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of all the materials used in making normalweight, lightweight structural,
and heavyweight concrete. It covers both weight and volumetric
measuring; mixing in central mixture plants and truck mixers, and concrete
placement using buckets, buggies, pumps, and conveyors. Underwater
concrete placement and preplaced aggregate concrete are also covered in
this guide, as well as procedures for achieving good quality concrete in
completed structures.

Keywords: batching; continuous mixing; conveying; heavyweight concretes;
lightweight concretes; materials handling; mixing; placing; preplaced
aggregate concrete; pumped concrete; tremie concrete; volumetric measuring.

CONTENTS
Chapter 1—Introduction, p. 304R-2
1.1—Scope
1.2—Objective
1.3—Other considerations

Chapter 2—Control, handling, and storage of
materials, p. 304R-3
2.1—General considerations

2.2—Aggregates

ACI Committee Reports, Guides, Standard Practices, 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.

Patrick L. McDowell
Dipak T. Parekh
Roger J. Phares
James S. Pierce
Paul E. Reinhart
Royce J. Rhoads

Ronald J. Stickel
William X. Sypher
J.A. Tony Tinker
Robert E. Tobin
Joel B. Tucker
Kevin Wolf

2.3—Cement

2.4—Ground slag and pozzolans
2.5—Admixtures

2.6—Water and ice

2.7—Fiber reinforcement

Chapter 3—Measurement and batching, p. 304R-6
3.1—General requirements

3.2—Bins and weigh batchers

3.3—Plant type

3.4—Cementitious materials

3.5—Water and ice measurement
3.6—Measurement of admixtures
3.7—Measurement of materials for small jobs
3.8—Other considerations

Chapter 4—Mixing and transporting, p. 304R-10
4.1—General requirements
4.2—Mixing equipment
4.3—Central-mixed concrete
4.4—Truck-mixed concrete
4.5—Charging and mixing
4.6—Mixture temperature
4.7—Discharging
4.8—Mixer performance
4.9—Maintenance
4.10—General considerations for transporting concrete
4.11—Returned concrete

ACI 304R-00 supersedes ACI 304R-89 and became effective January 10, 2000.

Copyright © 2000, American Concrete Institute.

All rights reserved including rights of reproduction and use in any form or by any
means, including the making of copies by any photo process, or by electronic or
mechanical device, printed, written, or oral, or recording for sound or visual
reproduction or for use in any knowledge or retrieval system or device, unless
permission in writing is obtained from the copyright proprietors.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/153467648/ACI-304R?src=spdf

304R-2 ACI COMMITTEE REPORT

Chapter 5—Placing concrete, p. 304R-14
5.1—General considerations
5.2—Planning
5.3—Reinforcement and embedded items
5.4—Placing
5.5—Consolidation
5.6—Mass concreting

Chapter 6—Forms, joint preparation, and
finishing, p. 304R-19

6.1—Forms

6.2—Joint preparation

6.3—Finishing unformed surfaces

Chapter 7—Preplaced-aggregate concrete,
p- 304R-21
7.1—General considerations
7.2—Materials
7.3—Grout proportioning
7.4—Temperature control
7.5—Forms
7.6—Grout pipe systems
7.7—Coarse aggregate placement
7.8—Grout mixing and pumping
7.9—Joint construction
7.10—Finishing
7.11—Quality control

Chapter 8—Concrete placed under water,
p- 304R-25

8.1—General considerations

8.2—Materials

8.3—Mixture proportioning

8.4—Concrete production and testing
8.5—Tremie equipment and placement procedure
8.6—Direct pumping

8.7—Concrete characteristics

8.8—Precautions

8.9—Special applications

8.10—Antiwashout admixtures

Chapter 9—Pumping concrete, p. 304R-28
9.1—General considerations
9.2—Pumping equipment
9.3—Pipeline and accessories
9.4—Proportioning pumpable concrete
9.5—Field practice
9.6—Field control

Chapter 10—Conveying concrete, p. 304R-32

10.1—General considerations
10.2—Conveyor operation
10.3—Conveyor design
10.4—Types of concrete conveyors
10.5—Field practice

Chapter 11—Heavyweight and radiation-shielding

concrete, p. 304R-35
11.1—General considerations

11.2—Materials
11.3—Concrete characteristics
11.4—Mixing equipment,

11.5—Formwork
11.6—Placement
11.7—Quality control

Chapter 12—Lightweight structural concrete,
p. 304R-36

12.1—General considerations
12.2—Measuring and batching
12.3—Mixing

12.4—1Job controls

Chapter 13—Volumetric-measuring and
continuous-mixing concrete equipment,
p. 304R-40

13.1—General considerations

13.2—Operations

13.3—Fresh concrete properties

Chapter 14—References, p. 304R-41
14.1—Referenced standards and reports

14.2—Cited references

CHAPTER 1—INTRODUCTION

1.1—Scope

This guide outlines procedures for achieving good results in
measuring and mixing ingredients for concrete, transporting it
to the site, and placing it. The first six chapters are general and
apply to all types of projects and concrete. The following four
chapters deal with preplaced-aggregate concrete, underwater
placing, pumping, and conveying on belts. The concluding
three chapters deal with heavyweight, radiation-shielding
concrete, lightweight concrete, and volumetric-measuring and
continuous-mixing concrete equipment.

1.2—Objective
When preparing this guide, ACI Committee 304 followed
this philosophy:

e Progress in improvement of concrete construction is
better served by the presentation of high standards
rather than common practices;

* In many, if not most, cases, practices resulting in the
production and placement of high-quality concrete can be
performed as economically as those resulting in poor
concrete. Many of the practices recommended in this
document improve concrete uniformity as well as quality,
yielding a smoother operation and higher production
rates, both of which offset potential additional cost; and

*  Anyone planning to use this guide should have a basic
knowledge of the general practices involved in concrete
work. If more specific information on measuring,
mixing, transporting, and placing concrete is desired,
the reader should refer to the list of references given at
the end of this document, and particularly to the work
of the U.S. Bureau of Reclamation (1981), the U.S.
Department of Commerce (1966), the Corps of Engi-
neers (1994a), ASTM C 94, ACI 311.1R, and ACI 318.
To portray more clearly certain principles involved in
achieving maximum uniformity, homogeneity, and
quality of concrete in place, figures that illustrate good
and noor nractices are alsg included in this guide.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/153467648/ACI-304R?src=spdf

MEASURING, MIXING, TRANSPORTING, AND PLACING CONCRETE

1.3—Other considerations

All who are involved with concrete work should know the
importance of maintaining the unit water content as low as
possible and still consistent with placing requirements
(Mielenz 1994; Lovern 1966). If the water-cementitious
materials ratio (w/cm) is kept constant, an increase in unit
water content increases the potential for drying-shrinkage
cracking, and with this cracking, the concrete can lose a
portion of its durability and other favorable characteristics,
such as monolithic properties and low permeability.
Indiscriminate addition of water that increases the w/cm
adversely affects both strength and durability.

The more a form is filled with the right combination of solids
and the less it is filled with water, the better the resulting
concrete will be. Use only as much cement as is required to
achieve adequate strength, durability, placeability, workability,
and other specified properties. Minimizing the cement content
is particularly important in massive sections subject to
restraint, as the temperature rise associated with the hydration
of cement can result in cracking because of the change in
volume (ACI 207.1R and 207.2R). Use only as much water and
fine aggregate as is required to achieve suitable workability for
proper placement and consolidation by means of vibration.

CHAPTER 2—CONTROL, HANDLING,
AND STORAGE OF MATERIALS
2.1—General considerations
Coarse and fine aggregates, cement, pozzolans, and chem-
ical admixtures should be properly stored, batched, and
handled to maintain the quality of the resulting concrete.

2.2—Aggregates

Fine and coarse aggregates should be of good quality,
uncontaminated, and uniform in grading and moisture content.
Unless this is accomplished through appropriate specifica-
tions (ASTM C 33) and effective selection, preparation, and
handling of aggregates (Fig. 2.1), the production of uniform
concrete will be difficult (Mielenz 1994; ACI 221R).

2.2.1 Coarse aggregate—The coarse aggregate should be
controlled to minimize segregation and undersized material.
The following sections deal with prevention of segregation
and control of undersized material.

2.2.1.1 Sizes—A practical method of minimizing coarse
aggregate segregation is to separate the material into several
size fractions and batch these fractions separately. As the
range of sizes in each fraction is decreased and the number
of size separations is increased, segregation is further
reduced. Effective control of segregation and undersized
materials is most easily accomplished when the ratio of
maximum-to-minimum size in each fraction is held to not
more than four for aggregates smaller than 1 in. (25 mm) and
to two for larger sizes. Examples of some appropriate aggre-
gate fraction groupings follow:

Example 1
Sieve designations

No. 8 to 3/8 in. (2.36 to 9.5 mm)
No. 4 to 1 in. (4.75 to 25.0 mm)
3/4 to 1-1/2 in. (19.Q40.37 5 mm)
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Example 2
Sieve designations
No. 4 to 3/4 in. (4.75 to 19.0 mm)
3/4 to 1-1/2 in. (19.0 to 37.5 mm)
1-1/2 to 3 in. (37.5 to 75 mm)
3to 6in. (75 to 150 mm)

2.2.1.2 Control of undersized material—Undersized
material for a given aggregate fraction is defined as material
that will pass a sieve having an opening 5/6 of the nominal
minimum size of each aggregate fraction (U.S. Bureau of
Reclamation 1981). In Example 2 in Section 2.2.1.1, it would
be material passing the following sieves: No. 5 (4.0 mm),
5/8 in. (16.0 mm), 1-1/4 in. (31.5 mm), and 2-1/2 in. (63 mm).
For effective control of gradation, handling operations that do
not increase the undersized materials in aggregates significantly
before their use in concrete are essential (Fig. 2.1 and 2.2). The
gradation of aggregate as it enters the concrete mixer should
be uniform and within specification limits. Sieve analyses of
coarse aggregate should be made with sufficient frequency to
ensure that grading requirements are met. When two or more
aggregate sizes are used, changes may be necessary in the
proportions of the sizes to maintain the overall grading of the
combined aggregate. When specification limits for grading
cannot be met consistently, special handling methods should
be instituted. Materials tend to segregate during transportation,
so reblending may be necessary. Rescreening the coarse
aggregate as it is charged to the bins at the batch plant to
remove undersized materials will effectively eliminate unde-
sirable fines when usual storage and handling methods are
not satisfactory. Undersized materials in the smaller coarse
aggregate fractions can be consistently reduced to as low as
2% by rescreening (Fig. 2.2). Although rescreening is effective
in removing undersized particles, it will not regrade segregated
aggregates.

2.2.2 Fine aggregate (sand)—Fine aggregate should be
controlled to minimize variations in gradation, giving special
attention to keeping finer fractions uniform and exercising
care to avoid excessive removal of fines during processing.

If the ratio of fine-to-coarse aggregate is adjusted in accor-
dance with ACI 211.1 recommendations for mixture propor-
tioning, a wide range of fine aggregate gradings can be used
(Tynes 1962). Variations in grading during production of
concrete should be minimized, however, and the ASTM C 33
requirement that the fineness modulus of the fine aggregate be
maintained within 0.20 of the design value should be met.

Give special attention to the amount and nature of material
finer than the No. 200 screen (75 pum sieve). As stated in
ASTM C 33, if this material is dust of fracture, essentially
free of clay or shale, greater percentages of materials finer
than the No. 200 screen (75 pum sieve) are permissible. If the
reverse is true, however, permissible quantities should be
significantly reduced. The California sand equivalent test is
sometimes used to determine quantitatively the type,
amount, and activity of this fine material (Mielenz 1994;
ASTM D 2419). Excessive quantities of material finer than

the No 200 screen (75 um sieve) increase the mixing-water
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