IN-LB Inch-Pound Units

“ International System of Units

Guide to Design

and Construction of
Externally Bonded
Fabric-Reinforced
Cementitious Matrix

and Steel-Reinforced
Grout Systems for Repair
and Strengthening of
Concrete Structures

Reported by ACI Committee 549

q Ci } American Concrete Institute

Always advancing

ACI 549.4R-20




>~ et First Printing
qAci W  American Concrete Institute April 2020

Always advancing

S ISBN: 978-1-64195-098-5

Guide to Design and Construction of Externally Bonded Fabric-Reinforced
Cementitious Matrix and Steel-Reinforced Grout Systems for Repair and
Strengthening of Concrete Structures

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.

Most ACI standards and committee reports are gathered together in the annually revised the ACI
Collection of Concrete Codes, Specifications, and Practices.

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 549.4R-20

Guide to Design and Construction of Externally
Bonded Fabric-Reinforced Cementitious Matrix
and Steel-Reinforced Grout Systems for Repair and
Strengthening of Concrete Structures

Reported by AClI Committee 549

Antonio Nanni, Chair

Nemkumar Banthia Ashish Dubey
Christian Carloni Usama A. Ebead
Paolo Casadei Mahmut Ekenel

Brad L. Erickson
Garth J. Fallis

Gianmarco de Felice
Michael E. Driver

Corina-Maria Aldea, Secretary

Houman Akbari Hadad Larry Rowland
Barzin Mobasher Surendra P. Shah
Hani H. Nassif Yixin Shao
Bekir Yilmaz Pekmezci Lesley H. Sneed
Alva Peled J. Gustavo Tumialan

Consulting Members

Gordon B. Batson
James 1. Daniel

John Jones
Antoine E. Naaman

Fabric-reinforced cementitious matrix (FRCM) and steel-rein-
forced grout (SRG) systems for rehabilitation and strengthening
concrete structures is an alternative to traditional techniques such
as fiber-reinforced polymers (FRPs), steel plate bonding, section
enlargement, and external post-tensioning. An FRCM/SRG is a
composite material consisting of one or more layers of inorganic
matrix reinforced with dry fibers in the form of open mesh or fabric.
The inorganic matrixes are typically cement-based, lime-based, or
geopolymer. When adhered to concrete structural members, they
form an FRCM/SRG system that acts as supplemental, externally
bonded reinforcement. This guide addresses the history and use of
FRCM and SRG systems rehabilitation and strengthening, their
unique material properties, and recommendations on their design,
construction, and inspection. Guidelines are based on experimental
research, analytical work, and field applications.
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and limitations of its content and recommendations and who
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all responsibility for the stated principles. The Institute shall
not be liable for any loss or damage arising therefrom.
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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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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Fabric-reinforced cementitious matrix (FRCM) and steel-
reinforced grout (SRG) composites have recently emerged
as a viable technology for rehabilitation and strengthening
concrete structures. The strengthening and rehabilitation of
existing concrete structures has traditionally been accom-
plished using new and conventional materials and construc-
tion techniques, including externally bonded fiber-reinforced
polymer (FRP) systems, steel plates, reinforced concrete
(RC) overlays, and post-tensioning.

The primary reasons for considering FRCM/SRG as a
suitable strengthening material system are from the inor-
ganic matrix that shows properties of:

a) Inherent heat resistance

b) Compatibility with the substrate (that is, allows vapor

permeability and application on a wet surface)

c¢) Long-term durability

FRCM and SRG are systems where all constituents are
developed and tested as a unique combination and should
not be created by randomly selecting and mixing products
available in the marketplace.

AC434 establishes guidelines for the manufacturers
for necessary tests and calculations required to receive a
product research report from ICC-ES. Once received, the
evaluated system can be accepted by code officials under
Section 104.11.1 of the International Building Code (IBC
2018). Section 104.11.1 allows research reports to be used as
a source of information to show building code compliance of
alternative materials.

1.2—Scope

This guide covers fabric-reinforced cementitious matrix
(FRCM) and steel-reinforced grout (SRG) composite
systems used to strengthen or rehabilitate existing concrete
structures, providing background information and field
applications; composite material properties; axial, flexural,
and shear capacities of the FRCM/SRG-strengthened struc-
tures; and structural design procedures.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

A. = net cross-sectional area of compression member,
in.2 (mm?)

A, = area of effectively confined concrete, in.? (mm?)
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