IN-LB Inch-Pound Units

“ International System of Units

Assessing Combined
Aggregate Gradings—
Guide

Reported by ACI Committee 211

ACI PRC21110-24

* W American Concrete Institute
qacCl “

» Always advancing
4



https://www.stdhive.com/standards/aci-prc-21110-24-pdf/

™ Amer Inst First Printing
qCI‘ merican Concrete Institute December 2024

Always advancing

S ISBN: 978-1-64195-284-2

Assessing Combined Aggregate Gradings—Guide

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. Despite these efforts, the users of ACI documents
occasionally find information or requirements that may be subject to more than one interpretation ~r
may be incomplete or incorrect. Users who have suggestions for the improvement of ACI documei.*s a.e
requested to contact ACI via the errata website at http://concrete.org/Publications/DocumentErraa.a.nx.
Proper use of this document includes periodically checking for errata for the most up-to-de e 1 ~vis,ons.

ACI committee documents are intended for the use of individuals who are competent to evalua:e 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 a»v w« " 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 an, kin |, either express or
implied, including but not limited to, the implied warranties of merchantability, {itness for a particular
purpose or non-infringement.

ACI and its members disclaim liability for damages of any kind,«ncl 1dirg any special, indirect, incidental,
or consequential damages, including without limitation, lost rave. ues-or lost profits, which may result
from the use of this publication.

It is the responsibility of the user of this document to establish hio2ln and safety practices appropriate to the
specific circumstances involved with its use. ACI does not make any representations regarding health and safe-
ty issues and the use of this document. The user must det. rmiae the applicability of all regulatory limitations
before applying the document and must comply with &'l «; plicable laws and regulations, including but not
limited to, United States Occupational Safety and Zic It Administration (OSHA) health and safety standards.

Participation by governmental representa‘ivos 11 the work of the American Concrete Institute and in
the development of Institute standards.doe: not constitute governmental endorsement of ACI or the
standards that it develops.

ACI documents are written via a v nsensus-based process. The characteristics of ACI technical committee
operations include:

(a) Open committee membership

(b) Balance/lack of dominance

(c) Coordination and b+ rnianization of information

(d) Transparency of zon.mittee activities to public

(e) Consideration of vicws and objections

(f) Resolution thr yugh consensus process

The techr.*cal comr ittee documents of the American Concrete Institute represent the consensus of the
committee anAd ACI. Technical committee members are individuals who volunteer their services to ACI
and sy ecii.c technical committees.

A1 erican Concrete Institute
28800 Country Club Drive
Farmington Hills, MI 48331
Phone: +1.248.848.3700
Fax: +1.248.848.3701
www.concrete.org


http://concrete.org
https://www.stdhive.com/standards/aci-prc-21110-24-pdf/

ACI PRC-211.10-24

Assessing Combined Aggregate Gradings—Guide

Reported by AClI Committee 211

Ezgi Wilson,* Chair

John F. Cook
Kirk K. Deadrick
Bernard J. Eckholdt
Joshua J. Edwards
Timothy S. Folks*
David W. Fowler
Brett A. Harris
G. Terry Harris
T. J. Harris
Lance S Heiliger
Richard D. Hill

Kamran Amini
William L. Barringer
Katie J. Bartojay
Muhammed P. A. Basheer
James C. Blakenship
Casimir J. Bognacki
Peter Bohme
Anthony J. Candiloro
Ramon L. Carrasquillo
Bryan R. Castles
Teck L. Chua

*Also member of ACI 211-I Subcommittee.
Chair of Subcommittee ACI 211-1.

Michael A. Whisonant, Secretary

David L. Hollingsworth Ally» C. Luke
Tarif M. Jaber Kevi A. 1."acDonald
Robert S. Jenkins Ed 't McC rire

Ka thik . T. Obla
+° Celi Ozyildirim
Jaes S. Pierce
Steven A. Ragan
G. Michael Robinson
James M. Shilstone*
Lawrence L. Sutter

Joe Kelley
Gary F. Knight
Eric P. Koehler*
Frank A. Kozeliski
Robert C. Lewis
Tyler Ley*
John J. Luciano
Darmawan Ludirdja

Additional ACI 211-1 Subcommitte > M embers

Patrick J. Harrison, Co-Chsur

Mohamadreza Moini

Hadi Rashidi

Consulting Men. ber.

Donald E. Dixon
Said Iravani

Note: Special acknowledgment to D. Cook for his contributions to this guide

This guide provides background and examples on th: us -~ of prac-
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Aggregates make up approximately 75% of the volume
of a concrete mixture and, therefore, aggregate can affect
the strength, workability, pumpability, finishability,
shrinkage, and durability of concrete (Cook 2015; Richard
2005; National Stone, Sand, and Gravel Association 2013:
Kosmatka and Wilson 2016; Taylor et al. 2007). Maay
different mixture design methods exist for concrete, aru v 2y
have different methods to address aggregate (Ceok “01¢;
Richard 2005; National Stone, Sand, and Gravl ~:socia-
tion 2013; Kosmatka and Wilson 2016; Tayicr e al. 2007;
Abrams 1918; Powers 1968; Goldbeck an4 G ey 1968; Shil-
stone 1990). All of these design methocis 10 >nti.y the impor-
tance of the size distribution or gradi. o of the aggregates
to proportion coarse and fine aogregtes. The methods in
this document use a combined agg. ~a=ce grading to improve
packing and minimize pas‘c content. [t should be noted that
even if an aggregate graa: g moets the suggested combined
grading limits, this is not a guarantee that the mixture will
produce a satisfastory concrete mixture and, therefore,
adjustments to<=ixt ire proportions may be needed with trial
batches. Prac.tioner. have found mixtures with combined
aggregate g ading techniques to be more consistent, show
increases n strength and a reduction in water demand, and
allow o lower paste content when combined grading tech-
r. oues are used (Cook 2015; Powers 1968; Goldbeck and
Gre, 1968; Shilstone 1990; Shilstone and Shilstone 1989).

1.2—Scope

This document provides some background literature and
examples to help develop a combined aggregate grading

aci:

for concrete mixtures from high to low workability using
different aggregate grading techniques.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

= cementitious material content, Ib/yd? (kg/m?)
maximum coarse aggregate size

current sieve size

value on x-axis for a given sieve size

cumulative % retained on the 3/8 in. (9.5 mm) sieve
= cumulative % retained on the No. 8 (236 mm,)
sieve

cumulative % passing the No. 8.(2.26 .am)
sieve size
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2.2—Definitions

Please refer to the latest version 01 ACI Concrete Termi-
nology for a comprehensive list o1 @< Anitions. Definitions
provided herein complement that . »sour ‘e.

coarse sand—summati~= o1 ‘hc material retained on the
No. 8, No. 16, and No. o' (2.25 mm, 1.18 mm, and 600 pm)
sieve size of the tarantula ¢ ‘ive.

coarseness 1.c<t(r chart—graphical aggregate grading
technique that usc. the coarseness factor and workability
factor tc exa nine ‘he aggregate grading.

fine san '—summation of the material retained on the
No. 30, .7o. 50, No. 100, and No. 200 (600 pm, 300 um,
15C um,-and 75 um) sieve size of the tarantula curve.

inuidual percent retained chart—graphical aggregate
grading technique that plots the percent mass retained on
each sieve and compares this to an established limit.

Power 45 chart—graphical aggregate grading technique
that compares the cumulative mass passing for each sieve
raised to the 0.45 power.

tarantula curve—graphical aggregate grading tech-
nique that plots the percent mass retained on each sieve
and compares this to an established limit with the shape of
a tarantula. Additionally, two fine aggregate equations are
used to calculate the fine sand and coarse sand and compare
them to established limits.

CHAPTER 3—THEORY OF GRADING TECHNIQUES

3.1—lIntroduction

Aggregate grading techniques aim to increase the volume
of aggregates through improved packing while decreasing
the volume of paste to enhance the workability and other
properties of the concrete. While no single aggregate
grading procedure considers all mixture requirements, such
as the aggregate size distribution, cementitious materials,
admixture combinations, maximum aggregate size, passing
ability, segregation resistance, or pumpability, practitio-
ners continue to use aggregate grading techniques because
of observed improvements in performance (Obla and Kim
2008; McCall et al. 2005; Varner 2010).
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