IN-LB Inch-Pound Units

“ International System of Units

Guide for Proportioning
Concrete Mixtures

with Ground Calcium
Carbonate and Other
Mineral Fillers

Reported by ACI Committee 211

ACI 211./R-20

*W American Concrete Institute
qacCl “

» Always advancing
4




™ Amer Inst First Printing
qCI‘ merican Concrete Institute November 2020

Always advancing

A ISBN: 978-1-64195-122-7

Guide for Proportioning Concrete Mixtures with Ground Calcium Carbonate and
Other Mineral Fillers

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.

Most ACI standards and committee reports are gathered together in the annually revised the ACI
Collection of Concrete Codes, Specifications, and Practices.

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



ACI 211.7R-20

Guide for Proportioning Concrete Mixtures with
Ground Calcium Carbonate and Other Mineral Fillers

Reported by AClI Committee 211

Timothy S. Folks,” Chair

Ezgi Wilson, Vice Chair

Ed T. McGuire, Secretary

William L. Barringer
Katie J. Bartojay
Muhammed P. A. Basheer
James C. Blankenship
Casimir J. Bognacki
Ramon L. Carrasquillo
Bryan R. Castles
Teck L. Chua®
John F. Cook
D. Gene Daniel
Kirk K. Deadrick

Yasar Yahia Abualrous
David Anstine”
Dale P. Bentz"

Eric Bosler
James Bury
Zane Bussler
Laurence M. Clodic

"Also members of ACT 211-N.
fChair of Subcommittee 211-N.

Robert Bergman

Donald E. Dixon

Bernard J. Eckholdt, IIT
Joshua J. Edwards
David W. Fowler"

G. Terry Harris
T. J. Harris
Patrick J. Harrison
Richard D. Hill
David L. Hollingsworth
Tarif M. Jaber
Robert S. Jenkins
Joe Kelley

Gary F. Knight"
Eric P. Koehler*"
Frank A. Kozeliski
Tyler Ley
John J. Luciano
Darmawan Ludirdja*
Allyn C. Luke
Kevin A. MacDonald
Warren E. McPherson
Karthik H. Obla
H. Celik Ozyildirim

Subcommittee Members

Dimitri Feys

Plinio Estuardo Herrera Rodas”

Gene Hightower
Azadeh Hosseinpanahi
Berndt Kanduth
Kenneth G. Kazanis”
Nicolas Ali Libre

Guy Lortie"
Yang Lu
Blaine B. Nye
Bryan L. Petty
Nicholas J. Popoff”

Domenick Thomas Ruttura
Mahmoud Shaaban Sayed Ahmed

Subcommittee 211-N

Joseph A. Daczko

Caroline M. Talbot

Consulting Members

Said Irivani

James N. Lingscheit

James S. Pierce
Steven A. Ragan
Royce J. Rhoads
John P. Ries
G. Michael Robinson
James M. Shilstone
Lawrence L. Sutter”
Woodward L. Vogt
Michael A. Whisonant

Lane G. Shaw"

Paul D. Tennis”

Paul J. Thomas”
James R. Van Acker

John W. Vaughn

Ava Shypula

ACI Committee Reports, Guides, and Commentaries are
intended for guidance in planning, designing, executing, and
inspecting construction. This document is 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. The American Concrete Institute 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.

The use of ground calcium carbonate (GCC) and other mineral
fillers can enhance the performance, economy, and sustainability of
concrete mixtures. Modifications to the conventional proportioning
method in ACI 211.1 are needed to incorporate these materials.
This guide describes GCC and dust-of-fracture aggregate mineral
fillers, including their properties, characterization, and qualifica-
tion, and effects on concrete properties and sustainability. Recom-
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2 PROPORTIONING CONCRETE MIXTURES WITH CALCIUM CARBONATE & OTHER MINERAL FILLERS (ACI 211.7R-20)

mendations are provided for proportioning concrete mixtures with
these materials.

Keywords: aggregate mineral filler; dust-of-fracture; ground calcium
carbonate; ground limestone; mixture proportioning; paste volume; powder
content; proportioning.
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CHAPTER 1—INTRODUCTION

This guide provides recommendations for proportioning
normalweight concrete with ground calcium carbonate
(GCC) and dust-of-fracture aggregate mineral fillers
(AMF). It also provides background information on these
materials, techniques for their characterization, and their
effects on concrete properties; however, it is not intended to
be a comprehensive literature review and the reader should
conduct trial batches to evaluate specific materials being
used and to confirm concrete performance. It is intended to
supplement ACI 211.1 and is for materials meeting ASTM
C1797. Proportioning methods for GCC and for dust-of-
fracture AMF are discussed separately.

Mineral filler is defined as a finely divided mineral product
at least 65 percent of which passes the No. 200 (75 um) sieve.
This definition includes the materials addressed herein;
namely, GCC as specified in ASTM C1797 and dust-of-fracture
AMF from quarried rock as specified in either ASTM C1797
or ASTM C33/C33M.

GCC, also known as ground limestone, is a manufactured
fine product composed primarily of calcium carbonate and
with particles sized within narrow ranges. GCC has been
used successfully in concrete in Europe for decades, either
added to the concrete mixture separately from the cement or
interground with clinker to form portland-limestone cement
(European Committee for Standardization 2009).

Dust-of-fracture AMF is rock dust created during produc-
tion, processing, or handling of quarried stone. Such mate-
rials can vary in mineral composition and other physical
characteristics, depending on the parent stone from which
they are derived, the crushing process, and the washing or air
separation process. Dust-of-fracture AMF can be provided
as a dry bulk powder meeting ASTM C1797 or as part of
manufactured sand as described in ASTM C33/C33M.

This guide does not address precipitated calcium
carbonate or material finer than the No. 200 (75 um) sieve in
natural sand, nor the use of limestone as a cement ingredient,
which is addressed in ASTM C150/C150M, C595/C595M,
and C1157. Although GCC typically falls within the defi-
nition of AMF, it is dealt with separately in this guide. It
is manufactured under controlled conditions to be a consis-
tent product. Dust-of-fracture AMF consisting primarily of
calcium carbonate is not considered GCC.

The aggregate suspension mixture proportioning method
described in ACI 211.6T has been used to proportion
concrete with GCC and dust-of-fracture AMF.

The use of both GCC and dust-of-fracture AMF can
improve the sustainability of concrete production. GCC
has a lower embodied energy and lower CO, emission
during its production than an equivalent mass of portland
cement. Dust-of-fracture AMF is typically a by-product
of the blasting and crushing of aggregate. This guide can
facilitate the use of GCC and aggregate mineral fillers as a
means of optimizing the powder content of concrete, thereby
increasing sustainability.

Applicability of these materials is not limited to a select
class or type of concrete but can be considered for use in a
wide variety of applications and production methods. The
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