Metals
Metals: are used for various engineering purposes. They are used for making structural
members, doors, windows, roofing materials, pipes, and many other products. In order to
find the stability of various metals to be used for a specific work, it is essential to study
their composition and properties.

Classification of Metals:All the metals used in engineering works can be classified into two categories:-

A- Ferrous Metals:Ferrous metals are those metals in which the chief constituent is iron. Besides, iron
constituents like carbon, Sulphur, manganese and phosphorus …etc. also exist in various
proportions.
The ferrous metals which find their common used are:- Cast iron.
- Wrought iron.
- Steel.

B- Non-Ferrous Metals:Non-ferrous metals are those, which do not contain iron and are used widely in building
industry. The important non-ferrous metals are copper, lead, tin, zinc and aluminum.

Ferrous Metals
Iron
Low carbon steel
Medium carbon steel
High carbon steel
Cast iron
Stainless steel
Wrought iron
Others

Non-Ferrous Metals
Aluminum
Copper
Brass
Bronze
Zinc
Lead
Tin
Others
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Ferrous Metals:1- Cast iron:- Besides iron, cast iron contain carbon, silicon, phosphorus and
manganese in varying proportions .
Iron 92 to 95 %
Carbon 2 to 4.5 %
Silicon 1 to 3 %
Manganese 0.5-1%
Phosphorus 0.1-0.9%
Sulpher 0.07-0.1%

Some properties:It has a fibrous crystalline structure
[2] Brittle
[3] It has low resistance to tension, the tensile strength of an average quality of cast
iron is 150 N/mm2
[4] It has high strength in compression, the compressive strength of an average quality
of cast iron is 500 N/mm2
[5] It's melting point is about 1200 °C.
[6] It cannot withstand sudden-shocks.
[7] Because of being brittle, it cannot be welded.
[8] It's specific gravity is (7.5).
[9] It cannot be magnetized.
[10] It is neither malleable, nor ductile.
[11] It does not rust easily.
[12] Non-malleable metal, it cannot be forged
[13] Easy to manufacture and It can be easily molded
[14] Lower cost
[15] High heat resistance
[1]

Uses:1) It is used for the manufacture of steel and wrought iron.
2) It's high compressive strength makes it suitable for use in making such parts which
are subjected to compressive stresses such as supports of heavy machinery.
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3) Since it does not rust easily, therefore it is used for parts generally exposed to
atmosphere such as lamp posts, rail chairs, carriage wheels.
4) It is used as a raw material for the manufacture of steel.
5) It is used in pipe

2- Wrought iron:- it is the purest form of iron.
Composition:Iron – about 98%
Carbon content – 0.1 to 0.25 %
Slag – 2 to 3 %
Sulphur, manganese, phosphorus and silicon are present in traces.

Some properties:[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]

It has a fibrous structure with a silky luster.
It is melting point is about 1500 °C.
It can withstand shock to certain limit.
It’s ultimate tensile strength is about 400 N/mm2
It’s ultimate compressive strength is about 200 N/mm2
It's specific gravity is (7.25).
It’s brinell hardness number is 105
It cannot be form permanent magnets, but can be temporary magnetized
It is malleable and has got high ductility.
It can rust more easily than cast iron.
High heat resistance

Uses:1) It is used for making agricultural implements.
2) It is used for making rails, crane hooks, and any article capable of withstanding
sudden loads.
3) Because it is extremely easy to weld, it is largely used in ornamental iron work
4) It is used as a raw material for the manufacture of steel

3- Steel:3

Is the most important material for engineering construction. It contain carbon from (0.15
% (very soft steel) to 1.5 %(very hard steel). It is also contains small amounts of other
elements.

Composition:Iron = 99 %
Carbon contents 0.15 % to 1.5 %
Phosphorus and Sulphur less than 0.1 %
Manganese up to 0.5 %
Silicon up to 0.3 %
The higher is the percentage of carbon, the harder is the steel. Depending upon the
percentage of carbon contents steel can be classified into different groups as under:1- Very low carbon steel – having percentage of carbon below (0.15%)
2- Low carbon steel or mild steel – carbon contents rang from (0.15-0.3 %).
3- Medium carbon steel – carbon content ranges from (0.2 – 0.5 %).
4- High carbon steel – having carbon from (0.6 – 1.5 %).

High Carbon Steel:- (Hard steel)
These are also termed as hard steels and contain carbon varying from (0.6 – 1.5 %).
Besides carbon, small percentage of Sulphur, phosphorus, manganese and silicon are also
present.

Some properties:It has granular structure.
[2] It's specific gravity is (7.9).
[3] It cannot be easily forged or welded.
[4] It can absorb shocks and vibrations in a better ways.
[5] It is more elastic than mild steel
[6] It is brittle and less ductile than mild steel
[7] It rusts readily.
[8] It can form permanent magnets
[9] It cannot take much of compression
[1]
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[10]
[11]

Less malleable than mild steel and lower elongation
It is very hard

Uses:1- It is used for parts of structures and machinery where hard, elastic, shock-proof and
durable material is required.
2- It is used in prestressed concrete.
3- It is used for making knifes, needles, bolts and surgical instruments.

Low Carbon Steel – Mild Steel:The percentage of carbon in mild steel varies from (0.15 – 0.3 %) Sulphur, phosphorus,
manganese, silicon are present only in minute quantities.

Some properties:[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]

It has a bright dark bluish color
It has a fibrous structure.
It's melting point is about 1400 °C.
It can withstand sudden shocks.
It’s tensile strength is high
It's specific gravity is (7.8).
It’s malleable, ductile and elastic
It can form permanent magnets
It rusts easily and rapidly.
It can be easily forged and welded.
It can take a good amount of compression

Uses:1) It is used for making rolled structural steel sections like girders, angle section,
channel sections and T-sections ….etc.
2) It is extensively used for making bars and rode which are used as a reinforcing
material in reinforced concrete structures.
3) It is used for making refrigerators and air conditioners
4) It is used for making plain and corrugated sheets.
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5) Structure mild steel is most commonly used for general construction purpose of
buildings, bridge, towers and industrial buildings
6) It also used for making tubes

Factors affecting physical properties of steel:1- Carbon Content :a) The strength and hardness of steel increases as a percentage of carbon increases and up
to 1.5%.
b) The elongation decreases as the carbon content increases and the metal becomes less
resistance to impact.
c) The elastic range remains nearly on the same linearity , indicating that the modulus of
elasticity is nearly the same and can be considered constant for various types of steel.
d) The plastic region decreases as the carbon content increases and appears to be nil for
hard steel (high carbon steel).
e) The area under (stress-strain) curve varies with carbon content it decreases as the
percentage of carbon increases, this area represent the amount of work stored in
specimen.
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2-The presence of impurities:- The impurities present in steel are:a) Silicon:- If percentage of silicon is less than (0.2 %) it has no appreciable effect on
physical properties of steel but when silicon content is between (0.3 – 0.4 %) the strength
and modulus of elasticity are increased without decreasing ductility.
b) Sulphu:- If sulphur content is between (0.02 – 0.1 %) it has no effect on ductility and
strength, but when the percentage of sulphur is higher than (0.1 %) the strength and
ductility decreases.
c) Phosphorus:- If the percentage of phosphorus exceed (0.12 %) the strength, ductility
and the resistance to impact are decreased.
d) Manganese:- When the manganese content is between (0.3 – 1 %) it helps in
improving the strength of mild steel, but when It's content exceeds (1.5 %) the steel
becomes brittle and losses it structural value.
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3-Heat treatment processes :It is possible to alter the properties of steel by heating and cooling steel under controlled
conditions . The term heat treatment is used to indicate the process in which the heating
and cooling of solid steel is involved to change the structural and physical properties of
steel.
The purpose of heat treatment are :1. To alter magnetic properties of steel.
2. To change the structure of steel.
3. To increase resistance to heat and corrosion.
4. To increase surface hardness.
5. To make steel easily workable .
6. To vary strength and hardness.

Tensile requirements-ASTM-A615-86
Tensile requirements
Grade
Grade 300
Grade 400
Tensile strength, min., MPa
500
600
Yield strength, min., %
300
400
Elongation in 200 mm, min.,% for bar
diameter (mm):
10
11
9
15,20
9
9
25
8
30
7
35
7
45,55
7
Bar for grade 300 fabricated with diameter 10-20 mm only.
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Tensile properties – B.S 4449-1988
Grade
250

Nominal size of
bar mm

Specified
characteristics
strength, N/mm2

Minimum
elongation of
gauge length*,
%
22

All size
250
6 up to and
460
460-425
including 16 over
425
16
*Gauge length is five times the diameter of the bar

12
14
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Bricks
Classification of bricks according to constituent raw material:
I. Clay bricks
II.
Lime – sand bricks
III. Concrete bricks

I. Clay bricks:
1.Raw materials:
a. Alumina
Alumina is main constituent of every clay. Loam soil (adhesive soil) form a good clay. In
absence of sand, pure clay will develop cracks due to shrinkage on drying and burning. A
good clay bricks should contain about 20% of alumina.
b. Silica
Free silica (sand), if added to clay in suitable proportion makes hard and prevents it
from warping and shrinkage on drying. Silica, if present in greater proportion, makes a
brick brittle. Silica present in the combined form (aluminum silicate) does not form good
bricks, as it will shrink and develop cracks. Both silica and alumina should be in free
form.
c. Lime
This also should be present in small quantities in the brick earth. It should be in a finely
produced condition and it should not be in the form lamps or clods.
Lime prevents shrinkage of raw bricks. It helps fusion of sand at the kiln temperature.
This fused sand will bind the bricks particles fast.
d. Iron oxide
A small quantity of oxide of iron (5-6%) is desirable. It helps the fusion of sand like lime.
It gives red colure to burn bricks. Excess of iron oxide imparts dark blue or blackish
colure to brick, while, a lower percentage of iron oxide makes the brick yellow in colure.
Iron oxide makes the bricks hard and strong.
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e. Magnesia
A small amount of magnesia helps to decrease the shrinkage of bricks. This gives a
yellow tint to the bricks. But excess of magnesia is not desirable as it tends to produce the
decay of bricks.
2. Composition of good clay brick:
A good clay brick should contain the following:
1. Clay or alumina – Al2O3 – 20%
2. Sand or silica – SiO2 – 60%
3- Remaining ingredients, such as:
- Lime
- Iron oxide
20 %
- Magnesia
- Manganese
3. Harmful ingredients in clay bricks:
a. Excess of lime:
Excess of lime makes the colure of the brick yellow instead of red. Lumps of limestone
remaining in the finished brick are undesirable because, when such a brick comes in
contact with water, lime will begin to slake. During slaking, lime expands and also
generates heat. Due to this, stresses will be produced, which will result in producing
cracks in bricks.
b. Iron pyrites:
These will decompose and oxide the clay during the burning of bricks. After oxidation a
black discoloration will be produced on the bricks, making it look ugly.
c. Pebbles:
The presence of pebbles, girt, gravel etc. will be undesirable because they prevent the
clay from being mixed well. They prevent the manufacture of smooth and regular,
standard bricks. They also spoil the appearance of the bricks. Pebbles, gravel, grit, etc.,
should be removed before mixing and pugging of clay are done.
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e. Organic matter:
This includes leaves, twigs. Etc. of plants, roots, grass, bones of animals etc. These if
prevent and burnt along with bricks, produced empty pockets or pores and will produce
porous bricks.
f. Alkalis (MgO , K2O):
[1] It lowers the fusion temperature and molts bricks.
[2] Changes the shape of bricks or get twisted.
[3] These salts have hygroscopic action, they absorb moisture, present in the
atmosphere and keep brick damp which is harmful for health and decays the
structure.
MgO + H2O → Mg ( OH )2
K2O + H2O → 2 KOH
g. Salts:
Salts such as sodium sulphate cause efflorescence.
4. Manufacture of bricks:
Manufacture of clay bricks involves the following operation:
4.1 Preparation of clay:
a. Removal of loose soil:
The top layer of loose disintegrated soil up to about 20 cm depth has to be removed as
this contains a lot of impurities.
b. Digging, spreading and cleaning:
Next, the earth has to be dug up. For small quantity, digging may be done manually. For
large scale work, it may be done by machine.
c. Weathering:
The earth is left to weather for a few weeks, this is necessary to increase the plasticity of
soil and improves its quantity.
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d. Blending:
This refers to mixing the clay, after making it loose and adding any required ingredients
to the top of the heap.
e. Tempering:
This is necessary to make the clay fully consistent, and fit for molding into raw bricks, by
adding the required amount of water to make it plastic.
4.2 Molding:
Molds required for making a brick are made of rectangular blocks slightly large in size (
10% larger than the burnt bricks ). It is done to allow for the shrinkage of the molded
brick on drying and burning. The molding is improved by the following process:
a. Dry press process:
In this method, clay is not made sufficiently plastic, but only small amount of water is
mixed with clay as to form a damp powder. With plunger machines, this powder is
compressed in the mold, in the form of bricks. Such bricks are directly burned, no drying
is needed, but care is to be taken during burning where the temperature should be raised
gradually.
b. Stiff mud process:
In this process the clay is only sufficiently moist to process the required coherence under
moderate pressure, which results in economy of time in drying and fuel in burning. Such
clay is forced to come out of any opening having dimensions equal to length of bricks, by
means of a wire. Hence these are also known as wire cut bricks.
c. Soft mud process:
This process is used where the clay is too wet, there for, it must be dried before molding.
Bricks are molded under pressure in a soft mud brick machine, which tempers the clay in
its pigging chamber, sands or wets the molds, presses the clay into 4 to 9 molds at a time,
strikes off the excess clay, bumps the molds uniformly and dumps the bricks into a pallet.
The pallets of bricks are carried away to the dryer as fast as made.
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4.3 Drying:
As wet clay bricks come from different brick machine, they contain from 7-50% moisture
depend on whether dry press stiff mud or soft mud process has been used moisture in clay
may be classified as:
- Equilibrium moisture: is that moisture in the material which exerts a vapor pressure
equal to that exerted by the surrounding air of a given temperature and humidity.
- Free moisture: is held strongly in the pore spaces.
Most of the free water is removed in the drying process and the remaining moisture
during the burning process. Mechanical dryer, who permit of automatic control of
temperature, humidity and air velocity, have come into general use. As the free water of
the clay body is removed, the clay particles tend to coalesce causing shrinkage. The
general effect of such shrinkage is to increase the resistance to moisture flow in the dried
layers. If the drying is carried on too rapidly as by means of hot dry air, the moisture is
removed from the surface of the solid more rapidly than the interior of the solid so that
the surface harden and cracking occur. It is desirable to dry clay with moist air, reducing
the drying rate to the point where diffusion of water to the surface can keep up with the
vaporization at the surface. The average time necessary for drying clay brick is about 3
days, and the temperature required is from 38 ºC to 149 ºC.
4.4 Burning:
The burning of clay in a kiln requires an average time of 3 to 4 days. The process of
burning may be divided into the following stages:
a. Water smoking:
During this period which remove most of the water in the clay under temperature ranging
from 125 ºC to 175 ºC.
b. Dehydration:
Dehydration consists of expelling chemically combined water by breaking down the clay
molecules. It begins at about 425 ºC and complete at about 750 ºC.
c. Oxidation:
Oxidation begins during the dehydration stage. All combustible matter is consumed,
carbon is eliminated, the fluxing materials are changed to oxides, and sulfur is removed.
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1.5 Classification of clay bricks in accordance with Iraqi standard No. 25 / 1988:
Bricks used in construction works are classified into three grades:
Grade A:
Intended for use in building construction and footing subjected to loads and exposed to
sever abrasion by weathering action.
Grade B:
Intended for use in building construction subjected to loads and not exposed to sever
abrasion by weathering action, such as exterior walls not exposed to penetration of water.
Grade C:
Intended for use in building construction not subjected to loading such as interior
masonry walls and partitions, not exposed to sever abrasion by weathering action.
Appearance:
A good brick should be rectangular in shape with smooth and even surfaces. They shall
be free from cracks and flows and nodules of free lime.
Dimensions:
A good brick shall have standard dimensions as shown below:
240 mm±3%
115 mm±3%

75mm±4%

1.6 Properties of bricks:
The raw materials and the manner and degree of burning influence the physical properties
greatly and therefore wide ranges in values are to be expected for each property.
a) Compressive strength:
The test is carried out in accordance with Iraqi standard No. 24. The brick placed
between two plywood sheets and carefully centered between plates of the compression
testing machine. The load shall be applied at a uniform rate until failure occurs.
Compressive strength = Load at failure/ Cross sectional area subjected to load
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b) Water absorption:
The absorption of water by brick is often considered to be indicative of its probable
durability. The test also provides a means of checking on the consistency of the bricks
produced by one factory. In this test the specimen shall be dried to constant weight in a
ventilated oven at 110 ºC to 115 ºC for about 48 hours. Next the specimen shall be
completely immersed in clean water for 24 hours. Each specimen shall then be removed,
the surface water wiped off with a damp cloth and the specimen weight.
Water absorption = { ( W2-W1)/W1 } *100%
Where:
W2 – weight of brick after 24 hours in water
W1– weight of dry brick
c) Effloresce:
Soluble salts, if present in bricks, will cause effloresce on the surface of bricks.
Effloresce test is carried out in accordance with Iraqi standard No. 24.The test is very
useful for comparing samples of bricks from different sources, such as when we want to
test bricks from several different factories at one time. In this test take a representative
sample of 10 bricks and place them on end in the pan containing distilled water to a depth
of 2.5 cm for 7 days. Allow the bricks to dry for 3 more days in similar pan not
containing water.
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The effloresce shall reported as:
Nil – No effloresce visible.
Slight- A thin deposit of salts on less than 10% of the area of the brick.
Moderate- A heavier deposit of salts covering between 10-50% of the area of the brick,
but no powdering or flaking of the surface.
Heavy – A heavy deposit of salts covering more than 50% of the area, but no powdering
or flaking of the surface.
Serious – A heavy deposit of salts and some powdering and flaking of the surface.
Compressive strength, water absorption and effloresce according to Iraqi standard
No.25/1988
Minimum compressive strength
Minimum water absorption
2
N/mm
%
Grade Effloresce
Average for 10
For one
Average for
For one brick
bricks
brick
10 bricks
A
Slight
16
18
22
20
B
Slight
11
13
26
24
C
7
9
28
28
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Question 1:
From the experimental work on brick samples we obtain the following results:
 Weight of saturated brick with water =3520 gm
 Absorption percent =15%
 Compression load =1.2 Ton
Determine the compressive strength and dry density and explain the brick grade and
where we can use in construction works?

Question 2:
From the experimental work on brick samples we obtain the following results:
 Mass of dry brick by oven=3260 gm
 Mass of saturated brick with water =3520 gm
 Compression load at failure =0.55 Ton
Determine the compressive strength, absorption percentage and dry density and explain
the brick grade and where we can use in construction works?

Question 3:
During the experimental work on Iraqi clay brick samples for efflorescence test the areas
of efflorescence as the following:
Shape
Square
Circle
Rectangular
Length =10 cm
Dimension
Length =10 cm Diameter = 6cm
Width =5 cm
Compressive load =1.1 Ton
Determine the efflorescence percentage and explain the brick grade and where we can
use in construction works?

Question 4:
From the experimental work on brick samples we obtain the following results:
 Mass of saturated brick with water =3660 gm
 Absorption percent =10%
 Compression strength =24 Mpa
Determine the compressive load that caused the failure in (kg) and dry density and
explain the brick grade and where we can use in construction works?
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Question 5:
During the experimental work on Iraqi clay brick samples we obtain the following
results:
 The efflorescence for all samples is light
Samples
1
2
3
4
5
6
7
8
9
10
Compressive
20
21
22
23
24
25
26
23
25
22
strength (Mpa)
Absorption (%)
22
24
23
22
26
21
20
20
21
24
Determine the compressive load that caused the failure in (kg) and dry density and
explain the brick grade and where we can use in construction works?
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II. Sand –Lime bricks
1. Raw materials:
The raw material required for manufacture of sand –lime bricks are as follow:
a) Sand
The sand used in sand-lime should meet the physical and chemical requirements of Iraqi
standard No. 572:
I. Contain not less than 70% silica.
II. Well graded between 0.005 – 0.5 mm.
III.
Free from impurities such as organic matter, rock, minerals and soluble salts.
IV.
The percentage of clay not more than 10%
V. Iron compounds not more than 1.5%.
VI. Gypsum content not more than 1%.
VII. ( CaO + MgO ) not more than 5%.
b) Lime:
The lime used in sand lime brick should meet the requirements of Iraqi standard No. 572:
I.
II.

Activity of lime shall not be less than 83%.
The percentage of lime retaining on 75 μm sieves should not be greater than 2%.

c) Water:
Water used in sand lime brick should be fit for drinking
d) Pigment:
To make colored sand lime bricks, suitable coloring pigment should be added in the
mixture of sand and lime. The quantity of pigment varies from 0.2 to 3% of the total
weight of the brick.
2. Mix proportion:
The percentage of lime should be between 9-15% of the weight of sand.
3. Manufacture:
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a) Sand, lime and pigment are taken in suitable proportion and they are thoroughly
mixed with a required quantity of water.
b) The material is then molded in the shape of the bricks under mechanical pressure
(150-200 kg/cm2).
c) Bricks are then placed in closed chamber and subjected to saturated steam pressure
of about 8.5-16 kg/cm2 for 6-12 hours to speed up the interaction between lime and
sand. The process is known as autoclaving.
CaO + H2O + SiO2→CaO.SiO2.H2O ‘Tobermorite’’Hyderous Calcium Silicate
Ca(OH)2 + CO2 → CaCO3 + H2O
4. Properties of lime sand brick:
a) The raw materials of these bricks do not contain any soluble salt. Hence the troube
of effloresces does not arise.
b) If plaster is to be provided on sand lime bricks, the quantity of mortar required will
be less as bricks are uniform in size and shape.
c) These bricks are hard and strong
d) These bricks are uniform in colure and texture
e) Sand lime bricks are used for ornamental work.

III. Concrete bricks:
These bricks are manufacture from a mixture of Portland cement and aggregate for use in
brick masonry. Typical aggregate include sand, gravel, crushed stone and blast furnace
slag. Mix proportion varies from 1:2:4 to 1:8:16 according to the required bearing
capacity. These bricks are often made hollow for economical purposes and to reduce the
weight of the brick. The dimensions of the brick are as follow:

21

Uses:
Concrete bricks are widely used for construction purposes especially in areas where soils
are not suitable for manufacture of clay bricks and may be used in the construction of
bricks panels for light weight structures and multistory formed structures.
Properties of concrete bricks:
a) The using of these bricks save time and effort as brick are light in weight and big
in size.
b) These bricks give good bonding with plastering materials used in their
construction.
c) These bricks have accurate size and shape.
d) These bricks can produced with various bearing capacity according to the cement
content used in their production.
e) The weight of bricks can be controlled by varying the size of openings.
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Bonding materials
Material with adhesive and cohesive properties which make it capable to bond mineral
fragments into a compact whole. This definition embraces a large variety of cementing
materials, among them:
I. Gypsum plaster
II. Lime
III. Cement

I. Gypsum plaster
Gypsum plaster comprise all that class of plastering and cementing materials which are
obtained by partial or complete dehydration of natural gypsum and to which contain
materials that serve as retarders or hardeners, or that impart greater plasticity to the
product, may not have been added during or after calcinations.
1. Raw materials – Gypsum rocks:
Pure gypsum is a hydrous lime sulfate (CaSO4 . 2H2O), the composition of which by
weight is:
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Natural deposit of gypsum are very seldom pure, the lime sulphated being adulterated
with silica, alumina, iron oxide, calcium carbonate and magnesium carbonate. The total
of all impurities varies from a very small amount up to a maximum of about 6%.
2. Manufacture of gypsum plaster:
a) Process of manufacture:
There operations are involved in the process of manufacturing plaster. Crushing, grinding
and calcinations. Rock gypsum is crushed to fragments about 25mm in diameter, which
are passed through a finishing mill. The grain gypsum is then calcined in rotary kilns.
b) Theory of calcinations:
If pure gypsum is subjected to any temperature above 100 ºC, but not exceeding 190 ºC,
three-fourth of the water of combination originally present is driven off:
100 -190 ᵒC

CaSO4.2H2O

CaSO4 .½ H2O + 1½ H2O

The resultant product is called plaster of Paris (CaSO4 .½ H2O). Plaster of Paris readily
recombines with water to form gypsum, hardening in a very few minutes:
CaSO4 .½ H2O + 1½ H2O

CaSO4.2H2O

If the gypsum is calcined at temperature much above 190 ºC it losses all its water of
combination, becoming an anhydrous sulfate of lime:
T> 190 ᵒC

CaSO4.2H4O

CaSO4 + 2 H2O

3. Gypsum products:
3.1 Plaster of Paris:
Produced by calcinations of a pure gypsum, no foreign materials being added either
during or after calcinations.
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Uses:
[1]
[2]
[3]

It is used as a wall plaster in finish coat.
It is used as a mortar for masonry construction.
It is used for casting ornamental work.

Chemical requirements in accordance with Iraqi standard No. 28/1988:
[1] The sum of soluble salts expressed as ( Na 2O+MgO ) not more than 0.25% by
weight of plaster.
[2] The percentage of chemically combined water should be between 4-9%.
[3] The percentage of impurities not more than 5%.
[4] The percentage of SO3 not less than 45%
[5] The percentage of CaO not less than 30%.
Physical requirements in accordance with Iraqi standard No. 28/1988:
[1] Fineness: The percentage retained on 1.18mm sieve not more than 0%.
[2] Setting time should be between 8-25 minute.
[3] Mechanical resistance: The diameter impression resulted by a dropping ball not
more than 5mm.
[4] Compressive strength: Not less than 5MPa for standard cube 50*50*50mm.
[5] Modulus of rupture: Not less than 1.5MPa
3.2 Ordinary plaster:
It is a hemi hydrate product ( CaSO4 .½ H2O ), produced by the calcinations of a gypsum
containing certain natural impurities or by the addition to a calcined pure gypsum of
certain materials which serve to retard the set or render the product more plastic.
Uses:
[1]
[2]

It is used as a wall plaster in first coat.
It is used as a mortar for masonry construction.

Chemical requirements in accordance with Iraqi standard No. 28/1988:
[1] The percentage of SO3 not less than 35%.
[2] The percentage of CaO not less than 25%.
[3] The sum of soluble salts expressed as ( Na 2O+MgO) not more than 0.25% by
weight of plaster.
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[4]
[5]

The percentage of chemically combined water not more than 9%.
The percentage of loss of ignition not more than 9%

Physical requirements in accordance with Iraqi standard No. 28/1988:
[1] Fineness: The percentage retained on 1.18mm sieve not more than 8%.
[2] Setting time should be between 8-25 minute.
[3] Compressive strength: Not less than 3MPa for standard cube 50*50*50mm.
3.3 Technical plaster:
It is produced by mixing two types of plaster: Hemi hydrate product ( CaSO 4 .½ H2O )
and anhydrous product (CaSO4) with 50% for each.
Uses:
[1]
[2]

It is used as a wall plaster in first coat.
It is used as a mortar for masonry construction.

Chemical requirements in accordance with Iraqi standard No. 28/1988:
[1] The percentage of SO3 not less than 50%.
[2] The percentage of CaO not less than 27%.
[3] The sum of soluble salts expressed as ( Na 2O+MgO ) not more than 0.25% by
weight of plaster.
[4] The percentage of chemically combined water not more than 9%.
[5] The percentage of loss of ignition not more than 9%
Physical requirements in accordance with Iraqi standard No. 28/1988:
[1] Fineness: The percentage retained on 1.18mm sieve not more than 5%.
[2] Setting time should be between 12-20 minute.
[3] Compressive strength: Not less than 6MPa for standard cube 50*50*50mm.
[4] Modulus of rupture: Not less than 2MPa
[5] Mechanical resistance: The diameter impression resulted by a dropping ball not
more than 5mm.
3.4 Anhydrous plaster:
It is produced by the complete dehydration of gypsum, the calcinations being carried on
at temperature exceeding 180 ºC. It has low solubility in water compared with ordinary
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plaster, thus certain material can be added during the grinding process to increase its
ability to react with water.
Uses:
[1]
[2]

As wall plaster in all coats.
It is used as a mortar for masonry construction.

3.5 Keen cement:
It is anhydrous plaster produced the calcinations, at a red heat or over, of gypsum to
which certain substances, usually ( Al2(SO4)2.18H2O) had been added.
Properties:
[1] Its set is extremely slow, usually between 1-7 hours.
[2] It gains in strength very gradually, but ultimately attains a great degree of hardness
and a strength exceeding that of any ordinary gypsum plaster.
[3] Its plasticity is high.
[4] Its resistance to water is higher than ordinary plaster.
Uses:
[1]
[2]

It is used as a wall plaster in finishing coat and corners.
It is used as a wall plaster in areas exposed to moisture instead of cement and lime.

Properties of gypsum plasters:
a) Setting and hardening:
The term “ setting “ is meant the initial loss of plasticity, whereas “ hardening “ means
the subsequent gain in strength and in ability to resist indentation or abrasion. The setting
of plaster of Paris and other gypsum plasters is a process recombination of the partly or
totally dehydrated lime sulfate or gypsum.
b) Percentage of water in plaster:
The water-plaster ratio is greatly affecting the strength of plaster. The higher the water
plaster ratio, the greater are the plasticity and flow ability of plaster, but when it exceed
the optimum value, part of water remain between paste particles and tends to pull the
particles apart, reducing the cohesion between them and between the plaster and building
units and leading to a reduced strength and durability.
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c) Condition of setting:
The strength of plaster drops to a large degree when the plaster remains wet for a long
period exceeding 3-days after setting. The reason is due to decomposition of some of
plaster crystals in water, leading to reduced chemical adhesion.

II. Lime
1. Definition and classification:
i. Quick lime:
Is the name applied to the commercial form of calcium oxide CaO, obtained by the
calcinations of a stone in which the predominating constituent is calcium carbonate
CaCO3, often replaced, to a greater or less degree by magnesium carbonate MgCO3, this
product being one that will slake on the addition of water.
ii. Hydrated lime:
Is quick lime has been chemically satisfied with water during manufacture.
2. Raw materials – Lime stone rocks:
Pure lime stone rocks consist entirely of CaCO3. Pure calcium carbonate consists of 56
parts by weight of CaO to 44 parts of CO2.
Lime stones encountered in practice depart more or less from this theoretical
composition. Part of the lime is almost always replaced by a certain percentage of
magnesia MgO. In addition to magnesia, silica, iron, oxide and alumina are usually
present and too slight extent, sulfur, and alkalies.
The physical character of the lime stone has an effect upon the burning temperature. A
naturally, coarse, porous stone is acted upon by heat much more rapidly than a dense,
finely crystalline stone, and may be burned more rapidly and at a lower temperature.
3. Manufacture of lime – Theory of calcinations:
The burning or calcinations of lime accomplishes three objects:
[1] The water in the stone is evaporated.
[2] The lime stone is heated to the request temperature for chemical dissociation.
[3] The CO2 is driven off as a gas, leaving the oxides of calcium and magnesium.
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4. Uses of quick lime:
Lime may be used as:
a. Building materials.
b. Finishing materials.
5. Properties of quick lime:
[1] Plasticity:
The term “ plasticity “ is commonly used to describe the spreading quality of the material
of the material in plastering. If it spreads easily and smoothly, it is plastic, if it sticks
under the trowel, or cracks, and drops behind the trowel, it is non plastic.
[2] Sand- carrying capacity:
Practically all lime used structurally is made up in the form of mortar by the addition of
sand to lime paste for the following reasons:
 Sand is cheaper than lime.
 To diminish the great shrinkage which accompanies the setting and hardening of
lime, and to prevent the consequent cracking.
 To counteract the extreme stickiness’ of some high- calcium limes.
It is important that the “sand- carrying capacity” of the lime be properly established. If
too little sand is used, excessive shrinkage will cause a weakening of bond between the
plaster or mortar and the masonry materials or plastered surface. On the other hand, too
much sand produces a non plastic and weak mortar.
[3] Setting time:
The setting of lime and lime mortar is a chemical process involving the evaporation of
the large excess of water used in forming the lime paste, followed by the gradual
replacement of the water of hydroxide by CO2 in the atmosphere, causing the lime
hydrate to revert to the original calcium carbonate.
CaO + H2O → Ca(OH)2
Ca(OH)2 + CO2 → CaCO3 + H2O
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[4] Tensile and compressive strength of lime mortars:
The physical properties of lime mortar vary with the:
i. Chemical composition of the lime: Magnesia lime makes it stronger than calcium
limes.
ii. Character of the sand: Fine sand makes stronger mortar than coarse sand.
iii. The amount of water: Suitable amount of water produces stronger lime mortar.
iv. The conditions under which the mortar sets: The humidity and amount of CO2 in
the atmosphere influence the rate of setting of lime drying the air and charging it
with carbon dioxide, greatly accelerating the setting process.
6. Hydrated lime:
Process of manufacture:
Hydrated lime is a dry powder resulting from the hydration, at the place of manufacture,
of ordinary quick lime. Three stages of manufacture characterize the preparation of
hydrated lime:
[1] The quick lime is crushed or pulverized to a fairly small size.
[2] The crushed materials are thoroughly mixed with a sufficient quantity of water.
[3] The slaked lime is, by air separation, screening, or other wise separated from
lumps of anhydrate lime and impurities, or the entire mass must be finely
pulverized.
Uses:
Hydrated lime may be used as:
[1] Building materials.
[2] Finishing materials.
Properties:
[1] Mortar prepared from hydrated lime is generally inferior to those prepared from
quick lime from the stand point of plasticity and sand – carrying capacity.
[2] The strength of hydrated lime mortars, both in tension and in compression, is some
what higher than that of the corresponding quick lime mortars.
[3] Hydrated lime mortars are more quickly setting than from ordinary quick lime
mortars.
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Timber
Timber has been one of the primary materials of engineering construction; it is widely
used for structural purpose.
The engineering should have some knowledge of the classification of trees and of their
growth and structure in orders to understand the fundamentals of the physical and
mechanical properties of timbers.
Classification of trees:
For the engineering purposes, trees are classified according to their mode of growth:
Trees :
a) Endogenous
b) Exogenous :
I. Soft woods
II. Hard woods
a) Endogenous trees:
This group is confined largely to tropical semitropical regions. Timber from these trees
has very limited engineering applications. Example of endogenous tress is:
- Palms: because of their long, straight stems are some times locally used as piles.
- Bamboo: Is used structurally to a considerable extent.
b) Exogenous trees:
These trees increase in bulk growing outer bark and annual rings are formed in the
horizontal section of such a tree. Timber which is mostly used for engineering purpose
belongs to this category. This timber can be divided into two groups:
I. Soft woods: Such as deodar
II. Hard woods: such as oak and teak.
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Structure of wood:

Cross section of an exogenous tree
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Structural axes of wood:
1. Longitudinal axis: Parallel to the length of the fiber
2. Tangential axis: Perpendicular to the fibers and tangential growth rings.
3. Radial axis: Perpendicular to the fibers and to the growth rings. i.e. parallel to the
wood rays that radiate from the center of a tree as seen in cross section.

Moisture of timber:
Freshly cut wood from live trees is said to be in green condition. Green wood contains
moisture in two general forms:
I. Free moisture: contained in the cell cavities of the walls.
II. Hygroscopic moisture: held in submicroscopic capillaries of the cell walls.
In the green condition, the cell walls of wood are almost saturated but the amount of free
water varies widely between the species and even between sapwood and heartwood of the
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same species. Moisture content is expressed as a percentage of the oven dry weight of
wood.
Fiber Saturation point:
The moisture content at which all free water is removed ( i.e. cell cavities empty ) while
the cell walls are fully saturated. Changes in moisture content below the fiber saturation
point are associated with shrinkage and swelling, as well as variation in strength and
elastic properties and other properties. Fiber saturation point in range general between 20
to 32%.
Density and specific gravity:
The specific gravity of wood is its density (weight per unit volume) relative to that of
water. By convention, the specific gravity of wood is based on weight of oven dry only
per unit volume. Because of shrinkage the oven dry in a given piece occupies different
volumes, depending on moisture content of the piece. Average specific gravities of
woods based on oven dry weight and volume range between 0.13 to 1.20 while the
specific gravity of wood substance itself, is about 1.5, regardless of species.
Consequently the specific gravity of any particular species of wood is a measure of the
relative amount of solid substance per unit volume, e.g. wood with a specific gravity of a
contains ⅓ solid wood substance, the remainder of its volume being occupied by cell
cavities, intercellular species and cell wall capillaries.
Seasoning of wood:
As a result of daily and seasonal fluctuations in relative humidity and temperature, most
wood in service continually gaining or losing moisture. The most practical means of
minimizing trouble some variations in moisture content is by seasoning timber prior to its
fabrication finished products or used structurally so the object of seasoning is to lower the
moisture content of the wood a point at which the swelling and shrinkage is reduced a
minimum for given conditions.
Seasoning process:
There are two principle methods of seasoning timber:
a) Natural seasoning: This consists of stacking the timber the air, and allowing it to
dry naturally, the water being expelled gradually and shrinkage occurring
informally. This process takes from two to four years to complete.
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It is necessary to stack the timber with intervals between each so that the air can circulate
all around.
b) Artificial seasoning: Avery large proportion of commercial timber is now dried by
the kiln methods more particularly in the case of hardwoods. The advantages of
kiln drying lie in the rapidity of the process and in the possibility of controlling the
various factors influencing the correct seasoning results.
The three principle factors concerned in these methods are:
[1] The temperature of the process.
[2] The moisture.
[3] The circulation.
Proper kiln can control the rate and degree of drying, that the tendency during drying to
warp and split is reduced minimum. Uneven shrinkage may occur when the loss of
moisture from the surface is greater than that from the interior. This shrinkage can be
controlled by supplying moisture inside the kiln which assists in keeping the surface soft
until the heat has penetrated to the interior, so that warping and cracking are prevented.
In artificial drying, temperatures of 70 to 82ºC are useful employed for a period
depending on the type of wood.
Shrinkage, warping and checking in drying:
The shrinkage of woods in drying is due to the loss of moisture from the walls of the
cells. Shrinkage from green to oven dry condition in different species ranges as
following:
Volumetric 7 to 21%
Longitudinal 0.1 to 0.3%
Radial 2 to 8%
Tangential 4 to 14%
The amount of shrinkage varies in different direction being small longitudinal in the
direction of the fibers, contractively large radial, and greatest tangentially. The different
between tangential and radial shrinkage is explained by the fact that bands of dense
summerwood are continuous in tangential direction and shrink a great deal forcing the loc
of springwood along with them. However, in a radial direction summerwood bands
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alternate with bands of less dense springwood, and the total shrinkage is the summation
of shrinks of summerwood and springwood which is smaller than for all summerwood.

The warping of lumber is due either to unequal drying different portions or to unequal
shrinkage of both radial and tangential direction. The warping can be classified into:
[1] Bow:
This defect is indicating by the curvature formed in the direction of length of timber as
shown in Fig.:

Cup:
This defect is indicating by the curvature formed in the transverse direction of timber as
shown in Fig.:
[2]
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Cup:
When a piece of timber has spirally distorted along its length, it is known as twist:
[3]

Checking of timber in drying is a result of the inability of the timber to accommodate
strains consequent upon unequal shrinkage.
Types of checking:
I. Temporary checking:
A great many small checks occur particularly in the ends of timbers, owing to the more
rapid drying from the cross section and the consequent extent of shrinkage of the end
portion. These checking are considered temporary, because they close up and becomes
impressible as the inner portion of the timber dries and shrink.
II. Permanent checking:
Large checking, caused by the shrinkage of timber in a longitudinal direction along the
rings which is greater than that along the radius.
III. Case hardened checking:
Some woods, mostly hardwoods, become case hardened when rapidly dried in the kiln,
that is the outer port dries and shrinks, and commonly checks, while the interior is still in
its original conditions. The drying of the interior is thus retarded, but when it does occur
great internal strains are set up, resulting in the formation of large or numerous radial
checks follow the rays. When these checks are comparatively small, but numerous, the
wood is said to be honeycombed. Case hardening of timber may be avoided by air
seasoning before placing in the kiln or by admitted steam to the kiln.

Natural defects in timber:
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1. Knots: one of the most common defects, they originate in the timber cut from the
stem or branches of a tree because of the encasement by the successive annual
layers of wood.
Knots can be classified as:
a. Pin knots – does not exceeded 6.5 mm
b. Small knots – between 6.5-20mm.
c. Medium knots – between 20-40mm
d. Large knots – greater than 40mm.

Effect of knots:
In structural beams the effect of knots on the bending strength largely depends upon their
location. Knots in the tension side of a beam near point of maximum stress will have a
significant effect on the maximum load a beam will sustain, whereas knots on the
compression side are somewhat less serious. Knots in any position have little effect on
shear. Stiffness of beams is not greatly affected by knots.
In long columns, in which stiffness is the controlling factor, knots are not of importance.
In short or intermediate columns, the reduction in strength caused by knots is
approximately proportional to the size of the knot, although large knots have a somewhat
greater affect than small ones.
Knots increases hardness and strength in compression perpendicular to grain. Knots are
harder to work and machine than the surrounding wood, may project from the surface
when shrinkage occurs, and are a cause of twisting.
2. Shakes:
There are cracks which partly or completely separate the fibers of wood.
Shakes can be classified into:
a. Cup shakes: These are caused by the rupture of tissue in a perpendicular direction
as shown in Fig1.
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b. Heart shakes: These cracks occur in the center of cross- sectional of tree and they
extend from pith to sap wood in the direction of modularly rays as shown in Fig. 2.
These cracks occur due to shrinkage of interior part of tree. Heart shakes divide the
tree cross sectional into two to four parts.

c. Ring shakes: When cup shakes cover the entire ring, they are known as radial
shakes, Fig. 3.

d. Star shakes: These are cracks which extend from bark towards the sap wood.
They are usually confined up to the place of sap wood. They are usually formed
due to extreme heat or frost, Fig. 4.

e. Radial shakes: These are similar to star shakes, but they are fine, irregular and
numerous. They usually occur when tree exposed to sun for seasoning after being
felled down. They run for a short distance from bark towards the center, Fig. 5.
39

f. Wind shakes – If wood is exposed to atmospheric agencies, its exterior surface
shrinks. Such a shrinkage results into cracks as shown in Fig. 6.

Mechanical properties of woods:
The intelligent use of wood for any structural purpose requires a general knowledge of
the mechanical properties of different woods, in order that one selected may conform in
its structure qualities to the requirements imposed, and in order that a given purpose may
be served at a um expense.
[1] Tensile strength:
Timber in construction is practically never subjected to pure tensile stresses for the
simple reason that the end connections cannot be so devised that they do not involve
either shear along the grain. or compression across the grain
Failure in tension across the grain involves principally the resistance offered by the
thinner – walled wood elements to being tern apart longitudinal.
[2] Compressive strength:
The compressive strength of wood in a direction normal to the grain is simply a mater of
the resistance offered by the wood elements to being crushed or flattened. The cells with
thinnest walls collapse first, end the action proceeds gradually.
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The compressive strength of wood in a direction // to the grain depends upon the internal
structure and the moisture content of the wood and the manner of failure is fixed by these
same factors. The individual fibers of wood act as so many hallow columns bound firmly
together, and failure involves either buckling or bending of the individual fibers or
bundles of elements.

[3] Flexural strength:
The flexural strength of timber is determined by the following formula:

Sb= 3/2 ( PL/ bh2 )

The tensile strength of all timber is greatly an excess of its compressive strength (about 3
times as much the average), and the latter will usually be the determining factor in
limiting the cross- breaking strength. (Compressive strength will always be the
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determining factor, assuming there exist no defects such as knots or uneven grain on the
tension side of the beam).
[4] Stiffness:
Stiffness of timber largely upon the same factors as strength. Dense woods are always
stiffer than open, porous woods, and heavy woods are stiffer than light woods.
Moisture and strength:
All woods gain in strength and in stiffness when thoroughly air seasoning or kiln dried.
The extent of this effect depend upon the size and type of the timbers dried only by air
seasoning, even through the process is prolonged for several months or even years,
seldom lose sufficient moisture to benefit their strength to more than a slight degree.
Such timbers, therefore, cannot be safely depended upon to show any greater strength
than if they where in the original green condition. The explanation of this fact is that a
great part of the moisture which is first evaporated from wood is water which exists only
as “ free water “ in the cell cavities, whereas only variation in the moisture content of the
walls of the wood element affects strength in any way.
The relationship between strength and moisture content can be seen in Fig. below:
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Tiles
Tiles: Construction materials used to finish the roofs and floors produced from concrete
and pressed on steel mold and have a fair face

Uses
1. To get a face (smooth) for architectal purpose
2. To protect the underneath materials from weathering factors

Projection stages
1. Preparation for raw materials
a) Portland cement type I
b) Fine gravel
c) Sand
d) Pigment )ةٍْٛ اٌّطٌٍٛ اٟ الػطبء اٌىبشٞبد١ االػزٚغ ا١خ رخٍؾ ِغ االعّٕذ االث١ٔ(ِشوجبد ِؼذ
e) Water
f) White cement
2. Mixing of raw materials
a) Face layer
 17-20% W.C
 25-33% filler
 50-55% Mosaic
b) Base layer
 21-24% OPC
 18-29 %filler
 30-32% sand
 20-26% fine gravel
3. Placing the concrete of layer of the face of tile and then placing the concrete of
the back face of the tile
4. Curing stage
 Normal
 Steam
5. Smoothing the face of tiles
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Shapes and dimension according to I.Q.S No.1043
1)
2)
3)
4)

Tile have square inclined surface with rectangular cross section
Dimensions for square tile (20x20x2.2)cm , (25x25x2.5)cm
Thickness of surface layer minimum 3mm
Variation of 1mm for length and width, and 3 mm for thickness.

Appearance
Surface layer should be without any defect such as:
Cracks: that appears on the surface start from the edge towards the center
Scalling: pieces separated from the surface
Effloresces: salts appears on the surface
Split: splitting between surface and bass the tiles

Types of Tiles:
Tiles divided according to their uses into:
I. Flooring tiles
II. Roofing tiles
III. Wall tiles
IV. Drain tiles
V. Glazed tiles
I. Flooring tiles:
 These tiles are usually square or rectangular in shape
 They should give ringing sound when stuck with each other
 Should not absorb water more than 24% by weight
 The edge should be clean, dense and sharp
 These tiles commonly made of ceramics, mosaic (terrazzo) or stone
 Floor tiles are typically set in to mortar consist of cement, sand and latex for extra
adhesion
 The spaces between tiles are filled with sanded or non sanded floor grout, but
traditionally mortar was used
 The tendency of floor tiles to strain depends not only on a sealant being applies,
and periodically reapplied but also on their porosity.
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Types of flooring tiles
[1] Natural stone tiles:
They are natural product and less uniform in color and pattern and required more
planning for use and installation. The hardness of natural stone tiles varies from softer
stone to hard stone. There are several types of natural stone tiles which are used for
flooring, walls and more, these include:
 Granite: used for kitchen and bathroom as it does not damage by water
 Slate: used for outside and inside due to its natural look and range of color
 Travertine: used for kitchen and bathroom
 Marble: it is porous and must be sealed
 Onxy: creamy-pearl appearance used for skirting around bathtubs
 Sand stone: durable with grainy look used for wall
 Rubber floor tiles: used for flooring of garage, swimming pool decks, sport court
and gyms.
 Plastic floor tiles: include interlocking floor tiles that can be installed without
adhesive or glue, suitable for areas subjected to heavy traffic, wet areas, damp or
contamination from oil. It is used in old factory floor, garages, schools, sport
complexes and shops.
Ceramic tiles
Durable poetry square or rectangular tiles have good appearance, not contaminated,
lightweight, salt and acids resistance. There are two types of ceramic tiles: porcelain and
non-porcelain, both made from feldspar and red or white clay minerals. These tiles are
formed by dry-pressed process and after pressed in to shape glaze is applied, then they
are fired in kiln to acquired the required hardness.
[2]

Properties of ceramic tiles








Durable : ideal in factories or industrial plats
Slip resistance due to its rough surfaces
Forts resistance: glazed tiles have water absorption is 0.5%
Electric insulator: used in hospital operating room
Crack resistance
Stain resistance
Environmentally friendly
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Low maintenance
Easy to clean
Cost effective
Repairable
Endless style and design options
Scratch resistance
Moisture resistance
Resistance to fire, odor and fading

Terrazzo tiles (Mosaic tiles):
Is a composite material consist of marble quartz, granite, glass poured with chemical
binder (cement) and physical binder polymers. It is used as flooring material in punlic
building, airports and shopping malls.
[3]

These tiles confirm to I.Q.S No. 1042/1984 limitation
 Dimensions: square tile with dimensions between (150x150x20)mm to
(500x500x20)mm, the variation for length and width ±1 and for thickness ±3
 Finishing and appearance: thickness of surface layer (exposure to abrasion) is more
than maximum size of aggregate used in this layer
 Max. total water absorption is 8%
 Max. face absorption 0.4 gm/cm2
 Min. modulus of rupture 3 N/mm2
 Average abrasion of tested tiles not more than 2mm

Mosaic stone should have the following properties:





Consist of crystalline siliceous particles
Insoluble salts in water not more than 0.05%
Hard and stiff and crushed to the required size
Expansion factor nearly equal to cement and aggregate expansion factor
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Characteristics of terrazzo
Used as decorative form of concrete
Smooth surface of 70% coarse marble aggregate and 30% Portland cement matrix
Combines the durability of marble with the strength of concrete
Ease of maintenance

Problems and deterioration of terrazzo tiles
 Sensitive to harsh cleaners and soaps containing water-soluble
 Avoid sweeping compounds containing oil as they may permanently discolor the
floor
 Portland cement must be sealed with penetration solvent sealer to protect the
porous cement binder.

II. Roofing tiles:
These tiles should be strong, durable and perfectly leakproof, although they are expensive
but they need less maintenance cost. They are designed to keep out rain and are made
from locally available materials.
Types of roofing tiles:
 Flat tiles: rectangular in shape laid in cement or lime mortar
 Pot or country tiles: called also pan tiles, used in rural areas
 Encaustic tiles: used for decorative purposes and consist of three layers
a) The face is thin coat of pure clay of the required color
b) The body is of coarse clay
c) The back if formed with thin layer of clay differ from the body to prevent
warping
 Concrete tiles (shtiger): made with mix proportion (1:1.5:3) and aggregate
maximum size 10 mm with adding water proofing and sometimes adding mineral
colors. Typical dimension of these tiles (80x80x4)cm, I.Q.S No. 107/1987 gives
the limitations of these tiles.

III. Ceiling tiles
Lightweight tiles used inside buildings. They are placed in aluminum grids, they provide
thermal insulation and designed to improve acoustics of a room. They often have patterns
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on the front face to aid the ability of improving acoustics. Also, they provide barrier to
the spread of smoke and fire. They are nail up or glued up or installed as dropped
ceilings.

IV. Wall tiles
Made in different designs and colors and sizes and have glazed face and used on face
work, arches and architectural ceiling. Also, there is glazed earthenware tiles which made
not to absorb more than (18%) of water and used for finishing surfaces of walls,
bathrooms, kitchens and hospitals (where clean is important)

V. Drain tiles
Long curved sections of various shapes and sizes (circular and semi-circular). They are
used for drainage water and for carrying sewage therefore they should be glazed.

Tests of tiles
Testing of tiles divided into two kinds:
I. Before the production (for raw materials)
II. After production
1. Absorption for the face
2. Absorption for tiles
3. Face must be plane
III. Shape and dimensions
IV. Modulus of rupture

MOR=
Absorption ≤ 8%
Absorption for face ≤ 0.4 gm/cm2
V.

Other tests for tiles
 Hardness : Mohr’s Scale > 6
 Compressive strength
 Resistance to chemically
 Stability of color
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Glass
Glass: Constructional material used for finishing the building.
The raw materials
1. Glass sand (SiO2) the glass contains more than (70%) from it’s weight SiO2
2. Calcite (CaCO3) the percentage of lime CaO in glass is about (7.5%)
بس اٌضعبطٙ أظٍٝغبػذ ػ٠ ٗٔ اٌٝخ ثبالػبفخ ا٠ٛاًِ اٌغِٛخ اٌضعبط ٌٍؼٚٓ ِمب١ رؾغٟ٘ :ٗفز١ظٚ
3. Dolomite Camg (CO3)2
Mgo=3.7% from glass
This oxides is important in chemical bonding with other oxides.
ذ١خ االوبع١ب ِغ ثم١بئ١ّ١َ وٛ١غ١ٕذ اٌّغ١وغٚشرجؾ ا٠: ٗفز١ظٚ
4. Soda: Na2CO3
Na2O:4.5% from weight of glass
بس اٌضعبطٙ خفغ دسعخ أظٍٝؼًّ ػ٠ :ٗفز١ظٚ
5. Bauxite Al2O3=1% from glass
ٔبد اٌضعبطٛبدح رشاثؾ ِى٠ صٍٝؼًّ ػ٠ :ٗفز١ظٚ
6. Colored Material (Cr2O3)
ْ االصسق ٌٍضعبطٌٍٛ اػطبء اٍٝٔخ رؼًّ ػٍِٛ ادِٛ :بٙفز١ظٚ

Stage of glass industry
[1]
[2]
[3]
[4]
[5]

Preparation of raw materials
Crashing and grinding of raw material
Mixing of raw material according to job formula
Transporting of the mixture (homogenous mixture by convective belts to furnaces
Firing at 1200ᵒC

Uses
i.
ii.

Good thermal and sound insulator
Used for lighting
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Types of glass used in construction
1. Transparent ordinary glass sheet with dimensions (2.5*2) and thickness (3,4,6
mm). there is a relationship between the thickness of glass sheets and the area of
window.

<0.5

Thickness of glass sheet
(mm)
3

0.5-1.5

4

>1.5

6

Area of window (m2)

2. Half transparent glass
)خ (اٌّشغش١ب اٌغضئ٠غّؼ ثبٌشإ٠ٚ خ١اٌّشافك اٌظؾٚ  اٌؾّبِبدٟغزخذَ ف٠
3. Reinforced glass
اال٘زضاصٚ اٌىغشٚ ادس اٌغشلخَٛ ؽٚ رمبٟخ ٌى٠ اٌّؾالد اٌزغبسٟغزخذَ ف٠
4. Glass resistance to breaking
شح١افز ٌٍّخبصْ اٌىجٌٕٛ اٟغزخذَ ف٠ٚ ٍُِ )2.2-3.2( ٌٝظً ا٠ ش لذ١ٌٗ عّه وجٚ خ١ اٌفشداد اٌضٕبئٟغزؼًّ ف٠
5. Reflected glass
)بدٙاعٌٛ (أٟ اٌّجبٟغزخذَ ف٠ ؼًّ ِضً اٌّشآح اٌؼبوغخ الشؼخ اٌشّظ٠
6. Glass with face like mirror
ٌٝب ِٓ اٌذاخً ا٠غّؼ ثبٌشإ٠  غشف اٌّشالجخٟغزخذَ الغشاع خبطخ ف٠ عٗ ِشآح ِٓ اٌخبسطٚ ٚصعبط ر
.غّؼ ثبٌؼىظ٠ الٚ اٌخبسط

Some properties of glass
[1]
[2]
[3]
[4]
[5]

Appearance ٔخ شفبفخٍِٛ ش١ِبدح غ
Melting point 1500ᵒC
Density about 2500 kg/m3
Weight about 2.5 kg/m3/mm, thickness (1mm)
Deflection permissible
Elastic deflection=

[6]
[7]
[8]

Brittle material
Good durability condition under normal
Heat water effects glass more than cold water
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Plastic materials
انهذائه٠ :ش١ش ٘زا اٌزؼج١ش اٌِ ٝغّٛػخ وج١شح ِ ٚخزٍفخ ِٓ اٌّٛاد اٌز ٟرىِ ْٛىٔٛبرٙب االعبع١خ ػؼ٠ٛخ ثطج١ؼزٙب
ٚاػز١بد٠ب رزى ِٓ ْٛعض٠ئبد وج١شح شجٙ١خ ثبٌغٍغٍخ ِٚجٕ١خ ِٓ عض٠ئبد اٌىبسثٚ ْٛاٌ١ٙذسٚعٚ ٓ١االٚوغغٓ١
ٚإٌزشٚعٚ ٓ١رؼزّذ خٛاطٙب ثذسعخ وج١شح ػٍِ ٝمبط اٌغض٠ئبد ٚرشر١ت اٌزساد ػّٓ اٌغض٠ئبد ٚثبٌشغُ ِٓ وْٛ
٘زٖ اٌّٛاد طٍجخ ثؾبٌزٙب إٌٙبئ١خ ف ٟدسعبد اٌؾشاسح االػز١بد٠خ ّ٠ىٓ رشىٍٙ١ب اٌ ٝاشىبي ِخزٍفخ ف ٟثؼغ ِشاؽً
رظٕ١ؼٙب رؾذ ربص١ش ؽشاسح ا ٚػغؾ ا ٚوٍّٙ١بٕ٘ .بٌه أٛاع اخش ِٓ ٜاٌٍذائٓ ِضً اٌشارٕظ االِ(Amino resin) ٟٕ١
ٚاٌّ١الِ٠ٚ (Melamine) ٓ١زى ِٓ ْٛعض٠ئبد ثضالس اثؼبد ٠ٚزٛفش ِذٚ ٜاعغ ِٓ اٌٍذائٓ راد خٛاص ِخزٍفخ ٚرخذَ
اغشاع ػذ٠ذح.
ٌَمكه ان رصىف انهذائه انى صىفٍهClassification of plastiv Materials :
[ ]1انهذائه انحشاسٌخ Thermoplastic
 ِٓ ٟ٘ٚاٌٍذائٓ اٌز ٟرزطٍت رجش٠ذ ٌغؼٍٙب طٍجخ ثؼذ رّ١١ؼٙب ثبٌؾشاسح ٚاٌزّ٠ ٟىٓ اػبدح رٍٕٙ١١ب ٚعؼٍٙب طٍجخ
ثبٌزغخٚ ٓ١اٌزجش٠ذ
[ ]2انهذائه انمزصهجخ ثبنحشاسح Thermosetting plastic
 ِٓ ٟ٘ٚاٌٍذائٓ اٌز ٟرزظٍت ثبٌؾشاسح ثغجت اٌزغ١١شاد اٌى١ّ١ب٠ٚخ فٙ١ب ٚثٛعٛد ػبًِ ِغبػذ ٚال رؾزبط اٌٝ
رجش٠ذ ؽ ٓ١سفؼٙب ِٓ اٌمبٌت وّب ٚال رزّ١غ ػٕذ رغخٕٙ١ب ٚاٌؼبًِ اٌّغزخذَ ِ٘ ٛبدح و١ّ١ب٠ٚخ ٠غشع اٌزفبػالد
اٌى١ّ١ب٠ٚخ  ِٓٚد ْٚاْ ٠شبسن ف ٟاٌزفبػً .اْ ِظبدس اٌّٛاد اٌخبَ ٌّؼظُ اٌٍذائٓ ٘ ٟاٌّٛاد اٌطج١ؼ١خ
اٌزبٌ١خ:
اٌفؾُ  ،اٌجزشٚي ،اٌؾغش اٌغ١ش ، ٞاٌٍّؼ ،اٌىجش٠ذ ،اٌٛٙاء ،اٌّبء  ،اٌغٍٛ١ٍ١ص ِٓ اٌمطٓ ا ٚاٌخشت
ٚخال ي ِشؽٍخ رظٕ١غ اٌٍذائٓ رؼبٔ ٟاٌّٛاد اٌخبَ ػذد وج١ش ِٓ اٌزؾٍالد اٌى١ّ١ب٠ٚخ ٠ٚؼبد ارؾبد اٌّٛاد ؽ١ش
رزىٌ ْٛذائٓ ِؼمذح وّب ف ٟؽبٌخ طٕبػخ االعّٕذ اٌجٛسرالٔذ.ٞ

اوُاع انهذائهTypes of plastic materials :
ٕ٘بٌه أٛاع وج١شح ِٓ اٌٍذائٓ ٚاٌز ٟرغزخذَ الغشاع ِخزٍفخ ٚع١زُ ػشع ثؼغ االٔٛاع اٌّغزخذِخ الغشاع
أشبئ١خ:
أ) كهُسٌذ انفىٍم انمضبػف االصم )Polyvinly Chloride (PVC
٠ؼزجش ِٓ اٌٍذائٓ اٌؾشاس٠خ ٠ٚزّ١ض ثبٌخٛاص ) (Propertiesاٌزبٌ١خ:
ِ مبِٚزٗ ٌٍؾٛاِغ ٚاٌمٍ٠ٛبد ع١ذح
 ال ٠زبصش ثبٌشؽٛثخ
ِ مبِٚزٗ ٌٍزآوً ع١ذح
 خف١ف اٌٛصْ ّ٠ٚىٓ رمط١ؼٗ ثغٌٛٙخ
 ػبص ع١ذ ٌٍىٙشثبئ١خ
٠ زٛفش ثّذٚ ٜاعغ ِٓ االٌٛاْ
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ِ مبِٚزٗ ٌٍذ٘ٚ ْٛاالِالػ  ّٛٔٚاٌفطش٠بد ع١ذح
َمه مضبسي اْ طالثزٗ رزغ١ش ِغ دسعخ اٌؾشاسح ؽ١ش ٠زؾًٍ ثذسعخ ( )100دسعخ ِئ٠ٛخ ٙ٠ٚبعُ ِٓ لجً
االِالػ اٌؼؼ٠ٛخ (ٚ )Estersاٌى١زٔٛبد )ِ (Ketonesشوجبد ػؼ٠ٛخ رؾؼش ثؤوغذح اٌىؾٛالد اٌضبٔ٠ٛخ

اسزؼمبالرًUses :
٠ )1غزؼًّ ثشىً لطغ ا ٚثالؽبد الٔٙبء االسػ١بد ٚرٌه ٌّمبِٚزٗ اٌؼبٌ١خ ٌٍزآوً ٌٚؼذَ رؤصشٖ ثؼذد ِٓ اٌى١ّ١ب٠ٚبد
ؽ١ش ٠زُ رضج١زٗ ػٍ ٝاالسػ١بد ثبعزؼّبي ِٛاد الطمخ ِضً االعفٍذ اٌّخفف ثطجمبد سل١مخ
٠ )2غزؼًّ ف ٟطٕبػخ االٔبث١ت اٌخبطخ ثزظش٠ف اٌّ١بٖ
٠ )3غزؼًّ وؼبصي ٌالعالن اٌىٙشثبئ١خ
ة) سارىج االٌجُكسً Epoxy Resin
سارٕغبد اٌٍذائٓ اٌّزظٍجخ ثبٌؾشاسح ثؾبٌزٙب اٌطج١ؼ١خ ٌٙ ،ب اعزؼّبالد لٍٍ١خ ٌٚىٓ ّ٠ىٓ رؾٍٙ٠ٛب اٌِٛ ٝاد ِف١ذح
ثّؼبٌغزٙب ٚرغخٕٙ١ب ٚػٕذ رؾٍٙ٠ٛب اٌ ٝاٌؾبٌخ اٌظٍجخ رجمِ ٝغزمشح ؽ١ش ال رزّ١غ ػٕذ اػبدح رغخٕٙ١ب ٌَمكه رصىٍفٍب
انى صىفٍه:
أ) سارىجبد سبئهخ:
عٛائً راد ٌضٚعخ ٚاؽئخ ٚاٌز ٟرزؾٛي ِجبششح اٌ ٝاٌؾبٌخ اٌظٍجخ ثبٌؾشاسح ػٕذ خٍطٙب ِغ ػبًِ ِؼبٌغخ ٚرزمٍز ثمب
ٌهً:
ٌ ضٚعزٙب ٚاؽئخ
 عٍٙخ اٌّؼبٌغخ ثب ٞدسعخ ؽشاسح ٚرزشاٚػ ث )150-5( ٓ١دسعخ ِئ٠ٛخ ثبالػزّبد ػٍ ٝػبًِ اٌّؼبٌغخ اٌّغزؼًّ
 أىّبشٗ ٚاؽئ خالي اٌّؼبٌغخ
ِ مبِٚزٗ اٌزالطم١خ ػبٌ١خ عذا
 لبثٍ١زٗ ػٍ ٝاٌؼضي اٌؾشاس ٞػبٌ١خ
ِ مبِٚزٗ ٌٍى١ّ١ب٠ٚبد ػبٌ١خ
 خٛاطخ اٌّ١ىبٔ١ى١خ ػبٌ١خ
ة) سارىجبد صهجخ:
رغزؼًّ ثظٛس سئ١غ١خ ف ٟاٌّؾبٌ ً١اٌطالئ١خ َرزمٍز ثمب ٌهً:
 دِّٛ٠زٙب ػبٌ١خ
ِ مبِٚزٙب ٌالؽزىبن ػبٌ١خ
 رمب َٚاٌى١ّ١ب٠ٚبد

رطجٍقبرٍبApplications and uses :
 رغزخذَ وّشوجبد ِبٔؼخ ٌٍزغشة ف ٟاالثٕ١خ ٚف ٟأشبء اٌطشق ٚف ٟاالِبوٓ اٌز ٟرزطٍت ِمبِٚخ و١ّ١ب٠ٚخ
ػبٌ١خ
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رغزخذَ وطالئبد الػّبي اٌّغبسٚ ٞاالٔفبق ٚاالٔشبءاد اٌجؾش٠خ
رغزخذَ وطالئبد طبِذح ٌٍؾش اٌى١ّ١ب ٞٚؽ١ش رىِٕ ْٛبعجخ ف ٟإٌّبؽك اٌز ٟرزطٍت عطٛؽب غ١ش عبِخ
رغزخذَ وطالئبد طبِذح ٌٍؾش اٌى١ّ١ب ٞٚؽ١ش رىِٕ ْٛبعجخ ف ٟاٌغذٚد ٚف ٟاالٔشبءاد اٌجؾش٠خ اٌّؼّٛسح
رغزخذَ ف ٟاػّبي اٌزغط١ؼ اٌغش٠ؼخ الٔشبءاد اٌخشعبٔ١خ اٌّزظذػخ ا ٚاٌّزشممخ
رغزخذَ وطالء ٌٛلب٠خ ؽذ٠ذ اٌزغٍ١ؼ ف ٟاٌخشعبٔخ ا ٚاٌظخٛس ا ٚاالؽغبس ِٓ اٌزآوً

خُاص انهذائهProperties :
ثظٛسح ػبِخ رزّ١ض اٌٍذائٓ ثبٌخٛاص اٌزبٌ١خ:
لبثٍ١زٙب ػٍ ٝاٌؼضي اٌىٙشثبئ ٟع١ذح
لبثٍ١زٙب ػٍ ٝاِزظبص اٌؾشاسح ٚاٌظٛد ع١ذح
رمب َٚاٌشؽٛثخ ٚاٌضٛ٠د ع١ذا
عٍٙخ اٌزشو١ت ػٕذ االعزؼّبي
الرؾزبط اٌ ٝط١بٔخ ٚاداِخ وج١شح
الرٙبعُ ِٓ لجً اٌؾششاد ٚاٌفطش٠بد
ّ٠ىٓ رشىٍٙ١ب ثغٌٛٙخ اٌ ٝاٌشىً ٚاٌّمبط اٌّطٍٛة
ِمبِٚزٙب ػبٌ١خ ٌٍزغ١شاد اٌغ٠ٛخ ٚاٌظذأ
خف١فخ اٌٛصْ
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Asphalt
االسفهذ :خٍ١ؾ ِٓ ِٛاد ِؼذٔ١خ خبٍِخ ِضً االٌٕ١ِٛب ٚاٌغ١ش ٚاٌغ١ٍ١ىب ..اٌخ ِغ االعفٍذ اٌم١ش(Asphaltic Bitumen)ٞ
ٌشثؾ اٌخٍ١ؾ.

رصىٍف االسفهذ Classification of Asphalt
٠ظٕف االعفٍذ اٌِ ٝغّٛػز:ٓ١
 .Iاالسفهذ انطجٍؼًNatural Asphalt :
٠زُ اٌؾظٛي ػٍ ِٓ ٗ١اٌطج١ؼخ ٠ٚظٕف اٌ:ٝ
 .aاالسفهذ انجحشي Lake asphalt
 .bاالسفهذ انصخشي Rock asphalt
االسفهذ انجحشي٠ :ؾظً ػٍ ِٓ ٗ١اٌجؾ١شاد ثبػّبق رزشاٚػ ثِ)60-3( ٓ١زش ٠زؼّٓ ؽٛاٌ ِٓ %)70-40( ٟاٌم١ش
إٌمِ )%30( ٚ ٟبء ٚاٌجبل ٟشٛائت ِٛ ٚاد ٔم١خ٠ .زه رظٕ١فٗ ثبعزؼّبي خضأبد ؽ١ش ٠زجخش اٌّبء ٚرزغّغ اٌشٛائت
ف ٟاٌمّخ ٚثزٌه ّ٠ىٓ اصاٌزٙب ٚاٌزخٍض ِٕٙب ٌٍؾظٛي ػٍ ٝاٌم١ش اٌظبف٠ٚ ٟغزؼًّ ثظٛسح ٚاعؼخ ٌالغشاع
االٔشبئ١خ ٚف ٟسطف اٌطشق.
االسفهذ انصخشي٠ :ؾظً ػٍ ِٓ ٗ١اٌظخٛس (ِٛعٛدح ف ٟثؼغ اٌجٍذاْ ِضً فشٔغب ٚع٠ٛغشا) ٠ٚزؼّٓ ؽٛاٌٟ
( ِٓ %) 15-10اٌم١ش إٌمٚ ٟاٌجبل٠ ٟزىِٛ ِٓ ْٛاد وٍغ١خ ٠غزؼًّ ٌزجٍ١ؾ اٌطشق ٚرٌه ثغؾك ٘زٖ اٌظخٛس
ٚرغخٕٙ١ب ٚفششٙب ػٍ ٝعطؼ اٌطش٠ك  ِٓٚصُ رغ٠ٛخ اٌطش٠ك ٚلذ رغزؼًّ ا٠ؼب وبٌٛاػ ٌٍزغم١ف ا ٚوجٍالؽبد
ٌٍشطف ). (Paving tiles
 .IIاالسفهذ مزخهفResidual Asphalt :
٠ؼشف ا٠ؼب ثبالعفٍذ اٌظٕبػ٠ٚ ٟؾظً ػٍ ِٓ ٗ١ػٍّ١خ اٌزمط١ش اٌزغضئٌ ٟض٠ذ اٌجزشٚي اٌخبَ ِٓ اطً اعفٍز.ٟ

اوُاع االسفهذ انمزخهفTypes of residual asphalt :
أٛاع االعفٍذ اٌّؼزبدح:
 .1نصبق اسفهزً Asphalt Cement :
٠ؾؼش ِٓ اِشاس ٘ٛاء خالي االعفٍذ اٌّظٛٙس ثذسعبد ؽشاسح ػبٌ١خ ف١زُ اوغذرٗ ٚثزٌه ٠ى ْٛإٌبرظ إٌٙبئ ٟرٚ
ؽج١ؼخ ثالعز١ى١خ ٠ٚمب َٚاٌظشٚف اٌغ٠ٛخ اٌّخزٍفخ ثذسعخ وج١شح ٠ٚغزؼًّ السػ١بد ٚاٌغمٛف ِٚبدح طبِذح ٌٍّبء ال
رغّؼ ثٕفبر اٌّبء ِ ،بٔغ ٌشؽٛثخ ٚوزٌه وؾشٛح )ٌّ (Fillerفبطً اٌزّذد ف ٟاٌخشعبٔخ.
 .2انمسزحهت االسفهزً Asphalt Emulsion:
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ٕ٠زظ ثخٍؾ االعفٍذ ِغ (ِ %)60-50بء ثٛعٛد ػبًِ اعزؾالة  ،فؼٕذ رجخش اٌّبء ٕ٠ىغش اٌّغزؾٍت ٠ٚشىً ؽجمخ
ِبٔؼخ ٌٕفٛر اٌّبءّ٠ .ىٓ اعزؼّبٌٗ ف ٟاٌظشٚف اٌجبسدح ٚرٌه ٌٕمض ٌضٚعزٗ ٚلبثٍ١خ ع١الٔٗ ف ٟدسعبد اٌؾشاسح
االػز١بد٠خ٠ .غزؼًّ ثشىً خبص ٌزغط١خ اٌطشق ٌٚغٍك اٌزشممبد ف ٟاٌغذٚد ٌٍٚؼضي ف ٟاالعطؼ ٚاالعبعبد ٚغ١ش
رٌه.
 .3اسفهذ مخففCutback Asphalt :
اعفٍذ عبئً ٠ؾؼش ثبراثخ االعفٍذ فِ ٟز٠ت ِزطب٠ش (عش٠غ اٌزجخش) ٚاٌٙذف ٘ ٛالراثخ االعفٍذ ٚرمٌٍ ً١ضٚعزٗ.
ٚػٕذ خٍؾ ٘زا إٌٛع ِٓ االعفٍذ ِغ اٌؾظ ٝرزجخش اٌّٛاد اٌط١بسح ٠ٚجم ٝاالعفٍذ وّبدح ساثطخ ٌؾج١جبد اٌؾظٝ
نزنك وجذ ثالثخ اوُاع مه االسفهذ انمخفف حست سشػخ رجخش مؼظم انمُاد انطٍبسح ٌَزي االصىبف ًٌ:
 )1االسفهذ انمخفف رَ انزجخش انسشٌغ اَ انمؼبنجخ انسشٌؼخ )(rapid curing
 )2االسفهذ انمخفف رَ انزجخش انمزُسط اَ انمؼبنجخ انمزُسطخ )(medium curing
 )3االسفهذ انمخفف رَ انزجخش انجطًء اَ انمؼبنجخ انجطٍئخ )(slow curing
ٌٚىً طٕف ِٓ ٘زٖ االطٕبف أٛاع اخش ٜرخزٍف ثٍضٚعزٙب ٠ٚغزؼًّ ف ٟرؾؼ١ش اٌطالئبد االعفٍز١خ ٚف ٟرظٍ١ؼ
اٌغمٛف.
 .4االسفهذ انصمغً Mastic Asphalt :
ٕ٠زظ ثزغخ ٓ١االعفٍذ اٌطج١ؼِ ٟغ اٌشًِ ٚاٌؾشٛح اٌّؼذٔ١خ )ٚ (Mineral fillerإٌبرظ إٌٙبئ٠ ٟى ْٛث١ٙئخ وزٍخ
ػذّ٠خ اٌفغٛاد ٚإٌفبر٠خّ٠ .ىٓ اٌغ١طشح ػٍ ٝطالدح ٔٚمطخ أظٙبس ٘زا إٌٛع ِٓ االعفٍذ خالي ِشؽٍخ طٕبػزٗ
ٚلذ ٠ى ْٛثؾبٌخ طٍجخ ا ٚشجٗ طٍجخ ٌٚىٓ ػٕذ رغخ ٕٗ١اٌ ٝدسعخ ؽشاسح ِٕبعجخ ٠زؾٛي اٌ ٝاعفٍذ ر ٚعٌٛ١خ وبف١خ
ٌٕششٖ ثغٌٛٙخ٠ .غزؼًّ وّبدح ِبٔؼخ ٌٍشؽٛثخ ِٚبٔؼخ ٌٕفٛر اٌّبء.

خُاص االسفهذProperties of asphalt :
)1
)2
)3
)4
)5

ِبدح ِبٔؼخ ٌٕفٛر اٌّبء
ِبدح ػبصٌخ ٌٍىٙشثبئ١خ ٚاٌؾشاسح ٚاٌظٛد
ِبدح غ١ش لبثٍخ ٌالشزؼبي عش٠ؼب
الرٙبعُ ِٓ لجً اٌؾٛاِغ
ِبدح ِشٔخ

اسزؼمبالد االسفهذ Uses of asphalt
٠غزؼًّ االعفٍذ ٌالغشاع إٌٙذع١خ اٌّخزٍفخ:
٠ غزؼًّ وطجمبد ِبٔغ اٌشؽٛثخ
٠ غزؼًّ وطجمبد ِبٔؼخ ٌٕفبر اٌّبء ٌٍخضأبد ٚاٌغشاد٠ت ٚاٌّغبثؼ
٠ غزؼًّ ف ٟرؾؼ١ش اٌطالئبد ٚاٌٍجبد اٌّغزؼًّ ٌٍغمٛف
٠ غزؼًّ ف ٟأشبء اٌطشق ٌٍٚشطف
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انقٍش) :(Bitumenاٌّٛاد اٌشاثطخ اٌّٛعٛدح ف ٟاالعفٍذ رؼشف ف ٟثؼغ االؽ١بْ ثبٌمبس ٠ؾظً ػٍ ٗ١ثبٌزمط١ش
اٌزغضئٌٍ ٟجزشٚي اٌخبَ ٚو١ّ١ب٠ٚب ٘١٘ ٛذسٚوبسث٠ٚ ْٛى ْٛغ١ش لبثً ٌٍزٚثبْ ثبٌّبء ٌٚىٓ ٠زٚة وٍ١ب ف ٟصبٔ ٟوجش٠ز١ذ
اٌىبس٠ٚ ْٚى ٌٗٔٛ ْٛاعٛد ا ٚثٕ٠ٚ ٟى ْٛثؾبٌخ طٍجخ ا ٚشجٗ طٍجخ ٚرطج١مبرٗ ِشبثٙخ ٌزطج١مبد االعفٍذ اٌّزخٍف.

فحُصبد انقٍش اَ االسفهذ Tests of Asphalt
اَالً :انهزَجخ )(ASTM D5
اْ وبفخ اٌّٛاد اٌز ٟرغٍه عٍٛوب ٌذٔبرىِٛ ْٛاد ٌضعخ ا٠ؼب اال اْ دسعخ ٌضٚعزٙب رخزٍف ثمذس وغش فّضال اٌم١ش اٚ
االعفٍذ اٌّغزؼًّ ف ٟأشبء اٌطشق ِ٘ ٛبدح ٌضعخ وّب اْ االعفٍذ ٠غٍه عٍٛن ِبدح طٍجخ اٌ ٚضعخ رجؼب ٌذسعخ
اٌؾشاسح اٌز٠ ٟخؼغ ٌٙب ٌزٌه فبْ وبفخ اٌّٛاد اٌٍضعخ رؼزّذ ػٍ ٝدسعخ اٌؾشاسح ؽ ٓ١رؼٌ ٓ١١ضٚعزٙب ؽ١ش ّ٠ىٓ رؼٓ١١
ٌضٚعخ اٌم١ش ا ٚاالعفٍذ ثبعزؼّبي ِم١بط االخزشاق.
٠غخٓ اٌم١ش ٠زشن ٌ١جشد ؽز ٝدسعخ ؽشاسح ( )25دسعخ ِئ٠ٛخ ٛ٠ٚػغ ف ٟػٍجخ ِؼذٔ١خ رؾذ عٙبص االخزشاق
ٚرٛػغ االثشح ثشىً ِالِظ ٌٗ.
رزشن االثشح ٌزغمؾ عمٛؽب ؽشا رؾذ ربص١ش ٚصْ لذسٖ ( )100غُ.
٠مشا ِمذاس االخزشاق ٌالثشح ثؼذ خّظ صٛأ ِٓ ٟثذء إٌضٚي ٌالثشح ػٍِ ٝم١بط خبص ثبٌغٙبص ثٛؽذاد
اٌٍّّ١زش (ٍُِ).
وٍّب لً االخزشاق وؤ ْ إٌّٛرط اوضش ٌضٚعخ ٠ى٘ ْٛزا اٌفؾض ِف١ذا ف ٟاخز١بس اٌّبدح اٌشاثطخ إٌّبعجخ ؽغت
دسعخ اٌؾشاسح ٌٍغ ٛؽ١ش رغزؼًّ ِٛاد ساثطخ اوضش لغبٚح ػٕذِب رى ْٛؽشاسح اٌغ ٛػبٌ١خ.
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ثبوٍبً :انمطٍهٍخ (ASTM D113) Ductility
رمبط ِط١ٍ١خ اٌّٛاد اٌم١ش٠خ ثبٌّغبفخ اٌز ٟرغزّش ػٕذ٘ب اٌّبدح ثبالعزطبٌخ لجً االٔمطبع ػٕذ سفؼٙب ف ٟلبٌت ثشىً سلُ
(ٔٚ )8غؾجٙب ثغشػخ ل١بع١خ ( 5عُ/دل١مخ) ثذسعخ ( )0.5±25دسعخ ِئ٠ٛخ ٚاْ ِمذاس اٌّط١ٍ١خ اٌّطٍٛثخ رؼزّذ ػٍٝ
دسعخ االخزشاق ٌٍّبدح اٌم١ش٠خ ؽ١ش رضداد ثض٠بدح دسعخ االخزشاق.
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ثبنثبً :وقطخ رهٍه االسفهذ (ثبسزؼمبل انكشح َانحهقخ) (ASTM D36) Softening point
رٍّئ ؽٍمخ ل١بع١خ ثّبدح ل١ش٠خ ا ٚاعفٍز١خ ٛ٠ٚػغ فٛلٙب وشح فٛالر٠خ ثمطش ل١بع ٟرغخٓ اٌّغّٛػخ رذس٠غ١ب ٚثّؼذي
ل١بع ٟاٌ ٝاْ رذخً اٌ ٝاٌؾٍمخ ٚرظً اٌ ٝلؼش االٔبء اٌؾب ٞٚػٍ ٝاٌم١ش فؼٕذِب رمبط دسعخ اٌؾشاسح .اْ ٘زٖ اٌذسعخ
رؼجش ػٓ ٔمطخ رّ١غ االعفٍذ ٚرزشاٚػ ٘زٖ إٌمطخ اػز١بد٠ب ث )50-40( ٓ١دسعخ ِئ٠ٛخ.
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ساثؼبً :وقطخ انُمٍض (ASTM D92) Flash point
٠زُ ف٘ ٟزا اٌفؾض رؾذ٠ذ دسعخ اٌؾشاسح اٌظغش ٜاٌز٠ ٟجذأ ػٕذ٘ب اٌم١ش ثبالشزؼبي ؽز٠ ٝزُ رؾز٠ش اٌؼّبٌّٓ اٌٛطٛي
اٌٙ١ب:
ٍّ٠ئ اٌمبٌت ثبالعفٍذ اٌ ٝؽذ ل١بعٟ
رشفغ دسعخ ؽشاسح إٌّٛرط عش٠ؼب ف ٟاالٚلبد اٌّجىشح ٌٍزغخ ِٓٚ ٓ١صُ ٠غخٓ إٌّٛرط ثّؼذي ثطٟء ػٕذ
االلزشاة ِٓ دسعخ االشزؼبي
رّشس شؼٍخ طغ١شح ثفزشاد ِؼٕ١خ ػجش اٌمبٌت
٠مبط اٌؾذ االدٌٔ ٝذسعخ اٌؾشاسح اٌز ٞػٕذٖ رغجت اٌشؼٍخ اشزؼبي اٌجخبس فٛق عطؼ إٌّٛرط ٘ٚزٖ اٌذسعخ
رّضً ٔمطخ اٌ١ِٛغ.
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