Chapter 1: Properties of Building Materials
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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Properties of building materials

Properties of building materials include physical, mechanical, thermal,
chemical, economic, and aesthetic properties.

Physical properties include density, specific gravity, porosity, moisture
content, void ratio, degree of saturation, etc.

Mechanical properties include stresses, strain, stiffness, hardness, toughness,
creep, fatigue, etc.

Thermal properties include thermal conductivity, thermal expansion, etc.
Chemical properties include the resistance to acids, sulfate, alkalis,
oxidation, etc.

Economic characteristics include mainly the cost and the availability of the
materials.

Aesthetic properties may include color, smoothness of the surface, quality,
and size of cross-sections.

Physical properties

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

volume should be understood clearly.
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Vt =Vs +Vw +Va

Vv =Vw +Va

W1 = total weight, Ws - weight of solids, Ww - weight of water; V1 = total
volume: V'S = volume of solids: VW = volume of water: V @ = volume of air:

V'V = volume of voids.

1.4.1 Density (p)

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

below.

PZV—

P = density (kg/m?) or (g/cm?)

M = mass (kg) or (g)

V' = volume (m?) or (cm®)

Density can be divided into two types as described below.

1)  Bulkdensity (pp)

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

Mt (Ms +Mw
Vt Vs 4V

Lo
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Where,
Mt - total mass; Vit - total volume : Ms = mass of solids:; Mw - mass of

water; Vs - volume of solids; VvV - volume of voids.

2)  Solid density (ps)
The ratio of mass of solid to the volume of solid only.
_ Ms

Vs

Where,

Ps

MS = mass of solids; V'S = volume of solids.
1.4.2 Unit weight (y)

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

below.

W

7/:\/_andW =M .g

Where,

¥ = unit weight (N/m); W = weight (N); V= volume (m®): 0 = acceleration

of gravity (m/s°).
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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 (p) (As): Density is the mass per unit volume

of a material. It is defined by:
P=7

Where:
p = Density (kg/m3) or (g/cms3).
M = Mass (kg) or (g).

V =Volume (m?3) or (cm?).

s There are two types of density :

I- Bulk density (py) : Is the ratio of the mass of material to
the total volume, including the voids.

M=Ms+M, and V=V +V,

. M +M,,
P = 7
V5+VV

Where:

Vs = Volume of solids V, =volume of voids
Ms = solid Mass M,, = water mass

V =total volume M = total mass.

1
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li-Solid density (ps) : Is the ratio of the mass of solid

material to the volume of solid material only, without

any voids.
M
pS - VS
Where:

Ms = solid Mass and Vs =Volume of solids.

2) Unit weight (y) (4i3sh488sh) : is the weight per unit

volume of a material. It is defined by:
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Where:

Y = Unit weight (N/M3).

W= weight (N).

V =volume ( M3).

g = is acceleration of gravity (rate of change of
velocity,

Given in (m/s?).

3) Specific gravity (Gs) (=8 0isY): Is the ratio between
the density of the solid material and the density of

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

s because the density of distilled water in this
temperature is equal (1 g/cm®) or (1000 kg/m3) ,
% Yy =9.81kN /m3

Ps
G.= ==
' Pw
Vs
G.= ==
 Yw
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4) Porosity (n) (3=wal) : Is the ratio between the size of the

voids in the material to the total size.

4
n=-+

5) Voids ratio (e) (<& 4wd) : |s the ratio between the

volume of voids to the volume of solid material.

6) Moisture content (m) (i ssiaall) : Is the percentage
ratio between the weight of the water in the voids to the

weight of solid material.

m%:muflw*lﬂﬂ%

S
Where :
W,, = Weight of water .
Ws = Weight of solids.
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7) Degree of saturation (s) (a&<d4a,9): Is the percentage
ratio between the volume of water in the voids material to

the total volume of voids.

S%:[;—W* 100 %

v
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Example:

In the laboratory test a sample of a brick has the
following characteristics: The total volume of 2116 cms,
the total mass of 3555¢g, 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:
_Pps _ P _ 8
Gs—pw - 183=-— -ps=183 /cm3
Ms 1 83 3250 v
= — - . = -
ps Vs Vs S

=1775.96 cm3
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V=Vs+V, — 2116=177596 +Vv — Vv=340.04 cm’®

Vv 340.04
1-n—7— 2166—0.16
|4 340.04
2-e=— ,e=———=0.19
Vs 1775.96
Mw
3- m=m*100% , Mw =M — Ms

=3555 — 3250 = 305g

5
*100% = 9.4%

Mw = 3250

- s=" +100%
Vv

_Mw_ 305

Vw = = 305cm3
pWw 1

= 0H =
S 340.04*100/0 89.7



V-¢ Mechanical Properties

Mechanical properties is related to the behavior of a
material under the influence of applied loads.
The external forces applied on a material called loads,
this load trying to change the shape of the material. As a
result an internal forces ( which are equal in magnitude and
opposite in direction of external forces ) creates in the
material which makes it in equilibrium.

\) Stress (0) : (w2Y)
Is the amount of force applied to the unit area.(N/mmY)
(Mpa) or (kN/mY)

P
o= —
A

Where :
P = force applied (N).
A = area (mm').

A
P £
4-[ <
P
4.( G= P/IA

12




There are several types of stresses depend on the
type of forces acting. For example :

\. Compression stress.
Y. Tension stress.

¥. Shear stress.

¢. Torsion stress.

Tension Comprossion Showr

+
=

13




Y) Strain (€) (J=ii) :
is defined as the amount of deformation per unit
length of an object when a load is applied.
Longitudinal Strain is calculated by dividing the total
deformation of the dimension parallel to the direction of

applied forces by the original dimension (L,):

gy = 4L
LO
Where :
AL = Change in length,
Lo = Original length.
Lateral Strain is calculated by dividing the total
deformation of the dimension vertical to the direction of

applied forces by the original dimension (D,):

L, = Original depth.

Ep = —
D D, I Elongitudinal
Where : E :
AL = Change in depth, E i «—>
: i Erateral
: I

14




¥) Poisson’s ratio (v) (G« 4xsi) : The Poisson’s ratio is the
ratio of the lateral strain to the longitudinal strain within
the elastic limits

the greatest value for this ratio is equal to (.¢), that rubber
is the closest while the other material are less than this
value, which is equal to (-.Y) for steel and (:.\°-+.Y) for
concrete

o AL/L

— ‘11
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Example:

Steel bar diameter ('-mm) proved to be the distance
between the two points (°+mm), a tensile force (AkN) was
applied on it that increased the distance between the two
points by (:.Y°mm) and decreased the diameter by
(+.++Y°emm). Calculate :

'. Stress generated in the steel bar.

. Longitudinal Strain and Lateral Strain.

". Posison’s Ratio.

Solution :

_mD* m10?
T4 4

= \H\,O\fmmv

O6=—=———=\:\AY mpa

e AL _ 0025
L™ L, 50

=!.iit°

e 2 AD _ 0.0015
>~ p, 10

=q_¢u~\ﬂ

ep _ 0.00015
g, 0.0005

v=

16




¢) Classification of Building Materials according to the

nature of deformation :

‘. Elastic materials : the material that has the ability to

recover its original shape after the removal of the load

applying on it. Such as (rubber).

¥. Plastic Materials : the material that cannot recover its

original shape after the removal of the load applying

on it. Such as (clay).

Y. Elasto-Plastic Materials :

the material that has the

ability to recover part of the changes in its shape after

the removal of the load applying on it. Such as Such as

Steel, concrete and wood..

) Stress-Strain Curve :

is a graph derived from measuring

stress versus strain for a sample of a material. The nature

of the curve varies from material to material.

ultimate stress% ................................................

Yield stress

Stress

|
!

-------------------

Failure point

4

plastic region

Strain'

ultimate

strain
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Example:

Compression force was applied gradually to a sample
of concrete. If the stresses generated in the sample and
its corresponding strain are listed in the table below.
Draw a stress-strain curve.

Stress(Mpa) +« © Y« Yo Y. e
Stralnx) ' v Y 8 T4 v vy
Solution :
4 Stress
21 (Mpa)
18
15 o,
12
9
6
3 -‘ Strain

3 6 9 12 Is 18 i R T
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“* Typical Stress-Strain Curve :

Stress |
Uttim ate L o i i o e = e — T . — >
Stress /\Fradure
. c E
Yield Stress o
Proportional 7|~
Limit
Strain
0 &
Linear Plastic Strain
Hardening

'. Elastic Strain: Is the strain that subsides after the removal
of the applied stress.
plastic Strain : Is the strain that which not subsides after the
removal of the applied stress.

v, Elastic Range : Is stresses range that do not to cause
plastic strains.

¢. Yield Strength : Is the stress at which gets increase in strain
without any increasing in the stresses.

. Ultimate Strength: Is the maximum stress can be applied on
the material before they fail.

1. Strain hardening : Increase in stresses by an increases in

strain without a collapse in the material.
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+» Stress-Strain Curve for some materials :

\. Brittle Materials (“<2 2s4): Is the material that fails without
any clearly deformations. Such as glass.

6 1

Y. Ductile materials [4lhs J5e) : Is a material that fails with

large deformations. Such as steel.

20




1) Modulus of Elasticity or Young's Modulus (E) : Is the

ratio of stress to strain at the elastic stage.

Where :
E = Modulus of Elasticity (N/ mm").

21




V) Elongation (e%) (dkiwy) : Is the largest amount of
elongation occurs at failure. Or is the ratio between the
amount of the resulting elongation at failure and the
original length.

AL
Elongthen e% = 5" 100%

Example :
PL
Prove AL = =
Solution :
E g = P € = AL
e’ AT T T L
E=—— o AL= 2%
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Example :

Find percentage elongation of a steel rod, when it is
subjected to an axial pulling force of ¢+ KN. whose
diameter is ¥+ mm and it is ¥ m long. Take E= Y+« X V.’
MPa.

Solution :

D2 =;—E 302 = V-"l_AOAmm*

50x1000
706.858

>
n

mIQ S~ »IS

=V« V¥ iMPa

Q
]

m
]

70.736
200X 105

™
|

>
b~
| Q
I

t
n
5

1.062
3000

AL
e%z _L—*]_OO%'_' x\..z =t.|ri°z
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