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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Although hydraulic cements are only one ingredient of a 
concrete mixture, they are the active ingredient and, there-
fore, play a key role in the long-term viability of the struc-

variables, such as the service conditions for which the 
concrete is designed, properties of other materials used in the 
mixture, or the performance characteristics of the concrete 
required during or shortly after placement.

Cement paste is the binder in concrete or mortar that holds 

together in a hardened mass. The term “hydraulic” in this 
guide refers to the basic mechanism by which the hardening 
of the cement takes place—a chemical reaction between the 

cement from binder systems that are based on other hard-
ening mechanisms, as hydraulic cements can harden 
underwater.

Concrete properties depend on the quantities and quali-
ties of its constituents. Because cement is the most active 
component of concrete and usually has the greatest unit cost, 
its selection and proper use are fundamental in obtaining the 
most economical balance of properties desired for a partic-
ular concrete mixture. Most cements will provide adequate 
levels of strength and durability for general use. Some 
provide higher levels of certain properties than are needed 

1.2—Scope

This guide summarizes information about the composi-

commercial hydraulic cements. It also provides information 
regarding:

a) Cement selection, whether a cement is readily avail-
able, and if conditions require a general-purpose cement or 
a special cement

b) How the chemical and physical characteristics of a 

c) How interaction of cements with various additives, 

This guide deals with hydraulic cements manufactured in 
conformance with ASTM International, American Association 
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and Canadian Standards Association (CSA) standards. For 
information on other hydraulic cement standards, the user is 

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

Cement phases referred to throughout this guide follow 
the cement chemists’ notation as follows:
A = Al2O3
C = CaO
C̄ = CO2
F = Fe2O3
H = H2O
M = MgO
S = SiO2
S̄ = SO3
Equivalent alkalies, Na2Oeq = Na2O + 0.658 · K2O
tricalcium silicate*: 3CaO·SiO2 = C3S
dicalcium silicate: 2CaO·SiO2 = C2S
tricalcium aluminate: 3CaO·Al2O3 = C3A
tetracalcium aluminoferrite: 4CaO·Al2O3·Fe2O3 = C4AF

2.2—De�nitions

Please refer to the latest version of ACI Concrete Termi-

provided herein complement that resource. An additional 

ASTM C219.
granulated blast-furnace slag—the glass, granular mate-

rial formed when molten blast-furnace slag is rapidly chilled, 
as by immersion in water.

hydration—the chemical reaction between hydraulic 
cement and water forming new compounds most of which 
have strength-producing properties.

hydraulic cement—a cement that sets and hardens by 
chemical reaction with water and is capable of doing so 
under water.

pozzolan—a siliceous or siliceous and aluminous mate-
rial, which in itself possesses little or no cementitious value 

-
ture, chemically react with calcium hydroxide at ordinary 
temperatures to form cementitious hydrates.

slag cement—granulated blast-furnace slag that has been 

that is a hydraulic cement.

CHAPTER 3—CEMENT TYPES, AVAILABILITY, 

AND SELECTION

Cement selection is an important consideration when 

hydraulic cements available in the area. Factors such as 

*Tricalcium silicate, Ca3SiO5, in conventional notation becomes 3CaO·SiO2 in oxide 
notation, or C3S in cement chemists’ notation. Simple oxides, such as CaO or SiO2, 
are often written in full.

exposure conditions and desired properties can often require 

designed for applications where performance requirements 
cannot be achieved with ordinary portland cement.

3.1—Portland and blended hydraulic cements

in the United States is either portland cement, manufactured 
to meet the requirements of ASTM C150/C150M, blended 
hydraulic cement manufactured to meet the requirements 
of ASTM C595/C595M, or performance-based hydraulic 
cement manufactured to meet the requirements of ASTM 
C1157/C1157M. Tables 3.1a and 3.1b include basic charac-
teristics of these cements as listed in ASTM. Other portland 

AASHTO M 85 or, 
for Canada, in CSA A3001. Blended cements are also speci-

AASHTO M 240 requirements. For more on 

this guide.
Portland cements are manufactured by a process that 

begins by combining a source of lime such as limestone, 
a source of silica and alumina such as clay, and a source 
of iron oxide such as iron ore. The properly proportioned 

to approximately 2700°F (1480°C) for the reactions that 
form cement phases to take place. The product of a cement 
kiln is portland cement clinker. After cooling, the clinker is 
ground with calcium sulfate (gypsum), processing additions, 
and, in many cases, limestone to form a portland cement. 
Processing additions are organic or inorganic materials used 

mill. Their use is governed by ASTM C465. Processing addi-

slightly depending on the amounts of limestone, gypsum, 
and inorganic processing addition added to the clinker. 
For more reference on inorganic process addition, refer to 
Taylor (2008). Most of these additions are less dense than 

-
land cement. When proportioning concrete mixtures, unless 

has been made, 3.15 has been used for portland cements 
(Kosmatka and Wilson 2011). As the amount of processing 

to decrease.
Blended hydraulic cements are usually made by inter-

grinding portland cement clinker with calcium sulfate 
(gypsum); processing additions; and a quantity of a suitable 

or raw or calcined natural pozzolans. They may also be made 
-

a blended cement will vary with the type and amount of 
material(s) that is (are) interground or blended.

hydraulic cements are designated by type depending on their 
chemical composition and properties. The availability of 
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