
Guide to the Selection 
and Use of Hydraulic 
Cements
Reported by ACI Committee 225

A
C

I 2
25

R
-1

9

Inch-Pound UnitsIN-LB

International System of UnitsSI



First Printing
August 2019

ISBN: 978-1-64195-080-0

Guide to the Selection and Use of Hydraulic Cements

Copyright by the American Concrete Institute, Farmington Hills, MI. All rights reserved. This material 
may not be reproduced or copied, in whole or part, in any printed, mechanical, electronic, film, or other 
distribution and storage media, without the written consent of ACI.

The technical committees responsible for ACI committee reports and standards strive to avoid 
ambiguities, omissions, and errors in these documents. In spite of these efforts, the users of ACI 
documents occasionally find information or requirements that may be subject to more than one 
interpretation or may be incomplete or incorrect. Users who have suggestions for the improvement of 
ACI documents are requested to contact ACI via the errata website at http://concrete.org/Publications/
DocumentErrata.aspx. Proper use of this document includes periodically checking for errata for the most 
up-to-date revisions.

ACI committee documents are intended for the use of individuals who are competent to evaluate the 
significance and limitations of its content and recommendations and who will accept responsibility for 
the application of the material it contains. Individuals who use this publication in any way assume all 
risk and accept total responsibility for the application and use of this information.

All information in this publication is provided “as is” without warranty of any kind, either express or 
implied, including but not limited to, the implied warranties of merchantability, fitness for a particular 
purpose or non-infringement.

ACI and its members disclaim liability for damages of any kind, including any special, indirect, incidental, 
or consequential damages, including without limitation, lost revenues or lost profits, which may result 
from the use of this publication.

It is the responsibility of the user of this document to establish health and safety practices appropriate 
to the specific circumstances involved with its use. ACI does not make any representations with regard 
to health and safety issues and the use of this document. The user must determine the applicability of 
all regulatory limitations before applying the document and must comply with all applicable laws and 
regulations, including but not limited to, United States Occupational Safety and Health Administration 
(OSHA) health and safety standards.

Participation by governmental representatives in the work of the American Concrete Institute and in 
the development of Institute standards does not constitute governmental endorsement of ACI or the 
standards that it develops.

Order information: ACI documents are available in print, by download, through electronic subscription, 
or reprint, and may be obtained by contacting ACI.

ACI codes, specifications, and practices are made available in the ACI Collection of Concrete Codes, 
Specifications, and Practices. The online subscription to the ACI Collection is always updated, and 
includes current and historical versions of ACI’s codes and specifications (in both inch-pound and SI 
units) plus new titles as they are published. The ACI Collection is also available as an eight-volume set of 
books and a USB drive.

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
Phone:	 +1.248.848.3700
Fax:	 +1.248.848.3701

www.concrete.org

http://concrete.org/Publications/DocumentErrata.aspx
http://concrete.org/Publications/DocumentErrata.aspx
https://concrete.org/


This guide covers the influence of cement on the properties of 
concrete, summarizing the composition and availability of commer-
cial hydraulic cements and the factors affecting their performance 
in concrete. Cement is the most active component of concrete 
and usually has the greatest unit cost; therefore, its selection and 
proper use is imperative to attaining the desired balance of proper-
ties and cost for a particular concrete mixture. Selection should 
include consideration of the cement properties in relation to the 
required performance of the concrete. It includes a discussion of 
cement types, a brief review of cement chemistry, the influences of 
chemical admixtures and supplementary cementitious materials, as 
well as the effects of the environment on cement performance and 
reviews of the sustainability aspects for the use and manufacture of 
portland cement. Cement storage, delivery, sampling, and testing of 
hydraulic cements for conformance to specifications are addressed. 
Users will learn to recognize when a readily available, general-
purpose cement will perform satisfactorily or when conditions 
require selection of a cement that meets additional requirements.

Keywords: admixture; blended cement; calcium-aluminate cement; cement 
storage; cement types; chemical analysis; hydraulic cement; physical prop-
erties; portland cement; pozzolan; slag cement; supplementary cementi-
tious materials; sustainability.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction
This guide assists specifiers and designers in choosing 

appropriate cement for specified concrete applications. 
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-
ture, floor, or pavement. Cement choice depends on many 
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 
the fine aggregate, coarse aggregate, or other constituents 
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 and water. The term also differentiates hydraulic 
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 
in specific applications.

1.2—Scope
This guide summarizes information about the composi-

tion, availability, and factors affecting the performance of 
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 
cement can affect certain properties of concrete

c) How interaction of cements with various additives, 
admixtures, and mixture designs can affect concrete

This guide deals with hydraulic cements manufactured in 
conformance with ASTM International, American Association 

American Concrete Institute – Copyrighted © Material – www.concrete.org

2	 GUIDE TO THE SELECTION AND USE OF HYDRAULIC CEMENTS (ACI 225R-19)



of State Highway and Transportation Officials (AASHTO), 
and Canadian Standards Association (CSA) standards. For 
information on other hydraulic cement standards, the user is 
directed to local specifications and building codes.

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—Definitions
Please refer to the latest version of ACI Concrete Termi-

nology for a comprehensive list of definitions. Definitions 
provided herein complement that resource. An additional 
resource for definitions dealing with hydraulic cements is 
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 
but will, in finely divided form and in the presence of mois-
ture, chemically react with calcium hydroxide at ordinary 
temperatures to form cementitious hydrates.

slag cement—granulated blast-furnace slag that has been 
ground to cement fineness, with or without additions, and 
that is a hydraulic cement.

CHAPTER 3—CEMENT TYPES, AVAILABILITY, 
AND SELECTION

Cement selection is an important consideration when 
proportioning mixtures for specific project requirements 
and intended use. It is important that the specification for 
hydraulic cements be appropriate for the project and the 
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 
specific cement types based on the chemistry or physical 
properties. Specific cements may be available that are 
designed for applications where performance requirements 
cannot be achieved with ordinary portland cement.

3.1—Portland and blended hydraulic cements
A majority of the cement used for concrete construction 

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 
cement specifications can be found in AASHTO M 85 or, 
for Canada, in CSA A3001. Blended cements are also speci-
fied under the AASHTO M 240 requirements. For more on 
hydraulic cement specifications and selection, refer to 3.4 of 
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 
mixture of the raw materials is finely ground and then heated 
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 
in the manufacture of cements that are added at the finish 
mill. Their use is governed by ASTM C465. Processing addi-
tion rates for portland cements are specified in ASTM C150/
C150M. The specific gravity of portland cement will vary 
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 
clinker and tend to reduce the specific gravity of the port-
land cement. When proportioning concrete mixtures, unless 
an actual measurement of the specific gravity of the cement 
has been made, 3.15 has been used for portland cements 
(Kosmatka and Wilson 2011). As the amount of processing 
additions increase, the specific gravity value has been found 
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 
material such as slag cement, fly ash, limestone, silica fume, 
or raw or calcined natural pozzolans. They may also be made 
by blending the finely ground ingredients, or by a combina-
tion of blending and intergrinding. The specific gravity of 
a blended cement will vary with the type and amount of 
material(s) that is (are) interground or blended.

For specification purposes, portland and blended 
hydraulic cements are designated by type depending on their 
chemical composition and properties. The availability of 

American Concrete Institute – Copyrighted © Material – www.concrete.org

	 GUIDE TO THE SELECTION AND USE OF HYDRAULIC CEMENTS (ACI 225R-19)� 3


	TITLE PAGE
	CHAPTER 1—INTRODUCTION AND SCOPE
	1.1—Introduction
	1.2—Scope

	CHAPTER 2—NOTATION AND DEFINITIONS
	2.1—Notation
	2.2—Definitions

	CHAPTER 3—CEMENT TYPES, AVAILABILITY, AND SELECTION
	3.1—Portland and blended hydraulic cements
	3.2—Special-purpose cement
	3.3—Research and development
	3.4—Rational approach to selection

	CHAPTER 4—CEMENT CHEMISTRY
	4.1—Portland cement
	4.2—Blended hydraulic cement
	4.3—Shrinkage-compensating expansive cement
	4.4—Calcium-aluminate cement

	CHAPTER 5—INFLUENCE OF CHEMICAL ADMIXTURES, POZZOLANS, AND SLAG CEMENTS ON CEMENTITIOUS SYSTEMS
	5.1—Air-entraining admixtures
	5.2—Other chemical admixtures
	5.3—Pozzolans
	5.4—Slag cements

	CHAPTER 6—INFLUENCE OF ENVIRONMENTAL CONDITIONS ON THE HYDRATION OF CEMENTS
	6.1—Water requirements
	6.2—Temperature effects
	6.3—Composition

	CHAPTER 7—INFLUENCE OF CEMENT ON CONCRETE PROPERTIES
	7.1—Thermal cracking
	7.2—Placeability
	7.3—Strength
	7.4—Volume stability
	7.5—Elastic properties
	7.6—Creep
	7.7—Permeability
	7.8—Corrosion of embedded steel
	7.9—Resistance to freezing and thawing
	7.10—Resistance to chemical attack
	7.11—Resistance to high temperatures
	7.12—Aggregate reactions in concrete
	7.13—Color

	CHAPTER 8—CEMENT STORAGE AND DELIVERY
	8.1—Storage
	8.2—Pack set (sticky cement)
	8.3—Delivery
	8.4—Contamination and handling
	8.5—Worker protection

	CHAPTER 9—SAMPLING AND TESTING HYDRAULIC CEMENTS FOR CONFORMANCE TO SPECIFICATIONS
	9.1—Cement mill test reports
	9.2—Sealed silos
	9.3—Cement certification
	9.4—Quality management

	CHAPTER 10—SUSTAINABILITY ASPECTS OF HYDRAULIC CEMENTS
	10.1—Hydraulic cements
	10.2—Energy consumption
	10.3—Use of SCMs as replacement for portland cement
	10.4—Use of cement in concrete
	10.5—Recycled raw materials as raw feed in the manufacture of portland cement
	10.6—Alternate fuels
	10.7—Combustion emissions
	10.8—Recent progress and strategy

	CHAPTER 11—REFERENCES
	Authored documents

	APPENDIX A—CALCIUM-ALUMINATE CEMENTS
	A.1—Manufacture and properties
	A.2—Influences of admixtures and supplementary cementitious materials
	A.3—Influence of environment
	A.4—Heat of hydration
	A.5—Setting characteristics
	A.6—Strength
	A.7—Resistance to chemical attack
	A.8—Resistance to high temperatures

	APPENDIX B––MANUFACTURER’S CERTIFICATION (MILL TEST REPORT)



