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Introduction
A soil is a material that is widely available in almost everywhere 

in the world and can be used in many types of earth construction, 
such as cob, rammed earth or stabilized mud blocks [1]. Major 
geotechnical problems in construction involving silty-clayey soils 
are due to their low strength, durability and high compressibility 
of soft soils, and the swell-shrink nature of the over-consolidated 
swelling soils [2]. The poor conditions of soils on their properties 
can often be a significant impediment to successfully implementing 
green infrastructure projects [3]. A major problem prior to the 
decision to use soil as the walling material on a construction 
project is to identify a sufficient supply of soil suitable for economic 
stabilization [4]. Earthen construction has been one of the most 
largely used construction techniques in different historical ages 
[5]. Earthen materials are still widely used worldwide because 
of their low-cost, abundance, availability and low environmental 
impact [6,7]. Earth as a building material is increasingly being 
studied for its low environmental impact and its availability [8]. 
Utilization of locally available soil for the construction will optimize 
the cost and reduce the environmental impact [9]. The will of 
reducing environmental and social impact from the construction 
industry has led to a renewed interest in earth construction [10]. 
Due to the ease and simplicity of earth building techniques, a local 
unskilled labour force can be readily employed, supplying job 
opportunities to remote communities and reduction in the cost  

 
of accommodation and transport of labour brought from distance 
[11]. Earth building techniques make use of raw earth as a material 
for constructing walls, and that evaluation of soils is a primary issue 
because not all soils are adequate in properties for earth buildings 
[12]. Geotechnical properties of soils influence the stability of civil 
engineering structures, and most of the geotechnical properties of 
soils influence each other [13]. 

Adegun and Adedeji [14] aggregated and reviewed the 
empirical evidence to show the advantages and disadvantages 
of earthen construction materials in terms of cost, energy and 
thermal properties of 136 academic outputs from 17 African 
countries. Hamard et al. [10] analysed the bibliographical data on 
cob process and summarized the different cob process variations 
in an attempt to take into account their diversity. Laborel Préneron 
et al. [8] reviewed the state of the art of research on the influence 
of various natural and renewable resources in unfired earth 
materials such as compressed earth blocks, plasters, and extruded 
and stabilized blocks based on 50 major studies. Their study 
included the characterization of the particles and treatments, 
recapitulative tables of the material compositions, the physical, 
mechanical, hygrothermal and durability performances of earth-
based materials. Danso et al. [15] reviewed 56 published studies 
on the effect of stabilization on the performance characteristics 
of soil blocks and found that few studies have been conducted on 
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In order to check the suitability of soil to be used as construction material for earth construction, its geotechnical properties are required to be 
assessed. The purpose of this study is to review previously published studies soil samples and compare them with soil suitability criteria and for 
selecting suitable soil for earth construction. The geotechnical properties of soil samples used in previous studies were compiled and compared with 
various requirements to ascertain their suitability for construction purposes. Eighty-nine (89) studies in all were consulted and useful data were found in 
fifty-two (52) of them. Five geotechnical properties of soil were compiled and analysed. These properties are particle size distribution, Atterberg limits, 
specific gravity, maximum dry density and optimum moisture content. Based on the values of soil properties found in literature, recommendations were 
made for the suitability of different soil samples for three main techniques (adobe, rammed earth and compressed earth blocks) application in earth 
construction, while other soil samples were found to be outside the recommendations. It was found that some of the earth construction techniques 
which were adopted in the previous studies are different from the recommended techniques. It was also observed that some of the soil samples found 
to be suitable for a particular property test were unsuitable for the other property tests. The study concludes that determining the suitability of the soil 
for earth construction is important and any soil that is found unsuitable should be enhanced with stabilisers before use.
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durability properties of enhanced soil blocks as compared with 
physicomechanical properties. Delgado and Guerrero [12] reviewed 
more than 20 technical documents including standards from 
National Standards bodies, analysed the provisions they offered 
concerning soil suitability for the use of unstabilised earth and 
analysed the different approaches and kinds of recommendation 
offered.

Bryan [4] summarized the characteristics and compared 
the limits that have been suggested from other studies and also 
conducted laboratory programme on 15 soils from the South West 
of England to identify the textural and plasticity characteristics 
of soils with the potential for stabilization with cement. Ciancio 
and Jaquin [16] studied the limits of the available guidelines and 
determined whether the recommended assessment criteria are 
appropriate. Their study concluded that more research is needed 
to understand the effect of water suction, water-cement ratio and 
mineralogy of clay in the mechanical behaviour of rammed earth. 
Maniatidis and Walker [17] reviewed the state of the art of rammed 
earth construction as published in over 200 books, journal and 
conference papers, scientific reports and other articles, and in 
addition presented the historic rammed earth projects in the UK. In 
the study by Roy and Bhalla [13], different geotechnical properties 
of soils such as specific gravity, density index, consistency limits, 
particle size analysis, compaction, consolidation, permeability 
and shear strength and their interactions and applications for the 
purpose of civil engineering structures were discussed.

To check the suitability of soil to be used as a foundation or as 
construction materials, its properties are required to be assessed 
[18]. The evaluation of basic engineering properties of soils 
through laboratory testing is very important in understanding and 
interpreting how soils will behave in the field [19]. The physical and 
engineering properties of existing soils are intrinsic and can be used 
as a frame of reference for the behaviour of strength characteristics 
of soil [20,21]. Different kinds of soil exist worldwide with different 
characteristics which are likely to have effects on the performance 
of the structures that are constructed with the soil. It is imperative 
to identify the characteristics of any obtainable soil before using 
it for construction purposes. Natural soil exists in the distinct 

composition of sizes, for which certain proportions of these sizes 
can make a good material for building structures. This presents the 
need for testing any given soil before it is used in the construction 
industry as a filling or structural material. The issue is that, given 
the fact that not all soils are suitable, and some classes are better 
depending on the technique used, it is necessary to use some way 
for evaluating them [12]. This study, therefore, reviews and analyse 
soil properties in literature in order to determine their suitability 
for earthen construction.

Method
The study adopted a mixed approach with data from a number 

of previous studies’ results (as secondary data) extracted and ana-
lysed. The geotechnical properties of soil samples used in previous 
studies were compiled and compared with various criteria and re-
quirements to ascertain their suitability for construction purposes. 
Eighty-nine (89) studies in all were consulted and useful data were 
found in fifty-two (52) of them. Five geotechnical properties of soil 
were compiled and analysed. These properties are particle size dis-
tribution, Atterberg limits, specific gravity, maximum dry density 
and optimum moisture content. A wide range of properties exists 
for determining the characteristics of soil for construction purpos-
es [15]. However, these properties were selected because they are 
the main properties used in most previous studies to characterise 
the soil samples. 

For particle size distribution and Atterberg limits of soil 
samples used in previous studies, their values and the techniques 
used were compiled in tables and then compared with the upper 
limits of various criteria and requirements. Out of the comparison, 
a suitable soil application technique of the soil samples based on 
the requirements were recommended. This helped in determining 
the suitability of the soil for earth construction. Figure 1 shows 
the upper limits of Atterberg limit values proposed as a guide to 
recommend soil samples used in previous studies for determining 
their suitability for earth construction based on different criteria 
by Doat et al. [22], Spence and Cook [23] and Delgado and Guerrero 
[12]. From Figure 1, it can be seen that the study used upper limits 
of 50% and 30%, respectively for the liquid limit (WL) and plasticity 
index (PI). 

Figure 1: Atterberg limits for soil suitability.  
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Similarly, specific gravity, maximum dry density and optimum 
moisture content of soil samples used in previous studies were 
also compiled and analysed based on the various requirement and 
closely related spacing of the values of the soil properties. FM5-
472 [24] provides a different range of specific gravity values for 
different types of soil. It, however, provides a specific gravity of 
2.00 and 2.80 for the lowest and highest, respectively for all types 
of soils. Therefore, the study adopted 2.00 and 2.80 as the lower 
and upper limits, respectively for the suitable specific gravity of 
soil samples for earth construction. There are no known criteria for 
acceptable optimum moisture content and maximum dry density 
for soil suitability for earth construction, therefore, the study 
considered values that are closely related as suitable optimum 
moisture content and maximum dry density.

Results and Discussion 
Particle size distribution

The particle size distribution test determines the amount, 
usually by mass, of the particles present in a soil sample [25]. 

Particle size distribution also known as grain size gives information 
on the soil’s ability to pack into a dense structure [26]. The particle 
sizes are classified as gravel, sand (fine and coarse), silt and clay. 
There are different recommendations for soil particle sizes that 
are suitable for different techniques of earth building. Five of these 
recommendations are put together in a nomogram (see Figure 
2) by Delgado and Guerrero [12]. Compressed earth block (CEB) 
was recommended by Houben and Guillaud [27], CRATerre EAG 
[28] and AFNOR [29]. While Adobe was recommended by Houben 
and Guillaud [27] and CRATerre EAG [28], and rammed earth (RE) 
recommended by Houben and Guillaud [27]. Another source [23] 
made a chart of soil particle size as shown in Figure 3. The shaded 
portion of the chart shows the recommended particle size suitable 
for soil stabilisation, which is in the range of 0% to 25% for clay, 0% 
to 25% for silt and 60 to 90% for sand constituents. In addition, a 
study by Bengtsson and Whitaker [30] made recommendations for 
various techniques of soil particle sizes suitable for construction. 
The values are presented in Table 1. 

Figure 2: Granularity nomograms [12].

Figure 3: Particle size chart [23].
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Table 1:  Soil grading suitable for construction [30].

Technique Clay (%) Clay & Silt (%) Sand (%) Gravel (%) Sand & Gravel (%)

Rammed earth 20-May 15-35 35-80 0-30 50-80

Pressed soil 25-May 20-40 40-80 0-20 60-80

Adobe 30-Oct 20-50 50-80 - 50-80

General purpose 15 35 60 5 65

From Table 1, it is clear that no single recommendation for soil 
particle size is accepted worldwide as also confirmed by Ciancio 
et al. [11]. Since there are different types and characteristics of 
soil at different places, different recommendations are made to 
provide a suitable grade for construction purposes. One important 
consideration is that, depending on the soil particle size for the soil 
to be used for construction, the recommendations could help to 
identify the appropriate technique and stabiliser to be used in order 
achieve an optimum result. The results of particle size distribution 
of 49 soil samples from 36 different studies of published literature 
are presented in Table 2, showing the clay, silt, sand and gravel 
contents. The table also shows the recommendations of appropriate 
technique(s) made for each type of soil based on the soil suitability 
criteria and requirements. From the soil suitability criteria 
discussion, the types of soil used in the previous studies could be 

recommended for the following earth construction techniques: 
rammed earth (RE), compressed earth blocks (CEB) and adobe 
blocks (ADO). These recommendations are based on the extreme 
ends of all the five particles size distribution recommendations for 
soil suitability criteria discussed above. Another recommendation 
that can be seen in Table 2 is outside recommendation (OR), which 
falls outside the criteria for soil suitability for earth construction. It 
must be noted that the soil samples recommended OR were used 
in previous studies but are not ideally suitable for construction 
purposes based on the criteria. This, however, means that the 
criteria for soil selection may well be imperfect, due to the fact that 
the soils samples used in some previous studies which produced 
acceptable results are found to be outside the recommended 
techniques.

Table 2: Soil particle size distribution of soil samples in previous studies.

Reference  
Particle Sizes by Mass (%) Technique

 Tested

Recommended 

 Technique  Clay Silt Fine Sand Coarse Sand Gravel

[6] 11 69 20     ADO RE/CEB/ADO

[18] 21.26 24 54.74     - RE/ADO

[20] Aga Soil 
Ranir Baz Soil

20 23.5 56.5   - - CEB/ADO

28.5 42.5 29   - - RE/CEB/ADO

[31] 4.3 23.1 72.6   - CEB RE

[32] 62   30.3   7.7 ADO RE

[33] Soil B 
         Soil Y                                

48 16 36   - CEB RE

46 24 30   - CEB RE

[34] 40 24 35   1 CEB RE

[35] 81   18   1 ADO ADO

[36] 16 37 47   - CEB ADO

[37] 20 33 47   - CEB ADO

[38] Soil M 
         Soil T                                  

48 25 27   - CEB OR

14.5 22.5 63   - CEB ADO

[39] 22.4 49.9 24.5   3.2 ADO ADO

[40] 28.5 48.5 12.7   10.3 ADO ADO

[41] Soil A1 
         Soil A2 
         Soil A3 
         Soil A4 
         Soil A5 

14 20 66   - ADO RE/ADO

19 28 53   - ADO CEB/ADO

26 23 51   - ADO ADO

12 16 72   - ADO RE/CEB/ADO

33 20 47   - ADO CEB

[42] Soil A 
         Soil B 
         Soil C                                                                                

25 73 2   - CEB OR

20 65 15   - CEB CEB

16 59 25   - CEB CEB/ADO

http://dx.doi.org/10.31031/ACET.2018.02.000540
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[43] 32.04 24.52 43.44   - ADO RE/CEB

[44] 20.87 28.96 50.17   - ADO CEB/ADO

[45] Soil A 
         Soil B 
         Soil C 
         Soil D                                                                                                                

40 45 8 7 - ADO OR

28 29 23 20 - ADO ADO

21 39 5 35 - ADO RE/CEB

26 42 4 27 - ADO RE/CEB

[46] 25 61.8 13.2   - CEB CEB/ADO

[47] 12 16 64   8 CEB RE/ADO

[48] 14 28 46   12 CEB RE/ADO

[49] 16 35 42   7 CEB RE/ADO

[50] 33 22 37   8 CEB RE/CEB

[51] Soil 1 
         Soil 2                               

16 35 42   7 CEB RE/ADO

30 48 22   - CEB CEB/ADO

[52] 16 46 33   - ADO RE/ADO

[53] 10 5 85   - ADO RE/ADO

[54] 32 45 22.5   - ADO RE/CEB/ADO

[55] 0.50 51.50 40.7 7.30 - ADO OR 

[56] 10 87 3     CEB OR

[57] 12.2 1.5 87.3   - CEB OR

[58] 25.5 30 44.5   - ADO CEB

[59] 31.3 67 1.7   - ADO OR

[60] 3.4 13 83   - ADO OR

[61] 67 30 3   - - OR

[62] 8 84 8   - CEB OR

[63] 13.63   84.8   1.57 CEB OR

*RE: Rammed Earth; CEB: Compressed Earth Block; ADO: Adobe; OR: Outside Recommendation

Studies [18,20,61] did not state clearly the earth construction 
technique that was used. From the results, soil samples used in 
studies [31-34] were within the recommended soil technique for 
only RE. Some of the soil samples used in studies [35-41] were 
found within the recommended soil technique for only ADO. 
Again, soil samples used in studies [41,42] were found within 
the recommended Some of the soil samples technique for only 
CEB. These soil samples from previous studies were identified to 
be suitable for only one earth construction technique. However, 
there are other soil samples in previous studies that could be 
recommended for two different techniques of earth construction. 
Examples are soil samples used in studies [41-53]. Some of the 
soil samples from the previous studies [54] could further be 
recommended for use for three different techniques of earth 
construction. This implies that some soil types are such that 
they could be applicable in three different techniques for earth 
construction. It could, therefore, be said that any type of soil that 
is found to be suitable for construction purposes can be applied for 
between one and three techniques of earth construction, with the 
majority for only one technique.

However, the results show that some of the soil particle sizes 
were found to be outside the criteria of suitability of the soil for 
earth construction [38,42,45,55-57,59,60-62]. Soil samples from 

these studies were found to contain limited clay or sand content, 
or excessive quantities of sand, clay, silt or clay+silt. Though these 
soil samples were found to be outside the recommendation, some 
stabilisers were added to the soil to improve their geotechnical 
properties. This means that, though some soil samples may be 
found to be unsuitable for construction purpose, they can still be 
used not in raw state but with the addition of stabiliser(s). Table 1 
also shows clearly that the earth techniques which were adopted in 
the studies in which the soil samples were used are different from 
the recommended techniques. This situation happened because 
researchers usually do not measure the particle size distribution 
of their soil samples in order to determine their suitability for the 
technique to be used. But rather, they measure the particles size 
distribution of their soil sample for the purpose of determining the 
geotechnical properties in order to describe the soil used in their 
study.

Atterberg limits
Atterberg limits test estimates the clay minerals that are 

present in the soil [64]. It can provide a means for objectively and 
broadly classifying a soil for a given location [65]. For construction 
purposes, determining the liquid and plastic limits out of the other 
limits are sufficient. Therefore, the other limits are not important 

http://dx.doi.org/10.31031/ACET.2018.02.000540
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[64] because the tests are undertaken on small remoulded samples 
of only the fraction of the required sample that passes through 
a 425μm sieve. Plastic limit (Wp) can be defined as the moisture 
content at which a soil will begin to crumble when rolled into 
a thread of about 3mm in diameter [66]. Liquid limit (WL) is the 
moisture content at which the soil changes from plastic to liquid 
states and begins to flow [67]. Plasticity index (Ip) is the difference 
between the plastic limit and the liquid limit (wp-wL=Ip).

Three criteria from six (6) studies are presented in Figure 4-6 
and are discussed for their suitable application as earth material 
for building purposes. Figure 4 presents a chart of Atterberg limits 
which was originally developed by Doat et al. [22] and later used 
by Stulz and Mukerji [64] and Norton [68] for determining the 

suitability of soil that needs binder in order to function satisfactorily 
as a building material. It shows the various zones within which 
different stabilisers (lime, cement and bitumen) should be used 
as an enhancement. This means some types of soil are unsuitable 
for building houses, while some will need certain stabilisers to 
improve their geotechnical properties. It should be noted that 
laterite soils do not necessarily conform to this chart [64] due to 
laterite suitability for building purposes without the need for any 
stabilization. The limits are between plasticity index of 7 to 29% 
and liquid limit of 25 to 50% for cement stabilised soil, while for 
lime they are between plasticity index of 18 to 29% and liquid limit 
of 35 to 50%. For bitumen, they are between plasticity index of 2.5 
to 13% and liquid limit of 25 to 35%.

Figure 4: Atterberg limits chart [22].

Figure 5: Plasticity chart [23].

http://dx.doi.org/10.31031/ACET.2018.02.000540
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Figure 6: Plasticity nomograms [12].

Spence and Cook [23] also proposed an Atterberg limits zone of 
soil suitability for stabilisation for soil as shown in the shaded area 
in Figure 5. The limits are between plasticity index 0 to 22% and 
liquid limit between 7 to 39%. These limits are different from Doat 
et al. [22] limits. The reason for the difference is that Spence and 
Cook [23] gave a recommendation of soil for general stabilisation 
while Doat et al. [22] recommendation had separate soil suitability 
for cement, lime and bitumen. The study by Delgado and Guerrero 
[12] presented a nomogram plasticity index chart showing the 
recommended values for three soil techniques (Figure 6). CEB 
technique was recommended by AFNOR [29], CRATerre-EAG [28] 
& Houben and Guillaud [27], while RE and adobe techniques were 
recommended by Houben and Guillaud [27]. However, Delgado 
and Guerrero [12] recommended a plasticity index of 16 to 28% 
and liquid limit of 32 to 46% as a good soil for earth construction 
techniques.

Table 3 presents the results of Atterberg limits of 53 soil 
samples from 42 studies of published articles. It shows the liquid 
limits, plastic studies of limits and plasticity index of soil samples 
used in the previous studies. In addition, recommendations of 
appropriate technique(s) for each soil sample are made based on 
the plasticity index criteria discussed above. The recommended 
techniques are based on the extreme ends of all the three Atterberg 
limits recommendations for soil suitability criteria discussed. As 
discussed above, the recommendations are based on the available 
techniques for earth construction such as RE, ADO and CEB. The 
recommendations made also considered OR as some of the soil 
samples were found to be outside the recommended soil suitability. 

Previous studies [18-20,61] did not state clearly the earth 
construction technique that was used. The soil samples used in 
studies [18,20,55,69,70] were found to be within the recommended 
soil technique for only RE. Soil samples from studies [34 ,47,48,62] 
were within the recommended soil technique for only ADO. 
Furthermore, soil samples used in studies [32,37,38] were within 
the recommended soil technique for only CEB. These results 
indicate the suitability of soil types for only one technique of earth 
construction. There were a number of soil samples in previous 

studies that could be recommended for two techniques of earth 
construction, such as soil samples used in studies [6,7,19,33,38, 
39,45,46,54,71-77]. Other soil samples from the previous studies 
could be recommended to be used for three techniques of earth 
construction [44,45,49,51,58,59,63,73]. This suggests again that 
some soil types could be used for three different techniques for 
earth construction. This confirms the earlier accession that any 
type of soil that is found to be suitable for construction purposes 
can be applied for between one and three techniques of earth 
construction.

Conversely, some of the Atterberg limits in the previous studies 
[33,35,36,42,45,49,51,61,75,79,80] were found to be outside 
the criteria for suitability of the soil for earth construction. Soil 
samples from these studies were found to have either high liquid 
limit (WL>50) or high plasticity index (IP >30). Again, the addition 
of stabilisers could improve the geotechnical properties of soil 
samples that are outside the recommendation. A suitable raw soil 
for earth construction should contain sufficient amount of particle 
sizes to prevent damage to the material such as excessive shrinkage, 
swelling, cracking and bond failure. The clay content in soil is a 
major factor in earth construction since it binds the larger particles 
together. However, soils with more than 30% clay have very high 
shrinkage and swelling effect, together with their tendency to 
absorb moisture, which may result in the development of cracks in 
the end product. Equally, a very low content of clay in the soil will 
also result in poor bonding of the other particles, which may cause 
bound failure in the end product. Therefore, soil with very low or 
very high content of clay and sometimes silt may need the inclusion 
of stabilisers in order to be suitable for construction purposes. 

Careful observation of the particle size distribution and 
Atterberg limits results in Tables 2 & 3 show that some of the soil 
samples found to be suitable for a particular test were unsuitable 
for the other tests. For example, the soil sample used in the study by 
Achenza and Fenu [55] was found to be suitable in Atterberg limits 
result but was unsuitable in the particle size distribution result. 
Similarly, the soil sample used in the study by Degirmenci [35] was 
found to be suitable in the particle size distribution result but was 
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unsuitable in the Atterberg limits result. Another observation is that 
some of the soil samples recommended for a particular technique 
in one test could be to be recommended for a different technique 
in another test. An example is the soil sample used in the study by 
Muntohar [37] which was recommended for ADO technique in the 
particle size distribution result, while the same soil sample was 

recommended for CEB technique in the Atterberg limits result. This, 
therefore, means that soil suitability for earth construction cannot 
be determined by using only one test, but a number of tests. And if 
any of the tests are found to be outside recommendation, then the 
use of stabiliser becomes necessary. 

Table 3: Atterberg limits of soil samples in previous studies.

Reference 
Atterberg Limits

Technique Tested Recommended Technique
WL (%) WP (%) IP 

[6] 29.1 17.4 11.7 ADO RE/CEB

[7] 49.2 26.9 22.3 CEB RE/CEB

[18] 25.76 20.2 5.56 - RE

[19] 38.2 23.4 14.8 - RE/CEB

[20] Aga Soil  
        Ranir Bazar soil

23 17.64 5.36 - RE

29.9 17.3 12.6 - RE/CEB

[31] 25.28 13.28 12 CEB RE/CEB

[32] 39 24 15 ADO CEB

[33] Soil B  
         Soil Y

48.4 23.2 25.2 CEB RE/CEB

62.93 24.74 38.2 CEB OR

[34] 45.11 31.56 13.6 CEB ADO

[35] 56.41 35.71 20.7 ADO OR

[36] 63 32 31 CEB OR

[37] 41 25 16 CEB CEB

[38] Soil M 
        Soil T

31 19 12 CEB RE/CEB

50 24 26 CEB CEB

[39] 26.4 18.4 8 ADO RE/CEB

[42] Soil A 
        Soil B 
        Soil C

65 35 30 CEB OR

62 35 27 CEB OR

65 42 23 CEB OR

[44] 37.5 20 17.5 ADO RE/CEB/ADO

[45] Soil A  
       Soil B 
       Soil C  
       Soil D

56.76 23.43 33 ADO OR

32.72 14.94 18 ADO RE/CEB

31.63 17.82 14 ADO RE/CEB

39.67 21.85 18 ADO RE/CEB/ADO

[46] 34.5 16.9 17.6 CEB RE/CEB

[47] 18 31.7 13.7 CEB ADO

[48] 13.3 27.2 13.9 CEB ADO

[49] Soil 1 
        Soil 2

39 20 19 CEB RE/CEB/ADO

52 23 29 CEB OR

[51] 39 20 19 CEB RE/CEB/ADO

[52] 24 16 8 ADO RE/CEB

[54] 34.8 19.1 15.7 ADO RE/CEB

[55] 24 21 3 ADO RE

[58] 38 20 18 ADO RE/CEB/ADO

[59] 36.4 18.6 17.8 ADO RE/CEB/ADO

[61] 90 36 54 - OR
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[62] 46.1 29.4 16.7 CEB ADO

[63] 35 17 18 CEB RE/CEB/ADO

[69] 27 19 8 RE RE

[70] 23.29 17.79 5.51 ADO RE

[71] 28 17 11 ADO RE/CEB

[72] 45.85 22.38 23.5 CEB CEB/ADO

[73] Soil A  
        Soil U

33 18 15 CEB RE/CEB

35 21 14 CEB RE/CEB

[74] 41.3 25.2 16.1 ADO RE/CEB

[75] TS    
         TM                  

30 21 9 CEB RE/CEB

60 29 31 CEB OR

[76] 36.7 24.5 12.2 ADO RE/CEB

[77] 35 24 11 ADO RE/CEB

[78] 38 20 18 CEB RE/CEB/ADO

[79] 50 18.33 31.7 ADO OR

[80] 67 35 32 CEB OR

WL: Liquid Limit; WP: Plastic Limit; IP: Plastic Index; RE: Rammed Earth; CEB: Compressed Earth Block; ADO: Adobe; 

OR: Outside Recommendation

Specific gravity, optimum moisture content and maxi-
mum dry density

The specific gravity of a soil is used in relating a weight of 
soil to its volume and in the calculation of phase relationship, i.e. 
the relative volume of solids to water and air in a given volume of 
soil [81]. Specific gravity (GS) of a solid substance is the ratio of 
the weight of a given volume of material to the weight of an equal 
volume of water at 20 °C [24]. In simple language, the specific 
gravity of soil tells how much heavier or lighter in weight the soil 
is than water. In many situations during construction processes, 
it is necessary for the soil to be compacted to its maximum dry 
density [82]. Compaction is the process of mechanically densifying 
a soil by pressing the soil particles together into a closed state of 
contact so that the entrapped air can be expelled from the soil 
mass [83,84]. The relationship between the maximum dry density 
of soil and optimum moisture content can be obtained from soil 
compaction from standard Proctor test, and this relationship helps 

in determining the optimum water content at which maximum 
dry density of soil can be attained through compaction [85-89]. 
Optimum moisture content (OMC) of soil is the water content 
at which a maximum dry density of soil can be achieved after 
compaction. Maximum dry density (MDD) of soil is the density 
obtained by the compaction of soil at its optimum moisture content. 

Table 4 presents the data collected from previously published 
articles on specific gravity, optimum moisture content and maximum 
dry density of soil samples used in their investigation. Twenty-
seven (27) soil samples from 21 studies reported the details of the 
specific gravity of the soil samples used in their investigation. It 
can be seen from the Table 4 that with the exception of two studies 
[31-78], all the others obtained specific gravity of between 2.00 
and 2.80 as recommended by FM5-472 [31-78]. Alavéz Ramírez 
et al. [31] obtained a specific gravity of 1.82, which was below the 
recommendation and Millogo et al. [78] had a specific gravity of 
3.02 which was above the recommendation.

Table 4: Specific gravity, optimum moisture content and maximum dry density of soil samples in previous studies.

Source GS  (OMC) (%)  (MDD) /(g/cm3)

[6] 2.5 - -

[18] 2.57 15.4 1.83

[19] - - 1.89

[20] Aga soil

 Ranir Bazar soil

2.58 14 1.79

2.57 17.8 1.69

[31] 1.82* 9.4 1.98

[32] - 11 1.76

[33] Soil B

         Soil Y

- 16.6 1.86

- 18.8 1.94
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[35] 2.44 37.70* 1.36

[36] 2.66 - -

[42] Soil A 

          Soil B

          Soil C

2.63 26 1.36

2.68 25 1.37

2.6 26 1.38

[44] 2.55 - -

[45] Soil A

         Soil B 

         Soil C

         Soil D

2.7 - -

2.68 - -

2.72 - -

2.67 - -

[47]   11.8 1.83

[48] - 18 1.78

[52] 2.5 - -

[55] 2.64 - -

[57] - 9 1.78

[59] 2.7 16.5 1.7

[61] 2.08 29 1.45

[62] 2.47 -  

[70] 2.67 12.5 1.88

[72] 2.71    

[74] 2.69 25.15 1.5

[76] 2.72 22.42 -

[77] - 12 1.76

[78] 3.02* - 1.06

[79] 2.28 29.8 1.43

[80] - 29 1.42

[86] 2.65 - -

[87] - 12 1.83

SG: Specific Gravity; OMC: Optimum Moisture Content; MDD: Maximum Dry Density

*=Outside recommendation

Table 4 also shows the optimum moisture content values of 23 
soil samples from 19 studies. Because there are no known criteria 
for acceptable optimum moisture content, the study considered 
values that are closely related as suitable optimum moisture 
content. It can be observed from the table that values between 
09.00 and 29.80% were closely related with a spacing of not more 
than 3.00%. Therefore, per the available data in the table, the study 
recommends suitable optimum moisture content of between 09.00 
and 29.80. It can be seen from the result that, with the exception of 
the study by Degirmenci [35], all the other soil samples were within 
the recommendation. The soil sample in the study [35] recorded 
an optimum moisture content of 37.70% which is far beyond the 
recommendation. Thirty-seven (37) soil samples from 30 studies 
are also shown in Table 4 for their maximum dry density. The values 
obtained are between 1.06 and 1.94g/cm3. Critical observation 
of all the values shows a closely related spacing among them. 

This, therefore, provides the basis for recommendation for all the 
maximum dry density values in the table. Considering the results 
of the specific gravity, optimum moisture content and maximum 
dry density of soil samples, it can be noted that their influence in 
determining the suitability of the soil for earth construction is less 
as compared with the particle size distribution and Atterberg limits. 

Summary and Conclusion 
This study compiled the previous published studies’ soil 

samples and compare them with soil suitability criteria for 
recommending suitable soil for earth construction purposes. 
Based on the soil properties found in literature, recommendations 
were made for the suitability of different soil samples for three 
main techniques (adobe, rammed earth and compressed earth 
blocks) application in earth construction, while other soil samples 
were found to be outside the recommendations. It was found that 
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some of the earth construction techniques which were adopted 
in the previous studies in which the soil samples were used are 
different from the recommended techniques because researchers 
usually do not determine the particle size distribution of their soil 
samples before adopting the appropriate technique to use. It was 
also observed that some of the soil samples found to be suitable in 
one test were unsuitable for the other tests, and again, some of the 
soil samples recommended for a particular technique in one test 
were recommended for a different technique in another test. From 
the foregoing, the study suggests that a number of tests should 
be conducted on soil sample for earth construction, and if any of 
the tests are found to be outside recommendation, then the use of 
stabiliser becomes necessary. In view of this, the study concludes 
that determining the suitability of the soil for earth construction is 
important and any soil that is found unsuitable should be enhanced 
with stabilisers before use for earth construction.

Data Availability
The data used to support the findings of this study are available 

from the corresponding author upon request.
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