L I 4

Steel Design Guide Series

Flush and Extended
Multiple-Row
Moment End-Plate Connections

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

This publication or any part thereof must not be reproduced in any form without permission of the publisher.



https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

vV 4

" iz) Bz Steel Design Guide Series

Flush and Extended Multiple-Row
Moment End-Plate Connections

Thomas M. Murray, P.E., Ph.D.
Montague Betts Professor of Structural Steel Design
Charles E. Via Department of Civil Engineering

Virginia Polytechnic Institute and State University
Blacksburg, Virginia

W. Lee Shoemaker, P.E., Ph.D.
Director of Research & Engineering

Metal Building Manufacturers Association
Cleveland, Ohio

AMERICAN INSTITUTE OF STEEL CONSTRUCTION

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



https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

Copyright © 2002

by

American Institute of Steel Construction, Inc.

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

The information presented in this publication has been prepared in accordance with rec-
ognized 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 appli-
cation without competent professional examination and verification of its accuracy,
suitablility, 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 mod-
ified 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
Second Printing: October 2003
Published by the American Institute of Steel Construction, Inc.
At One East Wacker Drive, Suite 3100, Chicago, IL 60601

The co-sponsorship of this publication by the Metal Building
Manufacturers Association is gratefully acknowledged.

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

This publication or any part thereof must not be reproduced in any form without permission of the publisher.



https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

ACKNOWLEDGMENTS

Design procedures in this Guide are primarily based on research conducted at the Uni-
versity of Oklahoma and at Virginia Polytechnic Institute. The research was sponsored
by the Metal Building Manufacturers Association (MBMA), the American Institute of
Steel Construction (AISC), and Star Building Systems. MBMA and AISC member com-
panies provided test specimens. The work of former Oklahoma and Virginia Tech
graduate students, Ramzi Srouji, David M. Hendrick, Scott J. Morrison, Mary Sue Abel,
and Jeffrey T. Borgsmiller, made this Guide possible. Virginia Tech graduate students
Emmett A. Sumner III and Timothy R. Mays contributed valuable work to update the
yield line mechanisms used and with final checking of the design procedures. The assis-
tance of Patrick Toney, Star Building Systems, in developing the final manuscript is
gratefully appreciated and acknowledged.

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

This publication or any part thereof must not be reproduced in any form without permission of the publisher.


https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

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

This publication or any part thereof must not be reproduced in any form without permission of the publisher.


https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

TABLE OF CONTENTS

1. Uses and Classification of Moment End-Plate

Connections...........ccoccooeriiiiniinienieeeeeeeen 1
L.1 Introduction.........ccceeceeeiiniiniesiee e |
1.2 Background..........cccooveeiiiiiiienieieie e 3
1.2.1 Design Procedures for Moment End-
Plates with Fully Tightened Bolts ............. 3
1.2.2 Design Procedures for Moment End-
Plates with Snug Tight Bolts..................... 5
1.2.3 Finite Element Analysis of Moment
End-Plates........ccooeevienieeeeeeeeeeee 5
1.2.4 Performance of Moment End-Plate
Connections for Seismic Loading ............. 6
2. Design Procedures...............ocooiiiiiniiniiniiiiiee, 7
2.1 INntroduction.......ccccoeeereeienienieneneneneceeeseeee 7
2.2 Yield-Line Theory and Mechanics....................... 7
2.3 Bolt Force Predictions..........ccccoeveeieneeienencnnnn 7
2.4 Moment-Rotation Relationships ............cccceeuenee. 8
2.5 Design Procedures..........ccecvviervenieneenieeieeeee 9
2.5.1 Design Procedure 1 .......cccoeveveiveernneennen. 10
2.5.2 Design Procedure 2 ..........ccooeveeeeneeeennns 11
2.5.3 Additional Assumptions and
Conditions .......ceceeveeeenieneneneneeieenenne 12
2.6 Limit States Check List.......cccceeeeeieiieneienenenne. 13
. Flush End-Plate Design.................c.ccoooeeviiiinnnnnnnen. 17
3.1 Design Equations, Limitations, and
DefiNItionS ....ceevvereeeeerieiieieiee e 17
3.1.1 Design Equations..........ccccccerverreerreenennen. 17
3.1.2 Limitations.......ccceecveeeeeieneenieeseeenieeeenne 17
3.1.3 Definitions ......ceceeverienienieneeieeeeeeee. 17
3.2 Design Examples.......ccccccevveviiecienienienieeeee 22
3.2.1 Two-Bolt Flush Unstiffened Moment
End-Plate Connection...........ccceeveeueennnne 22
3.2.2 Four-Bolt Flush Unstiffened Moment
End-Plate Connection.........ccccecceveeennnne. 23

3.2.3 Four-Bolt Flush Stiffened Moment
End-Plate Connection (Stiffener
Between Bolt ROWS)......cccccvevveriivieinnnne.

3.2.4 Four-Bolt Flush Stiffened Moment
End-Plate Connection (Stiffener
Outside Bolt ROWS) .......ccecvevvieiinieennne.

4. Extended End-Plate Design..............c.cccoccevennennee.

4.1 Design Equations, Limitations, and
Definitions. ...ccovververerierieieieiee e
4.1.1 Design Equations..........ccccceeevervenreenurennen.
4.1.2 Limitations......ccccoveereenienienieneeneeneeenens
4.1.3 Definitions ........cceceevereerienereneneeeecennes

4.2 Design Examples........ccccociriinienienineneieene,
4.2.1 Four-Bolt Extended Unstiffened
Moment End-Plate Connection ...............
4.2.2 Four-Bolt Extended Stiffened
Moment End-Plate Connection ...............
4.2.3 Multiple Row 1/2 Extended
Unstiffened Moment End-Plate
CONNECLION ....eovveeerieiieeeiie e
4.2.4 Multiple Row 1/3 Extended
Unstiffened Moment End-Plate
CONNECHION ...t
4.2.5 Multiple Row 1/3 Extended Stiffened
Moment End-Plate Connection ...............

5. Gable Frame Panel Zone Design............................
5.1 Introduction.........cccoeeeeeieeienienieneeeee e
5.2 LRFD Rules and Example Calculations.............

5.2.1 LRFD Rules......cccvevvriiiieieieceeee
5.2.2 LRFD Example.......cccoccevoiniiniinieiiene
5.3 Allowable Stress Design Rules and Example
Calculations. .......ceevereerieneee e
5.3.1 Allowable Stress Design Rules................
5.3.2 ASD Example Calculations.....................
REFERENCES ........occooiiiii e
APPENDIX A: Nomenclature...........cccoevvereeeereenneenne.

APPENDIX B: Bolted End-Plate Connection Analysis
Flowchart........ccoocveeinieieiieceeee

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

This publication or any part thereof must not be reproduced in any form without permission of the publisher.


https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

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

This publication or any part thereof must not be reproduced in any form without permission of the publisher.


https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

Chapter 1

USE AND CLASSIFICATION OF MOMENT END-PLATE

CONNECTIONS

1.1 Introduction

The low-rise metal building industry has pioneered the
use of moment end-plate connections in the United States.
These bolted connections are used between rafters and
columns and to connect two rafter segments in typical
gable frames as shown in Figures 1-1 and 1-2. Hence,
built-up shapes used in the metal building industry are
exclusively used in the examples; however, the design
procedures also apply to hot-rolled shapes of comparable
dimensions to the tested parameter ranges (i.e. Tables 3-6
and 4-7).
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Figure 1-1 Typical uses of end-plate moment
connections (flush).

Rigid frame or continuous frame construction, desig-
nated Type FR in the American Institute of Steel Con-
struction (AISC) Load and Resistance Factor Design
(LRFD) Specification or Type 1 in the AISC Allowable
Stress Design (ASD) Specification, is usually assumed for
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Figure 1-2 Typical uses of end-plate moment
connections (extended).

the design of the frames. The moment end-plate connec-
tion is one of three fully restrained moment connections,
as defined in the AISC Manual of Steel Construction,
Load & Resistance Factor Design, 2" Ed. (1994), that
can be used for FR (or Type 1) beam-to-column connec-
tions.

A typical end-plate moment connection is composed
of a steel plate welded to the end of a beam section with
attachment to an adjacent member using rows of high-
strength bolts. End-plate moment connections are classi-
fied as either flush or extended, with or without stiffeners,
and further classified depending on the number of bolts at
the tension flange. Depending on the direction of the
moment and whether the connection will see a moment
reversal, the bolted end-plate may be designed to carry

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

This publication or any part thereof must not be reproduced in any form without permission of the publisher.


https://www.civilenghub.com/AISC/189784349/AISC-816?src=spdf

