
Guide for Shear 
Reinforcement for Slabs
Reported by Joint ACI-ASCE Committee 421

A
C

I 4
21

.1R
-2

0

Inch-Pound UnitsIN-LB

International System of UnitsSI

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/aci-4211r-20-pdf/


First Printing
January 2020

ISBN: 978-1-64195-089-3

Guide for Shear Reinforcement for 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

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

http://concrete.org
https://www.stdhive.com/standards/aci-4211r-20-pdf/


ACI Committee Reports, Guides, and Commentaries are 
intended for guidance in planning, designing, executing, and 
inspecting construction. This document is 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. 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.

ACI 421.1R-20 supersedes ACI 421.1R-08 and was adopted and published January 
2020.

Copyright © 2020, 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 me-
chanical 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.

Tests have established that punching shear in slabs can be effectively 
resisted by reinforcement consisting of vertical rods mechanically 
anchored at top and bottom of slabs. ACI 318 sets out the principles 
of design for slab shear reinforcement and makes specific reference 
to stirrups and headed studs. This guide reviews available types 
and makes recommendations for their design. The application of 
these recommendations is illustrated through numerical examples.

Keywords: column-slab connection; concrete flat plate; headed shear 
studs; moment transfer; prestressed concrete; punching shear; shear heads; 
shear stresses; slabs; two-way slabs.
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CHAPTER 1—INTRODUCTION AND SCOPE

1.1—Introduction
In flat-plate floors, slab-column connections are subjected 

to high shear stresses produced by the transfer of the internal 
forces between the columns and the slabs. ACI 318-14 
Section 8.7.6.1 allows the use of shear reinforcement for 
slabs and footings in the form of bars, as in the vertical legs 
of stirrups. ACI 318 emphasizes the importance of anchorage 
details and accurate placement of the shear reinforcement, 
especially in thin slabs. ACI 318-14 Section 8.7.7.1 permits 
headed shear stud reinforcement conforming to ASTM 
A1044/A1044M. A general procedure for evaluation of the 
punching shear strength of slab-column connections is given 
in ACI 318-14 Section 8.5.3.

Shear reinforcement consisting of vertical rods (studs) or 
the equivalent, mechanically anchored at each end, can be 
used. In this guide, all types of mechanically anchored shear 
reinforcement are referred to as shear stud or stud. To be 
fully effective, the anchorage should be capable of devel-
oping the specified yield strength of the studs. The mechan-
ical anchorage can be obtained by heads or strips connected 
to the studs by welding. The heads can also be formed by 
forging the stud ends.

1.2—Scope
Recommendations in this guide are for the design of shear 

reinforcement in slabs. The design is in accordance with ACI 
318. Numerical design examples are included.

1.3—Evolution of the practice
Extensive tests (Dilger and Ghali 1981; Andrä 1981a,b; 

Van der Voet et al. 1982; Mokhtar et al. 1985; Elgabry and 
Ghali 1987; Mortin and Ghali 1991; Dilger and Shatila 

1989; Cao 1993; Brown and Dilger 1994; Megally 1998; 
Birkle 2004; Ritchie and Ghali 2005; Gayed and Ghali 
2006) have confirmed the effectiveness of mechanically-
anchored shear reinforcement, such as shown in Fig. 1.3a, 
in increasing the strength and ductility of slab-column 
connections subjected to concentric punching or punching 
combined with moment. Stud assemblies consisting of either 
a single-head stud attached to a steel base rail by welding 
(Fig. 1.3a(a)) or double-headed studs mechanically crimped 
into a nonstructural steel channel (Fig. 1.3a(b)) are specified 
in ASTM A1044/A1044M. Figure 1.3b is a top view of a 
slab that shows a typical arrangement of shear reinforcement 
(stirrup legs or studs) in the vicinity of an interior column. 
ACI 318 requires that the spacing g between adjacent stirrup 
legs or studs, measured on the first peripheral line of shear 
reinforcement, be equal to or less than 2d. Recommenda-
tions for the distances so and s are given in Chapter 4.

CHAPTER 2—NOTATION AND DEFINITIONS

2.1—Notation
Ac	 =	 area of concrete of assumed critical section, in.2 (mm2)

Fig. 1.3a—Stud assemblies conforming to ASTM A1044/
A1044M: (a) single-headed studs welded to a base rail; and 
(b) double-headed studs crimped into a steel channel.

Fig. 1.3b—Top view of flat plate showing arrangement of 
shear reinforcement in vicinity of interior column.

American Concrete Institute – Copyrighted © Material – www.concrete.org

2	 GUIDE FOR SHEAR REINFORCEMENT FOR SLABS (ACI 421.1R-20)

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/aci-4211r-20-pdf/



