IN-LB Inch-Pound Units

“ International System of Units

Strut-and-Tie Method
Guidelines for ACI 318-1@—
Guide

Reported by Joint ACI-ASCE Committee 445

AC| PRCA45.2-21

fo| Ci W American Concrete Institute

» Always advancing
A



https://www.stdhive.com/standards/aci-4452-21-pdf/

>~ et First Printing
qAci W  American Concrete Institute August 2021

Always advancing

A ISBN: 978-1-64195-146-3

Strut-and-Tie Method Guidelines for ACI 318-19—Guide

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 improvemei.t o1
ACI documents are requested to contact ACI via the errata website at http://concrete.org/Publicat.ns,
DocumentErrata.aspx. Proper use of this document includes periodically checking for erra a.fur th. 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 accep* resp nsibility for
the application of the material it contains. Individuals who use this publication iri any wvay assume all
risk and accept total responsibility for the application and use of this inforn:atio.

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 mercha.t »hility, fitness for a particular
purpose or non-infringement.

ACI and its members disclaim liability for damages of any kinw., inc'uaing any special, indirect, incidental,
or consequential damages, including without limitation, lost »2veaues or lost profits, which may result
from the use of this publication.

It is the responsibility of the user of this document to ~stablish health and safety practices appropriate
to the specific circumstances involved with its use. ::<1 does not make any representations with regard
to health and safety issues and the use of this documoent. The user must determine the applicability of
all regulatory limitations before applying the f.ocument and must comply with all applicable laws and
regulations, including but not limited to, Un'tec. Stutes Occupational Safety and Health Administration
(OSHA) health and safety standards.

Participation by governmental represer tatives in the work of the American Concrete Institute and in
the development of Institute stanCarc=<.oes not constitute governmental endorsement of ACI or the
standards that it develops.

Order information: ACI docum >n.s are available in print, by download, through electronic subscription,
or reprint and may be c¢uiained Ly contacting ACI.

Most ACI standards a.xd committee reports are gathered together in the annually revised the ACI
Collection of Corni-rete Codes, Specifications, and Practices.

American Cuncre. e Institute
38800 Cou. try Club Drive
Farmiag. n dills, MI 48331
Phene. +1.248.848.3700
Fex: +1.248.848.3701
www.concrete.org


https://www.stdhive.com/standards/aci-4452-21-pdf/

ACI PRC-445.2-21

Strut-and-Tie Method Guidelines for ACI 318-19—Guide
Reported by Joint ACI-ASCE Committee 445

Abdeldjelil Belarbi®, Chair

Catherine E French
Gary G. Greene, Jr.
Neil M. Hawkins
Thomas T. C. Hsu
Gary J. Klein"
Daniel A. Kuchma”

Neal S. Anderson
Robert B. Anderson”
Robert W. Barnes”
Oguzhan Bayrak”
Zdenek P. Bazant
Evan C. Bentz

John F. Bonacci Z. John Ma®

Hakim Bouadi” Adolfo B. Matamoros
Mikael W. Braestrup Denis Mitchell”
Michael D. Brown" Yi-Lung Mo

Daniel T. Mullins”
Lawrence C. Novak”

Michael P. Collins
David Darwin

*Subcommittee 445-A Members who Developed this Guide
fChair of Subcommittee 445-A

Adam S. Lubell”, Secretary

Carlos E. Ospina
Stavroula J. Pantazopoulou
Maria A. Polak
Santiago Pujol
Julio A. Ramirez”

Consult.»g Members
V. sane Adam
Pert, Adeccar

Gerl. +d B.eitschaft
Antcui Gladera

Karl-Heinz Reineck” Daiuel Dunkelberg
David H. Sanders™f Marc O. Eberhard
Lesley H. Sneed Birol Fitik
Robin G. Tuchscherer” Josef Hegger
James K. Wight Patrick Huber
Karin Reissen
Udo Wiens
Konrad Zilch

Additional Subcommittee 445-A Memb :rs nov aoted above:

Sergio Brena Matthew Huizinga
I-Kuang Fang Carin Roberts-Wollmann
Katrin Habel Rafael Alves de Souza

Boz. 27 stojadinovic
Neccy Larson Verney
Fernando Yanez

Joint ACI-ASCE Committee 445 would like to thank Andrew Sta... ror his contribution to this guide.

Strut-and-tie models (STMs) were first used at the end of the winc-
teenth century as a concrete design method. The metho” wu:.a ded
to ACI 318 in 2002 as Appendix A. In 2014, STM pi ovisions were
moved into the main body of the code as Chapter?3, o -and-Tie
Method. This document focuses on the ACI 31819 u. nlementation
of strut-and-tie modeling. The main objective:of his document are
to: 1) explain the intent and applicaticn ¢, ACI 318 STM provi-
sions, 2) provide additional design g.iac 1ce. or the STM based on
other design codes, specifications, a.:d committee documents; and
3) present design recommendc ion - fro.n recent research publica-
tions. This document provides  vact cal guidance to the structural
design community.

Keywords: D-regiors; dc ign; disturbed regions; model; node; strut; tie.

ACI Con mittee Reports, Guides, and Commentaries are
inter. Yed 10 ruidance in planning, designing, executing, and
i1 ~oect. g cor struction. This document is intended for the use
of 1. diviauals who are competent to evaluate the significance
a. 1 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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CHAPTER 1—INTROL UCTION

1.1—Background

While the origins of str*t-and.tic models date back to the
end of the nineteenth cc. tury ‘Ritter 1899; Considére 1900;
Morsch 1909), the strut- w-tie design method was not
formally introaccec into ACI 318 until 2002. Up until the
2014 version of ACT 318, strut-and-tie model (STM) provi-
sions ware i clucdzd in Appendix A of ACI 318. With the
reorgarizacon o ACI 318 in 2014, STM provisions were
moved 1. ‘0 uie main body of the code as Chapter 23, in
par to recognize the importance of this method in structural
desig..practice. Subsequently, significant changes to the
STM provisions occurred in ACI 318-19. Chapter 23 was
renamed to “Strut-and-Tie Method.” The abbreviation of
STM only stands for strut-and-tie model.

In an effort to provide information on the use of strut-
and-tie models in structural design, explanatory notes are
included with the ACI 318 provisions. Additionally, two
ACI special publications—ACI SP-208 and ACI SP-273—
were developed by Subcommittee A, Strut & Tie, of Joint
ACI-ASCE Committee 445, Shear and Torsion, in which the
application of STM was illustrated through various design
examples. Nevertheless, there is a need to provide additional
guidance on the use of STM techniques.

1.2—Objectives

This document focuses on the ACI 318-19 implementa-
tion of strut-and-tie modeling. The main objectives of this
document are to: 1) explain the intent and application of ACI
318 STM provisions; 2) provide additional design guidance
for the STM based on other design codes, specifications, and
committee documents; and 3) present design recommen-
dations from recent research publications. This document
is intended to provide practical guidance to the structural
design community.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation
This section defines notations used in this guide.
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