
Physical Properties of Materials



Density
• Density ( ), the volumetric mass density, is the mass of a unit volume of

homogeneous material, practical density. The density at all points of a

homogeneous object equals its total mass divided by its total volume. The

mass is normally measured with a scale or balance; the volume may be

measured directly (from the geometry of the object) or by the

displacement of a fluid.



The volume under absolute compact conditions refers to the solid

volume without the volume of inner pores. Except steel, glass, asphalt

and a few other materials, most materials contain some pores in

natural state. In the measurement of the density of a porous material,

the material is ground into powder at first; the powder is dried to

fixed mass; and then the solid volume is measured by Lee's density

bottle; finally the density is calculated by the above formula. The finer

the powder is ground, the more real the size will be. Thus the density

value is more correct.

is the density (g/cm3);

is the mass under dry conditions (6);

is the volume under absolute compact conditions (cm3).

Density: is the dry mass per unit volume of a substance under

absolute compact conditions. It is defined by:



Apparent Density
Apparent density is the dry mass per unit volume of  a 

substance under natural conditions. It is defined by:

is the apparent density (kg/m3);

is the mass under dry conditions (kg);

is the volume under natural conditions (m3).

The volume of  a substance under natural conditions refers to 

the solid volume and the volume of  inner pores. 



If it is a regular shape, the volume can be directly measured; if it

is in an irregular shape, the volume can be measured by the liquid

drainage method after sealing pores with wax; the liquid drainage

method can be directly used to measure the volume of sandstone

aggregate utilized in concrete but the volume here is the solid

volume plus the volume of closed pores-without the volume of

the pores open to the outside. Because the sandstone is compact

with only a few pores, the volume of the pores open to the outside

is little. Thus the volume measured by the liquid drainage method

can be called apparent density which is called virtual density in

the past.

The quality and volume change with the water content. Generally,

apparent density refers to the density of a substance under dry

conditions. Other moisture conditions should be specified.



Bulk Density
Bulk Density ( ): is a property of powders, granules, and

other "divided" solids, especially used in reference to mineral
components (soil, gravel). It is defined as the mass of many
particles of the material divided by the total volume they
occupy. The total volume includes particle volume, interparticle
void volume, and internal pore volume. The bulk volume of a
material—inclusive of the void fraction—is often obtained by a
simple measurement (e.g. with a calibrated measuring cup) or
geometrically from known dimensions.



Bulk density refers to the per unit volume of a substance

under the conditions that powdery or granular materials are

packed. It is defined by:

Bulk density is measure by volumetric container. The size of

volumetric container depends on the size of particles. For

example, 1L volumetric container is used to measure sand and

IOL, 20L, 30L volumetric containers are used in the

measurement of stone.



Density of  some building materials is as follows:





Solidity and Porosity
Solidity refers to the degree how the volume of  a material is 

packed with solid substances, which is the ratio of  the solid 

volume to the total volume. It is defined by:

Porosity (P) is the percentage of  the pores volume to the total 

volume with the volume of  a substance. It is defined by:

The relationship between solidity and porosity can be expressed as:

D+P=1





Fill Rate and Voidage

Voidage (P') is the percentage of the void volume among
granules to the bulk volume in the bulk volume of granular
materials. It is defined by:

Fill Rate (D')is the degree how granules pack the granular 

materials in the bulk volume. It is defined by:

Voidage reflects the compactness among granules of  the granular 

materials. The relationship between fill rate and voidage can be 

expressed as:



Hydro-properties of  Materials
Hydrophilicity and Hydrophobicity:

When the material is exposed to water in the air, it will be

hydrophilic or hydrophobic according to whether it can be

wetted by water or not. If it can be wetted by water, it is the

hydrophilic material; if not, it is the hydrophobic material.

When materials are exposed to water droplets in the air,

there will be two cases, shown as Figure 2.1. In the

intersection of the material, water and air, a tangent is

drown along the surface of the water droplet, and the angle

between the surface and the tangent is angle 8, known as

wetting angle.



When angle 0 is smaller than or equals to 90" ( <90°), the

material is hydrophilic, such as wood, brick, concrete and

stone. The atttactive force between materials molecules and

water molecules is stronger than the cohesive force between

water molecules, so the materials can be wetted by water.

The hydrophobic materials are moisture-proof and waterproof,

usually used for water-resistant materials or the surface

treatment for the hydrophilic materials in order to reduce water

absorption and improve impermeability.



The Water Absorption and Hygroscopicity

Water absorption refers to the property of absorbing water when

materials are exposed to water. It is expressed by the water-

absorption ratio. And there are two types of expression:

(1)Specific Absorption of Quality:

Specific absorption of quality refers to the percentage of the

absorbed water to the dry mass when the material absorbs

water to saturation. It is defined by:



(2) Specific Absorption of  Volume:





The water absorption will have a negative impact on

materials’ nature. If a material absorbs water, its quality will

increase, its volume will expand, its thermal conductivity

will increase and its strength and durability will decrease.

















Thermal Properties















Thermal Expansion: (9)

Practically all materials expand as temperature increases and

contract as temperature falls. The amount of expansion per unit

length due to one unit of temperature (DT) increase is a material

constant and is expressed as the coefficient of thermal expansion.

 The coefficient of thermal expansion is very important in the

design of structures. Generally, structures are composed of many

materials that are bound together. If the coefficients of thermal

expansion are different, the materials will strain at different rates.

The material with the lesser expansion will restrict the straining of

other materials. This constraining effect will cause stresses in the

materials that can lead directly to fracture.

 Stresses can also be developed as a result of a thermal gradient in

the structure. As the temperature outside the structure changes and

the temperature inside remains constant, a thermal gradient

develops. When the structure is restrained from straining, stress

develops in the material.








