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1.1 Introduction  

Building material can be defined as any material that is used for a construction 

purpose. Several natural materials, such as clay, sand, wood, and rocks, have been 

used in construction. Also, many man-made products are in use, have been in use 

for a long time such as cement, bricks, and concrete blocks.  

Building materials (or construction materials) may vary in their physical, 

mechanical, and chemical properties. Also, the ability of these materials for 

carrying loads may vary as well. Also, the ability of their resistance to the natural 

condition can be different. Therefore, engineers must study the properties of 

building materials since it will help them to select the suitable materials at the 

lowest possible cost.  

 Building materials that are used in a specific project service for different 

purposes and must meet the requirements for that project. For example, 

structural materials should have suitable mechanical properties to resist the 

applied loads, waterproof materials should be impermeable and water-resistant, 

wall materials should be able to insulate heat and sound. Also, in general, 

building materials should be durable against external factors such as wind, rain, 

and sun.  
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1.2 Classification of building materials  

There are different ways to classify the building materials based on their nature, 

and uses. The following is the most common classification.  

 

1) Chemical classification  

Based on the chemical components, building materials can be classified into 

inorganic and organic materials.  

A. Inorganic materials can be divided into three groups. 

a. Metals such as steel, iron, aluminum, etc. 

b. Metalloid such as natural aggregates, cement, concrete, glass, etc.  

c. Metal-metalloid composition such as reinforced concrete.  

B. Organic materials such as plastics, wood, rubber, petroleum, etc.  

2) Function classification  

Based on this classification, building materials can be classified as follow.  

A. Structural materials: materials that are mainly used to resist loads such as 

reinforced concrete and steel that are used in beams, columns, foundation, 

etc.  

B. Nonstructural materials: typically, are the materials that are not designed to 

carry loads such as brick or wood partitions.  
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1.3 Properties of building materials  

Properties of building materials include physical, mechanical, thermal, 

chemical, economic, and aesthetic properties.  

1) Physical properties include density, specific gravity, porosity, moisture 

content, void ratio, degree of saturation, etc. 

2) Mechanical properties include stresses, strain, stiffness, hardness, toughness, 

creep, fatigue, etc. 

3) Thermal properties include thermal conductivity, thermal expansion, etc.  

4) Chemical properties include the resistance to acids, sulfate, alkalis, 

oxidation, etc.  

5) Economic characteristics include mainly the cost and the availability of the 

materials.  

6) Aesthetic properties may include color, smoothness of the surface, quality, 

and size of cross-sections. 

1.4 Physical properties  

Before getting into the physical properties, the relationship between weight and 

volume should be understood clearly. 
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Figure 1. Weight – Volume relationship 

Where,  

Wt Ws Ww   

And,  
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Vt Vs Vw Va    

Vv Vw Va   

Wt = total weight, Ws = weight of solids, Ww = weight of water; Vt = total 

volume; Vs = volume of solids; Vw = volume of water; Va = volume of air; 

Vv = volume of voids.  

1.4.1 Density (ρ) 

Density can be defined as the mass per unit volume of a material as described 

below.  

M

V
 

 

 = density (kg/m
3
) or (g/cm

3
) 

M = mass (kg) or (g) 

V = volume (m
3
) or (cm

3
) 

Density can be divided into two types as described below.  

1) Bulk density (ρb) 

The ratio of the mass of the material to the total volume (including voids).  

b

Mt Ms Mw

Vt Vs Vv


 
   

   
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Where,  

Mt = total mass; Vt = total volume ; Ms = mass of solids; Mw = mass of 

water; Vs = volume of solids; Vv = volume of voids. 

2) Solid density (ρs) 

The ratio of mass of solid to the volume of solid only.  

s

Ms

Vs
 

 

Where,  

Ms = mass of solids; Vs = volume of solids. 

1.4.2 Unit weight (γ) 

Unit weight can be defined as the weight per unit volume of a material as described 

below.  

W

V
 

 and  .W M g  

Where,  

 

 = unit weight (N/m
3
); W = weight (N); V = volume (m

3
); g = acceleration 

of gravity (m/s
2
).  
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1.4.3 Specific gravity (Gs) 

1.4.4 Porosity (n) 

1.4.5 Void ratio (e) 

1.4.6 Moisture content (m) 

1.4.7 Degree of saturation  

1.4.8 Examples and assignments  
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1) Density (𝝆) (الكثافة):  Density is the mass per unit volume 

of a material. It is defined by: 

         𝝆 =  
𝑴

𝑽
 

 

Where: 

ρ = Density (kg/m³) or (g/cm³). 

M = Mass (kg) or (g). 

V = Volume (m³) or (cm³). 

 

 

 

 There are two types of density : 

i- Bulk density (ρb) : Is the ratio of the mass of material to 

the total volume, including the voids.  

 

  M = Ms + Mw     and       V =  Vs  + Vv 

 

     𝝆𝒃 =
𝑴𝒔+𝑴𝒘

𝑽𝑺+𝑽𝑽
 

Where: 

Vs = Volume of solids       Vv  = volume of voids      

Ms = solid Mass                 Mw = water mass          

V = total volume                M = total mass. 
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ii- Solid density (ρs) : Is the ratio of the mass of solid 

material to the volume of solid material only, without 

any voids. 

 

𝝆𝒔 =  
𝑴𝒔

𝑽𝒔
 

 

Where: 

Ms = solid Mass      and     Vs = Volume of solids. 

 

 

 

2) Unit weight (𝛄) (  is the weight per unit : (الكثافة الوزنية

volume of a material. It is defined by: 

𝜸 =  
𝑾

𝑽
 

 

And    W = M . g 

∴  𝜸 =  
𝐌 . 𝐠 

𝑽
 

𝜸 =  𝝆 . 𝒈 
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Where: 

       𝜸 = Unit weight (N/M³).  

       W= weight (N). 

       V = volume ( M³). 

       g = is acceleration of gravity (rate of change of 

velocity,       

              Given in (m/s
2
). 

 

 

 

3) Specific gravity (Gs) (  Is the ratio between :(الوزن النوعي

the density of the solid material and the density of 

distilled water at a temperature (+4C°). 

 

 because the density of distilled water in this 

temperature is equal (1 g/cm
3
) or (1000 kg/m³) ,  

 𝜸𝒘 = 𝟗. 𝟖𝟏 𝒌𝑵 /𝒎𝟑 

𝑮𝒔 =  
𝝆𝒔
𝝆𝒘

 

 

𝑮𝒔 =  
𝜸𝒔
𝜸𝒘
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4) Porosity (η) ( ةساميالم ) : Is the ratio between the size of the 

voids in the material to the total size. 

 

   η = 
𝑽𝒗

𝑽
 

 

5)  Voids ratio (e) (  Is the ratio between the : (نسبة الفراغات

volume of voids to the volume of solid material. 

 

e = 
𝑽𝒗

𝑽𝒔
 

 

6)  Moisture content (m) (  Is the percentage : (المحتوى المائي

ratio between the weight of the water in the voids to the 

weight of solid material. 

 

m% = 
𝑾𝒘

𝑾𝒔
∗ 𝟏𝟎𝟎 % 

Where : 

Ww = Weight of water . 

  Ws = Weight of solids. 
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7)  Degree of saturation (s) (  Is the percentage :(درجة التشبع

ratio between the volume of water in the voids material to 

the total volume of voids. 

 

S% = 
𝑽𝒘

𝑽𝒗
∗ 𝟏𝟎𝟎 % 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Chapter 1: Properties of Building Materials 
 

6 
 

Example: 

     In the laboratory test a sample of a brick has the 

following characteristics: The total volume of 2116 cm³, 

the total mass of 3555g, the mass of the solid =3250 g. 

The specific gravity of the solid = 1.83,  

Find: 

1- Porosity (n)   

2- Voids ratio (e)  

3- Moisture content (m). 

4- The degree of saturation (s) 

 

 

Solution: 

 

𝑮𝒔 =
𝝆𝒔

𝝆𝒘
  →       𝟏. 𝟖𝟑 =  

𝝆𝒔

𝟏
   → 𝝆𝒔 = 𝟏. 𝟖𝟑

𝐠
𝒄𝒎𝟑  

 

 

𝝆𝒔 =
𝑴𝒔

𝑽𝒔
      →     𝟏. 𝟖𝟑 =

𝟑𝟐𝟓𝟎

𝑽𝒔
    →    𝑽𝒔

= 𝟏𝟕𝟕𝟓. 𝟗𝟔 𝒄𝒎𝟑 
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V = Vs + Vv     →  2116 = 1775.96 +Vv    →    Vv=340.04 cm3 

 
 

1-  𝒏 =
𝑽𝒗

𝑽
=   

𝟑𝟒𝟎.𝟎𝟒

𝟐𝟏𝟔𝟔
= 𝟎. 𝟏𝟔 

  

2-  𝒆 =
𝑽𝒗

𝑽𝒔
       ,  𝒆 =

𝟑𝟒𝟎.𝟎𝟒

𝟏𝟕𝟕𝟓.𝟗𝟔 
= 𝟎. 𝟏𝟗 

 

3-   𝒎 =
𝑴𝒘

𝑴𝒔
∗ 𝟏𝟎𝟎%     ,   𝑴𝒘 = 𝑴−𝑴𝒔  

 

= 𝟑𝟓𝟓𝟓 − 𝟑𝟐𝟓𝟎 = 𝟑𝟎𝟓𝒈 

 

𝑴𝒘 =
𝟑𝟎𝟓

𝟑𝟐𝟓𝟎
∗ 𝟏𝟎𝟎% = 𝟗. 𝟒% 

 

4-   𝑺 =  
𝑽𝒘

𝑽𝒗
 ∗ 𝟏𝟎𝟎%                

 

𝐕𝐰 =
𝑴𝒘

𝝆𝒘
=
𝟑𝟎𝟓

𝟏
= 𝟑𝟎𝟓𝒄𝒎𝟑 

 

𝑺 =
𝟑𝟎𝟓

𝟑𝟒𝟎. 𝟎𝟒
∗ 𝟏𝟎𝟎% = 𝟖𝟗. 𝟕 
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