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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.

ACI 304.3R-20 supercedes ACI 304.3R-96(04), was adopted July 30, 2020, and 
published November 2020.
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means, including the making of copies by any photo process, or by electronic or me-
chanical device, printed, written, or oral, or recording for sound or visual reproduction 
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This document presents recommended methods and procedures 
for measuring, mixing, transporting, and placing heavyweight 
concretes that are used principally for radiation shielding in nuclear 
construction. Also covered are recommendations on cement, heavy-
weight aggregates, water, and admixtures. Mixture proportioning 
of heavyweight concrete is discussed. Mixing equipment, form 
construction, placing procedures, and methods of consolidation 
are described. Quality control, inspection, and testing are empha-
sized, and a list of references is included. Preplaced heavyweight 
concrete is not discussed in this version of 304.3R. It is covered in 
the 2004 version of the document.

Keywords: admixtures; aggregates; barite; concrete construction; consoli-
dation; construction equipment; conveying; density (mass/volume); 
formwork (construction); grout; heavyweight aggregates; heavyweight 
concretes; hematite; ilmenite; limonite; magnetite; mass concrete; materials 
handling; mixture proportioning; mixing; placing; quality control; radiation 
shielding; segregation; ultra-heavyweight concrete.
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CHAPTER 1—INTRODUCTION

1.1—Introduction
The procedures for manufacturing of heavyweight 

concrete are similar to conventional concrete. Mixing, trans-
porting, and placing heavyweight concrete are similar to 
those used in conventional concrete construction; however, 
special expertise and thorough planning are necessary for the 
successful completion of this type of concrete work. Use of 
heavyweight concrete, typically produced via batching with 
heavyweight aggregate, should be managed by personnel 
experienced with the required specialized handling needs, 
including those defined in this report.

1.2—Scope
Heavyweight concrete is used in counterweights of 

bascule, lift, and cable-stay bridges. It is used for counter-
weights for both cranes and concrete-conveying equipment. 
It has also been used for sound and vibration attenuation 
in subway systems where extra mass helps in protecting 
sensitive instruments. Large quantities are used as coarse 
dry-pack cementitious coating on offshore oil and gas trans-
mission lines. However, the most common application of 
heavyweight concrete is for providing biological shielding 
against radiation in nuclear-power-generating plants and 
cancer therapy clinics. The mass of heavyweight concrete 
compared to conventional concrete reduces the barrier thick-
ness, thereby conserving space by reducing the footprint of 
the facility.

When heavyweight concrete is used to absorb gamma 
rays, the density and materials costs are of prime impor-
tance (Pihlajavaara 1972). For some radiation shielding 
applications, heavyweight shielding concrete is also used 
to attenuate neutrons. The neutron energy accompanying 
gamma radiation requires lightweight or low-atomic-weight 
elements such as hydrogen and boron to slow these neutrons 
by inelastic collision. The resulting gamma radiation from 
these collisions is stopped by heavyweight elements, such 
as iron, that are incorporated in the heavyweight concrete. 
Hydrogen is always present in concrete because of the 
hydration of the cement and mixing water. In addition to 
the portland cement, supplemental cementitious materials 
can provide hydrogen that is “locked in” during the process 
of hydration (Davis 1972a). Once the cement is hydrated, 
the water of hydration cannot escape unless the concrete is 
heated at high temperatures for extended time periods.

Some heavyweight mineral aggregates such as goethite 
(α-Fe3+O(OH)) and limonite (FeO(OH)·nH2O) contain 
water in their chemical structure and are known as hydrous 

minerals. They can be used as sources of hydrogen because 
they can retain water of their crystallization at elevated 
temperatures. Use of these minerals ensures a presence of 
hydrogen not necessarily present in conventional aggre-
gates. Use of minerals containing hydrogen in their chemical 
structure will assure a content of hydrogen, even when the 
hydrated cement loses its chemically combined water at high 
temperatures.

In addition to hydrogen, another desirable element is 
boron, which has the ability to capture thermal (slow) 
neutrons produced by collision of high-energy neutrons 
with hydrogen. The gamma radiation resulting in this 
energy transfer is captured by heavyweight elements, such 
as iron in heavyweight aggregates in heavyweight concrete. 
Care should be taken to minimize possible retardation 
of the concrete mixture due to influence of boron and its 
compounds, boric acid and borax, on the hydration of port-
land cement.

ACI Committee 349, Concrete Nuclear Structures, has 
several standards and code requirements concerning this 
type of construction, including ACI 349-13, “Code Require-
ments for Nuclear Safety-Related Concrete Structures 
and Commentary.” This code covers the proper design 
and construction of concrete structures that form part of a 
nuclear power plant and that have nuclear safety-related 
functions, but does not cover concrete reactor vessels and 
concrete containment structures (as defined by Joint ACI-
ASME Committee 359). The structures covered by the code 
include concrete structures inside and outside the contain-
ment system.

CHAPTER 2—MATERIALS

2.1—Cement
Cements conforming to ASTM C150/C150M, which 

would be suitable for conventional concrete and produce the 
required physical properties, are suitable for use in heavy-
weight concrete. Low-alkali cement should be used when 
alkali-reactive constituents are present in the aggregates, and 
a moderate- or low-heat cement should be used for massive 
members in accordance with ACI 301-16 Chapter 8, Mass 
Concrete. To avoid high and rapid heat of hydration and 
resultant cracking, it is advisable not to use Type III cement 
or accelerators in heavyweight concrete mixtures, unless 
the concrete temperature is controlled by specially designed 
refrigeration systems. Blended hydraulic cements meeting 
the requirements of ASTM C595/C595M may also be used 
in place of portland cement. However, blended hydraulic 
cements should be employed only if their use does not 
reduce the density of the concrete below the minimum 
acceptable density or other property for the specific applica-
tion or structure. Storage of cementitious materials should 
be in accordance with ACI 304R.

2.2—Aggregates
The practice of evaluating normalweight aggregates for 

producing durable concrete is applicable to heavyweight 
aggregates as well. Because of the manner in which the 
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