resistance lower than the recommended value (4.1
and 3.6 cm?/g). They have to be used with care. The Campine
clay (Turnhout Member) is perfectly suited to the manufacture
of CEB, with an abrasion resistance (7.3 cm?g) above the
recommended value.

6. Conclusion

In several regions of Belgium, there are important clay
formations, used for the manufacture of bricks, tiles, pottery,
and also in the cement industry. Altogether 19 clay deposits have
been characterized on the basis of particle size, plasticity, nature
and mineralogy in order to evaluate their use for manufacture of
compressed earth blocks (CEB). The raw clays were classified
in three categories according to their aptness to make CEB: 4 of
them (loam deposits, paleoalteration clays of Devonian shales,
paleoalteration clays of Ordovician shales and Ardennes kaolin)
are not suitable for making CEB without being mixed with other
materials (clays, sand, gravel), 13 of them (Schelde Group clays,
Rijkevorsel Member of Weelde Formation, clays of Andenne and
Condroz, clays of Entre Sambre-et-Meuse, Putte Member, Tielt
Formation, Kortrijk Formation, Carni¢res Formation, Hannut
Formation, Vaals Formation clay, Aachen Formation clay,
Hainaut Group clays, Ethe Formation clay) are acceptable for
making CEB but require modification by adding coarse particles
(sand, gravel); and 2 of them (Turnhout Member of Weelde
Formation, paleoalteration clays of Famennian shales) can be
used without modification. Moreover, five samples were selected
on the basis of their diversity to make CEB and were subsequently
characterized by compression and abrasion resistance tests. Two
samples out of the five chosen were classified as not suitable for
the manufacture of CEB if they are not mixed with other materials
(clay, sand, gravel). These showed very low compression and
abrasion resistance values. Two samples out of the five chosen
were classified as acceptable for the manufacture of CEB with
addition of coarse particles. These have acceptable compression
and abrasion resistance. The sample out of the five chosen which
was classified as suitable for the manufacture of CEB shows very
high compressive and abrasion resistance.
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