
A
C

I C
O

D
E-

44
0.

11
-2

2
Building Code Requirements 
for Structural Concrete 
Reinforced with Glass Fiber-
Reinforced Polymer (GFRP) 
Bars—Code and Commentary

Reported by ACI Committee 440

An ACI Standard
An ANSI Standard

Inch-Pound UnitsIN-LB



First Printing: September 2022
ISBN: 978-1-64195-193-7

Building Code Requirements for Structural Concrete Reinforced with Glass Fiber-Reinforced 
Polymer (GFRP) Bars—Code and Commentary

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. In spite of these efforts, the users of ACI 
documents occasionally find information or requirements that may be subject to more than one 
interpretation or may be incomplete or incorrect. Users who have suggestions for the improvement of 
ACI documents are requested to contact ACI via the errata website at http://concrete.org/Publications/
DocumentErrata.aspx. Proper use of this document includes periodically checking for errata for the most 
up-to-date revisions.

ACI committee documents are 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. Individuals who use this publication in any way 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 any kind, either express or 
implied, including but not limited to, the implied warranties of merchantability, fitness for a particular 
purpose or non-infringement.

ACI and its members disclaim liability for damages of any kind, including any special, indirect, incidental, 
or consequential damages, including without limitation, lost revenues or lost profits, which may result 
from the use of this publication.

It is the responsibility of the user of this document to establish health and safety practices appropriate 
to the specific circumstances involved with its use. ACI does not make any representations with regard 
to health and safety issues and the use of this document. The user must determine the applicability of 
all regulatory limitations before applying the document and must comply with all applicable laws and 
regulations, including but not limited to, United States Occupational Safety and Health Administration 
(OSHA) health and safety standards.

Participation by governmental representatives in the work of the American Concrete Institute and in 
the development of Institute standards does not constitute governmental endorsement of ACI or the 
standards that it develops.

Order information: ACI documents are available in print, by download, through electronic subscription, 
or reprint, and may be obtained by contacting ACI.

ACI codes, specifications, and practices are made available in the ACI Collection of Concrete Codes, 
Specifications, and Practices. The online subscription to the ACI Collection is always updated, and 
includes current and historical versions of ACI’s codes and specifications (in both inch-pound and SI 
units) plus new titles as they are published. The ACI Collection is also available as an eight-volume set of 
books and a USB drive.

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
Phone:	 +1.248.848.3700
Fax:	 +1.248.848.3701

www.concrete.org



ACI CODE-440.11-22 became effective September 2, 2022, and was published 
September 2022.

Copyright © 2022, 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.

1

ACI CODE-440.11-22

Building Code Requirements for Structural Concrete 
Reinforced with Glass Fiber-Reinforced Polymer 

(GFRP) Bars—Code and Commentary

An ACI Standard 

Reported by ACI Committee 440

Maria Lopez de Murphy, Chair John J. Myers, Secretary

Ehab Ahmed
Tarek Alkhrdaji
Charles E. Bakis

Abdeldjelil Belarbi
Brahim Benmokrane

Luke A. Bisby
Gregg J. Blaszak
Hakim Bouadi

Timothy E. Bradberry
Vicki L. Brown*

John P. Busel
Lijuan Cheng

Raafat El-Hacha
Ehab F. El-Salakawy

Garth J. Fallis
Amir Z. Fam

Russell Gentry
William J. Gold
Nabil F. Grace
Mark F. Green

Doug D. Gremel
Shawn P. Gross
Issam E. Harik
Kent A. Harries

Mark P. Henderson
Ravindra Kanitkar
Yail Jimmy Kim
Michael W. Lee
Eric MacFarlane

Radhouane Masmoudi
Antonio Nanni

Ayman M. Okeil
Carlos E. Ospina
Maria A. Polak
Max L. Porter

Hayder A. Rasheed

Sami H. Rizkalla
Rajan Sen

Rudolf Seracino
Venkatesh Seshappa

Xavier Seynave
Carol K. Shield†

Pedro F. Silva
Jay Thomas

J. Gustavo Tumialan
David White
Sarah E. Witt

*Chair of Subcommittee responsible for developing this Code.
†Vice Chair of Subcommittee responsible for developing this Code.

Consulting Members
P. N. Balaguru

Lawrence C. Bank
C. J. Burgoyne

Rami M. Elhassan
David M. Gale

Srinivasa L. Iyer

Koichi Kishitani
Howard S. Kliger

Ibrahim M. Mahfouz
Kyuichi Maruyama

Amir Mirmiran
Antoine E. Naaman

Hajime Okamura
Mark A. Postma
Surendra P. Shah
Mohsen Shahawy
Yasuhisa Sonobe

Minoru Sugita

Luc R. Taerwe
Houssam A. Toutanji

Taketo Uomoto
Paul Zia

The contributions of Peter H. Bischoff and Douglas G. Tomlinson to the development of this Code are acknowledged.

This Code was developed by an ANSI-approved consensus process 
and addresses structural systems, members, and connections, 
including cast-in-place, precast, nonprestressed, and composite 
construction. The “Building Code Requirements for Structural 
Concrete Reinforced with Glass Fiber-Reinforced Polymer (GFRP) 
Bars” (“Code”) provides minimum requirements for the mate-
rials, design, and detailing of structural concrete buildings and, 
where applicable, nonbuilding structures reinforced with GFRP 
bars that conform to the requirements of ASTM D7957-22. Among 
the subjects covered are: design and construction for strength, 
serviceability, and durability; load combinations, load factors, and 
strength reduction factors; structural analysis methods; deflection 
limits; development and splicing of reinforcement; construction 
document information; field inspection and testing; and methods to 
evaluate the strength of existing structures.
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placing; precast concrete; quality control; reinforced concrete; roofs; 
serviceability; shear strength; spans; splicing; strength analysis; stresses; 
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PREFACE
This Code was developed by an ANSI-approved consensus process and addresses structural systems, members, and connec-

tions, including cast-in-place, precast, nonprestressed, and composite construction. The “Building Code Requirements for 
Structural Concrete Reinforced with Glass Fiber-Reinforced Polymer (GFRP) Bars” (“Code”) provides minimum requirements 
for the materials, design, and detailing of structural concrete buildings and, where applicable, nonbuilding structures reinforced 
with GFRP bars that conform to the requirements of ASTM D7957-22, “Standard Specification for Solid Round Glass Fiber 
Reinforced Polymer Bars for Concrete Reinforcement.” Among the subjects covered are: design and construction for strength, 
serviceability, and durability; load combinations, load factors, and strength reduction factors; structural analysis methods; 
deflection limits; development and splicing of reinforcement; construction document information; field inspection and testing; 
and methods to evaluate the strength of existing structures.

This Code covers the design of reinforced concrete members that are reinforced entirely with GFRP; the design of “hybrid” 
members with mixed types of reinforcement is outside the scope of this Code. However, this Code can be used for the design of 
GFRP-reinforced concrete members that are part of a structure that also includes members that are not reinforced with GFRP. 
In such a situation, this Code would cover the design of the GFRP-reinforced concrete members, and other suitable standards 
(such as ACI 318) would cover the design of other types of members in the structure. This Code covers the design of GFRP-
reinforced concrete members in a structure assigned to Seismic Design Category (SDC) A. This Code also covers the design of 
GFRP-reinforced concrete members not designated as part of the seismic-force-resisting system in Seismic Design Categories B 
and C. This initial version of the Code, which has been developed from the body of GFRP-reinforced concrete research that has 
been published over the past 30 years, does not cover GFRP-reinforced concrete members in any structure assigned to Seismic 
Design Categories D, E, and F although subsequent editions of this Code are expected to incorporate additional SDCs as further 
research becomes available. Other topics that are not addressed in this version of the Code but are expected to be covered 
in subsequent editions include prestressed construction, lightweight concrete, shotcrete, connections of precast members, 
diaphragms, deep beams, drilled piers and caissons, brackets and corbels, methods for designing discontinuity regions using 
strut-and-tie theory where section-based methods do not apply, shear friction, and anchoring to concrete.

This Code is dependent on ACI 318-19 and adheres to the chapter and section numbering of ACI 318-19, with the exception 
of Chapter 15 in which language and numbering is dependent on ACI 318-14. This Code does not include several chapters that 
are addressed in ACI 318-19, specifically Chapter 12: Diaphragms, Chapter 17: Anchoring to Concrete, Chapter 18: Earth-
quake-Resistant Structures, and Chapter 23: Strut-and-Tie Method. These chapters have been identified as “Not Addressed” 
in this version of the Code, but are expected to be included in future versions of this Code as additional research becomes 
available. This Code also does not include Chapter 14: Plain Concrete from ACI 318-19 which has been identified as “Not 
Applicable” because it is not related to design with GFRP reinforcement and is not expected to be included in future versions 
of this Code, as ACI 318 is the applicable standard. Within chapters, the terms “out of scope” and “not applicable” are used 
for numbered section headings from ACI 318-19 that are not covered by this Code, while the term “intentionally left blank” is 
used as a place holder to maintain consistency with section numbering in situations where ACI 318-19 includes a numbered 
provision that is not also in this Code.

For ease of use, language in common with ACI 318 has been reproduced in this document. Provisions that are identical to 
ACI 318-19 are denoted with an equal sign (“=”). Accordingly, this Code follows the organizational philosophy of ACI 318, 
which is to present all design and detailing requirements for structural systems or for individual members in chapters devoted to 
those individual subjects, and to arrange the chapters in a manner that generally follows the process and chronology of design 
and construction. Information and procedures that are common to the design of multiple members are located in utility chapters.

Uses of the Code include adoption by reference in a general building code. The Code is written in a format that allows such 
reference without change to its language. Therefore, background details or suggestions for carrying out the requirements or 
intent of the Code provisions cannot be included within the Code itself. The Commentary is provided for this purpose. This 
Code can supplement a current International Code Council (ICC) building code, supplement the codes governing new and 
existing structures of a local jurisdiction authority, or act as a stand-alone code in a locality that has not adopted an existing 
building code.

Some considerations of the committee in developing the Code are discussed in the Commentary, with emphasis given to the 
explanation of differences in design between GFRP-reinforced concrete and steel-reinforced concrete. For example, GFRP 
bars do not yield; rather, they are linear elastic until failure. Design procedures in this Code account for this difference from 
the traditional steel-reinforced concrete design procedures adopted in ACI 318, and approach design from the perspective of 
deformability (the ability of a member to undergo large displacements prior to failure) rather than from the steel-reinforced 
concrete design focus on ductility. Consequently, this Code permits GFRP-reinforced concrete flexural members to have either 
tension-controlled or compression-controlled failure modes.

Furthermore, GFRP bars possess high tensile strength only in the direction of the reinforcing fibers, which affects shear 
strength, dowel action, and bond performance; thus, design equations for shear strength and development length are necessarily 
different from the equations used for steel reinforcement in ACI 318, although the design procedures themselves are similar. 
Other significant differences from ACI 318 occur in serviceability design for deflection and crack control, as the stiffness of 
GFRP reinforcement can be as small as one-fourth that of steel reinforcement. Because the mechanical and bond properties of 
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GFRP bars are more negatively impacted at elevated temperatures than are steel bars, and reports from ASTM E119 fire tests 
on GFRP-reinforced concrete members are not yet available, this Code is only applicable where fire-resistance ratings are not 
required or where approved by the building official under the alternative means and methods provisions of 1.10.1. Recommen-
dations for increasing the fire resistance of GFRP-reinforced concrete members have been included in the Commentary. Much 
of the research data referenced in the Commentary is cited for the user desiring greater detail on this subject. Other documents 
that provide suggestions for carrying out the requirements of the Code are also cited in the Commentary.
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CHAPTER 1—GENERAL

1.1—Scope of ACI CODE-440.11-22
=1.1.1 This chapter addresses (a) through (h):
(a) General requirements of this Code
(b) Purpose of this Code
(c) Applicability of this Code
(d) Interpretation of this Code
(e) Definition and role of the building official and the 
licensed design professional
(f) Construction documents
(g) Testing and inspection
(h) Approval of special systems of design, construction, or 
alternative construction materials

1.2—General
1.2.1 ACI CODE-440.11, “Building Code Requirements 

for Structural Concrete Reinforced with Glass Fiber-Rein-
forced Polymer (GFRP) Bars,” is hereafter referred to as 
“this Code.”

=1.2.2 In this Code, the general building code refers to the 
building code adopted in a jurisdiction. When adopted, this 
Code forms part of the general building code.

=1.2.3 The official version of this Code is the English 
language version, using inch-pound units, published by the 
American Concrete Institute.

=1.2.4 In case of conflict between the official version of 
this Code and other versions of this Code, the official version 
governs.

1.2.5 This Code provides minimum requirements for the 
materials, design, construction, and strength evaluation of 
GFRP-reinforced concrete members and systems in any 
structure designed and constructed under the requirements 
of the general building code.

=1.2.6 Modifications to this Code that are adopted by a 
particular jurisdiction are part of the laws of that jurisdiction, 
but are not a part of this Code.

=1.2.7 If no general building code is adopted, this Code 
provides minimum requirements for the materials, design, 

CHAPTER R1—GENERAL

R1.1—Scope of ACI CODE-440.11-22
R1.1.1 This Code includes provisions for the design of 

nonprestressed glass fiber-reinforced polymer (GFRP)-
reinforced concrete used for structural purposes. This Code 
does not address concrete prestressed with GFRP. This Code 
does not cover any applications of steel reinforcement of 
concrete. The design of structural concrete reinforced with 
steel is governed by ACI 318. This Code covers the design 
of reinforced concrete members that are reinforced entirely 
with GFRP; the design of “hybrid” members with mixed 
types of reinforcement is outside the scope of this Code. 
However, this Code can be used for the design of GFRP-
reinforced concrete members that are part of a structure that 
also includes members that are not reinforced with GFRP. 
Steel reinforcement may be present in GFRP-reinforced 
concrete members designed using this Code, but the steel 
reinforcement should not be considered as part of the rein-
forcement for that member for the purposes of strength or 
serviceability calculations.

This Code is a dependent code on ACI 318-19. This 
chapter includes a number of provisions that explain where 
this Code applies and how it is to be interpreted.

R1.2—General

=R1.2.2 The American Concrete Institute recommends 
that this Code be adopted in its entirety.

R1.2.3 Committee 440 develops the Code in English, 
using inch-pound units. Based on that version, Committee 
440 approved a version in English using SI units. 

=R1.2.5 This Code provides minimum requirements and 
exceeding these minimum requirements is not a violation of 
the Code.

The licensed design professional may specify project 
requirements that exceed the minimum requirements of this 
Code.
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