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1 Introduction 

 
Compressed earth blocks are represented as cost-effective, sustainable, and environmentally 

friendly building materials in comparison with traditional building elements. Other building technologies 
such as concrete, burnt earth bricks, and cement-based bricks are considered to be high-cost, high-
energy, and associated with adverse environmental aspects [1]. The production of cement is one of 
the major sources of carbon dioxide emissions which contribute to 60 % of global warming when it 
binds to greenhouse gases [2].  

 Many countries now have earth building standards, most of which deal with one technique or 
more among these three techniques: adobe rammed earth and CEB. The CEB is stated as the most 
studied technique which is found in almost 75 % of the standards under consideration [3]. 

Cement, which is one of the different used soils, is considered the most popular stabilizer in the 
manufacture of CEB. Whereas cement is more effective with coarse particles (e.g. sandy soil), lime 
performs better with very fine particles (e.g. clay soil) [4, 5]. Cement contents can be 6 % or more. 
Higher cement contents leading to higher compressive strengths and by consequent increasing the 
safety factor [6]. Cement-stabilized mixtures show the lowest and total porosity, which is mainly 
affected by the different degrees of compaction during production. In the early stages of production, 
cement stabilization is more effects than lime stabilization on the mechanical and durable properties of 
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CEB [7]. Lime enhances the strengthening of soil by pozzolanic reactions and is used to reduce soil 
plasticity [8]. Lime reduces the linear shrinkage of the soil and also greatly reduces clay swelling when 
added to it [9, 10]. 

Considerable variations in the composition of earth measure compressive strength and other 
physical characteristics of compressed earth block an important qualified control measurement for 
manufacturers and builders. Compaction of moist soil is often combined with 4 – 10 % cement 
stabilization, which significantly improves compressive strength and water resistance in comparison 
with traditional adobe blocks [11]. The compressive strength of bricks is correlated with the density of 
bricks [12].  

Sodium silicate, which is one of the oldest commercial chemical products, as a result of the 
reaction of the alkali found in the cement with the sodium silicate, used to obtaining fast-setting 
cement and at the same time shrinkage cracks [13]. Alkalis have some effects on the engineering 
properties of cement such as setting time, strength development, shrinkage, and volume expansion, 
etc. They affect the rate of hydration and the nature of hydration products [14].  

The main thrust of the work presented herein is to evaluate the effects of several stabilizers 
(Cement, Lime, and Sodium Silicate) on the mechanical properties and durability characteristics of the 
resultant compressed earth blocks.  
 
2 Materials and methods  
 
2.1 Materials 
 

The soil used in this investigation was collected from Wadi Rajab (Ajloun – North Jordan) and 
was selected after conducting the necessary tests (e.g. sieve analysis test, liquid limit, and plastic limit 
test [15,16]. To improve the mechanical and durability of compressed earth blocks, several additives 
were used as described. Portland cement Type I, per ASTM [17], was used at 8 wt. %. Lime (CaO), 
per ASTM [18], was used at 8 % wt. Sodium silicate as a chemical additive was also used at a solid 
percentage of 2 % wt. The sodium silicate had a density of 1.37 g/cm3, and pH of 11-11.5 with M of 
122.07 g/mol. 

 
2.2 Methods 
 
2.2.1 Block manufacturing    
 

The main purpose behind the use of the compressed earth block is based on the production of 
a block from the locally available soil. Manufacturing the block passed through several stages. Started 
with drying the soil, and then sieved to obtain the soil that passes through a sieve #10 measuring 2 
mm. The soil was then used to produce the CEB with the mix proportions presented in Table 1. 

 
Table 1: Mixtures used for block manufacturing. 

Mixture code Soil [g] Cement [g] Lime [g] Sodium silicate [g] Water [g] 

TC (Soil-cement) 4800 384 ---- ---- 1250 

TL (Soil-lime) 4800 ---- 384 ---- 1250 

TCS  
(Soil-cement-Sodium Silicate) 4800 384 ---- 92 1250 

T: Soil, C: Cement,  L: Lime, S: Sodium Silicate. 
 

A quantity of water was replaced by sodium silicate and mixed well. To ensure the homogeneity 
of the fresh mix, sodium silicate solution was first added to the water and then mixed with the soil. The 
fresh mix was manually mixed for 2 minutes before it was placed in the mold. A compaction machine 
was used to produce the hollow blocks with a mold’s dimensions of 30 × 15 × 8 cm, and the diameter 
of the circles’ whole is 7.5 cm as shown in Fig. 1. In the production stage, the block was pressed with 
a pressure of 1.5 kg/cm² so the final thickness resulted is 8 cm. 
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Fig. 1: Block dimension and CEB manufacture machine. 

 
After block manufacturing, the specimens were cured by using water sprinkling to prevent 

shrinkage cracks. Then, they were sealed using plastic sheets and cured at room temperature for the 
testing age as shown in Fig. 2. 
 

   
Fig. 2: Curing process of CEB. 

                                                                           
2.2.2 Experimental program tests   
 

Compressive strength test was carried out using a Matest Compression Machine of 2000 kN 
as shown in Fig. 3. The test was performed under a loading rate of 0.05 MPa/s, [19]. During 
preparation for each test, the dry densities were routinely measured using the averaged external 
dimensions and oven-dried mass of each specimen. The dried specimens were placed in an oven at 
110 ±5 °C for 24 hours and then left in the air for approximately 2 hours before being tested [20]. To 
take a true and accurate reading for compressive strength value, all blocks were tested in 
compression capped with 4 [mm] thick sheets of rubber, the plain contact surface between the CEB 
specimens, and the steel plates for reducing friction between the machine plate and the block [21]. 
Three specimens were tested after 7 days and the other three were tested after 28 days from the 
manufacturing; the average value was recorded. 

Modulus of rupture test was performed on the full-size block [5, 22]. The test was performed 
using a Matest compression machine of 2000 kN as shown in Fig. 3. The test was carried out at a 
loading rate of 0.05 MPa/s. The dried specimens were placed in an oven set at 110 ±5°C for 24 hours 
and then left in the air for approximately 2 hours before being tested. Three specimens were tested 
after 7 days and the other three were tested after 28 days from the manufacturing; the average value 
was recorded. 

   
Fig. 3: Mechanical properties testing of CEB.  

 



Civil and Environmental Engineering                          Vol. 17, Issue 1, 200-208 

 
 

The absorption test was carried out by immersing a block in water for 24 hours as shown in Fig. 
4 then measuring the wet block weight Wh after being removed from the water and put in an oven for 
24 hours to measure its dry weight Ws. The relative difference in percentage in weight which is 
compared to the dry block weight gave the percentage of water absorbed as shown in the following 
formula [25]: A [%] = (Wh - Ws)  ˟ 100/Ws.  

Erosion test was performed according to the Australian standard [23]. The block was placed at 
a 45 degrees angle, using 1000 ml of water dropped on the middle of the specimen which is 400 mm 
high in a period of 20-60 minutes as shown in Fig. 4. After that, the penetration depth was measured 
and the block was then divided into two halves to measure the depth of water. 
 

   
Fig. 4: Durability tests (absorption and erosion). 

 
3 Results and discussion 
 

As for UNE 41410 [24] standard of practice for the production of compressed earth blocks 
recommendations, the granular composition of the selected soil falls within the shaded area on the 
diagram of texture given in this standard; it gives satisfactory results. The grain size distribution is 
shown in Fig. 5. 

 

 
Fig. 5: Grain size distribution. 

 
The liquid and plastic limits were performed on the selected soil per ASTM D4318-10 [16]. 

Three samples were tested by the selected soil. Liquid limit LL = 36 %, plastic limit PL = 13.33 % and 
plasticity index PI = 22.67 %. The liquid limit and plasticity index for the sample used in this project fall 
in the range of [12, 25, 26]. Based on the standard of Spain UNE 41410 [24], the soil sample was 
checked for suitability in the plasticity chart by using the Atterberg limits values. The value of the 
plasticity index of 22.67 and liquid limit of 36 indicates the suitability of the soil for compressed earth 
block manufacturing. The classification of soil is A-1-a according to AASHTO system [27]. 
 
3.1 Mechanical properties 

3.1.1 Compressive strength   
 

The compressive strength test results are presented in Fig. 6. According to the results, the TC 
mixture produces a higher compressive strength value compared to the TL mixture. The reason could 
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be the type of soil used and classified by Indian classification standard most of whose components are 
sand [28]. It is easy to form the bonds through bonding between the coarse particles in the soil and the 
cement by hydration reactions. Unlike the lime which forms a strong bond with the clay soil. The 
compressive strength after 7 days increased by 1.45 times but TL decreased by 0.87 times after 28 
days. The blocks stabilized with lime TL had low strength values 1.69 MPa. These relatively low 
strength values can be attributed to the presence of clay minerals in the soil about 12 %. The addition 
of sodium silicate TCS was found to substantially enhance the 7-days compressive strength reaching 
4.4 MPa. The high-early strength could be due to the increase in the hydration rate due to high alkali 
content. The compressive strength values for mixtures TC and TCS increased at age of 28 days, 
whereas mixture TL slightly decreased 

 

 
Fig. 6: Compressive strength results of CEB. 

 
Fig. 7 presents the load-time curve for the compressive strength test. It was found the addition 

of sodium silicate to the mixture has increased the ductility of the specimen, whereas the specimens 
stabilized using lime exhibited brittle-mode failure. 

 

 
Fig. 7: Load-time curve of different CEB under compression testing. 

 
The block failure mode is presented in Fig. 8, where the failure accrued for the whole specimen 

as a result of using the rubber caps that uniformly distributes the load on the block surface and 
reduces friction between the compression plate and block surface. 
 



Civil and Environmental Engineering                          Vol. 17, Issue 1, 200-208 

 
 

 
Fig. 8: Block failure mode. 

3.1.2 Flexural strength 
 

Fig. 9 compares the flexural strength of mixtures of TC, TCS, and TL after 28 days. The highest 
value was achieved by the mixture stabilized using cement TC, followed by mixture stabilized using 
sodium silicate TCS, and then the mixture stabilized using lime TL. It has been reported that cement 
stabilization improves the mechanical strength and water resistance through bonding between the 
aggregate particles by hydration reactions [4, 6] and [7, 8]. 

 

 
Fig. 9: Flexural strength test results. 

 
3.2 Durability tests    

3.2.1 Absorption test   
 

Water absorption is one of the most important characteristics that can be taken into account while 
designing the buildings. Table 3 compares the absorption ratios and the erosion penetration depth for 
the compressed earth block specimens. Specimen TC had the lowest absorption ratio 23.9 % with 
almost no erosion penetration was detected followed by specimen TL and TCS.  

 
Table 3: Durability test result. 

Mixture 
Absorption Erosion 

Ratio [%] Status Penetration 
[mm] 

Pitting depth 
[cm] Status 

TC 23.9 Good 0 1 Excellent 

TL 27.6 Good 0 1.5 Good 

TCS 36.5 Poor 10 2.5 Good 

 
Fig. 10 compares the visual appearance of the block specimens after performing the absorption 

tests. Specimens TC and TL were found to be more stable whereas specimen TCS had significant 
surface damage. The bond between soil and the hydrated cement paste is stronger than the bond 
between the soil and other stabilizers. This is because the presence of C2S in cement, which gives 
late resistance to cement and works to bind molecules with curing. Besides, the water absorption was 
reported to decrease with increases in lime content [29]. 

 



Civil and Environmental Engineering                          Vol. 17, Issue 1, 200-208 

 
 

 
Fig. 10: Specimens appearance after subjected to absorption test. 

 
Fig. 11 shows the extent of efflorescence at the TCS specimen’s surface. The presence of 

whitish powder can be explained by the migration of moisture with soluble alkalis (such as Na) to the 
specimen’s surface where they carbonated [30]. 
 

 
Fig. 11: Efflorescence on the surface of TCS blocks.  

 
3.2.2 Erosion test   
 

Erosion result is related to absorption; when the absorption increases, the penetration and 
pitting depth increases as well. As shown in Table 3, Speciem TC exhibited high resistance to erosion 
with less penetration and pitting depth compared to other specimens. Fig. 12 compares pitting depth 
for the block specimens, where TSC had the lowest erosion resistance. The high alkali content might 
hinder the hydration reaction of cement particles and reduce the binding stability in water immersing 
conditions [14]. Additionally, the use of sodium silicate as a stabilizer has negatively affected the 
hydration stability via supplies excess soluble alkalis that are not chemically bonded. It was reported 
that the bond between the clay structures is likely to lose and cause a significant decrease in sample 
size [31]. 

 

 
Fig. 12: Erosion test result. 

 
4 Conclusions 
 

The presented investigation aimed to use the locally available soil in Jordan and chooses the 
appropriate stabilizer for the manufacturing of compressed earth blocks (CEB). Based on the 
experimental results, the following conclusions can be drawn: 

• The type of soil is an important factor for the selection of an appropriate stabilizer. Cement 
was preferred to use in the soil with high sand content. The adequate stabilizer for soil A-1-a is 
cement. 
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• The soil fineness affects the compressive strength of the resulted CEB. With finer soil 
particles, the compaction was found to be more efficient and the block fewer voids were found in the 
CEB.  

• Soil stabilized using 8 % of cement produced good mechanical properties and durability 
characteristics. The use of sodium silicate, however, enhanced the early-age strength values, it has 
substantially reduced the durability of the CEB. 

• The Presence of alkaline content in CEB stabilized with sodium silicate showed some 
efflorescence (carbonate compounds) on the surface of blocks.  

• The use of lime as a stabilizing agent was found to be relatively good. Considering that the soil 
used in this investigation had clay minerals. 

 

Acknowledgments 
 

The authors are very grateful to Yarmouk University for the technical support and King Abdullah 
Design and Development Bureau (KADDB) for their financial support. 
 
References 
 
[1] SITTON, J.D. - ZEINALI, Y. - STORY, B. A.: Rapid soil classification using artificial neural networks 

for use in constructing compressed earth blocks. Construction and Building Materials, Vol. 138, 
2017, pp. 214-221. 

[2] MASUKA, S. - GWENZI, W. - RUKUNI, T.: Development, engineering properties and potential 
applications of unfired earth bricks reinforced by coal fly ash, lime and wood aggregates. Journal of 
Building Engineering, Vol. 18, 2018, pp. 312-320.  

[3] FOUAD, W. A.: Advanced study of the mechanical properties of different types of compressed 
earth blocks. Doctoral dissertation, Universidad de Castilla-La Mancha, Ciudad Real, 2013. 

[4] GUETTALA, A. - HOUARI, H. - MEZGHICHE, B. - CHEBILI, R.: Durability of lime stabilized earth 
blocks. Courrier du Savoir, Vol. 2, Iss. 1, 2002, pp. 61-66. 

[5] MOREL, J. C. - PKLA, A.  A.:  A model to measure compressive strength of compressed earth 
blocks with the 3 points bending test.  Construction and Building Materials, Vol. 16, Iss. 5, 2002, pp. 
303-310.  

[6] JAYASINGHE, C. - KAMALADASA, N.: Compressive strength characteristics of cement stabilized 
rammed earth walls. Construction and Building Materials, Vol. 21, Iss. 11, 2007, pp. 1971-1976.  

[7] BOGAS, J. A. - SILVA, M. - GLÓRIA GOMES, M.: Unstabilized and stabilized compressed earth 
blocks with partial incorporation of recycled aggregates. International Journal of Architectural 
Heritage, Vol. 13, Iss. 4, 2019, pp. 569-584.  

[8] ARSÈNE, M. I. L. - FRÉDÉRIC, C. - NATHALIE, F.: Improvement of lifetime of compressed earth 
blocks by adding limestone, sandstone and porphyry aggregates. Journal of Building 
Engineering, Vol. 29, 2020, 101155.  

[9] TEMGA, J. P. - MADI, A. B. - DJAKBA, S. B. - ZAME, P. Z. O. - ANGUE, M. A. - MACHE, J. R. - 
BITOM, L. D.: Lime–and sand–stabilization of clayey materials from the Logone valley (Lake Chad 
basin) for their utilisation as building materials. Journal of Building Engineering, Vol. 19, 2018, pp. 
472-479.  

[10]  DIEYE, Y. - SAMBOU, V. - FAYE, M. -THIAM, A. - ADJ, M. - AZILINON, D.: Thermo-mechanical 
characterization of a building material based on Typha Australis. Journal of Building 
Engineering, Vol. 9, 2017, pp. 142-146.  

[11]  MOREL, J. C. - PKLA, A. - WALKER, P.: Compressive strength testing of compressed earth 
blocks. Construction and Building materials, Vol. 21, Iss. 2, 2007, pp. 303-309.  

[12]  TOURÉ, P. M. - SAMBOU, V. - FAYE, M. - THIAM, A. - ADJ, M. - AZILINON, D.: Mechanical and 
hygrothermal properties of compressed stabilized earth bricks (CSEB). Journal of Building 
Engineering, Vol. 13, 2017, pp. 266-271.  

[13]  BAKHAREV, T. - SANJAYAN, J. G. - CHENG, Y. B.: Alkali activation of Australian slag 
cements. Cement and Concrete Research, Vol. 29, Iss. 1, 1999, pp. 113-120.  

[14]  JAWED, I., - SKALNY, J.: Alkalies in cement: a review: II. Effects of alkalies on hydration and 
performance of Portland cement. Cement and concrete research, Vol. 8, Iss. 1, 1978. pp. 37-51.  

[15]  ASTM, Standard Test Method for Particle-Size Analysis of Soils, D 422-07, Historical Standard 
Developed by Subcommittee: D18.03 2007. 

[16]  ASTM, Standard Test Methods for Liquid Limit, Plastic Limit, and Plasticity Index of Soils, D4318-
10, Historical Standard Developed by Subcommittee: C18.03 Book of Standards Volume: 04.08, 
2010. 



Civil and Environmental Engineering                          Vol. 17, Issue 1, 200-208 

 
 

[17]  ASTM, American Society for Testing and Materials ,cement chapter [2.56], ASTM , American 
Society for Testing and Materials, lime chapter [3.42] , Book of material/ [4.78] 

[18]  ASTM, American Society for Testing and Materials, lime chapter [3.42], Book of material [4.78].  
[19]  WALKER, P.: Specifications for stabilized pressed earth blocks. Masonry international, Vol. 10, 

Iss. 1, 1996. pp. 1-6.  
[20]  MIDDLETON. G.F. – SCHNEIDER. L.M.: Bulletin 5. Earth-wall construction , Australia, National 

Building Technology Centre, 1987.  
[21]  RUIZ, G. - ZHANG, X. - EDRIS, W. F. - CAÑAS, I. - GARIJO, L.: A comprehensive study of 

mechanical properties of compressed earth blocks. Construction and Building Materials, Vol. 176, 
2018, pp. 566-572.  

[22]  VENKATARAMA REDDY, B. V. - JAGADISH, K. S.: Field evaluation of pressed soil-cement 
blocks. Proceedings of the 4th international seminar on structural masonry for developing 
countries, Madras, 1990, pp. 168-75.  

[23]  Bulletin s. Earth-wall construction. National Building Technology Centre, fourth edition. Australia, 
1987. 

[24]  UNE 41410, Bloques de tierra comprimida para muros y tabiques. Deniciones, especicaciones y 
metodos de ensayo. Technical report, AENOR, Madrid, 2008. 

[25]  CRATerre-EAG, CDI, Compressed earth blocks: Standards - Technology series No. 11. Brussels: 
CDI, 1998. 

[26]  AFNOR. XP P13-901, Compressed earth blocks for walls and partitions: definitions – Specifications 
– Test methods – Delivery acceptance conditions. Saint-Denis La Plaine Cedex: AFNOR, 2001.  

[27] Hogentogler, C.A.; Terzaghi, K.: Interrelationship of load, road and subgrade. Public Roads: 37–
64, May 1929. 

[28]  BIS IS 1725, Specification for Soil Based Blocks Used in General Building Construction, Bureau 
of Indian Standards, New Delhi, India, 1982, pp. 8. 

[29]  JAMES, J. - SARASWATHY, R.: Performance of Fly Ash-Lime Stabilized Lateritic Soil Blocks 
Subjected to Alternate Cycles of Wetting and Drying. Civil and Environmental Engineering, 
2020. 1 (ahead-of-print).  

[30]  GEREMEW, A. - MAMUYE, Y.: Improving the properties of clay soil by using laterite soil for 
production of bricks. Civil and Environmental Engineering, Vol. 15, Iss. 2, 2019, pp. 134-141.  

[31]  MOAYEDI, H. - HUAT, B. B. - MOAYEDI, F. - ASADI, A. - PARSAIE, A.: Effect of sodium silicate 
on unconfined compressive strength of soft clay. Electronic Journal of Geotechnical 
Engineering, Vol. 16, 2011, pp. 289-295.  

 
. 


