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ACI Committee Reports and Guides are intended for 
guidance in planning, designing, executing, and inspecting 
construction. This document is intended for the use of indi-
viduals who are competent to evaluate the significance and 
limitations of its content and recommendations and who will 
accept responsibility for the application of the information 
it contains. ACI disclaims any and all responsibility for the 
stated principles. The Institute shall not be liable for any loss 
or damage arising therefrom. Reference to this document 
shall not be made in contract documents. If items found in this 
document are desired by the Architect/Engineer to be a part of 
the contract documents, they shall be restated in mandatory 
language for incorporation by the Architect/Engineer.

ACI PRC-221-25 supersedes ACI 221R-96(01) and was published June 2025. This 
guide was first published in 1989 and revised in 1996.

Copyright © 2025, American Concrete Institute.
This material may not be reproduced or copied, in whole or in part, in any form 

or by any means, including making copies by any photo process, or by electronic or 
mechanical device, printed, written, graphic, or oral, or recording for sound or visual 
reproduction for use in any knowledge or retrieval system or device, without the written 
consent of ACI. This material may not be used by data mining, robots, screen scraping, 
or similar data gathering and extraction tools such as artificial intelligence (“AI”) for 
purposes of developing or training a machine learning or AI model, conducting comput-
er analysis or creating derivatives of this material, without the written consent of ACI.

This guide presents information on selection and use of normal-
weight and heavyweight aggregates in concrete. The selection 
and use of aggregates in concrete should be based on technical 
criteria as well as economic considerations and knowledge of types 
of aggregates generally available in the area of construction. The 
properties of aggregates and their processing and handling influ-
ence the properties of both fresh and hardened concrete. The effec-
tiveness of processing, stockpiling, and aggregate qualitFy control 
procedures will affect batch-to-batch and day-to-day variation in 
the properties of concrete. Aggregates that do not comply with the 
specification requirements may be suitable for use if the proper-
ties of the concrete using these aggregates are acceptable, as per 
Chapter 6. Materials that can be recycled or produced from waste 
products are potential sources of concrete aggregates; however, 
special evaluation may be necessary.

Keywords: alkali-silica reaction (ASR); attached mortar; characterization; 
durability; field performance; fresh concrete; hardened concrete; heavy-
weight aggregate; normalweight aggregate; quality control; recycled aggre-
gate; specific gravity.

CONTENTS

CHAPTER 1—INTRODUCTION, p. 2

CHAPTER 2—NOTATION AND DEFINITIONS, p. 6
2.1—Notation, p. 6
2.2—Definitions, p. 6

CHAPTER 3—PROPERTIES OF HARDENED 
CONCRETE INFLUENCED BY AGGREGATE 
PROPERTIES, p. 6

3.1—Strength, p. 6
3.2—Durability, p. 7
3.3—Shrinkage, p. 10
3.4—Modulus of elasticity, p. 11
3.5—Unit weight, p. 11
3.6—Surface friction properties and abrasion resistance, 

p. 11
3.7—Thermal properties, p. 13
3.8—Economy, p. 13

Consulting Members

Marc Andre Berube
Omar A. Omar

Aimee Pergalsky
James Don Powell

James R. Van Acker
Richard Yelton

1

ACI PRC-221-25

Use of Normalweight and Heavyweight Aggregates 
in Concrete—Guide

Reported by ACI Committee 221

Anol Kanti Mukhopadhyay, Chair Mark R. Lukkarila, Secretary

Hakim S. Abdelgader
Mengesha Beyene
James M. Casilio
Bryan R. Castles

John M. Fox

Kristen E. Freeman
Shubhada Gadkar-Kolson

Alfred Gardiner
Robert D. Hooton
Sam R. Johnson

Kai-Wei Liu
Jim S. Pierce

Prasada R. Rangaraju
Hadi Rashidi

Clayton M. Reichle

Leandro F. M. Sanchez
Xijun Shi

Richard G. Sibbick
April Snyder

Lawrence L. Sutter



CHAPTER 4—PROPERTIES OF FRESHLY MIXED 
CONCRETE INFLUENCED BY AGGREGATE 
PROPERTIES, p. 13

4.1—General, p. 13
4.2—Mixture proportions, p. 13
4.3—Aggregate optimization, p. 14
4.4—Slump and workability, p. 14
4.5—Pumpability, p. 15
4.6—Bleeding, p. 16
4.7—Finishing characteristics of unformed concrete, p. 16
4.8—Air content, p. 16
4.9—Other properties, p. 16

CHAPTER 5—EFFECTS OF PROCESSING AND 
HANDLING OF AGGREGATES ON PROPERTIES 
OF FRESHLY MIXED AND HARDENED 
CONCRETE, p. 16

5.1—General, p. 16
5.2—Basic processing, p. 17
5.3—Beneficiation, p. 18
5.4—Handling of aggregates, p. 18
5.5—Environmental concerns, p. 20

CHAPTER 6—QUALITY ASSURANCE, p. 20
6.1—General, p. 20
6.2—Routine visual inspection, p. 22
6.3—Routine control testing, p. 22
6.4—Acceptance testing, p. 22
6.5—Record keeping and reports, p. 23

CHAPTER 7—RECYCLED CONCRETE 
AGGREGATE, p. 23

7.1—Background, p. 23
7.2—Recycled concrete aggregate processing, p. 24
7.3—Definition and characterization of RCA, p. 24
7.4—Mixture design of concrete with RCA, p. 25
7.5—RCA concrete material properties, p. 26
7.6—Field performance of pavement made of RCA, p. 27
7.7—Sustainability benefits of using RCA, p. 28

CHAPTER 8—HEAVYWEIGHT AGGREGATES, p. 28
8.1—Introduction, p. 28
8.2—Heavyweight aggregate materials, p. 28
8.3—Properties and specifications for heavyweight aggre-

gates, p. 29
8.4—Proportioning heavyweight concrete, p. 30
8.5—Aggregates for use in radiation shielding concrete, 

p. 30
8.6—Heavyweight aggregate supply, storage, and 

batching, p. 30

CHAPTER 9—REFERENCES, p. 30
Authored documents, p. 32

CHAPTER 1—INTRODUCTION
The largest constituent of concrete is aggregate. The prop-

erties of the aggregates influence the fresh and hardened 
properties of concrete and may affect the durability of the 
concrete in service. The processing and handling of aggre-
gates can influence these properties. This guide presents 
information on the selection and use of normalweight and 
heavyweight aggregates for concrete. This document was 
designed to provide a comprehensive overview of the effects 
of aggregate materials, production, and use on concrete 
quality that can be used for specification design, quality 
control, and quality assurance from production to batching. 
The report is limited primarily to natural aggregates and 
recycled concrete aggregate (RCA).

This guide is divided into six major parts: 1) properties 
of hardened concrete influenced by aggregate properties; 
2) properties of freshly mixed concrete influenced by aggre-
gate properties; 3) aspects of processing and handling that 
have a bearing on concrete quality and uniformity; 4) quality 
control and quality assurance; 5) RCAs; and 6) heavyweight 
aggregates.

Aggregate selection should be based on technical criteria 
and economic considerations. When available in sufficient 
detail, service records are a valuable aid for evaluating and 
specifying aggregate sources when the structures, concrete 
proportions, and exposure are similar to those anticipated 
for the proposed work. Petrographic analysis can be used 
to determine whether the aggregate to which the service 
record applies is sufficiently similar to the proposed aggre-
gate for the service record to be meaningful. It also provides 
useful information on the acceptability of aggregate from a 
new source.

Tables 1a through 1h lists the test methods for evaluating 
distinct aggregate properties for use in concrete according 
to the required performance. Additionally, it is worth noting 
that only some of these tests are required for acceptance and 
qualification; consulting the referenced ASTM standards is 
recommended. In many cases, the aggregate properties and 
test methods listed are not routinely used in specifications 
for aggregates. Their use may be needed only for research 
purposes, for the investigation of new sources, or when aggre-
gate sources are being investigated for a special application.

A summary of data on aggregate properties and their 
influence on the behavior of concrete is contained in 
ASTM STP169D and Alexander and Mindess (2005). Infor-
mation on the exploration of aggregate sources, production, 
and rock types can be found in Waddell (1974). ASTM C1778 
provides guidance on mitigating potential risks due to alkali-
aggregate reactions.
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