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Types of Portland Cement: s cuiawd) glgil

Many of the cements have been developed to ensure good durability of concrete under a
variety of conditions. It has not been possible, however find in the composition of cement a
complete answer to the problem of durability of concrete: the principal mechanical properties
of hardened concrete, such as strength, shrinkage, permeability, resistance to weathering, and
creep, are affected also by factors other than cement composition, although this determines to
a large degree the rate of gain of strength.
w&)\ggjﬁ&qjﬁmbu)ﬂ%wwuua\}‘g&@\w&\ﬂ?\«ﬂhwgaﬂ\Mez
Jalanall ko Hall L) KK (al &) o) Eua Criaadl Jaad AE (WK Gl gl A USan 05 ol el
O a0 138 Catand) oy oS Adlza) (o AT Jlal gy Lyl il s 311 9 3yl da a5 A3l o (ELASEY) 5 Aaslial) Jie

Al gl CLuiS) Jane 308 da )l 2oy 45y 8
This different types of cement can be by produced :

+ Select different mixture of raw materials ( different proportion )

+ Select the method of production

+ Select different types of raw materials
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1- Ordinary Portland Cement
This is by far the most common cement in use about 90 per cent of all cement used in
all world. Ordinary Portland (Type I) cement is admirably suitable for use in general
concrete construction when there is no exposure to sulfates in the soil or groundwater.
The limitation of chemical composition are the lime saturation factor is to be not greater
than 1.02 and not less than 0.66 the factor is defined as :
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2.8(S10,) + 1.2(A1,0;) + 0.65(Fe,0,)
The upper limit of L.S.F ( Lime saturation Factor) indicates that the amount of lime is
no so thigh to have a free lime in clinker.
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Free lime cause the unsoundness of cement and free lime is controlled and checked by
Le-Chatelier test. The lower limit of L.S.F indicates that be burning of clinker is difficult
and the proportion of C3S is low so that the early strength development would be too low.
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2- Rapid Hardening Portland Cement ( Type I11)

Rapid-hardening Portland cement (Type Il1), as its name implies, develops strength more

rapidly, and should, therefore, be correctly described as high early strength cement.

The rate of hardening must not be confused with the rate of setting: in fact, ordinary and
rapid hardening cements have similar setting times. The increased rate of gain of strength of
the rapid-hardening Portland cement is achieved by a higher C3S content (higher than 55 per
cent, but sometimes as high as 70 per cent) and by a finer grinding of the cement clinker. In
practice, rapid-hardening Portland cement has a higher fineness than ordinary Portland
cement. Typically, ASTM Type Il cements have a specific surface, measured by the Blaine
method, of 450 to 600 m2/kg, compared with 300 to 400 m2/kg for Type | cement.
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The use of Rapid-Hardening Portland C ( RHPC) cement is indicated where a rapid strength

development is desired, e.g. when formwork is to be removed early for re-use, or where
sufficient strength for further construction is wanted as quickly as practicable.
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v" RHPC more cost than OPC.

v Because, however, the rapid gain of strength means a high rate of heat development,
rapid-hardening Portland cement should not be used in mass construction or in large
structural sections. On the other hand, for construction at low temperatures the use of
cement with a high rate of heat evolution may prove a satisfactory safeguard against
early frost damage.
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3- Special very rapid-hardening Portland cements

There exist several specially manufactured cements which are particularly rapid hardening.
One of these, a so-called ultra high early strength cement ( UHESC). This type of cement
is not standardized but rather supplied by individual cement manufacturers. Generally, the
rapid strength development is achieved by grinding the cement to a very high fineness: 700 to
900 m2/kg. Because of this, the gypsum content has to be higher (4 per cent
expressed as SO3) than in cements complying with BS EN 197-1 : 2000, but in all other
respects the ultra high early strength cement satisfies the requirements of that standard. It can
be noted that the high gypsum content has no adverse effect on long-term soundness as the
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gypsum is used up in the early reactions of hydration. The effect of the fineness of cement on
the development of strength is illustrated in Fig below . All the cements used in this study had
the C3S content between 45 and 48 per cent, and the C3A content between 14.3 and 14.9 per
cent.
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High fineness leads to rapid hydration, and therefore to a high rate of heat generation at
early ages and to a rapid development; for instance, the 3-day strength of rapid-hardening
Portland cement is reached at 16 hours, and the 7-day strength at 24 hours .There is, however,
little gain in strength beyond 28 days.

Ultra high early strength cement has been used successfully in a number of structures

where early prestressing or putting into service is of importance.
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4- Low heat Portland Cement ( LHPC)

The rise in temperature in the interior of a large concrete mass due to the heat development
by the hydration of cement, coupled with a low thermal conductivity of concrete, can lead to
serious cracking. For this reason, it is necessary to limit the rate of heat evolution of the cement
used in this type of structure: a greater proportion of the heat can then be dissipated and a
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lower rise in temperature results. Cement having such a low rate of heat development
produced for use in large gravity dams in the United States, and is known as low heat Portland
cement (Type V).
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LHPC lower contents of the more hydration compounds C3S and C3A, which results in a
slower development of strength of LHPC as compared to OPC but the ultimate strength is
un affected . Fineness not less than 320 m?/ kg
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5- Modified Cement ( Type II)
In some applications, a very low early strength may be a disadvantage, and for this reason
a so called modified (Type Il) cement was developed in the United States. This modified
cement successfully combines a somewhat higher rate of heat development than that of low
heat cement with a rate of gain of strength similar to that of ordinary Portland cement.
Modified cement is recommended for use in structures where a moderately low heat
generation is desirable or where moderate sulfate attack may occur. This cement is
extensively used in the United States.
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6- Sulfate Resisting Cement (Type V)

the reactions of hydration of cement, and in particular the setting process, mention was made
of the reaction between C3A and gypsum (CaS0O4.2H20) and of the consequent formation of
calcium sulfoaluminate forming within the frame work of the hydrated cement paste . In
hardened cement, calcium aluminate hydrate can react with a sulfate salt from outside the
concrete in a similar manner: the product of addition is calcium
sulfoaluminate, forming within the framework of the hydrated cement paste. Because the
increase in the volume of the solid phase is 227 per cent, gradual disintegration of concrete
results, that is the first type of reaction.
A second type of reaction is that of base exchange between calcium hydroxide and the sulfates,
resulting in the formation of gypsum with an increase in the volume of the solid phase of 124
percent. These reactions are known as sulfate attack. The salts particularly active are
magnesium sulfate and sodium sulfate. Sulfate attack is greatly accelerated if accompanied by
alternating wetting and drying.

The remedy lies in the use of cement with a low C3A content, and such cement is known
as sulfate-resisting Portland cement.
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The low C3A content and comparatively low C4AF content of sulfate-resisting cement
mean that it has a high silicate content and this gives the cement a high strength but, because
C2S represents a high proportion of the silicates, the early strength is low. The heat developed
by sulfate resisting cement is not much higher than that of low heat cement. It could therefore
be argued that sulfate-resisting cement is theoretically an ideal cement but, because of the
special requirements for the composition of the raw materials used in its manufacture, sulfate-
resisting cement cannot be generally and cheaply made.
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The British Standard for this cement, BS 4027 : 1996, stipulates a maximum C3A content
of 3.5 per cent. The SO; content is limited to 2.5 per cent. In other respects, sulfate-resisting
cement is similar to ordinary Portland cement but it is not separately recognized in BS EN
197-1 : 2000. In the United States, sulfate-resisting cement is known as Type V cement and is
covered by American Society for Testing and Materials (ASTM) C 150-09.This
specification limits the C3A content to 5 per cent.
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7-Portland Blast Furnace Cement &l o)) a1 Cud Cuian

Cements of this name consist of an intimate mixture of Portland cement and ground
granulated blast furnace slag (in ASTM parlance, simply slag). This slag is a waste product in
the manufacture of pig iron, about 300 kg of slag being produced for each tone of pig iron.
Chemically, slag is a mixture of lime, silica, and alumina, that is, the same oxides that make
up Portland cement but not in the same proportions.
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Blast furnace slag varies greatly in composition and physical structure depending on the
processes used and on the method of cooling of the slag. For use in the manufacture of blast
furnace cement, the slag has to be quenched so that it solidifies as glass, crystallization being
largely prevented. This rapid cooling by water results also in fragmentation of the material
into a granulated form.
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Slag can make a cementitious material in different ways. Firstly, it can be used together
with limestone as a raw material for the conventional manufacture of Portland cement in the
dry process.

Secondly, granulated blast furnace slag, ground to an appropriate fineness,

The third, and in most countries by far the major, use of ggbs is in Portland blast furnace
cement,. This type of cement can be produced either by intergrading Portland cement clinker
and dry granulated blast furnace slag (together with gypsum) or by dry blending of Portland
cement powder and ggbs
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The specific gravity of ground granulate blast furnace slag (ggbs) is about 2.9 while ordinary

Portland cement is 3.15. Cement with a high content of ggbs may be used as L.H.P.C used
in mass concrete structures.

This cement is beneficial from the stand point of resistance to chemical attack.
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7- White Cement

For architectural purposes, white or a pastel colour concrete is sometimes required. To
achieve best results it is advisable to use white cement with, of course, a suitable fine aggregate
and, if the surface is to be treated, also an appropriate coarse aggregate.

White cement used for —» architectural purpose

Finishing work

White concrete
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Raw Materials Used for Production White Cement:-
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* China clay ( white clay or kaoling) (U3l o) pan¥) cphll) Saall Gulall
* Chalk or limestone free from specified impurities. & Gan¥) (Sl jas o) (g juillall sl
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* Raw materials must have Fe,Oz ( Iron Oxide) less than 0.3%. 2 sall (& ) suaal) 2l of Ao

* Firing temperature up to 1650 °C because of absence of Iron oxide which acts as a flux in
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* white cement is about 3 times the price of ordinary Portland cement because of the cost of
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1- Special pure raw materials 4l ala 3 g0
2- Special fuel used for firing =l G~ 2585 aladiul

3- Increasing the quantity of fuel needed for firing because the firing temperature may be up
t0 1650 °C Gl 3l se 835a 5 Goall 351 ya 3005

4- The higher cost of grinding because of using special grinding mill. plaaiuy okl 43S ¢4 )

White cement has slightly low specific gravity than ordinary Portland cement (3.05-3.1)
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The brightness of white cement is increased by higher fineness so it is usually ground to
fineness 400-500 m?/ kg
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White cement satisfies the requirement of BS 12:1991
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8- Super Sulfated Cement < »Sl as slaal) Gl cieny)

Method of production

* Inter grinding of a mixture of 80-85% of granulated blastfurnace slag with 10-15% of
calcium sulfate + up to 5% Portland cement

* Fineness 400-500 m?/ kg
* Storage must be in dry condition.
* Super sulfated cement is highly resistant to sea water in soil or ground water.
* This cement used in condition of sever and where PH 3.5
* suitable for mass concrete.
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Other Cements :-

* Expansive_cement: has the property of expanding in its early life so as to counteract
construction induced by drying shrinkage.
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* High —alumina Cement Lt gl Ao Cawl

1- It contains large proportion of alumina

2- 40% of each alumina

3- about 15% of ferrous and ferric oxides
4- about 5% of silica

5- small a mounts of TiO, , MgO and alkalis.

6- The raw materials are limestone and Bauxite
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Bauxite is a residual deposit formed by weathering under tropical conditions of rocks

containing alumina and consists of hydrated alumina oxides of Iron and titanium and small a
mount of silica.
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*Resistance to Chemical attack g4l sadl a gliall Cuia)

1- resistance to sulfate attack due to absence of Ca(OH),
2- resistance to attack by CO, dissolved in pure water due to absence of Ca(OH).
3- Physical properties

a. very high rate of srength development

b. about 80% of strength is obtained of 24hr age
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