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Preface 

Although it is estimated that more than 30% of the world’s population still inhabit 

earthen dwellings, in the last two centuries earth has fallen into disuse, due to the 

emergence of new building materials and construction techniques. However, in line with 

the increasing demand of more sustainable and eco-friendly building materials, earth 

construction has regained interest. The low environmental impact and embodied energy, 

the high availability of raw material, the recyclability, the high hygrothermal comfort, the 

improved indoor environmental quality, with nearly zero hazardous emissions, and the 

advances in new construction methods and in the materials science, are some reasons 

that contributed to the resurgence of earth construction. 

A promising approach to earth building materials is the compressed stabilised earth 

blocks (CSEB), increasing the processing speed and showing improved mechanical 

strength and durability when stabilised with cementitious materials, such as ordinary 

Portland cement or hydraulic lime. However, despite its adequate behaviour in real 

exposure conditions, this type of CSEB fails to address the sustainability issue, since it 

requires a considerable amount of non-eco-friendly stabilisers. 

Alternative more sustainable natural stabilisers have been explored by various 

investigators, but they are still far from being technically viable and from providing 

comparable mechanical and durability performance as cementitious materials. 

In this context, the low-carbon thermoactivated recycled cement is expected to be a very 

promising alternative for CSEB stabilisation, potentially providing adequate binding 

properties with reduced environmental impact. Comparing to conventional cement 

stabilisers, the new eco-efficient binder contributes to a lower consumption of natural 

resources and, potentially, over 60% reduction of CO2 emissions, while adequately 

repurposing construction and demolition waste.  
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Therefore, the main objective of this project is the innovative production and 

characterisation of more eco-friendly CSEB, by using low embodied energy recycled 

cement from concrete waste as a more sustainable stabiliser. The idea is to also explore 

the incorporation of construction and demolition waste as partial earth replacement, 

further increasing the CSEB sustainability.  

The new CSEB will be characterised in terms of their main physical, mechanical, thermal 

and durability properties by means of laboratory tests, as well as in-situ tests involving 

the long term exposure of various CSEB walls to different natural environments. 

In addition, the project also aims the development and characterisation of new more eco-

efficient masonry earth mortars for CSEB joints, using recycled cement. 

Finally, the best compromise between the technical performance and eco-efficiency of this 

new CSEB product is assessed by economic and environmental life-cycle analysis. 

For the accomplishment of these objectives, a comprehensive experimental program was 

defined involving the following six main tasks: production of compressed earth blocks 

stabilised with recycled cement; masonry earth mortar characterisation and CSEB wall 

production; physical, mechanical and microstructural characterisation of CSEB; thermal 

performance of CSEB; durability of CSEB; life-cycle cost and life-cycle assessment of 

CSEB.  
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 Introduction 

The present study is part of FCT research project, PTDC/ECI-CON/0704/2021, which 
consists on the production and characterisation of an eco-efficient compressed stabilised 
earth block, contributing for the resurging interest and confidence in using earth 
materials, towards a more eco-friendly and sustainable construction practice. 

This report presents the characterisation of the soils from Montemor-o-Novo to be used 
in the production of the compressed stabilised earth blocks (CSEB). 

 Soil characterisation 

For this study, 5 soils were selected, with the following designations – Cortiçadas de Lavre; 
Baldios; Amendonça; Pinheiro; Maja – which were collected from a homestead nearby 
Montemor-o-Novo, Portugal. The soils were characterised in terms of their Atterberg 
limits, dry density, particle size distribution, optimum water content and organic matter, 
as well as through x-ray diffraction and thermogravimetric analysis. 

2.1 Particle size distribution 

The particle size distribution was determined according to LNEC specification E 239 [1]. 
A soil sample of approximately 1 kg was placed in a ventilated oven at 105-110oC, until 
constant mass. Then, the soil sample clods were broken apart with a mortar and a pestle 
(Figure 1a) without reduction in the size of the particles as indicated in the LNEC 
specification E 195 [2]. After this, the samples were sieved in descending order until sieve 
#10, recording the mass retained in each sieve (Figure 1b). The fraction that passed the 
sieve #10 was washed in a sieve #200 with a water jet and then dried in a ventilated oven 
at 105-110oC, until constant mass. After drying, this soil fraction was passed through 
sieves #10 to #200 in descending order of size, recording the mass retained in each. Figure 
2 presents the obtained granulometric curves. 

  
Figure 1 – Particle size distribution: a) breaking of soil sample clods; b) sieve series 

a) b) 
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Figure 2 – Granulometric curve of the selected soils 

The granulometric curves show that Cortiçadas de Lavre had very low fine material content 
(<0.074mm). On the other hand, Baldios displayed the highest fine material content, 
having presented more than double the amount of Cortiçadas de Lavre. 

Figure 3 plots the granulometric curves and the suitability limits recommended in the 
literature for compressed earth blocks production [3–5]. Overall, Baldios is the soil that 
best fits the range suggested in XP P13-901 [5]. However, Baldios seems to be the most 
promising one. On the other hand, Cortiçadas de Lavre is the soil with the fine materials 
content most deviates from the suitability limits. 

 
Figure 3 – Diagram of texture for soil for unstabilised and stabilised compressed blocks production [4,5] 

Additionally, to assess the clay content (<0.002mm), the jar sedimentation test was 
performed according to HB195 [6]. Given its considerably low fines content, this test was 
not performed on Cortiçadas de Lavre. A transparent jar with straight sides and flat bottom 
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was filled up to a quarter of its volume with a sample of soil, which had been previously 
sieved on a 2mm mesh. Then, the remaining volume of the jar was filled with water and 
a suitable deflocculant. After the soil was soaked, the jar was vigorously shaken for about 
1-2 minutes and left undisturbed for 1 hour. Then, the jar was re-shaken for another 
minute and placed on a flat surface. After the soil settled in the jar, the fractions were 
visually identified, and the thickness of the different layers was measured with a ruler 
(Figure 4). 

    
Figure 4 – Jar sedimentation test: a) Amendonça; b) Baldios; c) Maja; d) Pinheiro 

Figure 5 presents the soil portions identified in the jar sedimentation tests. It is important 
to notice that, since the samples were sieved at 2mm, no gravel fraction is identified. 
Therefore, the results cannot be directly compared with the obtained fractions from the 
particle size distribution test. 

 
Figure 5 – Jar sedimentation results 

The proportion between silt and clay obtained from the jar sedimentation test were 
applied to the results in the particle size distribution. Therefore, the clay content obtained 
was 9.7%, 8.1%, 9.6% and 4.5% for the soils Baldios, Amendonça, Pinheiro and Maja, 
respectively. Table 1 presents the resulting granulometric fractions of the soils. Note that 
this method only provides a rough estimation of the clay content. For the soil selected for 
this study, a more accurate sedimentation test will be carried out later. 
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Table 1 – Granulometric fractions of the soils 

Fraction 
Relative portion (%) 

Cortiçadas de 
Lavre 

Baldios Amendonça Pinheiro Maja 

Clay (<0.002mm) 
10.5 

9.7 8.1 9.6 4.5 
Silt (0.074-0.002mm) 15.5 7.4 4.2 13.2 
Sand (4.75-0.074mm) 88.2 69.8 77.5 77.6 75.6 

Gravel (>4.75mm) 1.3 5.0 7.0 8.6 6.7 

2.2 Atterberg limits 

The determination of the Atterberg limits was carried out according to portuguese 
standard NP 143 [7], which involves the identification of the liquidity limit (LL), the 
plastic limit (PL) and the calculation of the plasticity index (PI). For the determination of 
the LL, a sample of soil of about 500g was broken apart with a mortar and a rubber pestle 
and then passed through a #40 sieve. Afterwards, a sample of approximately 100 grams 
was collected from the material that passed through the sieve. The soil sample was placed 
in the Casagrande shell and mixed with distilled water to obtain a homogeneous paste 
(Figure 6a), which was then distributed in a layer with a maximum thickness of 1 cm. 
Subsequently, with the aid of a grooving tool, a 2 mm wide groove was made (Figure 6b). 
The number of strokes necessary for the sides of the homogeneous paste, separated by 
the groove, to come together at a length of about 1 cm was recorded. A small sample was 
collected from the union (Figure 6c), weighed and then dried until constant mass in a 
ventilated oven at 105-110oC. The sample was then weighed to determine the water 
content corresponding to the number of strokes. This procedure was done for four water 
contents, with the addition of water or dry soil, which resulted on the curves presented 
in Figure 7. The LL corresponds to the water content obtained for 25 strokes. This test 
predicts that the number of strokes varies between 10 and 40. 

   
Figure 6 – Liquidity limit determination: a) mixture of soil and water and placement on the Casagrande shell; b) 2 

mm wide groove; c) collection of the sample 

a) b) c) 
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Figure 7 – Relationship between water content and the number of strokes of the soils 

The PL was determined from the same sample prepared for the LL. A sample of about 
20 g of soil was collected and mixed with increasing amounts of distilled water, until the 
mixture was sufficiently plastic, allowing four small spheres to be shaped (Figure 8a). 
Subsequently, the spheres were rolled on a glass plate until cylindrical filaments of 3mm 
diameter were formed (Figure 8b). The spheres were re-formed, and then rolled again. 
This procedure was followed until 3mm filaments with small cracks were obtained. The 
small cracked filaments were placed in containers (Figure 8c), weighed and then placed 
in a ventilated oven at 105-110oC, until constant mass. After drying, the sample was 
weighed again to determine the water content. The PL is the average of the water content 
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obtained for the four samples. The PI of the soil was obtained by the difference between 
the values of the LL and the PL. 

   
Figure 8 – Plasticity limit test: a) soil preparation; b) cylindrical filaments with a diameter of 3 mm; c) placement of 

the samples in capsules 

The shrinkage limit (SL) can also be determined using the Casagrande method. This limit 
can be defined as the moisture content at which a soil no longer changes volume upon 
drying. In this method, the U and A-lines of the plasticity chart (Figure 9) are extended 
until they converge at a point. Then, a line is extended from that point to the coordinates 
of the LL and PI. The shrinkage limit is the point where this line crosses the liquid limit 
axis. Although not an exact procedure, it is reported to be close enough for geotechnical 
works. The shrinkage index (SI) was obtained by the numerical difference between PL 
and SL. 

 
Figure 9 – Shrinkage limit determination  

Adapted from Karkush [8] 
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Table 2 presents the PL, LL, PI, SL and SI of each soil, as well as their USCS classification 
[9], and expansiveness [10] and activity [11] classifications. Figure 10 shows the Atterberg 
limits of the studied soils plotted on the plasticity chart, which assisted the USCS 
classification of the soils. According to the USCS classification, the soils ranged from 
clayey sand to poorly graded silty clayey sand. The soils were also found to range from 
slightly expansive to highly expansive (Table 2). 

Skempton [11] noted that the PI of a soil increases proportionately with the percentage of 
clay-size fraction and defined the activity (A) as the ratio of PI to the percentage of the 
clay-size fraction. A high activity indicates that the soil experiences a significant volume 
increase when wet and substantial shrinkage when dry. Based on their activity, the soils 
ranged from inactive to active (Table 2). 

 

Table 2 – Atterberg limits and classifications of the soils 

Soil LL 
(%) 

PL 
(%) 

PI 
(%) 

SL 
(%) 

SI 
(%) 

USCS 
classification 

[9] 

Expansiveness 
classification 

[10] 

Activity [11] 

A classification 

Cortiçadas 
de Lavre 

19.6 15.3 4.3 14.3 1.1 

SP-SM-SC 
(poorly 

graded silty 
clayey sand) 

Slightly 
expansive 

- - 

Baldios 23.7 18.9 4.7 17.5 1.4 
Silty-clayey 

sand 
Moderately 
expansive 

0.49 Inactive 

Amendonça 26.4 20.0 6.4 17.9 2.1 
Silty-clayey 

sand 
Moderately 
expansive 

0.79 Normal 

Pinheiro 41.8 25.4 16.5 19.2 6.1 Clayey sand 
Highly 

expansive 
1.72 Active 

Maja 27.0 21.8 5.2 19.9 1.9 
Silty-clayey 

sand 
Moderately 
expansive 

1.15 Normal  
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Figure 10 – Liquid limit (LL) vs. plasticity index (PI) of the soils 

The Atterberg limits of a soil suitable for compressed earth blocks should preferably fall 
within the limits of the diagram of plasticity in Figure 11 [5]. This is the case for 
Amendonça and Maja, while Pinheiro is at the limit of the recommended range. However, 
considering the ranges proposed by Schroeder [12] (32%≤LL<50% and 17%≤PI<32%), only 
Pinheiro would be considered suitable, while being on the limit of the recommended 
range for PI. 

 
Figure 11 – Soil plasticity chart for unstabilised compressed earth blocks [5] 

Table 3 presents the Atterberg limits considered adequate for CSEB production proposed 
in the literature [6,13–15], where some heterogeneity can be found. 

To comply with all the suggested considerations, a range of 25-40% for LL and 2-12% for 
PI is recommended. As a result, the soils Maja and Amendonça are considered suitable to 
produce CSEB, while Baldios is at the threshold of this new range. 

0

10

20

30

40

50

60

0 20 40 60 80 100

PI
 (%

)

LL (%)

Cortiçadas de Lavre
Baldios
Amendonça
Pinheiro
Maja

0

10

20

30

40

0 10 20 30 40 50 60

PI
 (%

)

LL (%)

XP P 13-901
Cortiçadas de Lavre
Baldios
Amendonça
Pinheiro
Maja



Report Eco+RCEB/R1    Characterisation of materials:  
   Soils from Montemor-o-Novo 

 
 

 

Table 3 – Proposed liquid limit (LL) and plasticity index (PI) by different sources for the production of CEB 

Reference LL (%) PI (%) 
NBR 10833 [13] ≤45 ≤18 
ARS 1333 [14] 25-46 2-30 
Perera [15] - ≤12 
HB 195 [6] ≤40 2-22 

 

2.3 Particle density 

The particle density of the soils was determined according to portuguese standard NP 83 
[16]. After drying in a ventilated oven at 105-115oC, a sample of about 100 g of soil was 
sieved through ASTM sieve #4 and 25g (m4) were collected. To calibrate the pycnometers, 
they were filled with distilled water (Figure 12a) up to the reference level and their final 
mass was recorded (m3). Then, the dry soil was placed and again filled with distilled 
water up to about three quarters of its capacity, allowing it to absorb (Figure 12b). After 
this, the pycnometer was shaken to remove the remaining air and was left to rest for about 
24 hours. Distilled water was added back to the reference level and the final mass was 
recorded (m5). For a better rigor, the coefficient K that relates the density of water to the 
temperature at which the assay was performed was determined. The Eq. (1) was applied: 𝜌 = 𝑚ସ𝑚ଷ − (𝑚ହ − 𝑚ସ) (1) 

 

  
Figure 12 – Determination of the particle density of soils: a) calibration of the pycnometer; b) placement of the soils 

in the pycnometers 

a) b) 
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The soils Cortiçadas de Lavre, Baldios, Amendonça, Pinheiro and Maja presented particle 
densities of 2530, 2590, 2400, 2510 and 2710 kg/m3, respectively. 

2.4 Optimum moisture content 

The optimum water content was determined through the Proctor compaction test 
following ASTM D698 [17]. Firstly, a sample of about 12.5 kg (particle size inferior to 
4.75mm) was divided into 2.5 kg portions (Figure 13a). Each portion was then mixed with 
a pre-established amount of water (Figure 13b). Afterwards, a third of the mixture was 
introduced in a cylindrical mould (Figure 13c) and compacted with 25 evenly distributed 
pestle strokes. The process was repeated to make a total of 3 layers. Then, the excess soil 
was removed (Figure 13d). The mass of the cylindrical mould with the compacted soil 
(Figure 13e) was recorded, and samples from the interior were taken from both sides and 
weighed. The samples were dried until a constant mass was reached in a ventilated oven 
set at 105-110°C. This process was repeated for all five 2.5 kg portions to obtain five points 
on the compaction curve (Figure 14). For the soils Cortiçadas de Lavre, Maja, Pinheiro and 
Baldios, it was not possible to obtain five 2.5 kg portions due to the lack of soil. 

   

  
Figure 13 – Compaction test: a) division of the soil into 2.5 kg portions; b) preparation of each portion; c) introduction 

of the soil in the cylindrical mould; d) excess soil in the mould; e) mould ready for weighing 

a) b) c) 

d) e) 
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Figure 14 – Compaction curves of the soils 

The soils Cortiçadas de Lavre, Baldios, Amendonça, Pinheiro and Maja presented optimum 
moisture contents of 14.72%, 10.87%, 13.94%, 15.32% and 13.34%, respectively. These 
values correspond to maximum dry densities of 2.07, 1.91, 1.84, 1.73 and 1.95 g/cm3, 
respectively. Soil Baldios had the lowest water requirement and third highest dry density. 

2.5 Organic matter 

For the determination of the organic matter content (OMC), a sample of about 1 kg was 
oven-dried at 100°C, until constant mass (m1) and then mixed with 0.5 L of oxygenated 
water (H2O2) (Figure 15a). After the chemical reaction ended, the sample was oven-dried 
again until constant mass (m2) (Figure 15b). The content of organic matter (in percentage) 
was determined according to Eq. (2). 𝑂𝑀𝐶 (%) = |𝑚ଶ − 𝑚ଵ|𝑚ଵ ∗ 100 (2) 
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Figure 15 – Determination of the organic matter content: a) mixture of soil with hydrogen peroxide; b) soil after drying 

The soils Cortiçadas de Lavre, Baldios, Amendonça, Pinheiro and Maja presented organic 
matter contents of 0.30%, 1.48%, 1.02%, 0.34% and 0.43%, respectively. 

2.6 X-ray diffraction and thermogravimetric analyses 

The X-ray diffraction (XRD) analysis was performed using an XPERT-PRO diffractometer 
(Co Kα source at 1.5406 Å, 40 kV, 35 mA). The XRD patterns were acquired from 5.0437° 
to 69.9547° 2θ at a step size of 0.033° and a scan step time of 148.0324 s. The identification 
of the mineral phases was carried out with the X'Pert HighScore Plus software.  

For each sample, two analyses were carried out, the first one without any kind of 
pre-treatment and the second one after heating the sample to 450°C. This is done for the 
correct identification of clay minerals, as the d-spacing at which the peaks of certain types 
of clays are found undergo a very specific change of position after heating. The 
identification of clay mineral peaks by means of d-space variations has been carried out 
using Poppe et al. [18] as a reference. 

The different mineral phases identified by XRD analysis are shown in Table 4. The same 
minerals belonging to the tectosilicate group were common to all the samples: quartz, 
alibite and microcline. Moreover, soil Maja was the only sample with an amphibole group 
mineral: hornblende. Finally, the remaining minerals in each sample belong to the 
phyllosilicate group (also known as clay minerals): kaolinite, montmorillonite, 
montmorillonite-chlorite, illite, and clinochlore. 

In order to correctly identify some types of phyllosilicates, it is not sufficient to identify 
them with a single XRD analysis, as several clay minerals have the same d-spaces and 
could be misidentified. For this reason, for each sample, two XRD analyses were carried 
out, one with the unheated sample and the other one with the sample after having been 
heated at 450°C (Figures 16-19). 

a) b) 
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Table 4 – Minerals identified in soils through XRD analysis 

Designation Baldios Amendonça Pinheiro Maja 

Minerals 

Quartz 
Albite 

Kaolinite 
Microcline 

Montmorillonite 

Quartz 
Albite 

Kaolinite 
Microcline 

Montmorillonite- 
chlorite 

Illite 
Magnesio-

Hornblenda 

Quartz 
Albite 

Kaolinite 
Microcline 

Montmorillonite- 
chlorite 

Quartz 
Albite 

Microcline 
Clinochlore 

Illite 

 

In soil Amendonça, the presence of kaolinite was verified by the existence of a peak at 
d=7Å in the unheated sample, which was preserved for the sample heated to 450°C. 
Additionally, the presence of montmorillonite was verified by finding a peak at d=14 Å 
in the unheated sample, which collapsed at 10 Å in the sample heated to 450°C (Figure 
16). In Figure 16, the line representing d=10 Å corresponds to the vertical dashed line with 
no marked d-value. This is not marked directly on the figure as this data was not obtained 
directly from the analysis, but it is an interpretation based on observation. 

In soil Maja, the presence of montmorillonite and kaolinite was verified as in soil 
Amendonça. Moreover, the presence of illite was verified by the existence of a peak at d=10 
Å in the unheated sample, which was preserved for the sample heated to 450°C (Figure 
17). 

In soil Pinheiro, the presence of kaolinite and montmorillonite was also identified, as 
described above (Figure 18).  

In soil Baldios, the presence of illite was verified as described above (Figure 19). 
Furthermore, the presence of clinochlorine was rejected. Clinochlore is a phyllosilicate 
belonging to the chlorite group. The presence of chlorite is consistent with the presence 
of a peak at d=14 Å in the unheated sample. However, it is discarded when this peak is 
not preserved for this value of d in the sample heated to 450 °C. Therefore, the 
interpretation given is that the peak at d= 14 Å in the unheated sample moves to 10 Å in 
the sample heated to 450 °C. It is therefore interpreted that montmorillonite is present in 
the sample. 
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Figure 16 – X-ray diffraction analysis of soil Amendonça 

 
Figure 17 – X-ray diffraction analysis of soil Maja 
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Figure 18 – X-ray diffraction analysis of soil Pinheiro 

 
Figure 19 – X-ray diffraction analysis of Baldios soil 

 

The thermogravimetric (TG) analysis was performed with a Hitachi Nexta STA 
thermogravimetric analyser. Between 9 and 16 mg of sample were analysed in a platinum 
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container in flowing nitrogen atmosphere (100mL/min) at a heating rate of 15°C/min from 
20 to 950 °C. 

The only sample that underwent TG analysis was soil Baldios (selected soil). Three 
different analyses were carried out on different portions of earth from the same sample. 
It should be noted that the sample did not receive any kind of pre-treatment such as 
drying before undergoing thermogravimetric analysis. 

Both the thermogravimetric curve (TG) and the derivative thermogravimetric curve 
(dTG) of soil Baldios are shown in Figures 20-22. The results (Table 5) show that mass 
losses occured in two stages. The first state is associated with the dehydration process 
(when water molecules that are adsorbed on the mineral surface escape under the action 
of heat) and the second with the dehydroxylation process (when the OH-groups that are 
part of the mineral structure are released by the action of heat) [19]. Based on the minerals 
identified in the XRD analysis, this thermal behaviour would be consistent with illite and 
montmorillonite. Therefore, a more detailed literature review on the thermal behaviour 
of these two clay minerals was carried out (Table 6). 

The first thing that stands out from the thermogravimetric curves is that the loss of water 
in the first stage occurs abruptly, generating a large peak in the dTG curve which was 
designated T1. This behaviour is associated with the fact that the samples were not dried 
before carrying out the thermogravimetric analysis, so the water that was supposed to be 
lost during drying is lost immediately instead of in a more progressive way, generating 
the T1 peak in all three analyses. Furthermore, in sample 3, T1 shows a double peak 
(Figure 22). 

Based on Table 6, the peak temperatures for the dehydration and dehydroxylation phases 
(T2 and T3) of the three samples would fall within the ranges of both illite and 
montmorillonite. However, the same is not true for the mass losses at the different stages, 
given that the mass losses of sample 1 (Figure 20) and sample 3 (Figure 22) were 
consistent with the thermal behaviour of illite, and those of sample 2 (Figure 21) were 
closer to the behaviour of montmorillonite. 

Taking into account that the analysed samples are soil samples and therefore they are not 
supposed to be homogeneous, it could be possible that in sample 1 and sample 3, there 
was an abundance of illite and in sample 2 there was a higher percentage of 
montmorillonite. XRD analysis also suggest the presence of these two clay minerals. Note 
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that montmorillonite is an expansive clay mineral, being less adequate for earth 
construction. 

 
Figure 20 – Thermogravimetric (TG) and differetial TG (dTG) analyses of sample 1 of soil Baldios 

 
Figure 21 – Thermogravimetric (TG) and differetial TG (dTG) analyses of sample 2 of soil Baldios 
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Figure 22 – Thermogravimetric (TG) and differetial TG (dTG) analyses of sample 3 of soil Baldios 

 

Table 5 – Results of thermogravimetric analyses of the samples of soil Baldios 

Designation Dehydration Dehydroxylation 
Baldios T1 (°C) T2 (°C) ML (%) T3 (°C) ML (%) 

Sample 1 27 69 1.8 444 1.5 
Sample 2 36 73 5.4 461 1.1 
Sample 3 29, 45 88 2.3 462 1.43 

T – temperature; ML – mass loss 
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Table 6 – Literature review on temperature and mass loss in the dehydration and dehydroxylation stages in montmorillonite and 
illite 

Mineral 
Dehydration Dehydroxylation 

Reference 
T (°C) ML (%) T (°C) ML (%) 

Illite 
20-300 - 400-800 - [20] 
98-114 0.75-1.28 690 2.62-4.66 [21] 

100-200 2.05 About 500 2.25 [19] 
Montmorillonite 27-150 11.89 400-600 2.70 

[22] 
K-

Montmorillonite 
30-150 4.37 400-600 2.33 

Na- 
Montmorillonite 

30-150 8.36 400-600 2.39 
100-200 5.94 About 700 2.25 [19] 

Ca- 
Montmorillonite 

30-150 10.80 400-600 3.13 [22] 
100-200 7.6; 15.3 About 700 2.6; 3.25 [19] 

Mg- 
Montmorillonite 

27-150 11.14 400-600 3.34 [22] 

T – temperature; ML – mass loss 
 

 Conclusions 

This report characterised the soils from Montemor-o-Novo to be used in the production 
of the compressed stabilised earth blocks. Overall, the soils from Montemor-o-Novo did 
not present optimal characteristics to be used in earth construction, showing expansive 
clay minerals, low fines content and low values of plasticity index. Baldios and Amendonça 
seemed to be the most promising soils. Taking into account the fines content and particle 
size distribution, Baldios showed the best behaviour for the production of CEB. 
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