Design Guide for Twisting
Moments in Slabs

Reported by Joint ACI-ASCE Committee 447

ACI 44 /R-13

*W American Concrete Institute
qacCl “

» Always advancing
4




>~ et First Printing
qAci W  American Concrete Institute April 2018

Always advancing

A ISBN: 978-1-64195-010-7

Design Guide for Twisting Moments in Slabs

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


http://concrete.org

ACIl 447R-18

Design Guide for Twisting Moments in Slabs

Reported by Joint ACI-ASCE Committee 447

Ganesh Thiagarajan, Chair

Riadh S. Al-Mahaidi
Gangolu Appa Rao
Ashraf S. Ayoub
Zdeng&k P. Bazant
Allan P. Bommer
Mi-Geum Chorzepa
Carlos Arturo Coronado

Gianluca Cusatis
Mukti L. Das
James B. Deaton
Jason L. Draper
Serhan Guner
Trevor D. Hrynyk
John F. Jakovich

Jian Zhao, Secretary

Dan Palermo
Guillermo Alberto Riveros
Mohammad Sharafbayani

Song F. Jan
Toannis Koutromanos
Laura N. Lowes

Yong Lu Hazim Sharhan
Yi-Lung Mo Sri Sritharan
Abbas Mokhtar Zadeh

Wassim I. Naguib

Consulting Members

Ahmet Emin Aktan
Sarah L. Billington
Johan Blaauwendraad

Wai F. Chen
Christopher H. Conley
Robert A. Dameron

Oral Buyukozturk Filip C. Filippou
Ignacio Carol Kurt H. Gerstle
Luigi Cedolin Walter H. Gerstle

This guide assists practitioners in understanding: 1) twisting
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are provided theoretically and visually in the guide, and six methods
of accounting for twisting moments in design are discussed. Appli-
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction

Section 8.2.1 of ACI 318-14 allows slabs to be designed
by any procedure that satisfies equilibrium and geometric
compatibility, and requires that, at each section, the design
strength exceeds the required strength and serviceability
requirements are fulfilled.

Traditional strip design methods for slabs are based
on approximate analysis and provide neither a complete
equilibrium load path or satisfy geometric compatibility.
Nonetheless, these methods have been used successfully
for many years to design slabs with supports arranged in a
rectangular grid.

From 1995 to 2015, design engineers transitioned from
predominantly using traditional slab analysis methods to
using finite element analysis (FEA). More recently, engi-
neers use FEA to assist in the structural design of two-way
concrete members. Twisting moments in two-way slabs can
require additional reinforcement from those proportioned
for bending moments, yet they are often misunderstood
and sometimes ignored, neglected, or both, by practitio-
ners in design. This is most likely due to their lack of being
discussed comprehensively in design codes and frequent
exclusion from college concrete design course curricula.

Although FEA solutions provide a full equilibrium load
path and satisfy geometric compatibility, they determine
load paths that require twisting moments for equilib-
rium (Shin et al. 2009). Many designers using FEA have
ignored these twisting moments—a possible unconserva-
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tive assumption where twisting moments are high (Park and
Gamble 2000). To provide designers with guidance related
to this issue, methods for explicitly incorporating twisting
moments determined from FEA in the design of slabs are
discussed in this guide.

The purpose of this design guide is to provide advice
to design engineers who analyze slab systems with finite
element methods and who need to ensure their designs are
satisfactory for the twisting moments predicted by the anal-
ysis. This guide provides background information regarding
twisting moments and describes multiple approaches for
consideration of twisting moments in design. It also provides
advice for designers of walls and shells with twisting moment
conditions similar to those in slabs.

1.2—Scope

This design guide applies to slabs of both uniform and
nonuniform thicknesses, including drop caps and drop
panels, except where noted in the text. This guide does not
apply to waffle slabs, or the beams of beam-and-slab floor
systems. Chapters 3 through 6 address slabs and walls in
which the response is determined purely by bending. Chapter
7 addresses shells for which the response is determined by
bending and membrane action. Chapter 6 and the theory
sections of this guide are applicable to walls. Chapter 7 and
the theory sections of this guide are applicable to shells, with
the caveat that equations presented in Chapter 3 are not valid
for curved shells.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation

¢;; = fraction for consideration of sections partially
crossing element to apply to forces in local node j
in element

D = flexural rigidity of plate, in.-Ib (N-mm)

E = Young’s modulus, psi (MPa)

F = force vector, Ib (N)

fi; = nodal force vector for local node j in element i

h = thickness of slab or plate, in. (mm)

L = width of design section, in. (mm)

M = bending moment, or moment vector, in.-1b (N-mm)

M,; = design bending moment, in.-1b (N-mm)

M; = bending moment from isotropic analysis, in.-lb
(N-mm)

My = bending moment from twist-free analysis, in.-Ib
(N-mm)

M, = design moment for slab cross section, in.-Ib (N-mm)

m;; = nodal moment vector for local node ;j in element i,
in.-1b/in. (N-mm/mm)

m, = bending moment causing stresses parallel to r-axis,
per unit length of slab or plate, in.-Ib/in. (N-mm/
mm)

m,, = twisting moment relative to r-s-axes per unit length
of slab or plate, in.-1b/in. (N-mm/mm)

my; = bending moment causing stresses parallel to s-axis,

per unit length of slab or plate, in.-Ib/in. (N-mm/mm)
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