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Properties of Building Materials

Engineers are responsible for the selection, specifications and quality control of
materials to be used in a job. The principal properties of building materials
predetermine their applications. Only a good knowledge of the properties of
materials allows a correct choice of materials for the construction of certain
structure.

Two types of properties of building materials are discussed below:

(A) Physical Properties

(1) Density (p):

Density is the mass of a unit volume of homogeneous material. It is
denoted by the following equation:

p=M/V (gm/cm?), where:

M = mass ( gm),p
V =volume (cm?)

Density of some building materials:

Material Density (gm/cm®)
Brick 25-2.8
Granite 26-29
Portland cement 29-3.1
Wood 1.5-1.6
Steel 7.8-79



(2) Bulk Density (p,):

Bulk density is the mass of a unit volume of material in its natural state (with
pores and voids). The following equations are used for bulk density:

M
= =— (kg/m?), where:

M = mass of specimen (kg)
V = volume of specimen in its natural state (m®)

Note : Bulk density may be expressed in ( gm / cm?), but this may presents some
Inconvenience and this is why it is generally expressed in (kg /m?). For
example, the bulk density of reinforced concrete is preferably expressed as
(2500 kg/m?) rather than (2.5 gm/ cm?).

For most materials, bulk density is less than density, but for liquids and materials
like glass and dense stone, the two parameters are practically the same.
Properties like strength and heat conductivity are greatly affected by their bulk
density.

Bulk densities of some building materials are given below:

Material Bulk Density (kg/m?)
Brick 1600 — 1800
Granite 2500 - 2700
Sand 1450 - 1650
Pine Wood 500 -- 600
Steel 7850

(3) Density Index (p_) is the ratio of bulk density divided by the density.

p, = Bulk density / density = %‘

Density index indicates the degree to which the volume of a material is filled with

solid matter. For almost all building materials ( p _) is less than 1.0 because there
are no absolutely dense bodies in nature.

2



(6) Porosity (n)

Porosity is the degree to which the volume of the material is filled with pores.
Porosity is expressed as a ratio of the volume of pores to the volume of the
specimen.

Vv

n=-—

V,r =
Porosity is indicative of other properties of the material, such as bulk density , heat
conductivity, durability, etc. Dense materials which have low porosity are used for
constructions requiring high mechanical strength. On the other hand, walls of
buildings are commonly built of materials with high porosity. The following is the

relationship between the void ratio (e) and the porosity:

(7) Void Ratio (¢)

Void ratio is defined as the ratio of volume of voids (Vv) to the volume of
solids (Vs).

Methods of Measuring Voids
There are two methods commonly used for measuring voids in a material:

(i) Direct method:

This method consists of determining the volume of water required to fill the voids
in a given quantity of a material. Since in pouring water into fine aggregate it is
impossible to expel all the air between the particles, the measured voids are smaller
than the actual. Therefore, the above direct method should not be used with fine
aggregate unless the test is conducted in a vacuum.
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(9) Ductility:
Ductility is defined as the ability of a material to undergo large deformations
without rupture before failure.

Ductility Requirements for Buildings
Ductility in concrete is defined by the percentage of steel reinforcement within it.
Mild steel is an example of a ductile material that can be bent and twisted without
rupture.

For structural members such as steel, ductility may be defined as the ratio of
absolute maximum deformation to the yield of the material. This can be defined
with respect to strains, rotations, curvature or deflections.

Strain based ductility definition depends almost on the material, while rotation or
curvature based ductility definition also includes the effect of shape and size of the
cross-section.

In general, the ductility of concrete is increased by the following:-

¢ An increase in compression steel content .
® An increase in concrete compressive strength.
¢ An increase in ultimate concrete strain.
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Fig. (1.1) - Behavior of ductile material (steel)
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(10) Brittleness
Brittleness is a property of a material that will fail suddenly without undergoing
noticeable deformations.
Brittle structures do not give notice before failure and may collapse and the
occupants of a building may not have time to take measures to prevent collapse.

Concrete is an example of brittle material. To avoid failure of structures, the
structural engineer must take all measures to increase the ductility of structures.
The structural engineer should design a structure functioning as a ductile one by
suitably anchoring the reinforcement, thus the ductility of the structure can be
increased to greater extent with little increase in cost.

(11) Durability
Durability is the ability of a material to resist the combined effects of atmosphere
and other factors.

A material is considered with good durability when it can resist the following
factors:

e Creep and Shrinkage

¢ Chloride resistance

e Sulfate resistance

e Freezing and thawing resistance

e Corrosion resistance

¢ Carbonation

(12) Toughness

Toughness is the property of certain materials which can absorb much energy and
deform greatly without rupture under high impact and vibration.

Tough materials are characterized by high tensile strength and high compressive
strength such as structural steel, wood and rubber. Tough materials should be used
in structures bearing impact and vibration, such as in roads, bridges, cranes and
beams.



(B) Mechanical Properties

The important mechanical properties considered for building materials are: strength,
compressive stress, tensile stress, bending , impact, hardness, plasticity, elasticity and
abrasion resistance.

( a ) Hardness

Hardness refers to the property of a material to resist pressing-in or scratch
of a sharp object. The materials of different kinds of hardness need various testing
methods. The hardness of steel, wood and concrete is tested by pressing-in method.
For example Brinell hardness (HB) test is expressed by the pressure loaded on the
press mark per unit area. The hardness of natural minerals is often tested by scratch
hardness machine.

Fig.(1.2) - Hardness testing machine
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