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بسم اهلل الرحمن الرحيم
﴿} ﴾30ق الوا سب حانك ال علم لنا إال ما علمتنا انك أنت
العليم الحكيم

{ ﴿﴾31

من سورة البقرة .

صدق اهلل العظيم
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كــلــمــة شــكــر
بعد أن أكملنا بعون هللا وتوفيقه هذه المحاولة الطموحة التي
الندعى إنها بلغت كمال العلم أو أرتقت إليه ولكننا أردنا أن
تدنو وتقترن بالعلم  ،وال يسعنا إال أن نتقدم بأسمى آيات
الشكر والعرفان لكل من ساهم في إظهار هذا البحث مند
كان فكرة في الذهن الي أن تجسد بهذه الصورة.
ونخص بالذكر الدكتور المهندس الفاضل  :طه عبدهللا الذي
وضح لنا سبل إنجاز هذا البحث ولم يبخل علينا بنصائحه
وتوجيهاته التي كان لها األثر الواضح في االرتقاء بهذا البحث.
ونتقدم بجزيل الشكر واالمتنان إلى قسم هندسة المواد و الدكتور
الفاضل  :محمد الكيالني وكافة
أعضاء هيئة التدريس والمهندسين في قسم هندسة المواد
الذين تعلمنا منهم الجد والمثابرة وحب العلم.
كما نتوجه بجزيل الشكر والعرفان الي كلية التقنية الهندسية-
براك علي إتاحة لنا الفرصة بعمل بعض االختبارات في معاملها
شاكرين أعضاء هيئة التدريس والمهندسين بقسم
الهندسة المدنية الدين ساعدونا في أنجاز هذا العمل.
كما أتوجه بجزيل الشكر والعرفان إلى جميع من مدوا

لنا يد العون والمساعدة وساهموا في أنجاز هذا البحث.
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ABSTRACT
The modern concrete nowadays are subjected to many additions, some are
natural, and other are chemicals. The concrete without additions became a
classic concrete and often it does not fulfill the required purposes, such as
durability, permanence and some other mechanical proprieties when it is on
hard status. Several attempts have been used, trying the additions with the
concrete mix. Any addition has to be examined practically and scientifically
to know how much effective these additives on the concrete mix .
This research examines the effect of adding Silica gel particles with different
percentage (1, 2, 4, 6, 8 and 10% ) on thefailure stress of the concrete. Two
types of reinforcements were studied.The first new mix uses sand with silica
particles that were added to cement. The new first mix had negative effects
on the mechanical properties on its hardened status according to design a
concrete mix method. The concrete specimens failed at lower stresses as
compared to the unreinforced specimens. This can be explained by the fact
that adding silica gel particles with sand to the cement did not allow for the
complete onto the hydration process, which is necessary for the cement
hardening steps.
However, very different effects were observed on the new second concrete
mix, where the mechanical properties were improved. Itwas found that
adding silica gel particles (without sand) to the cement has a positive
effects on the mechanical properties of cement.

The cement specimens that

were reinforced with (silica) failed at higher stresses as compared to the
unreinforced specimens with average value of 10.2 MPa.

The maximum

failure stress of the new concrete has increased to reach 18, 18 and 17.5 MPa
when 2, 4 and 6 % silica particles were added respectively. This means that
the hydration process was complete and had not been affected by the addition
of silica particles. This was the case for the addition of up to 8 % silica
particles to the cement. This led to higher hardening rate and higher strength
concrete.
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1 Introduction
The rising of nations are measured by the developments in the
materials used in their construction and reconstruction. It isalso measured by
the

fulfillment

of

these

materials

with

the

importance

needs

for

the

civilization of these nations, and the concrete is the basis of the construction
materials. The development of the concrete reflects the development of the
engineering ideas to serve human life and prosperity.
The concrete reached its current form after it had been gone through
several stages, which had made it be the number one amongst all other
structural and architectural materials in both formation and industrial process.
In fact, it is a modern material in both manufacturing and constructions and
has deep roots through the history[1].
In

general,

the

concrete

combination

is

a

simple

substance.

Its

components are: (water - cement - sand - gravel). These elements make the
foundation of the concrete contents. The concrete hard condition looks rocky
object with high resistance to pressure, but in its initial form, has becomes
flexible that allow it to be formed in any required constructional form.
Concretes considered as the most common construction object used in the
modern age, because of it is availability and its relative cheapness as well as
it is easy to make. concrete with other materials can make substantial
composite in case of using the steel sectors with the concrete or make a
composite materials, as adding certain types of fiber with it during the mix
stage to improve some desired characteristics. the concrete with the rebar
consider two complementary materials of the characteristics[1].
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2 Literature Review
Silica

gel

partials

concrete

is

the

industrial

output

of

hardening

the

homogeneous mixture formation of a group of materials blended together by
certain

percentages.

Cement

paste

is

a

substance

emerging

from

the

interaction of cement and water, gravel and materials (sand and gravel) and
sometimes some additions.
The combination of these materials is called concrete. Sand and gravel beads
are called stone structure in the concrete, and the dough concrete formed after
pouring water in the concrete mix the water jacket sand and gravel beads and
fill, in the blanks themselves and play the role of lubricates for aggregates
which is a give concrete mix tenderness. Stiff dough concrete material gravel
linking stone problem inindustrial, concrete. Mixing concrete requires good
knowledge of preparation and mastery of the selection of the appropriate
quality material and to assign suitable percentages and search for ways to
concrete mix design technology.

2.1The Concrete
2.1.1 Concrete Definition

Basic

concrete

mix

components

are

cement, aggregates

(sand

and

gravel), and water and in some other cases is possible that there will be other
components of the mixture of concrete next to the main components of a
chemical additives which are used to improve some of the qualities of
concrete. The following subsection address in more details the components
mentioned above to form clear image of all those components that we deal
with throughout our lives[1].
Concrete is the edifying

composed of several materials, the bulk in this

architecture is aggregate, coheres with each other in a mass similar to the
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stone image, and knead the dough by concrete with aggregates which harden
as a result of the chemical interaction between cement and water[1].
2.1.2 Different Types Of Concrete:

There are many different types of concrete, which are listed below.
1) Plain concrete
2) Reinforced concrete
3) Pre-stressed concrete
4) Precast concrete
5) High strength concrete
6) Fibrous concrete
7) Self-compacting concrete
8) Polymer concrete
9) Shot Crete
10) Light-Weight concrete
11) Heavy- Wight concrete
12) Mass concrete
The ratios of distribution various constituent materials

for concrete (by

volume) in the majority of cases are:
BlanksCement dough
60 – 70%

Large and small moraine

30- 40%

1-2%

It is clear from this that the aggregate is a key component of the concrete
body

saluting occupies approximately from 3/2 to 4/3 of the volume of

concrete and aggregates is relatively cheap material as well as to work on
reducing Volumetric change of concrete resulting from the process of the
hardening and the change of the moisture in the Cement dough [1].
The cement dough whereupon the an effective job by creating coherence
between the concrete aggregate and give the required resistance and fill in the
Blanks

between

the

rubble

and

aggregate

casting[2].
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to

facilitate

sliding

during

The materials used in the concrete mix and properties:1- Cement
2- Small aggregate (sand)
3- Mixing water
4- Additives
a) . (Silica gel)
There are many chemical Additives that are used with concrete and can be
divided into groups and the most common types include:
1) Extras water reduction
2) Trapped air add-ons.
3) Additions to prevent water from penetrating concrete.
4) Additions to resist the drifting concrete by water.
5) Additives for coloring concrete.
6) Other variety add-ons[3].

2.1.3 The Composition of Concrete:

2.1.3.1Cement:

Cement is that powdered soft material resulting from grinding and smoothing
the

result

of

temperature

burning

limestone

and

range from 1200 - 1500°C, as

clay

materials

shown

in

in

varying

figure

large

2.1. These

materials are only mixed thoroughly and the proportions of certain sizes with
the

addition

of

ability of hardening
material

resulting

gypsum,
and
from

after the

freezing

in

the union

the
of

consisting balls called cement[4]

12

burning
presence
material

process, and that has
of

water.

particles

to

the

Theroasting
each other

The cement is considered as the material which have a cohesion property and
contiguity that work on cohesion and linking granules aggregates (sand and
gravel) in order to operate as a single unit, called the mass of concrete that
have the ability to carry heavy loads. It contains clinker output after the
burning

process

on

four

compounds

are

mixed

with

each

other

at different rates [4].

Cement consists of the following key components:
1- Dual-calcium silicate C2S.
2-tri-calcium silicate C3S.
3-Tri-calcium aluminate C3A.
4- calcium aluminate iron quadrant C4AF.

Since

the

responsibility

of

resistance

of

cement

is

mainly

by

compound of silicate dual calcium and tri-calcium silicate. Composite tricalcium silicate has a role in the acquisition of resistance after (28 days) for
the first day and a year later even two compounds in the development of
resistance, and the two compounds aluminate tri-calcium aluminate quad
calcium iron have the least effect on the resistance with the tri-calcium
aluminate has a role in increasing the early resistance and depending on the
previous basic components ratios above can be produced by many types of
Portland cement [4].

2.1.3.1.1Types of Cement:

There

are

several

types

of

cements each

applications, which are:

2.1.3.1.1.1Ordinary Portland Cement:
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has a

particular

purpose

and

It is dedicated for public use cement often is used in the majority of cases and
it has average speed in the interaction also generate moderate heat during
rehydration, smoothness medium where the relative surface area is between
(325 - 2250) gm / cm2, The composition and percentage of the component
that make up the cement are shown in table (2.1), figure (2.1) shows the types
of ordinary portland cement [5].
It is dedicated public use cement often is used, in most cases, it is the
average

speed

in

the

interaction

and

generate

moderate

heat

during

rehydration, smoothness medium in terms of surface area relative between
(3250 - 2250) cm2 / g[2].

Table (2.1)The percentages of components in the ordinary Portland cement

Composite ratio %

Symbol

50 – 40

C3 s

30 - 20

C2 s

11 - 9

C3 A

11 – 9

C4 AF

Chemical formula
3Ca o. Si o2
2Ca o. Si o2
3Ca o. AL2 o3
4Ca o. AL2 O3 .Fe2
o3
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Composite

Calcium silicate trio
Calcium silicate duo
Calcium aluminate trio
Calcium aluminate quartet

Figure (2.1) The type of cement (Ordinary Portland)

2.1.3.1.1.2 Portland Cement Rapid Hardening Or Early Resistance:

It is dedicated for the use in special cases which require rapid hardening and
gain

an

early-resistant.

Cement

concrete

may

considered

as

fast

interaction and generates high temperatures during the rehydration and high
surface smoothness as an area of relative more than 3250 gm / cm2 [5].

2.1.3.1.1.3 Low Heat Cement:

It is dedicated for the use in special cases where the slow hardening and low
hydration heat are required, as the case in the mass concrete slow speed in the
interaction and generates low heat during hydration and smoothness medium
where the relative surface area between (3250-2250)gm/cm2 [5].
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2.1.3.1.1.4 Sulphate Resistant Cement:

It is dedicated for the use in special cases which require resistance to sulfuric
salts which are often in the soil or groundwater. It is used as the cement
positions in the bottom of the soil and groundwater level and is used for the
foundations of the buildings and the bottom surface of the ground level of the
cement [5].

2.1.3.1.1.5 Iron Cement or Blast-Furnace Slag Cement:

Cement is made by adding a percentage of impurities from iron and steel
furnaces to clinker during the cement industry and its specialized by a low
cost and is resistant to chemicals[5].

2.1.3.1.1.6 Colored Cement:

It is the cement that is made by adding metallic materials working to give the
cement different colors and is often used in architectural and aesthetic
purposes [5].
There are also many other types of cement and these resistant bacteria and
private types of oil wells and Alumina and natural and other.

2.1.3.1.2 Physical Properties of Cement:

2.1.3.1.2.1Setting Time:

Cement paste setting time is affected by a number of items including: cement
fineness, water-cement ratio, chemical content (especially gypsum content)
and admixtures.
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For construction purposes, the initial set must not be too soon and the final
set must not be too late. Normally, two setting times are defined:
Initial set. Occurs when the paste begins to stiffen considerably.
Final set. Occurs when the cement has hardened to the point at which it can
sustain some load [14].

2.1.3.1.2.2 Soundness:

When referring to Portland cement, "soundness" refers to the ability of a
hardened cement paste to retain its volume after setting without delayed
expansion.
This expansion is caused by excessive amounts of free lime (CaO) or
magnesia

(MgO).

Most

Portland

cement

specifications

limit

magnesia

content and expansion.
The cement paste should not undergo large changes in volume after it has set.
However, when excessive amounts of free CaO or MgO are present in the
cement, these oxides can slowly hydrate and cause expansion of the hardened
cement paste.
Soundness is defined as the volume stability of the cement paste [14].

2.1.3.1.2.3Fineness:

Fineness, or particle size of Portland cement affects hydration rate and thus
the rate of strength gain.The smaller the particle size, the greater the surface
area-to- volume ratio, and thus, the more area available for water- cement
interaction per unit volume.The effects of greater fineness on strength are
generally seen during the first seven days.
When the cement particles are coarser, hydration starts on the surface of the
particles. Therefore, coarser particles may not be completely hydrated.This
causeslow strength and low durability.
For a rapid development of strength a high fineness is necessary[14].
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2.1.3.2Small Aggregate (Sand):

Is a mix scrappy of different rocks, and consists of granules with diameters
ranging from (0.14- 4.75) mm and passes mostly from sieve No. (mm 4.75)
and be passing sieve rate of more than 95% could be formed as a result of the
fragmentation of the natural rock natural sand is also used artificial sand
resulting from the grinding extinguished blast furnaces[3].

2.1.3.2.1 Sand Benefit:

Sand is a filler material into the concrete. It even works to mobilize the voids
within

the

concrete which does

not

significantly affect

the

resistance

of

concrete to external loads, such as coarse aggregate and facilitate the process
of

pumping

concrete

as

well

as

concrete operations.

It works

as

a

mediumThat link the large aggregates with cement paste [7].
The physical properties of the small aggregates are shown in table (2.2).
figure (2.2) showsthe type of the small aggregate (sand) used in the study.

Table (2.2) Physical Properties Of The Small Aggregates

Specific Libyan limit

results

Tests

1.8-1.4

1.5

Volumetric weight (Compaction)

1.8-1.4

1.65

Volumetric weight (non Compaction ) (T / M3)

2.7-2.6

2.69

Specific weight

3.5-2

1.82

Smoothness
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(T / M3)

Figure (2.2) The Type Of The Small Aggregate (Sand) Used In The Study

2.1.3.3Mixing Water
The water used for mixing concrete can be from the source of water that is
used for drinking. It must be clean and free of materials such as oils , acids ,
alkalis , salts and organic materials, which can cause destructive effect on
concrete components, or steel reinforcement and different building materials.
The

watershould

not

be

contaminated

withdirt

or

mixed

with

harmful

substances or waste of concrete buildings.Water is one of the important and
fundamental

elements

in

concrete.

Water

provides

the

following

Functions[7].
1)Working on hydration of cement and its interaction component batch of
cement, which is the active substance in the concrete, which is working on
the cohesion of granulated aggregate[7].
After elementary and final drying then it becomes hardened, every part of the
cement requires

0.3

from

the weight

rehydration[7].
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of water in

order to

complete

2) Water works to hydrate the aggregates and surrounds a layer of water to
prevent absorb the aggregates to the water needed for the process of
rehydration[7].
3) Water, similar to lubrication in machine tools, is thus helps to make
concrete operable. When evaporates this part of the water leaves voids in the
concrete, so it is always recommend to reduce the water used for the purpose
of lubrication to the end as the excessive use of mixing water in order to
increase the operability lead to significantly shortages

In the final resistance

as a result of the gaps arising from the evaporation of mixing water after it
occupies a place in the concrete[3].

2.1.3.3.1Mixing Water Specifications:

1) It should be free of mud and sediment, where a remarkable lack of
concrete strength and the instability of its size as the clay retards the reaction
between water and cement. Such material encases granulated rubble and
prevents the cohesion of rubble and paste cement in addition to the
occurrence of cracks due to the absorption of water, which increases the size
and shrink when dried [6].

2) It should be free of salts such as sulfates and chlorides that affect the rebar
and weaken the resistance of concrete [6].

In general, water must be used in favor of mixing concretethat must be clean
and free of any harmful materials with concrete.

2.1.3.3.2The effect of Increased Water in The Concrete Mix:

1) Separation of particleboard

happens

when

the

amount

of

water is

increased which separates particles aggregate cement paste, leaving concrete
heterogeneous confused and weak resistance [8].
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2) Exudates or bleeding of fresh concrete where the excess water in the
mixture climb to the surface, along with micro-granules of cement, leaving
the fragile surface of a weak resistance [8].
3) Hardened concrete

containing

many

air

spaces

as the

excess

water

evaporates leaving the place air voids bred strains tightening is working to
shrink the appearance of cracks and concrete by reducing the resistance of
concrete [8].
4) The difficulty of a new concrete pouring to interact with old concrete due
to poor bonding between the old concrete and new concrete surface [8].
Table (2.3) shows the results of water tests used in the mix, figure (2.3)
shows a sample of the water used in the research.

Table (2.3)The Results Of Water Tests Used In The Mix

Specific Libyan limit

Results

tests

not over 2000mg\l

163.2mg\l

Total dissolved salts( (TDS

8-6

7.4

)PH)

not over 500mg\l

275mg\l

ChloridesCL-

not over 1000mg\l

98mg\

(CO3)total of ) HCO3(

not over 1000mg\l

20mg\l

SO-24
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Figure (2.3) A sample of the water used in the research

2.1.3.4Additives:

There are many chemical additives that are used with concrete and can be
divided in to groups and the most common types include:
1) Extras water reduction
2) Trapped air add-ons.
3) additions to improve the properties
4) additions to prevent water from penetrating concrete.
5) Additions to resist the drifting concrete by water.
6) Additives for coloring concrete.
7) Other variety add-ons[8].

2.1.3.4.1 Silica gel:

Silicagel is

a granular, vitreous, porous form

of silicondioxide made

synthetically from sodium silicate. Silica gel contains a Nano-porous silica
microstructure, suspended inside a liquid. Most applications of silica gel
require it to be dried, in which case it is called silica xerogel. For practical

22

purposes, silica gel is often interchangeable with silica xerogel. Silica xerogel
is

tough

and

hard;

it

is

more

solid

than

common

household gels like gelatin or agar. It is a naturally occurring mineral that is
purified and processed into either granular or beaded form. As a desiccant, it
has an average pore size of 2.4 nanometers and has a strong affinity for water
molecules [8].
Silica gel is most commonly encountered in everyday life as beads in a small
(typically 2 x 3 cm) paper packet. In this form, it is used as a desiccant to
control

local humidity to

avoid spoilage or

degradation

of

some

goods.

Because silica gel can have added chemical indicators and absorbs moisture
very well [8].

Identifiers1) CAS Number :

112926-00-8

2) ECHA InfoCard :

100.128.559

Properties
1) Chemical formula :

SiO2

2) Molar mass :

60.08 g/mol

2) Appearance :

Transparent beads

3) Odor :

Odorless

2.1.3.4.1.1 Types:

Type A - clear pellets, approximate pore diameter: 2.5 nm, drying and
moisture proof properties, can be used as catalyst
separators and variable-pressure adsorbent[8].
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carriers,

adsorbents,

Type

B

-

translucent

white

pellets,

pore

diameter:

4.5-7.0 nm,

liquid

adsorbents, drier and perfume carriers, also may be used as catalyst carriers,
cat litter[8].
Type C - translucent, micro-pored structure, raw material for preparation of
silica gel cat litter. Additionally dried and screened, it forms macro-pored
silica gel which is used as drier, adsorbent and catalyst carrier[8].
Silica alumina gel - light yellow, chemically stable, flame-resistant, insoluble
except in alkali or hydrofluoric acid. Superficial polarity, thermal stability,
performance greater than fine-pored silica gel[8].
Stabilizing silica gel - non-crystalline micro-porous solid powder, nontoxic,
flame-resisting,

used

in

brewery of

grains

for

beer

to

improve

clearness, color and foam, removal of non-micro-organism impurities[8].
Figure (2.4) shows a sample of silica gel particals.

Figure (2.4) A samples of silica gel particals
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taste,

2.1.3.4.1.2 Properties:
Silica gel's high specificsurfacearea (around 800 m2/g) allows it to adsorb
water readily, making it useful as a desiccant (drying agent). Silica gel is
often described as "absorbing" moisture, which may be appropriate when the
gel's microscopic structure is ignored, as in silica gel packs or other products.
However, material silica gel removes moisture by adsorption onto the surface
of its numerous pores rather than by absorption into the bulk of the gel[9].

2.1.3.4.1.2.1 Water Filtration:

Given the water adsorption properties of silica gel, it is used in domestic
water filters. The surface structure of silica gel allows the adsorption of some
minerals which are dissolved in

the water, or "Ion-exchange" as it

is

marketed. Due to the lack of regulations for domestic water filtration
products,

there

are

no

studies

which

validate

the

manufacturer

claims

regarding the effectiveness of the filtration system[9].

2.1.3.4.1.2.2 Humidity Indicator:
Silica gel may be doped with a moisture indicator that gradually changes its
color

when

it

transitions

from

the anhydrous (dry)

state,

to

the

hydrated (wet) state. Common indicators are cobalt (II) chloride and methyl
violet. Cobalt (II) chloride is deep blue when dry and pink when wet. It is
toxic and carcinogenic, and was reclassified by the European Union in July
2000 as a toxic material. Methyl violet can be formulated to change from
orange to green, or orange to colorless. It is also toxic and potentially
carcinogenic[but is safe enough to have medicinal uses[9].
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2.1.3.4.1.3 Hazards:

Silica gel is non-toxic, non-flammable, and non-reactive and stable with
ordinary

usage.

It

will

react

with hydrogenfluoride, fluorine, oxygendifluoride, chlorinetrifluoride,

strong

acids, strong bases, and oxidizers. Silica gel is irritating to the respiratory
tract and may cause irritation of the digestive tract, and dust from the beads
may cause irritation to the skin and eyes, so precautions should be taken[9].
Crystalline silica dust can cause silicosis but synthetic amorphous silica gel
is indurated, and so does not cause silicosis[9].

2.1.3.4.1.4 Admixtures:

It is the fourth component of additions to mix concrete in some cases that
require use substances added to the concrete mix during the mixing process
and in quantities too small for the purpose of giving fresh concrete or
hardened

concrete

certain

properties. Here some

details

about

chemical

Additives in terms of types, functions and characteristics and how to use
them are discussed. The additives are known as:

It is rubble materials, cement and water that are added to the concrete mix
during the mixing process or fresh concrete before pouring in very small
amounts in order to give a fresh concrete or concrete Hardened certain
properties are required, such as: Improve the ability to run fresh concrete without increasing the mixing
water.
Accelerate or delay in doubt.
Reduce the rate of decline of concrete.
Improved ability to pump concrete.
Reduce the incidence of separation particleboard.
Increase the early resistance of concrete.
Get high concrete resistance.
Improve the properties of hardened concrete, such as road resistance [9].

26

There

are

also

general

requirements

required

when

using

supplements,

namely:
1. The concrete and rebar must not adversely affected.
2. To fit the benefits resulting from the use of additives with the increase in
costs.
3. Calcium chloride or additions of chlorides basis must not added at all to
the reinforced concrete or pre-stressed concrete or concrete by which metals
are buried so as not to eat the occurrence of rebar.
4. The

appropriateness

and

effectiveness

of

any

of

the

extensions

by

experimental mixtures must be assured.
5. If the use of two or more additions in the same concrete mix'll need to be
present enough information to show the extent of overlap and to ensure
compatibility between them.
6. The behavior of the additives varies with the type of cement in the mixture
or high cement sulfate-resistant Portland cement differs from so you should
sufficient information on the proper functioning of the add-ons are available
with different types of cement.

7. necessary supply packed additions inside the drums or containers sealed
and stamped the brand name and the date of production and shelf life, as well
as a certificate properties add-supplied and compliance with the standard of
the relevant specifications, and must be stored additions manner that protects
it from humidity and sunlight and heat [9].
There are many chemical additives that are used with concrete and can be
divided into groups and the most common types include:

1. Additions

water

reduction

and

control

of

the

2. Additions trapped air.
3. Additions to prevent water entry into force of concrete.
4. Additions to resist Washes cement by water.
5. additives for coloring concrete.
6. Various other extras [9].
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doubt

(seven

types).

2.1.4 Properties of Concrete:

Concrete has relatively high compressive strength, but much lower tensile
strength. For this reason it is usually reinforced with materials that are strong
in tension (often steel). The elasticity of concrete is relatively constant at low
stress levels but starts decreasing at higher stress levels as matrix cracking
develops [10].
Concrete has a very low coefficient of thermal expansion and shrinks as it
matures. All concrete structures crack to some extent, due to shrinkage and
tension. Concrete that is subjected to long-duration forces is prone to
creep [10].

2.1.5 Concrete as A Building Material:

Concrete may be cast into bricks, blocks, and other relatively small building
units, which are used in concrete construction. Concrete has a great variety of
applications
architectural

because

it

meets

treatment.

structural

All-important

demands
building

and

lends

elements,

itself

to

foundations,

columns, walls, slabs, and roofs are made from concrete. Other concrete
applications are in roads, runways, bridges, and dams [10].

2.1.6 Strength of Concrete:

The

compressive

strength

of

concrete

(meaning

its

ability

to

resist

compression) is very high, but its tensile strength (ability to resist stretching,
bending, or twisting) is relatively low. Consequently, concrete which must
resist a good deal of stretching, bending, or twisting such as concrete in
beams, girders, walls, columns, and the like—must be reinforced with steel.
Concrete that must resist only compression may not require reinforcement.
As you will learn later, the most important factor controlling the strength of
concrete is the water-cement ratio, or the proportion of water to cement in the
mix [11].
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2.1.7 Durability of Concrete:

The durability of concrete refers to the extent to which the material is capable
of resisting deterioration caused by exposure to service conditions. Concrete
is also strong and fireproof. Ordinary structural concrete that is to be exposed
to the elements must be watertight and weather-resistant. Concrete that is
subject to wear, such as floor slabs and pavements, must be capable of
resisting abrasion [11].
The major factor that controls the durability of concrete is its strength. The
stronger the concrete, the more durable it is. As we just mentioned, the chief
factor

controlling

the

strength

of

concrete

is

the

water-cement

ratio.

However, the character, size, and of the aggregate also have important effects
on both strength and durability. However, maximum strength and durability
will still not be attained unless the sand and coarse aggregate you use consist
of

well-graded,

clean,

hard,

and

durable

particles

free

of

undesirable

substances [11].

2.1.8 Water Tightness of Concrete:

The ideal concrete mix is one with just enough water required for complete
hydration of the cement. However, this results in a mix too stiff to pour in
forms. A mix fluid enough to be poured in forms always contains a certain
amount of water over and above that which will combine with the cement.
This water eventually evaporates, leaving voids, or pores, in the concrete.
Penetration of the concrete by water is still impossible if these voids are not
inter-connected. They may be interconnected, however, as a result of slight
sinking of solid particles in the mix during the hardening period. As these
particles sink, they leave water. Tilled channels that become voids when the
water evaporates. The larger and more numerous these voids are, the more
the water tightness of the concrete is impaired. The size and number of the
voids vary directly with the amount of water used in excess of the amount
required to hydrate the cement. To keep the concrete as watertight as
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possible, you must not use more water than the minimum amount required to
attain the necessary degree of workability [11].

2.1.9 General Requirements for Good Concrete:

The first requirement for good concrete is to use a cement type suitable for
the work at hand and have a satisfactory supply of sand, coarse aggregate,
and water. Everything else being equal, the mix with the best graded,
strongest, best shaped, and cleanest aggregate makes the strongest and most
durable concrete [11].
Second, the amount of cement, sand, coarse aggregate, and water required for
each batch must be carefully weighed or measured according to project
specifications [11].
Third, even the best designed, best graded, and highest quality mix does not
make good concrete if it is not workable enough to fill the form spaces
thoroughly. On the other hand, too much fluidity also results in defects. Also,
improper handling during the overall concrete making process, from the
initial

aggregate

handling

to

the

final

placement

of

the

mix,

causes

segregation of aggregate particles by sizes, resulting in non-uniform, poorquality concrete [11].
Finally, the best designed, best graded, highest quality, and best placed mix
does not produce good concrete if it is not proper] y cured, that is, properly
protected against loss of moisture during the earlier stages of setting [11].

2.1.10 Basic Advantages and Disadvantages of Concrete are As Fallows:

2.1.10.1Advantage of Concrete:

Ingredients of concrete are easily available in most of the places.
Unlike natural stones concrete is free from defects and flaws.
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Concrete can be manufactured to desired strength with economy.
The durability of concrete is very high.
It can be cast to any desired shape.
Casting

of

concrete

can

be

done

in

working

site

which

makes

it

economical.
Maintenance cost of concrete is almost negligible.
deterioration of concrete is not appreciable with age.
Concrete makes a building fire-safe due to its non-combustible nature.
Concrete can withstand high temperatures [12].

2.1.10.2 Disadvantage of Concrete:

Concrete

has

some

disadvantages

too, along with the

advantages

stated

above. These are as follows:
Compared to other binding material, the tensile strength of concrete is
relatively low.
Concrete is less ductile.
Concrete may contains soluble salts, soluble salts cause efflorescence.
Low strength-to-weight ratio.
Concrete is susceptible to cracking [12].

2.1.11 Application of Concrete:

2.1.11.1 Cast-in-place concretes:

Cast-in-place concrete is an unhardened state, like ready-mix, and is placed
in moulds. Ready mixed concrete is proportioned and mixed off the project
site. It finds application in foundations and slabs-on-ground, walls, beams,
columns,

floors,

roofs,

bridges,

pavements,

and

other

infrastructure.

Controlled-density fill is used as structural fill, foundation pillar, pavement
base an pipe bedding. It is also known as flowable mortar [13].
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2.1.11.2. Decorative purpose:

The life expectancy of concrete flooring materials is much more than other
flooring

material.

It

is

used

to

enhance

concrete

applications

and

to

add colour and texture to interiors, driveways, pathways and patios.

2.1.11.3 Fiber Cement:

Fiber cement is made using a mixture of sand, cellulose fibers and cement. It has a
wood-like appearance, is durable and used for decorative shapes and trim
applications [13].

2.1.11.4 Green Roof:

Vegetative roofs are used in residential societies, office buildings, hospitals, schools,
recreational facilities ,shopping centers and airports [13].

2.1.11.5 Building Design:

Concrete is used to provide prolonged building benefits by functioning as thermal
mass, acoustical barrier and durable structure [13].

2.1.11.6 White Topping:

It is a Portland cement concrete overlay on existing asphalt concrete pavement and
used in airport pavements, highways, secondary roads, and other pavements .
Concrete remains the material of choice for many application regardless of these
limitations[13].
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3Experimental Work

Concrete is the most widely used as construction material in the world due to
its ability to get cast in any form and shape. It also replaces old construction
materials such as brick and stone masonry. The strength and durability of
concrete can be changed by making appropriate changes in its ingredients
like cementations material, aggregate and water and by adding some special
ingredients. Hence concrete is very well suitable for a wide range of
applications. However concrete has some deficiencies as listed below:
Low tensile strength.
Low post cracking capacity.
Brittleness and low ductility.
Limited fatigue life.
Incapable of accommodating large deformations.
Low impact strength.
In this

experiment,

the

effects of adding silica

gel

particle in

various

sizes and shapes to the cement were studied, for the purpose of improving the
mechanical properties of concrete[14].

3.1 Project Plan:

The plan of the project was based on studying the mechanical properties of
cement using different variables and invariables.

3.2 Materials Used:

In this work, different types of materials were used. These are cement, water,
sand and silica gel particles. Details on each type of these materials arenow
discussed.
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3.2.1 Cement:

The city of Zliten largest manufacturers of cement production in Libya, the
ability of the identified four to six lines altogether, although the capacity is in
line for each plant so as to reduce the pressure on manufacturers is created
while the third was given an opportunity to the rest of the factories.
The second factory is fully owned by the Arab Union Contraction sin of the
first and the second was the first line opened on 11.09.2005, the second line
has already opened in 01/09/2009.
Cement used in the this experiment is Portland cement, in accordance with
the specification of the Libya No.340/2009, which is shown in figure (3.1)
below.

Figure (3.1) A sample of the cement used in the research
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3.2.2 Water:

Potable water was used for the experimentation as a part of the ingredients.
The amount of water was measured using the injection needle (ml) the
amount of water in every one of specimens was 100 milliliter water.

3.2.3 The Mold:

Mold used in this experiment is the part of medical injection needle as shown
in figure (3.2) below.

Figure (3.2) - A sample of the medical injection needle used in the research
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3.2.4 Silica gel particles:
Silica

particles

local humidity and

in

this

toimprove

formis
the

used

Solidification

as
Rate

a desiccant to
and

the

control

mechanical

properties, figure (3.3) shows a sample of silica gel particles used in the
present work.

Figure (3.3) A sample of silica gel particles used in the present work

3.3 Mixing Specification:

The mixture of the proposed cement composite was carried out using consistent method
for all reinforcement conditions. Silica gel particles were addedby specific weights from
(2g - 20g) to (198 g - 180g) of cement, with addition of 50 ml of water.
In cases of adding sand, different amount were added (from 60g to66.6g) from the
mixture total weight.
The silica gel particles were added to the cement by sprinkling on the cement liquid
to maintain equal particle distribution while mixing.
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3.4 Setting TimeTest:

This was measured byusing a steelnailand pricksamplesalmosteverytwo minutes to
make a mark in the sample. In thisway, itis possible to findthroughthis application
when the cement/silica gel composite has hardened. An example of how
thismethodworksisshown in the figure (3.4) below.

Figure(3.4)– sample afterapplication of setting time test
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3.5 Cutting of Samples:

All samples were cut down into specimens of a specific size. The specimens
were 35 mm in diameter and 30 mm in length. The handsaw and sand paper
was used for cutting the samples, top and the bottom surfaces were grounded
and leveled using electrical saw, as shown in figures (3.5) below.

Figure (3.5) -The process of cutting and preparing the specimensused in the research

All samples have been cut and the settlement of their surfaces and measuring
the total length and diameter and weight to be ready for test asshown figures
(3.6) below.
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Figure (3.6) - a) length of samples, b) the surface of sample

3.6 Compression Tests:

In this work, at least 28 specimens were tested mechanically: this includes four
samples for every condition. The specimens were compressed using ELE international
machine model with load speed of 0.92 N/s. the experiments were repeated at
leastthree times for all specimens’ condition. From the data produced, the values of
the failure stress (MPa) for each specimen is extracted, figure (3.7), (3.8) and (3.9)
below show the ELE international machine, compression test being out and the
sample after crashing test respectively .

.
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Figure(3.7)ELE international compression machine

Figure (3.8)compression Testing on samplesusingELE international machine

41

Figure(3.9)The sample after the test
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4 Results and Discussions

4.1 Results of Setting Time Test:
Cement paste setting time is affected by a number of items including: cement
fineness, water-cement ratio, chemical content (especially gypsum content)
and admixtures.
Setting tests are used to characterize how a particular cement paste sets.


For construction purposes, the initial set must not be too soon and the

final set must not be too late. Normally, two setting times are defined:


Initial set: Occurs when the paste begins to stiffen considerably.



Final set: Occurs when the cement has hardened to the point at which it

can Setting is mainly caused by C3A, C3S, and results in temperature rise in
the cement paste.


False set: No heat is evolved in a false set and the concrete can be re-

mixed

without

adding

water.

It

occurs

due

to

the

conversion

of

unhydreous/semihydrous gypsum to hydrous gypsum(CaSO4.2H2O)


Flash Set: is due to absence of Gypsum. Specifically used for under water

repair.
In the presentwork, the setting time wasmeasured by traditional and normal
methodbecause of lack of modern equipment. A veryshapsteelnailwasused in
a

flat

surfaces

for

each

type

of

reinforcedcement.

The

setting

time

wasrecorded and shown in table 4.1 below. It can beseenthat, generally, the
setting time decrease as the amount of silica gel particles (%) increase.
Thus, the higher the percentage of the silica gel particles the faster the
solidification and droughts of the sample. The hardening time reducedfrom
30 minutes to 28, 24, 18, 12, 8 and 6 minutes. This reduction in time
wasachievedwhen 1, 2, 4, 6, 8 and 10 % of silica gel particles wereadded to
the cementpaste.
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Also the silica gel particalsabsorbedmost of the water, takingintoaccountthat
the ratio of adding particles of the gel (1% to 10%) of the total weight of the
mixture, and in order to avoid cracks thatoccur as a result of increasing the
gel particles.

Table (4.1)– Theeffects of silica on the setting time (hardening time) of cement

Sample

Cement /g

Silicaparticles/g

No

SilicaGellparticles

Setting Time

%

/min

1

200

0

0

30

2

198

2

1

28

3

196

4

2

24

4

192

8

4

18

5

188

12

6

12

6

184

16

8

8

7

180

20

10

6
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Figure (4.1) shows the form of samples, afterapplyingthe setting timetest.

200 g
cement

188 g Cement
12 g Silica

198 g Cement
2 g Silica

184 g Cement
16 g Silica

196 g Cement
4 g Silica
180 g Cement
20 g Silica

192 g Cement
8 g Silica

Figure (4.1) samples used in the research

4.2Results of Compression Test:
Method was used (British ways Research Center (D.O.E)) in the design of
concrete mix and the reason is that it is more common and widely used in
projects in Libya were concrete mix design based on the quality of the
materials used and their specifications.
The following table (4.2) shows the result of failure load tests after adding
the silica gel particles to the first new type of concrete (cement, sand and
silica gel particles).
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Table (4.2) The Results of the Compressive Tests for the first new concrete (cement,
sand and silica gel particles).

Cement

Sand

Silica

Silica

Avg. Force

FailureLoad

(gram)

(gram)

gel(gram)

gel (%)

(KN)

(MPa)

133.3

66.6

0

0

9.5

132

66

2

1

8.6

130.6

65.3

4

2

7

128

64

8

4

4.5

125.2

62.6

12

6

5

122.6

61.3

16

8

6

120

60

20

10

3.6

From

the

table

(4.2),it

can

be

seen

that (silica+sand)

effects on the mechanical properties of cement.

10
9
7.5
5
5.5
6.5
4

has

a

negative

The cement specimens that

were reinforced with (silica) failed at lower stresses as compared to the
unreinforced specimens.
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Figure 4.2 shows the profile of the reinforced concrete behavior.

12

Failure Load of Concrete ( MPa)

First New Concrete (Cement, Sand, Silica particles)
10

8

6

4

2

0
0

2

4

6

8

10

12

Silica Gel Particle (%)

Figure 4.2 – Failure load behavior for the first new concrete (cement, sand and silica gel

particles).

The

average

failure

stresses

for

(sand+silica)

particles

reinforced

cements were recorded as 9, 7.5, 5, 5.5, 6.5, and 4 MPa. These were for
specimens

reinforced

particlesrespectively.

with
These

1,
values

2,

4,
are

6,
lower

8

and
than

10
that

%
of

silica

gel

unreinforced

cement with an average failure stress of 10 MPa. It is noticed that the failure
stress decreased gradually as the percentages of silica particles increased.
This can be explained by the fact that adding silica gel particles with sand to
the cement disrupted the hydration process, which is necessary for the
cement hardening steps.

It is known that silica gel has high specific surface

area, which allows it to adsorb water readily, making it useful as drying
agent[9].
This may lead to the occurrence of cracks due to the absorption of water[6].
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Different

behavior

(mechanical

properties)

of

reinforced

cement

(without

sand) can be observed from the following data analysis.

The following table (4.3) shows the result of failure tests after adding the
silica gel particles to the second type of concrete; without adding sand
(cement and silica gel particles).

Table (4.3) The Results of the Compressive Tests for the second new concrete (cement
and silica gel particles)

Cement

Sand

Silica gel

Silica gel

Avg. Force

Failure load

(gram)

(gram)

(gram)

(%)

(KN)

(MPa)

200

0

0

0

9.8

198

0

2

1

13.5

196

0

4

2

17

192

0

8

4

17

188

0

12

6

16.5

184

0

16

8

13

180

0

20

10

6.5
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10.2
14
18
18
17.5
14
7

Figure 4.3 shows the profile of the reinforced concrete behavior (without sand).

20

Second New Concrete (Cement, Silica particles)

Failure Load of Concrete ( MPa)

18
16
14
12
10
8
6
4
2
0
0

2

4

6

8

10

12

Silica Gel Particle (%)

Figure 4.3 - Failure load behavior for the second new concrete (cement and silica gel
particles).

From the table (4.3), and figure (4.3), it can be seen that adding silica gel
particles

(without

sand)

to

the

effects on the mechanical properties of cement.

cement

has

a

positive

The cement specimens that

were reinforced with (silica) failed at higher stresses as compared to the
unreinforced specimens with average value of 10.2 MPa. The increase in
failure stress started when 1 % of silica was added to the cement, giving a
failure stress of 14 MPa. This value has increased further reaching 18, 18 and
17.5 MPa when 2, 4 and 6 % silica particles respectively. However, the
failure stress of concrete decreased with further increase in silica particle
content (10 %) giving a value of 7 MPa.
This means that the hydration process was complete and had not been
affected by the addition of silica particles. This was the case for the addition
of up to 8 % silica particles to the cement. This led to higher hardening rate
and higher strength concrete. The negative effect was shown for higher
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percentage of silica of 10 %. This may imply that with higher percentage of
silica content (10 % or more), the silica may affect the cement hydration
process, which could lead to early (immature solidification) of weaker
concrete.
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5Conclusion
This

work aims

the cement

to study the

matrix

effects

phase. The

aim

of

adding silica

was

gel

to increase the

particles

to

compressive

mechanical properties,and rapid solidification (hardening time) rate of the
concrete. The findings can be summarized as follows:

1. The silica gel particleswith different percentage (1, 2, 4, 6, 8 and 10
%)can be successfully combined into the cement paste.
2. Two types of reinforcements were studied.The first new mix uses sand
with silica particles that were added to cement. The new first mix had
negative effects on the mechanical properties. The concrete specimens
failed at lower stresses as compared to the unreinforced specimens. This
can be explained by the fact that adding silica gel particles with sand to
the cement did not allow for the completionto the hydration process,
which is necessary for the cement hardening steps.
3. The new second concrete mix (silica gel particles (without sand) and the
cement) improved the mechanical properties of the concrete
4. . The cement specimens that were reinforced with (silica) failed at higher
stresses as compared to the unreinforced specimens that had average
value of 10.2 MPa.
5. The maximum failure stress has increased to reach 18, 18 and 17.5 MPa
when 2, 4 and 6 % silica particles respectively.
6. Recommendation

for

construction

companies:

To

achieve

stronger

concrete that can harden in shorter time, it is recommended that 2 – 6 %
of silica gel particles should be added to the cement.
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