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This guide covers specifying, proportioning, mixing, placing, and finishing
of fiber-reinforced concrete (FRC). Much of the current conventional
concrete practice applies to FRC. The emphasis in the guide is to describe
the differences between conventional concrete and FRC and how to deal
with them. Sample mixture proportions are tabulated. Guidance is provided
in the mixing techniques to achieve uniform mixtures, placement techniques
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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.
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to assure adequate consolidation, and finishing techniques to assure satis-
factory surface textures. A listing of references is provided covering
proportioning, properties, applications, shotcrete technology, and general
information on FRC.

Keywords: fiber; fiber-reinforced concrete; production; proportioning;
specification.
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CHAPTER 1—INTRODUCTION AND SCOPE
1.1—Introduction
Fiber-reinforced concrete (FRC) is a composite material

made of hydraulic cements, water, fine and coarse aggregate,
and a dispersion of discontinuous fibers. In general, fiber
length varies from 0.25 to 2.5 in. (6 to 64 mm). FRC may
also contain supplementary cementitious materials and
admixtures commonly used with conventional concrete.

The most common steel fiber diameters are in the range of
0.02 t0 0.04 in. (0.5 to 1.0 mm) and a specific gravity of 7.85.
Steel fiber shapes include round, oval, polygonal, and crescent
cross sections, depending on the manufacturing process and
raw material used.

Two general sizes of synthetic fibers have emerged:
microsynthetic and macrosynthetic fibers. Microsynthetic fibers
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are defined as fibers with diameters or equivalent diameters less
than 0.012 in. (0.3 mm), and macrosynthetic fibers have
diameters or equivalent diameters greater than 0.012 in.
(0.3 mm). Polypropylene fibers can be either microsynthetic or
macrosynthetic, and have a specific gravity of 0.91. Nylon
fibers, generally microfibers, have a specific gravity of 1.14.

Microsynthetic fibers are typically used in the range of 0.05
to 0.2% by volume, while steel fibers and macrosynthetic
fibers are used in the range of 0.2 to 1% by volume, and some-
times higher in certain applications. For example, 2% by
volume and higher of steel fibers is common for security
applications such as vaults and safes. These dosages equate to
0.75 to 3 Ib/yd® (0.4 to 1.8 kg/m>) for microsynthetic fibers,
3to 15 lb/yd3 (1.8t09 kg/m3) for macrosynthetic fibers, and
26 to 132 Ib/yd? (15 to 78 kg/m?) for steel fibers.

Glass fibers for use in concrete should be alkali-resistant
(AR) glass to prevent loss of strength due to the high alkalinity
of the cement-based matrix. Glass fibers need to contain a
minimum of 16% by mass of zirconium dioxide (zirconia) to
be considered as alkali resistant. AR glass fiber monofilaments
are either 0.0005 or 0.0007 in. (13 or 18 um) in diameter,
with specific gravity of 2.7.

AR glass fiber chopped strands can be provided in two
basic types: dispersible fibers and internal strands. Dispersible
fibers quickly disperse into individual monofilaments when
mixed into the concrete. These fibers are considered to be
microfibers. The addition rate for this type of AR glass fiber
is typically 0.5 to 1.5 Ib/yd> (0.29 to 0.88 kg/m>). This corre-
sponds to a range from 0.01 to 0.03% by volume. This type
of glass fiber is used mostly for plastic shrinkage crack control.
Integral strands are bundles of monofilaments that stay integral
as bundles through mixing and into the cured concrete. Integral
strands are available in bundles of 50, 100, and 200 monofila-
ments. These strands are considered as macrofibers, and can be
added at higher fiber contents, typically 4 to 8 lb/yd3 (2.35
to 4.7 kg/m3) corresponding to 0.09 to 0.17% by volume.
Addition rates of up to 25 Ib/yd> (14.7 kg/m?) or 0.55% by
volume have also been used with higher cement contents.

Natural fibers and synthetic fibers, such as carbon, acrylic,
and aramid fibers, have been used in specialized FRC and are
not discussed in this guide. The use of glass fibers in the
spray-up process is also not discussed in this guide. Information
on these fiber types may be found in ACI 544.1R.

The addition of fibers affects the plastic and hardened
properties of mortar and concrete. Depending on the fiber
material, length and diameter, deformation geometry, and
the addition rate, many properties are improved, notably
plastic shrinkage cracking, impact resistance, and toughness
or ductility. Flexural strength, fatigue and shear strength, and
the ability to resist cracking and spalling can also be
enhanced by providing the composite material with some
postcracking (residual) strength in either the plastic or hardened
state. More detailed information on properties may be found
in ACI 544.1R and 544.2R.

1.2—Scope
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SPECIFYING, PROPORTIONING, AND PRODUCTION OF FIBER-REINFORCED CONCRETE

included in this guide are steel, glass, and synthetic. Not
included are FRC produced using the shotcrete method, by
extrusion, by slurry infiltration, by roller compaction, or by
spray-up process.

1.3—Typical uses of FRC

When used in structural applications, fiber reinforcement
is generally only used in a supplementary role to distribute
cracking, to improve resistance to impact or dynamic
loading, and to resist material disintegration. Under certain
conditions stated in Section 11.4.6.1(f) of ACI 318-08, the
use of steel fiber-reinforced concrete to resist shear forces
without conventional shear reinforcing steel is permitted. In
structural members where flexural tensile or axial tensile
stresses will occur, such as in beams, columns, and
suspended slabs, continuous conventional reinforcing steel
is typically designed to resist the tensile forces. With a
dosage rate of 76 to 84 lb/yd3 (45 to 50 kg/m3), however,
more than 75 million ft* (7 million m?) of suspended ground
floor slabs without conventional reinforcing steel with span-
depth ratios up to 20 that are reinforced with steel fibers have
been successfully completed since 1990 in Europe, the U.S.,
and Canada (Destrée 2000).

In applications where the presence of continuous conven-
tional reinforcement is not essential to resist tensile stresses,
for example, pavements, overlays, some precast products,
and shotcrete linings—the improvement in flexural toughness
associated with the fibers can be used to reduce section
thickness, improve performance, or both. The following are
some examples of structural and nonstructural uses of FRC:
e Airport and highway paving and overlays—Both full-

depth pavements and overlays on concrete and asphalt
bases (white topping) (Johnston 1984; Loper and Henry
2003; Task Force 36 2001; Cole 1999);

*  Flooring—Residential, commercial, and heavy industrial
slabs-on-ground (Gervickas 2000; Suprenant and
Malisch 1999; Roesler et al. 2004, 2006; ACI 360R);

e Bridge decks—For repairs, overlay resurfacing and
“steel free” bridge decks where loads are resisted
through an internal compressive arch in the slab and
external tension tie (Melamed 1985; Newhook and Mufti
1996; Banthia and Bindiganavile 2001; Banthia et al.
2004, 2006; Banthia and Gupta 2006; Naaman and
Chandrangsu 2004);

*  Shotcrete linings—Underground support in mines and
tunnels, slope stabilization and ground coverings, and
structural repairs (Morgan and Heere 2000; Morgan and
McAskill 1984; Tatnall and Brooks 2000; ACI 506.1R);

e Precast products—Segmental tunnel liners, vaults, safes,
dolosse, equipment vaults, utility boxes, and septic tanks
(Court 2003; Novak and Greenhalgh 2007); and

e Explosive spalling and seismic-resistant structures—
Seismic upgrade applications and resistance to explosive
spalling from fire (Henager 1983; Forrest et al. 1995;
Tatnall 2002).
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1.4—Specifying FRC

1.4.1 General—FRC is often specified by strength, either
compressive or flexural, and fiber type (material) and
content (dosage or percent by volume). This prescriptive
method is appropriate for many applications, such as lower
dosages of microsynthetic fibers for control of plastic
shrinkage cracking, or where testing for fiber performance is
not practical. For a performance specification, the compressive
or flexural strength and flexural performance parameters
should be specified. Flexural parameters include post-
cracking residual strength fXDXX and toughness TXI;X as
defined in ASTM C1609/C1609M, average residual strength
(ARS) as defined in ASTM C1399, toughness as defined in
ASTM C1550, and the equivalent flexural strength and
toughness as defined by JSCE SF-4 (Japan Society of Civil
Engineers 1983). These parameters are discussed in ACI
544.2R and in this chapter. It is noted that the postcracking
performance parameters are dependent on many variables,
such as specimen size, testing speed, and sawed versus
molded specimens; therefore, ASTM C1399 and C1609/
C1609M require a minimum specimen size that depends on
the fiber length. ASTM C1609/C1609M advises users that
the magnitude of the energy absorption capability of the
specimen is dependent upon both the geometry of the test
specimen and the loading configuration.

The flexural strength (modulus of rupture) is normally
specified for slabs-on-ground, paving, and shotcrete applica-
tions, whereas compressive strength is specified for structural
applications. A flexural strength of 500 to 800 psi (3.4 to
5.5 MPa) and a compressive strength of 4000 to 6000 psi
(27.5 to 41.4 MPa) at 28 days are typical values. In general,
the addition of fibers does not significantly decrease or
increase compressive or flexural strength at low to moderate
dosages, but can increase the strain at ultimate load and the
postcracking residual strength and toughness. Therefore,
specifying compressive or flexural strength provides general
guidelines for concrete proportioning, but does not allow
for assessment of improvements in properties, such as post-
cracking load capacity and toughness, that are directly
attributable to fibers and other improvements such as
increased tensile strain capacity and resistance to cracking.

Toughness, which is the concrete property represented by
the area under a load-deflection curve, a postcracking load,
or strength, may be specified to help define the performance
requirements of FRC intended for use where postcracking
energy absorption or resistance to failure after cracking are
important. The properties are important in applications such
as structures subjected to earthquakes or explosive blasts,
impact loads, cavitation loading, and other dynamic loads
such as those that occur with pavements and industrial floors.

As noted in subsequent chapters, the manufacture and
placing of FRC is similar to conventional concrete. ASTM
C1116/C1116M covers the manufacture and delivery of
FRC, and is similar to ASTM C94/C94M. Most existing
concrete specifications can be used for placements of FRC
with some added requirements to accoEt for the differences
in material and application techniques S
point out those differences
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