a2 Y o W

Steel Design Guide

Vertical Bracing Connections—
Analysis and Design

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AISC/126723734/AISC-829?src=spdf

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AISC/126723734/AISC-829?src=spdf

a2 Y o W

Steel Design Guide

Vertical Bracing Connections—
Analysis and Design

Larry S. Muir, P.E.

AISC
Atlanta, GA

William A. Thornton, Ph.D., P.E.

Cives Steel Corporation
Roswell, Georgia

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AISC/126723734/AISC-829?src=spdf

AISC © 2014
by

American Institute of Steel Construction

All rights reserved. This book or any part thereof must not be reproduced
in any form without the written permission of the publisher.

The AISC logo is a registered trademark of AISC.

The information presented in this publication has been prepared in accordance with recognized
engineering principles and is for general information only. While it is believed to be accurate,
this information should not be used or relied upon for any specific application without competent
professional examination and verification of its accuracy, suitability and applicability by a
licensed professional engineer, designer or architect. The publication of the material contained
herein is not intended as a representation or warranty on the part of the American Institute of Steel
Construction or of any other person named herein, that this information is suitable for any general
or particular use or of freedom from infringement of any patent or patents. Anyone making use of
this information assumes all liability arising from such use.

Caution must be exercised when relying upon other specifications and codes developed by other
bodies and incorporated by reference herein since such material may be modified or amended
from time to time subsequent to the printing of this edition. The Institute bears no responsibility
for such material other than to refer to it and incorporate it by reference at the time of the initial
publication of this edition.

Printed in the United States of America

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/AISC/126723734/AISC-829?src=spdf

Authors

Larry S. Muir, P.E. is the Director of Technical Assistance in the AISC Steel Solutions Center.
He is a member of both the AISC Committee on Specifications and the Committee on Manuals.

William A. Thornton, Ph.D., P.E. is a corporate consultant to Cives Corporation in Roswell, GA.
He was Chairman of the AISC Committee on Manuals for over 25 years and still serves on the
Committee. He is also a member of the AISC Committee on Specifications and its task committee
on Connections.

Acknowledgments

The authors wish to acknowledge the support provided by Cives Steel Company during the devel-
opment of this Design Guide and to thank the American Institute of Steel Construction for fund-
ing the preparation of this Guide. The ASCE Committee on Design of Steel Building Structures
assisted in the development of Appendix D. They would also like to thank the following people
for assistance in the review of this Design Guide. Their comments and suggestions have been
invaluable.

Leigh Arber Steve Herlache Ralph Richard
Scott Armbrust Steve Hofmeister Dave Ricker
Bill Baker Larry Kloiber Tom Schlafly
Charlie Carter Bill Lindley Bill Scott
Carol Drucker Margaret Matthew Bill Segui
Cindi Duncan Ron Meng Victor Shneur
Lanny Flynn Chuck Page Gary Violette
Scott Goodrich Bill Pulyer Ron Yeager

Pat Hassett

Preface

This Design Guide provides guidance for the design of braced frame bracing connections based
on structural principles and adhering to the 2010 AISC Specification for Structural Steel Buildings
and the 14th Edition AISC Steel Construction Manual. The content expands on the discussion
provided in Part 13 of the Steel Construction Manual. The design examples are intended to pro-
vide a complete design of the selected bracing connection types, including all limit state checks.
Both load and resistance factor design and allowable stress design methods are employed in the
design examples.
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Chapter 1
Introduction

1.1  OBJECTIVE AND SCOPE

This Design Guide illustrates a method for the design of
braced frame bracing connections based on structural prin-
ciples, and presents the design basis and complete design
examples illustrating the design of:

1. All orthogonal and nonorthogonal connections involving
a brace, a beam and a column (corner type)

2. Connections involving a beam or column and one or two
braces, such as chevron or K-bracing, and eccentric braces
(center type)

3. Connections of braces to columns at column base plates
(base type)

4. Both nonseismic and seismic situations are covered

1.2 DESIGN PHILOSOPHY

All structural design, except for that which is based directly
on physical testing, is based either explicitly or implicitly on
the principle known as the lower bound theorem of limit anal-
ysis. This theorem is important because it allows structural
engineers to be confident that 1) their assumptions about the
internal force field will not over-predict the strength of an
indeterminate structure, and 2) different methodologies for
determining an admissible force field, while they may vary
significantly in their predictions of the available strength, are
nonetheless all valid. This theorem, which was first proven
in the form given in the following in the 1950s (Baker et al.,
1956), states that:

Given:  An admissible internal force field (i.e., a distri-
bution of internal forces in equilibrium with the
applied load)

Given:  Satisfaction of all applicable limit states

Then: The external load in equilibrium with the internal
force field is less than, or at most equal to, the
connection capacity.

The lower bound theorem is applicable to ductile limit states,
and most connection limit states have some ductility. For
instance, bolts in shear undergo significant shear deforma-
tion, on the order of 3% in. for a ¥%-in.-diameter bolt, before
fracture. Limit states such as block shear and net shear can
accommodate significant distortion of the material before
fracture. Plate or column buckling, while generally con-
ceived as a nonductile limit state, is in a sense a ductile limit
state; when a plate or column buckles, it does not become
incapable of supporting any load, but rather will continue

to support the buckling load as long as any excess load can
be distributed to other components of the structural system.
This phenomenon can be observed in the laboratory when a
displacement-type testing machine is used. If a force-type
machine is used, the load will increase continuously, and
kinking and complete collapse will occur.

Actually all structural design relies on the validity of the
lower bound theorem. For instance, if a building is modeled
by a frame analysis computer program, a certain distribution
of column loads will result. This distribution is dependent on
thousands of assumptions. Shear connections are assumed
not to carry any moment at all, and moment connections are
assumed to maintain the angle between members. Neither
assumption is true. Therefore, the column design loads at
the footings will sometimes be drastically different from the
actual loads, if these loads were measured. Some columns
will be designed for loads smaller than the true load, and
some will be designed for larger loads. Because of the lower
bound theorem, this is not a concern.

Ductility can also be provided to an otherwise nonduc-
tile system by support flexibility. For instance, transversely
loaded fillet welds are known to have limited ductility. If a
plate is fillet welded near the center of a column or beam web
and subjected to a load transverse to the web, the flexibility
of the web under transverse load will tend to mitigate the
low ductility of the fillet weld and will allow redistribution
to occur. This same effect can be achieved with transversely
loaded fillet welds to rigid supports by using a fillet weld
larger than that required for the given loads. The larger fillet
weld allows the given applied loads to redistribute within the
length of the weld without local fracture.

The term “admissible force field” perhaps needs some fur-
ther explanation. Bracing connections are inherently stati-
cally indeterminate. Therefore, there will be many possible
force distributions within the connection. All of those force
distributions that satisfy equilibrium are said to be “admis-
sible” or “statically admissible.” There are theoretically an
infinite number of possible admissible force fields for any
statically indeterminate structure. There will also be an infi-
nite number of internal force fields that do not satisfy equi-
librium; these are said to be “inadmissible.” If such a force
field is used, the lower bound theorem is not valid and any
design obtained with this inadmissible force field cannot be
said to be safe; i.e., the failure load may be less than the
applied load. When an admissible force field is used, the
calculated failure load will be less than, or at most equal to,
the load at which failure occurs; therefore, a safe design is
achieved.
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