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Fiber-reinforced polymer (FRP) materials have emerged as an
alternative for producing reinforcing bars for concrete structures.
Fiber-reinforced polymer reinforcing bars offer advantages over
steel reinforcement because they are noncorrosive. Some FRP
bars are nonconductive as well. Due to other differences in the
physical and mechanical behavior of FRP materials versus steel,
unique guidance on the engineering and construction of concrete
structures reinforced with FRP bars is necessary. Other countries
and regions, such as Japan, Canada, and Europe have established
design and construction guidelines specifically for the use of FRP
bars as concrete reinforcement. This guide offers general informa-
tion on the history and use of FRP reinforcement, a description
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of the unique material properties of FRP, and guidelines for the
design and construction of structural concrete members reinforced
with FRP bars. This guide is based on the knowledge gained from
worldwide experimental research, analytical work, and field appli-
cations of FRP reinforcement.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Conventional concrete structures are reinforced with
nonprestressed and prestressed steel. The steel is initially
protected against corrosion by the alkalinity of the concrete,
usually resulting in durable and serviceable construction.
For many structures subjected to aggressive environments,
such as marine structures, bridges, and parking garages
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exposed to deicing salts, combinations of moisture, tempera-
ture, and chlorides reduce the alkalinity of the concrete and
result in the corrosion of reinforcing steel. The corrosion
process ultimately causes concrete deterioration and loss of
serviceability.

Composite materials made of fibers embedded in a poly-
meric resin, also known as fiber-reinforced polymer (FRP),
are an alternative to steel reinforcement for concrete struc-
tures. Fiber-reinforced polymer reinforcing materials are
made of continuous aramid fiber (AFRP), carbon fiber
(CFRP), or glass fiber (GFRP) embedded in a resin matrix.
Examples of FRP reinforcing bars are shown in Fig. 1.1.
Because FRP materials are nonmagnetic and noncorro-
sive, the problems of electromagnetic interference and steel
corrosion can be avoided with FRP reinforcement. Addition-
ally, FRP materials exhibit several properties, such as high
tensile strength, that make them suitable for use as structural
reinforcement (ACI 440R; Benmokrane and Rahman 1998;
Burgoyne 2001; Cosenza et al. 2001; Dolan et al. 1999;
El-Badry 1996; Figueiras et al. 2001; Humar and Razaqpur
2000; Iyer and Sen 1991; Japan Society of Civil Engineers
(JSCE) 1992, 1997a; Nanni 1993a; Nanni and Dolan 1993;
Neale and Labossiere 1992; Saadatmanesh and Ehsani 1998;
Taerwe 1995; Teng 2001; White 1992).

The mechanical behavior of FRP reinforcement differs
from the behavior of conventional steel reinforcement.
Accordingly, a change in the traditional design philosophy
of concrete structures is needed for FRP reinforcement.
Fiber-reinforced polymer materials are anisotropic and are
characterized by high tensile strength only in the direction
of the reinforcing fibers. This anisotropic behavior affects
the shear strength and dowel action of FRP bars as well as
the bond performance. Furthermore, FRP materials do not
yield; rather, they are elastic until failure. Design procedures
should account for a lack of ductility in structural concrete
members reinforced with FRP bars.

This guide was first developed in 2001 as a guide for the
design and construction of structural concrete with FRP bars.
Other countries and regions, such as Japan (Japan Society of
Civil Engineers 1997b), Canada (CAN/CSA-S6-06, CAN/
CSA-S806-12), and Europe (fib 2007, 2010) have also estab-
lished similar design-related documents. There is adequate
analytical and experimental information on FRP-reinforced
concrete, and significant field experience implementing this
knowledge. Successful applications worldwide using FRP
composite reinforcing bars during the past few decades have
demonstrated that it can be used successfully and practically.
Research and field implementation is ongoing and design
recommendations continue to evolve. When using this tech-
nology, exercise judgment as to the appropriate application
of FRP reinforcement and be aware of its limitations as
discussed in this guide.

Note: Any reference to ACI 318 in this document without
a year designation refers to ACI 318-11. All exceptions will
have a specific year designation.
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Fig. 1. 1—Examples of FRP reinforcing bars.

1.2—Scope

This guide provides recommendations for the design
and construction of FRP-reinforced concrete structures
for nonprestressed FRP reinforcement; concrete structures
prestressed with FRP tendons are covered in ACI 440.4R.
The basis for this guide is knowledge gained from world-
wide experimental research, analytical research work, and
field applications of FRP reinforcement.

Design recommendations are based on the current knowl-
edge and are intended to supplement existing codes and
guidelines for conventionally reinforced concrete structures
and to provide licensed design professionals and building
officials with assistance in the design and construction of
structural concrete reinforced with FRP bars.

ACI440.3R provides a comprehensive list of test methods
and material specifications to support design and construc-
tion guidelines. ACI 440.5 provides specification details for
construction with FRP reinforcing bars. Material specifica-
tions for FRP bars are found in ACI 440.6.

The use of FRP reinforcement in combination with steel
reinforcement for structural concrete is not addressed in this
guide.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

a = depth of equivalent rectangular stress block, in.
(mm)

Ay = area of fiber-reinforced polymer (FRP) rein-
forcement, in.> (mm?)

Apper = area of one FRP bar, in.? (mm?)

Agmin = minimum area of FRP reinforcement needed

to prevent failure of flexural members upon
cracking, in.2 (mm?)

Agg = area of shrinkage and temperature FRP rein-
forcement per linear ft (m), in.2 (mm?)

Ag, = amount of FRP shear reinforcement within
spacing s, in.? (mm?)

Apmin = minimum amount of FRP shear reinforcement
within spacing s, in.? (mm?)

Ay = area of tension steel reinforcement, in.2 (mm?)
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