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CHAPTER TWO  

BASIC CHARACTERISTICS OF SOILS 

2.1 The Physical State of a Soil Sample  

Soils can be of either two-phase or three-phase composition. 

 

 

 

 

 

 

 

 

 

 

The physical and engineering properties of soil depend on the percentage of 

each element (solid – water – air) 

A Completely dry soil is two 

phases, the solid soil particles 

and pore air 

A fully saturated soil is also two-

phases, composed of solid soil 

particles and pore water 

A partially saturated soil is 

three-phase, composed of solid 

soil particles, pore water and 

pore air. 
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Va = volume of air  

Vw = volume of water 

Vs = volume of solids 

Vv = volume of voids = Va+ Vw  

V = total volume = Va+ Vw+ Vs  

                           = Vv+ Vs 

Wa = weight of air = 0 

Ww = weight of water  

Ws = weight of solids  

W = total weight = Ww + Ws  

2.1.1 Volume Relationships  

1. Void ratio: It is the ratio of the volume of voids to the volume of solids. 

Void ratio = (volume of voids / volume of solids) 

e = Vv/Vs. 

2. Porosity: It is the ratio of the volume of voids to the total volume. 

Porosity = (volume of voids/ total volume) 

n = (Vv/V) % 

3. Air content: It is the ratio of the volume of air to the volume of voids. 

Air content = (volume of air/ volume of voids) 

     ac = (Va/Vv) 

4. Percentage Air Voids: It is the ratio of the volume of air to total volume. 

Percentage air voids = (volume of air/ total volume) 

 na  = (Va/V)% 

If the volume of the void is taken as “e,” the volume 

of solids by definition of porosity will be “1” and 

total volume is "1+e". 

 

e 
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If the volume of voids is taken as “n,” the volume of 

solids, by definition of void ratio will be “1-n” and total 

volume equal to “1”. 

 

 

5. Degree of Saturation: It is the ratio of the volume of 

water to the volume of voids. 

Degree of saturation = (volume of water/ volume of voids) 

s = (Vw/Vv) % 

When s = 0%                dry soil 

          s = 100%                saturated soil 

         0 < s < 100%                partially saturated soil   

2.1.2 Weight Relationships  

6. Water Content or Moisture Content: it is the ratio of the weight of water to 

the weight of soils. 

Water content = (weight of water / weight of dry soil)*100% 

 

 

2.1.3 Soil Unit Weight  

7. Total unit weight (Bulk unit weight) (t): It is the total weight of soil per total 

volume 

Total unit weight = (total weight of soil mass / total volume of soil mass)  

 

8. Dry Unit Weight (d): It is the weight of soil solids per total volume of the soil 

mass. 

 Dry unit weight = (total weight of soil solids / total volume of soil mass)  
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9. Water Unit Weight (w): It is the weight of water per total volume of the water 

mass. 

Water unit weight = 9.81 kN/m3 

10. Saturated Unit Weight (sat): It is the weight of saturated soil per unit of total 

volume of the soil mass. 

Saturated unit weight = (total weight of saturated soil mass / total volume of 

soil mass) 

 

11. Submerged Unit Weight (Buyout Unit Weight) (b) = (sat) - (w)    

2.1.4 Soil Density 

Total density (Bulk density),  𝜌𝑡 =
𝑀

𝑉
  ……Kg/m3 

Dry density, 𝜌𝑑 =
𝑀𝑑

𝑉
….kg/m3  

Saturated density, 𝜌𝑠𝑎𝑡 =
𝑀𝑠𝑎𝑡

𝑉
….kg/m3  

Submerge density, b = sat - w kg/m3, w = 1000 kg/m3 

1000 kg = 9.81 kN 

12. Unit Weight of Solids (s): It is the ratio of weight of solids to the volume of 

solids. 

 

 

13.  Specific Gravity (Gs): It is the ratio of the weight of a given volume of soil 

solids to the weight of an equal volume of distilled water. 

Specific gravity = (weight of a given volume of soil solid / weight of an equal 

volume of distilled water) 
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Important Relationships  

S e =  Gs 

 

 

 

 

 

 

Prove: 

S.e =. Gs 

 

 

 

S.e =. Gs, if soil is saturated then e =. Gs 

 

 

SPECIFIC GRAVITY 

gravel  2.65 - 2.68 

sand 2.65 - 2.68 

silty sand 2.66 - 2.70 

silts 2.66 - 2.70 

inorganic clays 2.70 – 2.80 

organic soils variable may fall below 2.0  

soils high in mica, iron 2.75 - 2.85 
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Example (2.1) 

 

 

Solution 

𝛾𝑠𝑎𝑡 =
𝑤𝑠𝑎𝑡

𝑉
=  

𝑤𝑠𝑎𝑡

𝑉
∗

𝑤𝑠

𝑣𝑠
∗

𝑣𝑠

𝑤𝑠
=  (

𝑤𝑠𝑎𝑡

𝑤𝑠

𝑉
𝑣𝑠

) ∗
𝑤𝑠

𝑣𝑠
 

= (

𝒘𝒔 + 𝒘𝒘

𝒘𝒔

𝒗𝒔 + 𝒗𝒗

𝒗𝒔

) ∗
𝑤𝑠

𝑣𝑠
∗

𝜸𝒘

𝒘𝒘

𝒗𝒘

=
𝒆

𝝎
(

𝟏 + 𝝎

𝟏 + 𝒆
) 𝜸𝒘 

prove 

Example (2.2) 

For a moist soil sample, the following are given: 

Total volume: V = 1.2 m3, Total mass: M = 2350 kg, Moisture content:  = 

8.6%, and specific gravity of soil solids: Gs= 2.71 

Determine the following: (a). Moist density, (b). Dry density, (c). Void ratio 

(d). Porosity, (e). The degree of saturation, and (f). The volume of water in 

the soil sample. 

Solution 

Part (a) 
 

Part (b) 

 

Part (c)  
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Part (d) 

 

Part (e) 

 

 

Part (f) 

Use the following figure and solve the problem using alternative solution  
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Example (2.3) 

The following data are given for a soil: Porosity; n = 40%, Specific gravity of 

the soil solids; Gs = 2.68, Moisture content:  =12% 

Determine the mass of water to be added to 10 m3 of soil for full saturation. 

Solution  

 

 

 

 

 

 

 

Mass water needed for 1 m3 =  

Total mass of water must be added =  

Example (2.4) 

In its natural condition, a soil sample has a mass of 2290 g and a volume of 

1.15 × 10–3 m3. After being completely dried in an oven, the mass of the 

sample is 2035 g. The value of Gs for the soil is 2.68. Determine the bulk 

density, unit weight, water content, void ratio, porosity, the degree of 

saturation and air content. 

Solution 
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Example (2.5) 

A soil sample with t/w = 1.91, Gs = 2.69 and  = 29%. Find n, e, and S.  

Solution  

Gs =
𝛾𝑠

𝛾𝑤
→ 𝛾𝑠 = 9.81 ∗ 2.69 = 26.389 𝑘𝑁/𝑚3 

Since all values given in the example are unit less assume the Vs is 1 m3 

𝛾𝑠 =
𝑊𝑠

𝑉𝑠
→ 𝑊𝑠 = 26.389 ∗ 1 = 26.389 𝑘𝑁 

𝛾𝑡

𝛾𝑤
= 1.91 → 𝛾𝑡 = 1.91 ∗ 9.81 = 18.737𝑘𝑁/𝑚3 

𝜔 =
𝑊𝑤

𝑊𝑠
→ 𝑊𝑤 = 0.29 ∗ 26.389 = 7.65 𝑘𝑁  

Total weight = Ws + Ww = 26.389+7.65 = 34.04 kN,  

𝛾𝑡 =
𝑊

𝑉
→ 𝑉 =

34.04

18.737
= 1.817 𝑚3 

𝑒 =
𝑉𝑣

𝑉𝑠
=

1.817 − 1

1
= 0.817, 𝑛 =  

𝑒

1 + 𝑒
∗ 100% =

0.817

1 + 0.817
∗ 100% = 45% 

𝑆 =
𝑉𝑤

𝑉𝑣
∗ 100% =

7.65
9.81

0.817
∗ 100% = 95.5% 
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Example (2.6) 

For a saturated soil; given d = 17.70 kN/m3; and ω = 18%; determine (a) sat, 

(b) void ratio, e (c) Gs, and (d) moist unit weight when the degree of saturation 

is 50%.  

Solution 

S.e =. Gs, when soil saturated S = 100% 

1*e = 0.18 * Gs,                𝐺𝑠 =
𝑒

0.18
 

 

 

 

 

 

 

 

For S = 50%  

S.e =. Gs                0.5 * 0.481 =  * 2.672                 = 0.09, % = 9.0% 

𝛾𝑡 =
𝜔 + 1

1 + 𝑒
𝐺𝑠𝛾𝑡 =  

0.09 + 2.672

1 + 0.18
∗ 9.81 =  19.29 𝑘𝑁/𝑚3 

       

  

  

 

 

 

 

 

 

 



 

Civil Eng. Dept. – College of Eng.               Soil Mechanics                  Assistant Prof. Dr. Ahmed Al-Obaidi 

(24) 
 

2.2 Soil Texture 

Soil texture is an important soil characteristic that drives crop production and 

field management. The textural class of soil is determined by the sizes of 

particles that make up soil vary over a wide range. Soils are called gravel, 

sand, silt, or clay, depending on the predominant size of particles within the 

soil.  

Gravels are pieces of rocks with occasional particles of quartz, 

feldspar, and other minerals.  

 

Sand particles are made of mostly quartz and feldspar  

 

 

Silts are the microscopic soil fractions that consist of very fine 

quartz grains and some flake-shaped particles that are 

fragments of micaceous minerals.  

Clays are mostly flake-shaped microscopic and 

submicroscopic particles of mica 

 

In general: Soil may be divided into two main classes 

1- Coarse-grained or non- cohesive or cohesionless soils (Gravel and Sand) 

 Excellent foundation material for supporting structures and roads. 

 The best embankment material. 

 The best backfill material for retaining walls. 

 Might settle under vibratory loads or blasts. 

 Dewatering can be difficult due to high permeability. 

 If free draining does not frost susceptible 
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2- Fine-grained or cohesive soils (silt and clay) 

 Very often, possess low shear strength. 

 Plastic and compressible. 

 Loses part of shear strength upon wetting. 

 Loses part of shear strength upon disturbance. 

 Shrinks upon drying and expands upon wetting. 

 Very poor material for backfill. 

 Poor material for embankments. 

 Practically impervious. 

 Clay slopes are prone to landslides. 

2.3 Description of Individual Soil Particles 

2.3.1 Particle size characteristic  

To describe soils by their particle size, several organizations have developed 

particle-size classifications. The table below shows the particle size 

classifications developed by the Massachusetts Institute of Technology (MIT), 

the U.S. Department of Agriculture, the American Association of State 

Highway and Transportation Officials (AASHTO), and the U.S. Army Corps of 

Engineers and U.S. Bureau of Reclamation.  

In table below, the MIT system is presented for illustration purposes only. This 

system is important in the history of the development of the size limits of 

particles present in soils; however, the Unified Soil Classification System 

(USCS) is now almost universally accepted and has been adopted by the 

American Society for Testing and Materials (ASTM). The figure below shows 

the size limits in a graphic form. 
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According to MIT: 

Coarse-grained soils: Boulders > 300mm 

Cobble 150-300mm 

Gravel 2-150mm 

Sand 0.06- 2 mm 

Fine –grained soil:    silt 0.002-0.06 mm 

Clay < 0.002 
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2.3.2 Particle shape  

Equal-dimension, sphere, blade, rod, disk, flaky, and needle   

2.3.3 Degree of roundness  

 

 

 

 

 

 

 

 

 

 

2.3.4 Surface texture  

Dull or polished and smooth or rough  

2.3.5 Soil Color  

 gray  

 yellow 

 brown 

 red  

 blue  etc  

 

 

Soil color is influenced by the amount of proteins present in the soil. Yellow or 

red soil indicates the presence of iron oxides. Dark brown or black color in soil 

indicates that the soil has a high organic matter content. Wet soil will appear 

darker than dry soil.  

 

https://en.wikipedia.org/wiki/Proteins
https://en.wikipedia.org/wiki/Iron_oxides
https://en.wikipedia.org/wiki/Soil_organic_matter
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2.3.6 Composition of a soil particle  

The nature and arrangement of the atoms in a soil particle (composition) have 

a significant influence on engineering properties of soil (permeability, strength, 

compaction, and stress transmission of soil) 

In general, the soil atoms classified as silicates, carbonates, phosphates, and 

oxides. The most important are the silicate minerals which accounts for 90% 

of the total soil in the world. 

2.4 Clay Minerals 

Clay minerals are complex aluminum silicates composed of two basic units: 

1. Silica Tetrahedron:  

Each tetrahedron unit consists of four oxygen 

atoms surrounding a silicon atom. The 

combination of tetrahedral silica units gives a 

silica sheet. Three oxygen atoms at the base 

of each tetrahedron are shared by 

neighboring tetrahedral.  

 

 

 

2. Alumina octahedron 

The octahedral units consist of six hydroxyls surrounding an aluminum atom, 

and the combination of the octahedral aluminum hydroxyl units gives an 

octahedral sheet. (This also is called a gibbsite sheet)  
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Sometimes magnesium replaces the aluminum atoms in the octahedral units; 

in this case, the octahedral sheet is called a brucite sheet. 

In a silica sheet, each silicon atom with a positive charge of four is linked to 

four oxygen atoms with a total negative charge of eight. However, each 

oxygen atom at the base of the tetrahedron is linked to two silicon atoms. This 

means that the top oxygen atom of each tetrahedral unit has a negative 

charge of one to be counterbalanced. When the silica sheet is stacked over 

the octahedral sheet, these oxygen atoms replace the hydroxyls to balance 

their charges. 

Three important clay minerals,  

Kaolinite consists of repeating layers of elemental silica-

gibbsite sheets, as shown in the figure and is about 7.2 

Å thick. In this clay, the bonding is through electrical 

bonds and resists entering water between the 

layers thus the clay has medium viscosity and high 

strength and low swelling 

Montmorillonite has a structure similar to that of 

illite, that is, one gibbsite sheet sandwiched 

between two silica sheets. In montmorillonite, 

there is the isomorphous substitution of 

magnesium and iron for aluminum in the 

octahedral sheets. Potassium ions are not present 

as in illite, and a large amount of water is attracted to the 

space between the layers. This clay has low resists for 

water entering thus the clay has medium viscosity and 

low strength and high swelling 

The illite layers are bonded by potassium ions. The 

negative charge to balance the potassium ions comes 
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from the substitution of aluminum for some silicon in the tetrahedral sheets.  

In dry clay, the negative charge is balanced by exchangeable cations like 

Ca+2, Mg+2, Na+, and K+ surrounding the particles being held by electrostatic 

attraction. When water is added to clay, these cations and a few anions float 

around the clay particles. This configuration is referred to as a diffuse double 

layer.  

 

 

 

 

 

 

 

 

2.5 Structure of Compacted Clay Soil 

If the clay is compacted with a low moisture content, the diffuse double layers 

of ions surrounding the clay particles cannot be fully developed; hence, the 

inter-particle repulsion is reduced. This reduced repulsion results in a more 

random particle orientation and a lower dry unit weight.  

When the moisture content of compaction is increased, the diffuse double 

layers around the particles expand, which increases the repulsion between 

the clay particles and gives a flocculation structure  
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Homework Chapter (2) 
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