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Abstract: Earth is the most common and important building material used in 

construction industry as it found in almost every country in the world. Modern 

earth building is alive and well spread over an enormous geographical area 

using different earth materials and numerous methods of construction and has 

many benefits for construction and buildings. Zakho city, which is located in 

the south of Iraq, distinguished of its heritage earth architecture with many 

benefits and marvelous types and exterior views. Many weaknesses of the 

material, lake of knowledge and quick development caused lifting and 

destroying many of its mud and heritage building during the last few 

generations. Not all soils are suitable for every building need. Soil 

specification is very important to ensure that the materials used in construction 

meet all needs. Available locally material of common quality was taken from 

local site in Zakho city. Laboratory experimentation and testing was done to 

determine the properties of this material. Results were recorded for further 

studies and heritage building conversation and rehabilitation and for modern 

earth building material and techniques. 

Keywords: Zakho; earth building; local earth material; Soil suitability; 

Standards; soil properties.  

1 Introduction 

 Earth buildings spread around the world, as shown in figure1. Traditional 

construction uses available local materials for walled bearing construction earth. 

Characteristics of earth material can assume many important benefits like the very low 

cost, environment and energy saving [1, 2, 3,4]. Recently, the Iraq government increased 

its attention for tourist and historic culture and buildings. Many conservation and 
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restoration projects had done and researches were also done in this area. Traditional 

buildings of Zakho city are distinguished of its heritage earth architecture with many 

benefits and marvellous types and exterior views (Fig.2). Earth buildings have drawbacks 

due to the economy situation and modern building. It has been cleared that classical earth 

building material and its techniques cannot fulfill the modern housing. Usually, soil 

mixed with additives or with imported materials to achieve suitable soil mix design for 

modern construction [5, 6]. Determination the most important properties of soil are very 

important to develop new mix and earth blocks to save the earth building heritage and 

continues material used.  

 

 
 

Figure. 1: Earth building distribution and using areas around the world. [7] 

 

 
Figure. 2:  Zakho (traditional earth building). 
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 Zakho is unique in its architecture of its earth building. Houses building which 

almost four to five stories in height are made of mud using traditional cob techniques. 

Mud cob building and construction in the Zakho Valley has been an active regional 

industry for last centuries providing durable and attractive buildings (Fig.3). It has 

recently become affected by many public, economic and private changes.  

Using local materials and “cob” technology earth building in Zakho valley has a 

great heritage of sustainable buildings. The tradition of mud “cob” architecture in the 

Zakho valley offers a unique source of cultural and technical knowledge (Fig. 4). Identify 

the characteristics of the soil and its appropriateness is very important for using it in 

building construction in order to improve their quality [8, 9, 3].  Before applying, 

material should be prepared, which usually consists of sieving, pulverizing and drying 

[5].  It is important to ensure that the materials used in construction meet all the 

specification in every respect. This means that all relevant properties must be checked 

properly before construction [10].  We can promote the use of earth as a building material 

by understanding the characteristics of soil [11].  

 This study is an attempt to summarize information on the basic characteristics 

of the selected soil. The study will support the use of modern earth techniques as a 

building material in Zakho and it will focus on soil properties for building materials and 

wall building knowledge. It is worth mentioning that this study is considered a first 

research in this field in the Zakho province.  

 

 
 

Figure. 3: Durable and attractive buildings of mud cob building in the Zakho Valley. 



PJAEE, 17 (7) (2020) Soil properties for earth building construction in City of Zakho-Iraq 

                                                      
                             

10444 

 
Figure. 4: The tradition of mud “cob” architecture in the Zakho valley 

 

 

1.1 Problem statement 

In spite of all earth material and buildings advantages, soil material is still unsuitable 

for use in many countries, mainly attributed to the disadvantages of this material and lack 

of information on its properties. Lack of building material properties was a problem to 

understand the earth building demands and the enhancing methods, which are only, refer 

to the local masons and their professionals. Many researches in this area focused on using 

the material for traffics, roads and construction foundations, mostly [3]. There is still poor 

understanding of the soil selections for scientific engineers and architecture demands. 

Soil is not receiving the required researches and attention as a material for earth block 

and wall construction [12].  

However, traditional knowledge was mostly is no longer sufficient or last [13].  

1.2 Research objectives  

 This study was conducted to gain a better knowledge and understanding of the 

characteristics of the local earth materials of Zakho city. Classifying the local material 

that used in earth building construction for further researches and developing building 

material. 

 

2. Properties and Characteristics of soil for earth production 

 

Previous studies had shown that the physical properties of soil must be checked 

before starting any important work [11]. It is commonly accepted that the soil to be used 

in earth building walls should have a high sand content with just enough clay in it to act 

like a binder.  Too much clay can give cracking problems due to shrinkage effects [13]. 
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Particle size distribution or texture of the soil is an important characteristic. Highly 

plastic clay, clean gravels, sand and organic soils are unsuitable and not recommended 

[14, 15, 16, 3].  

Swell capacity and soil shrinkage are related to their clay content. 30% of clay is the 

basic formula with balance loam and small amount of aggregate [17]. Silt percentage 

should be less than one third. California's Uniform Building Code Specification 

recommends 55 to 75% sand, and 25 to 45% clay and silt [18] Table1 shows these 

percentages. 

 

Table 1: An idea for good mixture for most blocks [18] 

 

Specifications Percentage Specifications 

Sand 65 Sand 

Clay 20 Clay 

Silt 15 Silt 

 

Proposals were suggested for a range of 30% -70% balances between clay/silt and 

sand [19]. Researches summarize that the upper clay silt limit is 45% [20].  According to 

(Burroughs, 2001), the satisfactory of clay/silt is 36-45 percentage, while sand should be 

between 66 to 75%. Similarly, the minimum percentage of sand is between 50% -55% 

while the maximum is between 70% - 75%.  

 

2.1 Soil types and classification  

 Clay deposits: made up of similar and several clay minerals. Clay deposits 

have different working characteristics because of its plasticity and its ability to bind non-

plastic additives [21, 22]. In many soil classification systems, soils are divided into three 

main groups: coarse, fine and organic [23]. Mechanical properties of soil, such as 

strength and permeability are dependent on the soil stress and grains, unit weight and the 

water content [24, 25]. When using soil for construction and engineering purposes, the 

British soil classification is recommended [26]. The classification is based on the range of 

particle sizes. British Standard BS1377:1990 [27] classification for particle sizes 

encountered in soil range from boulders with a controlling dimension of over 200 mm 

down to clay particles less than 0.002 mm. Some clay contains particles less than 0.001 

mm in size [24] Fig. 3. 

 

 
Figure. 5: The range of particle sizes in the soil 
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2.2. Characteristics of soils         

Engineering behaviors are highly differences between clays and sands [24, 28]. The 

principal characteristics differences are particle size distribution, shape, and plasticity, 

while shape texture and Color are secondary characteristics [29, 30]. Chemical properties 

are depending on the chemical composition of the soil components and the quantity of 

magnesium, or calcium, carbonate oxides of iron, and sulphates. The pH level, soils do 

not usually stray very far away from the neutral point [31]. 

2.2.1 Physical index properties (basic characteristics of soils) 

1- Porosity or voids ratio: Voids between the particles in the material itself can vary 

enormously depending on the particle size and distribution of the soil. Both the apparent 

bulk density and the specific bulk density of the sample are needed to calculate the 

porosity of a sample of soil [29, 32]. 

2- Specific bulk density: The specific bulk density of soil is calculated from the mass 

of the sample and the displaced volume of water similar to the apparent bulk density. 

3- Specific gravity: Specific gravity (Gs) means the property of the mineral or rock 

material forming soil grains [24]. 

   

The range of specific gravities for soils is small, except for organic soils. Most soils 

(sand and clay) have a typical specific gravity of 2.65 [33]. The range of Gs for common 

soils is 2.64 to 2.72 [24]. 

4- Volume-weight properties 

The volume-weight properties of a soil define its state and measure the amount of 

void space, amount of water and the weight of a unit volume of soil [24]. 

5- Shrinkage          

 In most clay-textures, the moisture content changes the soil volume depending 

on the type and amount of clay found in the soil. At the soil surface, shrinkage and 

swelling are seen as cracks and develop when the soil dries [16]. Shrinkage of soil is a 

very common problem and must be addressed carefully [34]. A measure of the soil shrink 

is determined by measuring a specimen in wet and dry conditions. The change in 

dimensional variation should be only around ±2 mm based on B.I.S code IS 1377, 1990 

Part 2 [35]. Generally varies from near zero to 0.12 for soils [36]. Some other standards 

determined 3% Shrinkage as a maximum permissible linear shrinkage [20]. 

6- Dry density 

Dry density is the degree of compaction of a soil, which is important to calculate 

loads on structural elements (measured in terms of dry density) referred to as the “Zero 

air voids” dry density or the saturation dry density [37]. 

Soil compaction 

Compaction decreases permeability and reduces settlement of 

foundation.Compaction process effectiveness depends on several factors [23]. Soil dry 

density depends on the amount of moisture during compaction. There is one moisture 
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content for each given soil called “optimum moisture content” that occurs in maximum 

dry density [26].  

Optimum moisture content and bulk density 

A standard compaction test was conducted following BS 1377:1990 part 4 [38] to 

determine the relation of dry density versus moisture content. Density is defined as the 

measure of how many particles of an element or material are squeezed into a given space. 

2.2.2 Relationships between basic properties:                

1- Property index (plasticity) Plasticity is the property of soil that describes 

deformation without elastic failure i.e. cracking or breaking [39& 40], which is indicated 

by the plasticity index [20].  

2- Liquid limit (wL) – is the change of consistency from plastic to liquid.  

3- Plastic limit (wP) – is the change of consistency from brittle/crumbly to plastic 

Plasticity Index (IP or PI) is calculated by the formula 

 IP = liquid limit - plastic limit = wL - wP [24]. 

The Atterberg limits are utilized in specifications to control the properties, 

compaction, and behavior and to describe the transitions of soil material from semi-solid, 

to plastic, to fluid. Sandy soils and silts have low plasticity index values, while most clays 

have higher values.  

Liquid limit for earth soils should be between 25% and 50% (30% - 35% preferred) 

and the plastic limit between 10% and 25% percentages of 12% - 22% are preferred [31]. 

  

7- Organic content 

Sample of the cohesive soil was tested and a quantity of organic content was also 

recorded in following of BS 1377: 1990 part 3 [41].  

3 Field and laboratory test work 

3.1 Soil selection  

 Two locally soils were selected from Zakho valley. Both samples were from earth 

building construction sites. First conducted testing was the visual testing to choose the 

best and pure building soil. The first location was in Najran valley near the heritage and 

old clay buildings. Visual testing and pilot laboratory experiment showed that the second 

site soil (Zur Wadea,a) was mixed with organic materials. Thus, the first site (Zakho 

Valley) was recommended and trusted for the laboratory experiments to find its 

properties. 
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Figure. 6: Soil sight selection in the middle of Zakho valley 

3.2 Laboratory Experiment 

 According to the literature review, the most important tests were selected and 

conducted to define soil sample properties for earth construction and buildings. Using the 

chosen soil, the sample was prepared and experiments were done in civil engineering 

laboratories of college of engineering at Zakho University. British standard tests were 

recommended and used. Testing was done in three phases: 

i- Visual and simple tests to define the types of soil that seems suitable. 

ii- ii- Sieve analysis to determine the particle sizes and percentage of clay in the soil.  

iii- ii-   Laboratory tests to determine the engineering properties of the cohesive soil.  

1- Sieve analysis 

Sieve tests were carried out. Wash sieving standard method: Per B.S. 1377:1990 [42] was 

used to determine the particle sizes of the samples. The used apparatus were included 

B.S. test sieves (10 mm, 5 mm, 2 mm, 1.18 mm, 0.63 mm, 0.30 mm, 0.15 mm, 0.063 

mm) , mechanical sieve shaker (see Figure.5), sieve brush, trays or container, balance, 

oven and sodium hexametaphosphate. 

 



PJAEE, 17 (7) (2020) Soil properties for earth building construction in City of Zakho-Iraq 

                                                      
                             

10449 

 

Figure. 7: B.S. sieve set and mechanical sieve shaker 

About 500 gm of air-dried soil was placed in a bucket and covered with tap water. Then, 

about 2 mg of sodium hexametaphosphate was added to it and the mixture was stirred 

thoroughly. After that, the soil was washed through a 63 µm B.S. test sieve and the fine 

material passing through it was allowed to run to waste. All the retained material was 

collected in a proper dish and put in an oven at 110oC for 24 hours to dry. Then, the dried 

material was taken out from the oven and let to cool. After cooling, the dried material 

was sieved through appropriate set of sieves, using a mechanical sieve shaker for about 

10 minutes. The soil retained in each sieve was weighed. The cumulative percentages by 

masses of the samples passing through each of the sieves were calculated and results 

were also recorded.  

2- Characteristics of the cohesive soil (soil properties) 

(a) Optimum moisture content and bulk density: a standard compaction test was 

conducted following BS 1377:1990 part 4 [38] to determine the relation of dry density 

versus moisture content. 

(b) Grain specific gravity (Gs): a standard method was used according to British 

standards (BS 1377: 1990 part 4) [43].  Gs = [mass of soil/ mass of water displaced by 

soil]. 

  (c) Organic content: organic content quantity was also recorded following (BS 

1377: 1990 part 3) [41]. 

(d) Linear shrinkage:  a standard method (BS 1377: 1990 part 2) [35] was applied to 

determine the linear shrinkage of the soil. The linear shrinkage was calculated by the 

equation: 

Percentage of linear shrinkage = [1- (length of oven dry specimen/initial length of 

specimen)] *100. The results were reported to the nearest whole number.           

 (e)  Liquid limit and plasticity: to determine the liquid limit (LL) of the air-dried 

soil, the cone penetration method (BS 1377: 1990 part 2) [44] was used and the moisture 

content was taken. The natural moisture content, liquid limit and plastic limit were 

determined. Results were also recorded. 
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4   Results and Discussions  

4.1 Result of sieving    

The results of a wash-sieving test according to sieve analysis standard (BS 

1377:1990) [42] is given in (Table 2) together with the grading analysis and grading 

curve in (Fig. 5).  

 

Table 2: Determination of the particle size distribution of soil sample 

B.S Test 

Sieve Size 

(mm) 

Weight 

Retained 

(g) 

Weight 

Passing (g) 

by mass 

Percentage 

passing (% 

by mass) 

5.0 13.5 493.5 97.3 

2.0 55.5 438 86.4 

1.18 41 397 78.3 

0.60 36.5 360.5 71.1 

0.30 68 292.5 57.7 

0.15 40 252.5 49.8 

0.063 67 185.5 36.6 
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Figure. 8: Grading curve of the soil sample 
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Variety range of particle size for earth construction is recommended, because of the 

wide varieties of this material. Thus, the selected soil was in the recommended zones.  

Grading curve of the particle size clearly shows that this soil has about 36.6% of clay silt 

particles, and 60.7% of sand which is in the average of standards and has a balanced 

amount of particle sizes between coarse and fine particles. California's Uniform Building 

Code Specification, which is one of the few soil block standards, recommends 55 to 75% 

sand, and 25 to 45% clay and silt [18]. Results in the table and figure above satisfied this 

specification, which means the suitability of this soil for making blocks. 

4.2 Shrinkage 

Shrinkage results show a percentage of 1.9 % which is in the acceptable range stated 

in the literature review. These results are recording in Table 3. 

Table 3: Shrinkage results 

 R (mm) L (mm) Ms (gm) 

Weight, 

length and 

radios for 

the wet 

sample 

12.5  140  66.85 

Weight, 

length and 

radios for 

the dry 

sample 

11.79  137.35  52.58 

 

4.3 Liquid and plastic limits determination 

Table 4 and Figure 7 are presents the results of liquid limit (LL) tests. From the 

Figure 7, it is seen that the LL is about of 31%.  The plastic limit (PL) was determined as 

27.4%. Houben and Guillaud [45] reported that liquid limit for earth soils should be 

between 25% and 50% (30% - 35% preferred) and the plastic limit between 10% and 

25% percentages of 12% - 22% are preferred. Danso [46] has concluded that the upper 

limits of liquid limit and plasticity index are 50% and 30%, respectively. In comparison 

with these criteria, the results of LL and PL of the tested soil are within the accepted 

range for the suitability of soils to earth block making. 

Table 4: Liquid limit results 

Penetratio

n D (mm) 

8.5 12.2 19.1 25.5 

Can no. 5 16 13 3 

Mass of 

wet soil+ 

42.723 41.786 43.097 42.978 
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can (gm) 

Mass of 

dry soil+ 

can (gm) 

40.586 39.627 40412 40.156 

Mass of 

can 

31.553 31.606 31.406 31.583 

Mass of 

dry soil 

(gm) 

9.033 8.021 9.006 8.573 

Water 

content % 

23.7% 26.9% 29.8% 32.9% 

 

 

Figure. 9: Penetration versus water content for liquid limit determination. 

4.4 Specific gravity 

Specific gravity is an important property in which it is used to relate the weight of 

the soil to its volume and it is very beneficial in the phase shape relationship calculations. 

The results showed that the specific gravity of the soil sample is about 2.74. Danso [46] 

adopted 2 and 2.8 as lower and upper limits for the specific gravity of the soil suitability 

for earth construction. Based on this, the tested soil laid within the acceptable and 

preferred range of soils suitable for earth block making. 

4.5 Compaction test results 
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Compaction process is simply expelling the air from the voids of the soil. Optimum 

moisture content shows low voids of the tested soil and maximum dry density. About of 

10% of moister content was recorded as an optimum. This result clearly showed the 

ability of this material for earth building and its construction. These results are presented 

in Figure 8. From the figure, it can be seen that the optimum water content and the 

maximum dry unit weight of the tested soil are about of 10 % and 19.56 kN/m3, 

respectively. When the soil is compacted at the optimum water content, the maximum dry 

density is achieved and hence it has a direct improvement in bearing and durability. 

These features are very important in earth blocks making. Although there are no known 

criteria for acceptable optimum moisture content and maximum dry density, some 

researchers tried to put a range for the desired values. Houben and Guillaud [45] 

indicated a range of values for the optimum moisture content of 3.5% to 14% and 

maximum dry density between 1750 kg/m3 and 2000 kg/m3. Considering the results 

obtained, we can conclude that the optimum water content and the maximum dry density 

are within the preferred ranges. 

 

Figure.10: Relationship between water content and dry unit weight of soil. 

 

5 Results summary  

For soil to be used as a building material in earth blocks construction, some 

geotechnical properties should be assessed and analyzed. These properties are mainly 

grain size distribution, plasticity indexes, specific gravity, optimum moisture content and 

maximum dry density. The summary of the results of these engineering properties of the 

selected and tested soil sample are reported in Table 5.     

Table 5: Soil Properties 
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Properties pH Organic 

content 

Specifi

c 

gravity 

Linear 

shrinkag

e 

Optimu

m 

Moistur

e 

Dry 

density 

(kN/m

3) 

Liqui

d 

Limit 

(L.L) 

Plasti

c 

Limit 

(P.L) 

Plasti

c 

Index 

(P.I) 

Results 4.9 5.21% 2.74 8.21% 10% 19.57 31% 27.4

% 

3.6% 

 

Based on the results, it is concluded that the determined values of the geotechnical 

properties of the soil sample satisfied criteria reported in the literature and discussed in 

the result discussion part before. The ratio of organic content and the pH value are low. It 

is worth mentioning that mechanical and engineering properties of soils change from one 

site to another. 

6 Conclusion   

 This study compiled soil samples and compare it with soil suitability criteria 

for recommending suitable soil for earth construction purposes and techniques (adobe, 

rammed earth and compressed earth blocks) Local soil which was taken from the city of 

Najran revealed that it can be used for building construction as walling units.  Results 

showed suitable properties for earth construction and clay content was in the proper 

average.  
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