
Masonry  
Structural  

Design



About the International Code Council 
The International Code Council (ICC) is a member-
focused association. It is dedicated to developing 
model codes and standards used in the design, build, 
and compliance process to construct safe, sustainable, 
affordable, and resilient structures. Most U.S. commu-
nities and many global markets choose the International 
Codes. ICC Evaluation Service (ICC-ES) is the industry 
leader in performing technical evaluations for code 
compliance fostering safe and sustainable design and 
construction.

Headquarters: 500 New Jersey Avenue NW, 6th Floor, 
Washington, DC 20001-2070

District Offices: Birmingham, AL; Chicago, IL; Los Angeles, 
CA

1-888-422-7233; www.iccsafe.org



Masonry 
Structural 

Design
Jennifer Eisenhauer Tanner, Ph.D., P.E.

Richard E. Klingner, Ph.D.

Second Edition

New York   Chicago   San Francisco    
Athens   London   Madrid    

Mexico City   Milan   New Delhi    
Singapore   Sydney   Toronto



Cataloging-in-Publication Data is on file with the Library of Congress.

Sponsoring Editor
Lauren Poplawski

Editorial Supervisor
Donna M. Martone

Production Supervisor
Pamela A. Pelton

Acquisitions Coordinator
Lauren Rogers

Project Manager
Anju Joshi,  
Cenveo® Publisher Services

Copy Editor
Lucy Mullins

Proofreader
Sudhir Babu,  
Cenveo Publisher Services

Indexer
Robert Swanson

Art Director, Cover
Jeff Weeks

Composition
Cenveo Publisher Services

Information contained in this work has been obtained by McGraw-Hill Education from sources believed to be reliable. However, 
neither McGraw-Hill Education nor its authors guarantee the accuracy or completeness of any information published herein, 
and neither McGraw-Hill Education nor its authors shall be responsible for any errors, omissions, or damages arising out of use 
of this information. This work is published with the understanding that McGraw-Hill Education and its authors are supplying 
information but are not attempting to render engineering or other professional services. If such services are required, the 
assistance of an appropriate professional should be sought.

McGraw-Hill Education books are available at special quantity discounts to use as premiums 
and sales promotions, or for use in corporate training programs. To contact a representative 
please visit the Contact Us page at www.mhprofessional.com.

Masonry Structural Design, Second Edition

Copyright © 2017 by McGraw-Hill Education. All rights reserved. Printed in the United States 
of America. Except as permitted under the United States Copyright Act of 1976, no part of this 
publication may be reproduced or distributed in any form or by any means, or stored in a data 
base or retrieval system, without the prior written permission of the publisher.

1 2 3 4 5 6 7 8 9  QVS  22 21 20 19 18 17

ISBN 978-1-259-64175-6 
MHID 1-259-64175-9

The pages within this book were printed on acid-free paper.



About the Authors
Jennifer Eisenhauer Tanner is an Associate Professor 
of Civil and Architectural Engineering at the University 
of Wyoming, Laramie, Wyoming. She is chair of ACI 
Committee 526, Autoclaved Aerated Concrete and was 
previously a member of TMS 402 (masonry code) for 
12 years. In 2010 she received the ACI Young Member 
Award for Professional Achievement and was made an 
ACI Fellow in 2016. Her research interests include labo-
ratory and field testing; nondestructive testing; concrete 
and masonry durability, building performance, and 
material performance. Her teaching interests include 
Masonry Design, Concrete Design, Construction Mate-
rials, Structural Analysis, and Earthquake Engineering.

Richard E. Klingner is Emeritus Professor of Civil, 
Architectural, and Environmental Engineering at 
The University of Texas in Austin, where he taught 
graduate and undergraduate courses, including a 
course in masonry engineering. His research interests 
include the behavior and design of masonry structures 
for earthquake loads. He was active in numerous tech-
nical committees including The Masonry Society, the 
American Concrete Institute, the American Society of 
Civil Engineers, and the American Society for Testing 
and Materials. From 2002 to 2008, he was Chair of the 
Masonry Standards Joint Committee, charged with 
developing and maintaining U.S. masonry design 
provisions during that period.



This book is dedicated to  
Timothy Eisenhauer and to Ann Klingner.



Contents

Illustrations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xiii
Tables  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xxiii
Preface  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xxvii
Notice of Use of Copyrighted Material  . . . . . . . . . . . . . . . . . . . . . . . . . . .  xxix

 1  Basic Structural Behavior and Design of Low-Rise,  
Bearing Wall Buildings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1
 1.1 Basic Structural Behavior of Low-Rise,  

 Bearing Wall Buildings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1
 1.2 Basic Structural Design of Low-Rise, Masonry Buildings  . . . .  2

 2 Materials Used in Masonry Construction . . . . . . . . . . . . . . . . . . . . . . .  5
 2.1 Basic Components of Masonry  . . . . . . . . . . . . . . . . . . . . . . . . . .  5
 2.2 Masonry Mortar  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10
 2.3 Masonry Grout  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18
 2.4 General Information on ASTM Specifications  

 for Masonry Units  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20
 2.5 Clay Masonry Units  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21
 2.6 Concrete Masonry Units  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  27
 2.7 Properties of Masonry Assemblages . . . . . . . . . . . . . . . . . . . . . .  28
 2.8 Masonry Accessory Materials  . . . . . . . . . . . . . . . . . . . . . . . . . . .  29
 2.9 Design of Masonry Structures Requiring Little  

 Structural Calculation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37
 2.10 How to Increase Resistance of Masonry  

 to Water Penetration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44

 3 Code Basis for Structural Design of Masonry Buildings  . . . . . . . . .  47
 3.1 Introduction to Building Codes in the United States  . . . . . . . .  47
 3.2 Introduction to the Calculation of Design Loading  

 Using the 2015 IBC  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  51
 3.3 Gravity Loads according to the 2015 IBC . . . . . . . . . . . . . . . . . .  51
 3.4 Wind Loading according to the 2015 IBC  . . . . . . . . . . . . . . . . .  54
 3.5 Earthquake Loading  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77
 3.6 Loading Combinations of the 2015 IBC  . . . . . . . . . . . . . . . . . . .  91
 3.7 Summary of Strength Design Provisions of TMS 402-13  . . . . .  92
 3.8 Summary of Allowable-Stress Design  

 Provisions of TMS 402-13  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  96
 3.9 Additional Information on Code Basis  

 for Structural Design of Masonry Buildings  . . . . . . . . . . . . . . .  100

ix



 4 Introduction to MSJC Treatment of Structural Design  . . . . . . . . . . .  103
 4.1 Basic Mechanical Behavior of Masonry  . . . . . . . . . . . . . . . . . . .  103
 4.2 Classification of Masonry Elements  . . . . . . . . . . . . . . . . . . . . . .  104
 4.3 Classification of Masonry Elements  

 by Structural Function  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  104
 4.4 Classification of Masonry Elements by Design Intent  . . . . . . .  104
 4.5 Design Approaches for Masonry Elements  . . . . . . . . . . . . . . . .  105
 4.6 How Reinforcement Is Used in Masonry Elements  . . . . . . . . .  106
 4.7 How This Book Classifies Masonry Elements  . . . . . . . . . . . . . .  109

 5 Strength Design of Unreinforced Masonry Elements  . . . . . . . . . . . .  111
 5.1 Strength Design of Unreinforced Panel Walls  . . . . . . . . . . . . . .  111
 5.2 Strength Design of Unreinforced Bearing Walls  . . . . . . . . . . . .  125
 5.3 Strength Design of Unreinforced Shear Walls  . . . . . . . . . . . . . .  137
 5.4 Strength Design of Anchor Bolts  . . . . . . . . . . . . . . . . . . . . . . . . .  143
 5.5 Required Details for Unreinforced Bearing Walls  

 and Shear Walls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151
 5.6 Problems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  154

 6 Strength Design of Reinforced Masonry Elements  . . . . . . . . . . . . . .  157
 6.1 Strength Design of Reinforced Beams and Lintels  . . . . . . . . . .  157
 6.2 Strength Design of Reinforced Curtain Walls  . . . . . . . . . . . . . .  164
 6.3 Strength Design of Reinforced Bearing Walls  . . . . . . . . . . . . . .  169
 6.4 Strength Design of Reinforced Shear Walls  . . . . . . . . . . . . . . . .  187
 6.5 Required Details for Reinforced Bearing Walls  

 and Shear Walls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  202
 6.6 Problems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  205

 7  Allowable-Stress Design of Unreinforced  
Masonry Elements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  209
 7.1 Allowable-Stress Design of Unreinforced Panel Walls  . . . . . .  209
 7.2 Allowable-Stress Design of Unreinforced Bearing Walls . . . . .  222
 7.3 Allowable-Stress Design of Unreinforced Shear Walls  . . . . . .  237
 7.4 Allowable-Stress Design of Anchor Bolts  . . . . . . . . . . . . . . . . .  243
 7.5 Required Details for Unreinforced Bearing Walls  

 and Shear Walls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  250
 7.6 Problems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  253

 8 Allowable-Stress Design of Reinforced Masonry Elements  . . . . . .  257
 8.1 Review: Behavior of Cracked, Transformed Sections  . . . . . . .  257
 8.2 Allowable-Stress Design of Reinforced Beams and Lintels  . . .  269
 8.3 Allowable-Stress Design of Curtain Walls  . . . . . . . . . . . . . . . . .  274
 8.4 Allowable-Stress Design of Reinforced Bearing Walls  . . . . . . .  279
 8.5 Allowable-Stress Design of Reinforced Shear Walls . . . . . . . . .  291
 8.6 Required Details for Reinforced Bearing Walls  

 and Shear Walls  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  298
 8.7 Problems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  301

x C o n t e n t s



C o n t e n t s  xi

 9  Comparison of Design by the Allowable-Stress  
Approach Versus the Strength Approach  . . . . . . . . . . . . . . . . . . . . . . .  305
 9.1 Comparison of Allowable-Stress and Strength  

 Design of Unreinforced Panel Walls  . . . . . . . . . . . . . . . . . . . . . .  305
 9.2 Comparison of Allowable-Stress Design and Strength  

 Design of Unreinforced Bearing Walls  . . . . . . . . . . . . . . . . . . . .  306
 9.3 Comparison of Allowable-Stress Design and Strength  

 Design of Unreinforced Shear Walls  . . . . . . . . . . . . . . . . . . . . . .  306
 9.4 Comparison of Allowable-Stress and Strength Designs  

 for Anchor Bolts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  307
 9.5 Comparison of Allowable-Stress and Strength  

 Designs for Reinforced Beams and Lintels  . . . . . . . . . . . . . . . .  308
 9.6 Comparison of Allowable-Stress and Strength  

 Designs for Reinforced Curtain Walls  . . . . . . . . . . . . . . . . . . . .  309
 9.7 Comparison of Allowable-Stress and Strength  

 Designs for Reinforced Bearing Walls  . . . . . . . . . . . . . . . . . . . .  309
 9.8 Comparison of Allowable-Stress and Strength  

 Designs for Reinforced Shear Walls  . . . . . . . . . . . . . . . . . . . . . .  310

 10 Lateral Load Analysis of Shear-Wall Structures  . . . . . . . . . . . . . . . . .  311
 10.1 Introduction to Lateral Load Analysis  

 of Shear-Wall Structures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  311
 10.2 Classification of Horizontal Diaphragms  

 as Rigid or Flexible  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  311
 10.3 Lateral Load Analysis of Shear-Wall Structures  

 with Rigid Floor Diaphragms  . . . . . . . . . . . . . . . . . . . . . . . . . . .  313
 10.4 Lateral Load Analysis and Design of Shear-Wall Structures  

 with Flexible Floor Diaphragms  . . . . . . . . . . . . . . . . . . . . . . . . .  329
 10.5 The Simplest of All Possible Analytical Worlds  . . . . . . . . . . . .  332
 10.6 Problems  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  332

 11 Design and Detailing of Floor and Roof Diaphragms  . . . . . . . . . . . .  335
 11.1 Introduction to Design of Diaphragms  . . . . . . . . . . . . . . . . . . .  335
 11.2 Typical Connection Details for Roof  

 and Floor Diaphragms  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  337

 12  Strength Design Example: Low-Rise Building  
with Reinforced Concrete Masonry  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  339
 12.1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  339
 12.2 Design Steps for One-Story Building  . . . . . . . . . . . . . . . . . . . . .  339
 12.3 Step 1: Choose Design Criteria  . . . . . . . . . . . . . . . . . . . . . . . . . .  340
 12.4 Propose Structural Systems for Gravity  

 and Lateral Load  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  349
 12.5 Step 2: Design Walls for Gravity plus  

 Out-of-Plane Loads  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  349
 12.6 Step 3: Design Lintels  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  364
 12.7 Summary So Far  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  367



 12.8 Step 4: Conduct Lateral Force Analysis,  
 Design Roof Diaphragm  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  367

 12.9 Step 5: Design Wall Segments  . . . . . . . . . . . . . . . . . . . . . . . . . . .  371
12.10 Step 6: Design and Detail Connections  . . . . . . . . . . . . . . . . . . .  372

 13  Strength Design Example: Four-Story Building  
with Clay Masonry  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  375
 13.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  375
 13.2 Design Steps for Four-Story Example  . . . . . . . . . . . . . . . . . . . . . .  375
 13.3 Step 1: Choose Design Criteria, Specify Materials . . . . . . . . . . . .  376
 13.4 Step 2: Design Transverse Shear Walls  

 for Gravity Plus Earthquake Loads  . . . . . . . . . . . . . . . . . . . . . . . .  383
 13.5 Step 3: Design Exterior Walls  

 for Gravity Plus Out-of-Plane Wind . . . . . . . . . . . . . . . . . . . . . . . .  390
 13.6 Overall Comments on Four-Story Building Example . . . . . . . . .  390

 14 Structural Design of AAC Masonry . . . . . . . . . . . . . . . . . . . . . . . . . . . .  391
 14.1 Introduction to Autoclaved Aerated Concrete (AAC) . . . . . . . . .  391
 14.2 Applications of AAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  395
 14.3 Structural Design of AAC Elements . . . . . . . . . . . . . . . . . . . . . . . .  395
 14.4 Design of Unreinforced Panel Walls of AAC Masonry . . . . . . . .  399
 14.5 Design of Unreinforced Bearing Walls of AAC Masonry . . . . . .  401
 14.6 Design of Unreinforced Shear Walls of AAC Masonry . . . . . . . .  410
 14.7 Design of Reinforced Beams and Lintels of AAC Masonry  . . . .  414
 14.8 Design of Reinforced Curtain Walls of AAC Masonry  . . . . . . . .  418
 14.9 Design of Reinforced Bearing Walls of AAC Masonry  . . . . . . . .  418
14.10 Design of Reinforced Shear Walls of AAC Masonry . . . . . . . . . .  428
14.11 Seismic Design of AAC Structures  . . . . . . . . . . . . . . . . . . . . . . . . .  440
14.12 Design Example: Three-Story AAC Shear Wall Hotel . . . . . . . . .  441
14.13 References on AAC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  469

  References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  471
General References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  471
ASTM Standards  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  472

  Index  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  475

Visit www.mhprofessional.com/masonry for downloadable spreadsheets and 
instructor manuals.

xii C o n t e n t s



Illustrations

 Figure 1.1: Basic structural behavior of low-rise, bearing wall buildings. (p. 2)
 Figure 1.2: Basic structural configuration of masonry walls. (p. 3)
 Figure 1.3: Starting point for reinforcement. (p. 3)
 Figure 2.1: Orientations of masonry units in an element. (p. 8)
 Figure 2.2: Typical bond patterns in a wall. (p. 8)
 Figure 2.3: Wall types, classified by mode of water-penetration resistance. (p. 9)
 Figure 2.4: Weathering Indices in the United States. (p. 25)
 Figure 2.5:    Typical application of deformed reinforcement in grouted masonry wall. (p. 30)
 Figure 2.6: Typical bed-joint reinforcement. (p. 30)
 Figure 2.7: Typical use of welded wire reinforcement. (p. 31)
 Figure 2.8: Typical use of posttensioning tendons. (p. 32)
 Figure 2.9: Typical veneer ties. (p. 33)
 Figure 2.10: Typical adjustable pintle ties. (p. 33)
 Figure 2.11: Typical connectors. (p. 34)
 Figure 2.12: Sample calculation for stiffness of adjustable ties. (p. 34)
 Figure 2.13: Placement of flashing at shelf angles in clay masonry veneer. (p. 35)
 Figure 2.14: Horizontally oriented expansion joint under shelf angle. (p. 36)
 Figure 2.15: Vertically oriented expansion joint. (p. 36)
 Figure 2.16: Shrinkage control joint. (p. 36)
 Figure 2.17: Example of control joints at openings in concrete masonry. (p. 37)
 Figure 2.18:  Overall starting point for reinforcement or structures requiring little 

structural calculation. (p. 39)
 Figure 2.19: Example of overall modularity of a masonry structure in plan. (p. 40)
 Figure 2.20: Foundation-wall detail. (p. 40)
 Figure 2.21: Foundation-wall detail with drainage wall. (p. 41)
 Figure 2.22:  Detail of intersection between wall and precast concrete roof or floor slab. 

(p. 41)
 Figure 2.23: Detail of wall and wooden roof truss. (p. 42)
 Figure 2.24: Detail of drainage wall and open-web joist roof. (p. 42)
 Figure 2.25:  Elevations showing locations of control joints in concrete masonry wythe, 

and locations of expansion joints in clay masonry veneer wythe (fixed lintel 
and loose lintel, respectively). (p. 43)

 Figure 2.26: Wall sections at lintels. (p. 44)

xiii



xiv I l l u s t r a t i o n s

 Figure 3.1:  Schematic of process for development of masonry design codes in the 
United States. (p. 48)

 Figure 3.2:  Graph showing permitted live-load reduction for roofs. (p. 54)
 Figure 3.3:  Basic Wind Speeds for Risk Category II Buildings and Other Structures. 

(p. 57)
 Figure 3.4:  External pressure coefficients for main wind force resisting systems. 

(p. 62)
 Figure 3.5: Schematic view of building in Austin, Texas. (p. 64)
 Figure 3.6:  Basic Wind Speeds for Risk Category II Buildings and Other Structures. 

(p. 69)
 Figure 3.7:  External Pressure Coefficients, GCp. (p. 73)
 Figure 3.8: Schematic view of building in Austin, Texas. (p. 74)
 Figure 3.9: Idealized single-degree-of-freedom system. (p. 78)
 Figure 3.10: Acceleration response spectrum, smoothed for use in design. (p. 78)
 Figure 3.11:  Maximum considered earthquake ground motion for the conterminous 

United States of 0.2 s spectral response acceleration (5 percent of critical 
damping), Site Class B. (p. 80)

 Figure 3.12:  Maximum considered earthquake ground motion for the conterminous 
United States of 1.0 s spectral response acceleration (5 percent of critical 
damping), Site Class B. (p. 82)

 Figure 3.13:  Maximum considered earthquake ground motion for region 4 of 0.2 and 1.0 s 
spectral response acceleration (5 percent of critical damping), Site Class B. 
(p. 84)

 Figure 3.14: Design acceleration response spectrum for example problem. (p. 89)
 Figure 4.1:  Examples of reinforcement in concrete masonry lintels. (p. 106)
 Figure 4.2:  Examples of reinforcement in clay masonry lintels. (p. 106)
 Figure 4.3:  Example of placement of reinforcement in a masonry wall made of hollow 

units. (p. 107)
 Figure 4.4:  Examples of the placement hollow units to form pilasters. (p. 108)
 Figure 5.1: Example of an unreinforced panel wall. (p. 112)
 Figure 5.2: Horizontal section showing connection of a panel wall to a column. (p. 112)
 Figure 5.3:  Schematic representation of an unreinforced, two-wythe panel wall as two 

sets of horizontal and vertical crossing strips. (p. 112)
 Figure 5.4: Example panel wall to be designed. (p. 114)
 Figure 5.5:  Idealized cross-sectional dimensions of a nominal 8 × 8 × 16 in. concrete 

masonry unit. (p. 115)
 Figure 5.6:  Idealized cross-sectional dimensions of a nominal 8 × 8 × 16 in. concrete 

masonry unit with face-shell bedding. (p. 117)
 Figure 5.7:  Idealized cross-sectional dimensions of a nominal 8 × 8 × 16 in. concrete 

masonry unit with face-shell bedding. (p. 118)
 Figure 5.8: Idealization of a panel wall as an assemblage of crossing strips. (p. 121)
 Figure 5.9:  Idealization of a two-wythe panel wall as an assemblage of two sets of 

crossing strips. (p. 122)
 Figure 5.10: Idealization of bearing walls as vertically spanning strips. (p. 125)
 Figure 5.11: Effect of slenderness on the axial capacity of a column or wall. (p. 125)
 Figure 5.12: Unreinforced masonry bearing wall with concentric axial load. (p. 126)
 Figure 5.13:  Assumed linear variation of bearing stresses under the bearing plate. (p. 129)



I l l u s t r a t i o n s  xv

 Figure 5.14: Unreinforced masonry bearing wall with eccentric axial load. (p. 129)
 Figure 5.15:  Unreinforced masonry bearing wall with eccentric axial load and wind 

load. (p. 132)
 Figure 5.16: Unfactored moment diagrams due to eccentric axial load and wind. (p. 133)
 Figure 5.17:  Hypothetical unstable resistance mechanism in a wall with openings, 

involving vertically spanning strips only. (p. 135)
 Figure 5.18:  Stable resistance mechanism in a wall with openings, involving horizontally 

spanning strips in addition to vertically spanning strips. (p. 136)
 Figure 5.19: Basic behavior of box-type buildings in resisting lateral loads. (p. 137)
 Figure 5.20: Design actions for unreinforced shear walls. (p. 138)
 Figure 5.21: Example problem for strength design of unreinforced shear wall. (p. 139)
 Figure 5.22:  Calculation of reaction on roof diaphragm, strength design of unreinforced 

shear wall. (p. 139)
 Figure 5.23: Transmission of forces from roof diaphragm to shear walls. (p. 140)
 Figure 5.24: Shear wall with openings. (p. 142)
 Figure 5.25: Free body of one wall segment. (p. 142)
 Figure 5.26: Common uses of anchor bolts in masonry construction. (p. 143)
 Figure 5.27: Idealized conical breakout cones for anchor bolts loaded in tension. (p. 144)
 Figure 5.28:  Modification of projected breakout area, Apt, by void areas or adjacent 

anchors. (p. 144)
 Figure 5.29:  Example involving a single tensile anchor, placed vertically in a grouted 

cell. (p. 145)
 Figure 5.30: (a) Pryout failure and (b) shear breakout failure. (p. 147)
 Figure 5.31: Design idealization associated with shear breakout failure. (p. 148)
 Figure 5.32:  Example of wall-to-foundation connection. (p. 151)
 Figure 5.33:  Example of wall-to-floor connection, planks perpendicular to wall. (p. 152)
 Figure 5.34:  Example of wall-to-floor connection, planks parallel to wall. (p. 152)
 Figure 5.35:  Example of wall-to-roof detail. (p. 153)
 Figure 5.36:  Examples of wall-to-wall connection details. (p. 154)
 Figure 6.1:  Assumptions used in strength design of reinforced masonry for flexure. 

(p. 158)
 Figure 6.2:  Equilibrium of internal stresses and external nominal moment for strength 

design of reinforced masonry for flexure. (p. 158)
 Figure 6.3:  Conditions corresponding to balanced reinforcement percentage for strength 

design. (p. 159)
 Figure 6.4: Example of masonry lintel. (p. 160)
 Figure 6.5: Example for strength design of a lintel. (p. 161)
 Figure 6.6:  Example showing placement of bottom reinforcement in lowest course of 

lintel. (p. 162)
 Figure 6.7: Plan view of typical curtain wall construction. (p. 165)
 Figure 6.8:  Examples of the use of curtain walls of clay masonry. (p. 166)
 Figure 6.9:  Examples of the use of curtain walls with concrete masonry. (p. 167)
 Figure 6.10: Anchors holding the ends of curtain wall strips to the columns. (p. 169)
 Figure 6.11: Effective width of a reinforced masonry bearing wall. (p. 170)
 Figure 6.12:  Idealized moment–axial force interaction diagram using strength design. 

(p. 170)



xvi I l l u s t r a t i o n s

 Figure 6.13: Location of neutral axis under balanced conditions, strength design. (p. 171)
 Figure 6.14:  Three-point moment–axial force interaction (strength basis), calculated by 

hand. (p. 174)
 Figure 6.15:  Position of neutral axis at balanced conditions, strength calculation of 

moment–axial force interaction diagram by spreadsheet. (p. 175)
 Figure 6.16:  Position of the neutral axis for axial loads less than the balance-point axial 

load, strength design. (p. 175)
 Figure 6.17:  Position of the neutral axis for axial loads greater than the balance-point 

axial load, strength design. (p. 177)
 Figure 6.18:  Moment–axial force interaction diagram (strength approach), spreadsheet 

calculation. (p. 178)
 Figure 6.19:  Reinforced masonry wall loaded by eccentric gravity axial load plus out-

of-plane wind load. (p. 180)
 Figure 6.20:  Unfactored moment diagrams due to eccentric axial load plus wind load. 

(p. 180)
 Figure 6.21:  Moment–axial force interaction diagram for out-of-plane example, including 

the effects of capping for slenderness. (p. 181)
 Figure 6.22: Critical strain condition for a masonry wall loaded out-of-plane. (p. 186)
 Figure 6.23: Design actions for reinforced masonry shear walls. (p. 188)
 Figure 6.24: Vnm as a function of (Mu/Vudv). (p. 189)
 Figure 6.25:  Idealized model used in evaluating the resistance due to shear reinforcement. 

(p. 189)
 Figure 6.26:  Maximum permitted nominal shear capacity as a function of (Mu/Vudv). 

(p. 190)
 Figure 6.27: Reinforced masonry shear wall to be designed. (p. 191)
 Figure 6.28:  Unfactored in-plane lateral loads, shear, and moment diagrams for rein-

forced masonry shear wall. (p. 191)
 Figure 6.29:  Moment–axial force interaction diagram (strength basis) for reinforced shear 

wall, neglecting slenderness effects. (p. 193)
 Figure 6.30:  Moment–axial force interaction diagram (strength basis) for reinforced shear 

wall, including slenderness effects. (p. 196)
 Figure 6.31:  Critical strain condition for strength design of masonry walls loaded in-

plane and for columns and beams. (p. 200)
 Figure 6.32:  Example of wall-to-foundation connection. (p. 202)
 Figure 6.33:  Example of wall-to-floor connection, planks perpendicular to wall. (p. 203)
 Figure 6.34:  Example of wall-to-floor connection, planks parallel to wall. (p. 203)
 Figure 6.35:  Example of wall-to-roof detail. (p. 204)
 Figure 6.36:  Examples of wall-to-wall connection details. (p. 204)
 Figure 7.1: Example of an unreinforced panel wall. (p. 210)
 Figure 7.2: Horizontal section showing connection of a panel wall to a column. (p. 210)
 Figure 7.3:  Schematic representation of an unreinforced, two-wythe panel wall as two 

sets of horizontal and vertical crossing strips. (p. 210)
 Figure 7.4: Example panel wall to be designed. (p. 212)
 Figure 7.5:  Idealized cross-sectional dimensions of a nominal 8 × 8 × 16 in. concrete 

masonry unit. (p. 214)
 Figure 7.6:  Idealized cross-sectional dimensions of a nominal 8 × 8 × 16 in. concrete 

masonry unit with face-shell bedding. (p. 215)



I l l u s t r a t i o n s  xvii

 Figure 7.7:  Idealized cross-sectional dimensions of a nominal 8 × 8 × 16 in. concrete 
masonry unit with face-shell bedding. (p. 216)

 Figure 7.8: Idealization of a panel wall as an assemblage of crossing strips. (p. 219)
 Figure 7.9:  Idealization of a two-wythe panel wall as an assemblage of two sets of 

crossing strips. (p. 220)
 Figure 7.10: Idealization of bearing walls as vertically spanning strips. (p. 222)
 Figure 7.11: Effect of slenderness on the axial capacity of a column or wall. (p. 223)
 Figure 7.12: Unreinforced masonry bearing wall with concentric axial load. (p. 224)
 Figure 7.13:  Assumed linear variation of bearing stresses under the bearing plate. (p. 227)
 Figure 7.14: Unreinforced masonry bearing wall with eccentric axial load. (p. 228)
 Figure 7.15:  Unreinforced masonry bearing wall with eccentric axial load and wind 

load. (p. 230)
 Figure 7.16: Unfactored moment diagrams due to eccentric axial load and wind. (p. 231)
 Figure 7.17:  Hypothetical unstable resistance mechanism in a wall with openings, 

involving vertically spanning strips only. (p. 236)
 Figure 7.18:  Stable resistance mechanism in a wall with openings, involving horizontally 

spanning strips in addition to vertically spanning strips. (p. 236)
 Figure 7.19: Basic behavior of box-type buildings in resisting lateral loads. (p. 237)
 Figure 7.20: Design actions for unreinforced shear walls. (p. 238)
 Figure 7.21: Example problem for strength design of unreinforced shear wall. (p. 239)
 Figure 7.22:  Calculation of reaction on roof diaphragm, allowable-stress design of 

unreinforced shear wall. (p. 240)
 Figure 7.23: Transmission of forces from roof diaphragm to shear walls. (p. 240)
 Figure 7.24: Shear wall with openings. (p. 242)
 Figure 7.25: Free body of one wall segment. (p. 243)
 Figure 7.26: Common uses of anchor bolts in masonry construction. (p. 243)
 Figure 7.27: Idealized conical breakout cones for anchor bolts loaded in tension. (p. 244)
 Figure 7.28:  Modification of projected breakout area, Apt, by void areas or adjacent 

anchors. (p. 245)
 Figure 7.29:  Example involving a single tensile anchor, placed vertically in a grouted 

cell. (p. 245)
 Figure 7.30: (a) Pryout failure and (b) shear breakout failure. (p. 247)
 Figure 7.31: Design idealization associated with shear breakout failure. (p. 248)
 Figure 7.32:  Example of wall-to-foundation connection. (p. 250)
 Figure 7.33:  Example of wall-to-floor connection, planks perpendicular to wall. (p. 251)
 Figure 7.34:  Example of wall-to-floor connection, planks parallel to wall. (p. 251)
 Figure 7.35:  Example of wall-to-roof detail. (p. 252)
 Figure 7.36: Examples of wall-to-wall connection details. (p. 253)
 Figure 8.1: States of strain and stress in a cracked masonry section. (p. 258)
 Figure 8.2: Location of the neutral axis for particular cases. (p. 259)
 Figure 8.3:  Slice of a cracked, transformed section showing triangular compressive 

stress blocks. (p. 260)
 Figure 8.4:  Slice of a cracked, transformed section showing equilibrium between shear 

forces and difference in flexural compressive forces. (p. 260)
 Figure 8.5:  Slice of a cracked, transformed section showing equilibrium of the compres-

sive and tensile portions of the slice. (p. 261)



xviii I l l u s t r a t i o n s

 Figure 8.6:  Slice of a cracked, transformed section, showing equilibrium of difference 
in compressive force and difference in tensile force. (p. 262)

 Figure 8.7:  Tensile portion of a slice, showing equilibrium between bond force and 
difference in tensile force in reinforcement. (p. 263)

 Figure 8.8: Example calculation of the position of the neutral axis. (p. 264)
 Figure 8.9:  Equilibrium of forces in the cross section corresponding to allowable stress 

in the reinforcement. (p. 266)
 Figure 8.10:  Equilibrium of forces in the cross section corresponding to allowable stress 

in the masonry. (p. 267)
 Figure 8.11:  Conditions of stress and strain corresponding to allowable-stress balanced 

reinforcement. (p. 268)
 Figure 8.12: Example of masonry lintel. (p. 269)
 Figure 8.13: Example for allowable-stress design of a lintel. (p. 270)
 Figure 8.14:  Example showing placement of bottom reinforcement in lowest course of 

lintel. (p. 271)
 Figure 8.15: Equilibrium of forces on cross section. (p. 272)
 Figure 8.16: Plan view of typical curtain wall construction. (p. 274)
 Figure 8.17:  Examples of the use of curtain walls of clay masonry. (p. 275)
 Figure 8.18:  Examples of the use of curtain walls with concrete masonry. (p. 276)
 Figure 8.19: Anchors holding the ends of curtain wall strips to columns. (p. 279)
 Figure 8.20: Effective width of a reinforced masonry bearing wall. (p. 280)
 Figure 8.21:  Location of neutral axis under allowable-stress balanced conditions.  

(p. 281)
 Figure 8.22:  Plot of allowable-stress moment-axial force interaction diagram calculated 

by hand. (p. 284)
 Figure 8.23:  Conditions of strain and stress at allowable-stress balanced conditions. 

(p. 285)
 Figure 8.24:  Conditions of strain and stress for values of k less than the allowable-stress 

balanced value. (p. 286)
 Figure 8.25:  Conditions of strain and stress for values of k greater than the allowable-

stress balanced value. (p. 287)
 Figure 8.26: Plot of allowable-stress interaction calculated by spreadsheet. (p. 289)
 Figure 8.27: Example of reinforced bearing wall loaded out-of-plane. (p. 289)
 Figure 8.28:  Unfactored moment diagrams due to eccentric axial load plus wind load. 

(p. 290)
 Figure 8.29: Design actions for reinforced masonry shear walls. (p. 291)
 Figure 8.30: Vnm as a function of (Mu/Vudv). (p. 292)
 Figure 8.31:  Idealized model used in evaluating the resistance due to shear reinforcement. 

(p. 292)
 Figure 8.32: Maximum allowable shear stress as a function of (M/Vdv). (p. 293)
 Figure 8.33: Reinforced masonry shear wall to be designed. (p. 294)
 Figure 8.34:  Unfactored in-plane lateral loads, shear and moment diagrams for reinforced 

masonry shear wall. (p. 294)
 Figure 8.35:  Plot of allowable-stress moment–axial force interaction diagram calculated 

by spreadsheet. (p. 296)
 Figure 8.36:  Example of wall-to-foundation connection. (p. 299)
 Figure 8.37:  Example of wall-to-floor connection, planks perpendicular to wall. (p. 299)



I l l u s t r a t i o n s  xix

 Figure 8.38:  Example of wall-to-floor connection, planks parallel to wall. (p. 300)
 Figure 8.39:  Example of wall-to-roof detail. (p. 300)
 Figure 8.40:  Examples of wall-to-wall connection details. (p. 301)
 Figure 10.1: Example of building with perforated walls. (p. 312)
 Figure 10.2:  Solution to example problem using Method 1 (finite element method). 

(p. 314)
 Figure 10.3: Shearing deformation of a wall segment. (p. 315)
 Figure 10.4:  Plan lengths of wall segments for example problem using the simplest hand 

method (Method 2a). (p. 316)
 Figure 10.5:  Shears in Walls 2 and 4 of the example using the simplest hand method 

(Method 2a). (p. 317)
 Figure 10.6:  Shears in wall segments of Wall 4 using the simplest hand method (Method 2a). 

(p. 317)
 Figure 10.7:  Examples of the location of the center of rigidity for symmetrical buildings. 

(p. 318)
 Figure 10.8:  Examples of the location of the center of rigidity for unsymmetrical 

buildings. (p. 318)
 Figure 10.9:  Decomposition of lateral load into a lateral load applied through the center 

of rigidity plus pure torsion about the center of rigidity. (p. 318)
Figure 10.10: Location of the center of rigidity in one direction. (p. 319)
Figure 10.11:  Free-body diagram of diaphragm showing applied loads and reactions from 

shear walls. (p. 319)
Figure 10.12:  Decomposition of lateral load into lateral load through center of rigidity 

plus torsion about the center of rigidity. (p. 320)
Figure 10.13: Lateral load applied through the center of rigidity. (p. 321)
Figure 10.14:  Pure rotation in plan of a structure with lateral load applied through the 

center of rigidity. (p. 321)
Figure 10.15:  Structure loaded by a combination of load through the center of rigidity 

plus plan torsion about the center of rigidity. (p. 323)
Figure 10.16:  Application of rigid-diaphragm analysis to the structure considered in this 

section (Method 2b). (p. 324)
Figure 10.17:  Location of center of rigidity for the example of this section (Method 2b). 

(p. 324)
Figure 10.18:  Shear forces acting on walls due to direct shear and due to torsion (Method 2b). 

(p. 326)
Figure 10.19:  Combined shear forces acting on walls of example structure (Method 2b). 

(p. 326)
Figure 10.20:  Distribution of shears to segments of the east wall of example structure 

(Method 2b). (p. 326)
Figure 10.21: Example of perforated wall with segments of unequal height. (p. 327)
Figure 10.22: Plan view of example building with flexible roof diaphragm. (p. 330)
Figure 10.23: Results of example problem, assuming flexible diaphragm. (p. 331)
Figure 10.24:  Example of a flexible horizontal diaphragm with more than two points of 

lateral support. (p. 331)
 Figure 11.1: Example of a flexible diaphragm. (p. 336)
 Figure 11.2: Example of design of a flexible diaphragm for shear and moment. (p. 336)
 Figure 11.3: Example of computation of diaphragm chord forces. (p. 337)



xx I l l u s t r a t i o n s

 Figure 11.4:  Example of a connection detail between a concrete masonry wall and steel 
joists. (p. 338)

 Figure 11.5:  Example of a connection detail between a concrete masonry wall and 
wooden joists. (p. 338)

 Figure 12.1: Plan of example single-story building. (p. 340)
 Figure 12.2: Elevation of example single-story building. (p. 341)
 Figure 12.3: Locations of control joints on North and South facades. (p. 341)
 Figure 12.4: Locations of control joints on West facade. (p. 341)
 Figure 12.5: Spacing of control joints on East facade. (p. 341)
 Figure 12.6: Three-dimensional view of low-rise building. (p. 342)
 Figure 12.7: Assumed variation of bearing stresses under bearing plate. (p. 350)
 Figure 12.8: Tributary area of typical bar joist on the west wall. (p. 350)
 Figure 12.9: West bearing wall of example low-rise building. (p. 351)
Figure 12.10:  Unfactored moment diagrams from eccentric dead load and wind load. 

(p. 352)
Figure 12.11:  Design moment–axial force interaction diagram for the west wall of example 

low-rise building. (p. 353)
Figure 12.12: East wall of example low-rise building. (p. 355)
Figure 12.13:  Trial design Segment B of east wall as governed by out-of-plane wind load. 

(p. 356)
Figure 12.14:  Design moment–axial force interaction diagram for Wall Segment B of 

low-rise example building. (p. 356)
Figure 12.15: Design of lintel on east wall for out-of-plane loads. (p. 358)
Figure 12.16: Placement of bar joists adjacent to north and south walls. (p. 359)
Figure 12.17:  Cross section of typical pilaster in north and south walls of example low-

rise building. (p. 360)
Figure 12.18: Tributary area supported by typical pilaster. (p. 360)
Figure 12.19: Distribution of bearing stresses under bearing plates of pilasters. (p. 361)
Figure 12.20:  Factored moment diagrams due to eccentric dead load and wind on pilasters. 

(p. 362)
Figure 12.21: Effective depth, d, of pilasters. (p. 362)
Figure 12.22:  Strength moment–axial force interaction diagram for typical pilaster. (p. 362)
Figure 12.23: Bearing plate under long-span joists. (p. 364)
Figure 12.24: East facade of low-rise building, showing critical 20-ft lintel. (p. 364)
Figure 12.25:  Tributary area supported by bar joists bearing on lintel of east wall. (p. 365)
Figure 12.26: Section through 20-ft lintel of east wall. (p. 366)
Figure 12.27: Reinforcement in east wall of low-rise building. (p. 368)
Figure 12.28: Wind load transmitted to roof diaphragm. (p. 368)
Figure 12.29:  Plan view of low-rise building showing wind loads transferred to roof 

diaphragm. (p. 369)
Figure 12.30:  Assumed variation of shear and moment in each segment of east wall. (p. 371)
 Figure 13.1: Plan view of typical floor of four-story example building. (p. 376)
 Figure 13.2: Typical longitudinal facade of four-story example building. (p. 376)
 Figure 13.3: Design response spectrum for Charleston, South Carolina. (p. 379)
 Figure 13.4:  Factored design shears and moments for four-story example building. (p. 383)



I l l u s t r a t i o n s  xxi

 Figure 13.5: Effective flange width used for each transverse shear wall. (p. 384)
 Figure 13.6:  Strength moment–axial force interaction diagram for transverse masonry 

shear wall. (p. 385)
 Figure 14.1: Close-up view of AAC. (p. 392)
 Figure 14.2:  Examples of AAC elements. (p. 392)
 Figure 14.3: Overall steps in the manufacture of AAC. (p. 393)
 Figure 14.4:  AAC residence in Monterrey, Mexico. (p. 395)
 Figure 14.5:  Hotel under construction in Corpus Christi. (p. 396)
 Figure 14.6: AAC hotel in Tampico, Mexico. (p. 396)
 Figure 14.7:  Integrated U.S. design background for AAC elements and structures.  

(p. 397)
 Figure 14.8: Example panel wall to be designed using AAC masonry. (p. 400)
 Figure 14.9: Unreinforced AAC masonry bearing wall with concentric axial load. (p. 402)
Figure 14.10:  Assumed linear variation of bearing stresses under bearing plate of AAC 

masonry wall. (p. 404)
Figure 14.11: Unreinforced AAC masonry bearing wall with eccentric axial load. (p. 405)
Figure 14.12:  Unreinforced masonry bearing wall with eccentric axial load and wind load. 

(p. 407)
Figure 14.13: Unfactored moment diagrams due to eccentric axial load and wind. (p. 408)
Figure 14.14: Design actions for unreinforced shear walls. (p. 410)
Figure 14.15: Example problem for strength design of unreinforced shear wall. (p. 411)
Figure 14.16:  Calculation of reaction on roof diaphragm, strength design of unreinforced 

AAC masonry shear wall. (p. 411)
Figure 14.17: Transmission of forces from roof diaphragm to shear walls. (p. 412)
Figure 14.18: Example of masonry lintel. (p. 415)
Figure 14.19: Example for design of an AAC masonry lintel. (p. 416)
Figure 14.20:  Example showing placement of bottom reinforcement in lowest course of 

lintel. (p. 416)
Figure 14.21:  Moment−axial force interaction diagram (strength approach), spreadsheet 

calculation. (p. 419)
Figure 14.22:  Reinforced masonry wall loaded by eccentric gravity axial load plus out-

of-plane wind load. (p. 421)
Figure 14.23:  Unfactored moment diagrams due to eccentric axial load plus wind load. 

(p. 421)
Figure 14.24:  Moment−axial force interaction diagram for out-of-plane example, including 

the effects of capping for slenderness. (p. 422)
Figure 14.25:  Critical strain condition for an AAC masonry wall loaded out of plane.  

(p. 426)
Figure 14.26: Design actions for reinforced AAC masonry shear walls. (p. 428)
Figure 14.27:  Idealized model used in evaluating the resistance due to shear reinforcement. 

(p. 429)
Figure 14.28:  Maximum permitted nominal shear capacity of AAC masonry as a function 

of (Mu/Vudv). (p. 430)
Figure 14.29: Reinforced AAC masonry shear wall to be designed. (p. 431)
Figure 14.30:  Unfactored in-plane lateral loads, shear, and moment diagrams for reinforced 

AAC masonry shear wall. (p. 431)



xxii I l l u s t r a t i o n s

Figure 14.31:  Moment–axial force interaction for reinforced AAC shear wall, neglecting 
slenderness effects. (p. 433)

Figure 14.32:  Critical strain condition for design of AAC masonry walls loaded in-plane, 
and for columns and beams. (p. 438)

Figure 14.33: Plan of three-story hotel example using AAC masonry. (p. 442)
Figure 14.34: Elevation of three-story hotel example using AAC masonry. (p. 442)
Figure 14.35:  Maximum considered earthquake ground motion for the conterminous 

United States of 0.2-s spectral response acceleration (5 percent of critical 
damping), Site Class B. (p. 445)

Figure 14.36:  Maximum considered earthquake ground motion for the conterminous 
United States of 1.0-s spectral response acceleration (5 percent of critical 
damping), Site Class B. (p. 446)

Figure 14.37:  Closeup of maximum considered earthquake ground motion for the 
conterminous United States of 0.2-s spectral response acceleration (5 percent 
of critical damping), Site Class B. (p. 450)

Figure 14.38:  Closeup of maximum considered earthquake ground motion for the 
conterminous United States of 1-s spectral response acceleration (5 percent 
of critical damping), Site Class B. (p. 450)

Figure 14.39: Design response spectrum for Asheville, North Carolina. (p. 454)
Figure 14.40: Distribution of lateral forces along height of building. (p. 457)
Figure 14.41:  Graphs of factored design shears and moments for three-story hotel example 

using AAC masonry. (p. 457)
Figure 14.42:  Typical transverse shear wall of three-story hotel example with AAC 

masonry. (p. 458)
Figure 14.43:  Strength interaction diagram by spreadsheet, AAC transverse shear wall. 

(p. 460)
Figure 14.44:  Plan view of section of exterior wall, three-story example with AAC 

masonry. (p. 463)
Figure 14.45:  Plan view of AAC floor diaphragm, three-story hotel example with AAC 

masonry. (p. 465)
Figure 14.46:  Section of AAC floor diaphragm, three-story hotel example with AAC 

masonry. (p. 465)
Figure 14.47:  Section of panel-to-panel joint or typical grouted key between AAC floor 

panels. (p. 466)
Figure 14.48: Section of panel-to-bond beam joint, AAC floor diaphragm. (p. 467)
Figure 14.49: Truss model for design of AAC diaphragm. (p. 467)
Figure 14.50: Loaded nodes for design of AAC diaphragm. (p. 468)
Figure 14.51: Unloaded notes for design of AAC diaphragm. (p. 468)



Tables

 Table 2.1: Classification of Masonry Units (p. 6)
 Table 2.2:  Approximate Proportion Requirements for Cement-Lime Mortars from 

ASTM C270 (p. 14)
 Table 2.3: Property Requirements for Cement-Lime Mortars from ASTM C270 (p. 14)
 Table 2.4:  Approximate Proportion Requirements for Masonry-Cement Mortars from 

ASTM C270 (p. 15)
 Table 2.5:  Property Requirements for Masonry-Cement Mortars from ASTM C270 (p. 15)
 Table 2.6:  Approximate Proportion Requirements for Mortar-Cement Mortars from 

ASTM C270 (p. 16)
 Table 2.7:  Property Requirements for Mortar-Cement Mortars from ASTM C270 (p. 16)
 Table 2.8: Proportion Requirements for Grout for Masonry (from ASTM C476) (p. 19)
 Table 2.9: Summary of ASTM Requirements for Clay Masonry Units (p. 26)
 Table 3.1: Minimum Live Loads (L) for Floors (p. 52)
 Table 3.2: Live-Load Element Factor, KLL (p. 53)
 Table 3.3: Wind Directionality Factor, Kd (p. 58)
 Table 3.4: Main Wind Force Resisting System and Components and Cladding (p. 58)
 Table 3.5: Velocity Pressure Exposure Coefficients, Kh and Kz (p. 60)
 Table 3.6: Velocity Pressure Coefficients for Building of Example 1 (p. 65)
 Table 3.7: Spreadsheet for Wind Forces, Example 1 (p. 67)
 Table 3.8: Wind Directionality Factor, Kd (p. 70)
 Table 3.9: Main Wind Force Resisting System and Components and Cladding (p. 71)
 Table 3.10: Velocity Pressure Exposure Coefficients, Kh and Kz (p. 72)
 Table 3.11:  Spreadsheet for Components and Cladding Pressures, Windward Side of 

Example 2 (p. 76)
 Table 3.12:  Spreadsheet for Components and Cladding Pressures, Leeward Side of 

Example 2 (p. 77)
 Table 3.13: Site Classification (p. 86)
 Table 3.14: Site Coefficient, Fa (p. 86)
 Table 3.15: Site Coefficient, Fv (p. 87)
 Table 3.16: Importance Factors (p. 89)
 Table 3.17:  Seismic Design Category Based on Short Period Response Acceleration 

Parameter (p. 90)

xxiii



xxiv T a b l e s

 Table 3.18:  Seismic Design Category Based on 1 s Period Response Acceleration 
Parameter (p. 90)

 Table 3.19: Strength-Reduction Factors (p. 93)
 Table 3.20: Summary of Steps for Strength Design of Unreinforced Panel Walls (p. 94)
 Table 3.21:  Summary of Steps for Strength Design of Unreinforced Bearing Walls (p. 94)
 Table 3.22: Summary of Steps for Strength Design of Unreinforced Shear Walls (p. 95)
 Table 3.23:  Summary of Steps for Strength Design of Reinforced Beams and Lintels (p. 95)
 Table 3.24: Summary of Steps for Strength Design of Reinforced Curtain Walls (p. 95)
 Table 3.25: Summary of Steps for Strength Design of Reinforced Bearing Walls (p. 96)
 Table 3.26: Summary of Steps for Strength Design of Reinforced Shear Walls (p. 96)
 Table 3.27:  Summary of Steps for Allowable-Stress Design of Unreinforced Panel Walls 

(p. 97)
 Table 3.28:  Summary of Steps for Allowable-Stress Design of Unreinforced Bearing Walls 

(p. 98)
 Table 3.29:  Summary of Steps for Allowable-Stress Design of Unreinforced Shear Walls 

(p. 98)
 Table 3.30:  Summary of Steps for Allowable-Stress Design of Reinforced Beams and 

Lintels (p. 98)
 Table 3.31:  Summary of Steps for Allowable-Stress Design of Reinforced Curtain Walls 

(p. 99)
 Table 3.32:  Summary of Steps for Allowable-Stress Design of Reinforced Bearing Walls 

(p. 99)
 Table 3.33: Summary of Steps for Strength Design of Reinforced Shear Walls (p. 100)
 Table 5.1: Modulus of Rupture (p. 113)
 Table 5.2: Section Properties for Clay Masonry Walls (p. 120)
 Table 5.3: Section Properties for Concrete Masonry Walls (p. 120)
 Table 5.4: Section Properties for Concrete Masonry Walls (p. 124)
 Table 5.5: Self-Weights of Hollow Concrete Masonry Walls (p. 124)
 Table 5.6: Self-weights of Fully Grouted Concrete Masonry Walls (p. 134)
 Table 6.1: Physical Properties of Steel Reinforcing Wire and Bars (p. 161)
 Table 6.2:  Spreadsheet for Computing Moment–Axial Force Interaction Diagram 

(Strength Approach) (p. 179)
 Table 6.3:  Spreadsheet for Computing Moment–Axial Force Interaction Diagram 

(Strength Approach), Including Slenderness (p. 182)
 Table 6.4:  Spreadsheet for Calculating Strength Moment-Axial Force Interaction 

Diagram for Clay Masonry Shear Wall (p. 194)
 Table 6.5:  Spreadsheet for Calculating Strength Moment-Axial Force Interaction 

Diagram for Clay Masonry Shear Wallo (Including Slenderness Effects)  
(p. 197)

 Table 7.1: Allowable Flexural Tension for Clay and Concrete Masonry, lb/in.2 (p. 211)
 Table 7.2: Section Properties for Clay Masonry Walls (p. 218)
 Table 7.3: Section Properties for Concrete Masonry Walls (p. 218)
 Table 7.4: Section Properties for Concrete Masonry Walls (p. 225)
 Table 7.5: Self-weights of Hollow Concrete Masonry Walls (p. 225)
 Table 7.6: Self-weights of Fully Grouted Concrete Masonry Walls (p. 233)
 Table 8.1: Physical Properties of Steel Reinforcing Wire and Bars (p. 264)



T a b l e s  xxv

  Table 8.2:  Spreadsheet for Calculating Allowable-Stress Interaction Diagram for Wall 
Loaded Out-of-Plane (p. 288)

  Table 9.1:  Comparison of Allowable-Stress and Strength Design for Unreinforced 
Panel Walls (p. 306)

  Table 9.2:  Comparison of Allowable-Stress and Strength Design for Unreinforced 
Bearing Walls (p. 306)

  Table 9.3:  Comparison of Allowable-Stress and Strength Design for Unreinforced 
Shear Walls (p. 307)

  Table 9.4:  Comparison of Allowable-Stress and Strength Design for Anchor Bolts, 
Masonry Controls (p. 307)

  Table 9.5:  Comparison of Allowable-Stress and Strength Design for Anchor Bolts, 
Steel Controls (p. 308)

  Table 9.6:  Comparison of Allowable-Stress and Strength Design for Reinforced Beams 
and Lintels (as Governed by Flexure) (p. 308)

  Table 9.7:  Comparison of Allowable-Stress and Strength Design for Reinforced Beams 
And Lintels (as Governed by Shear) (p. 309)

  Table 9.8:  Comparison of Allowable-Stress and Strength Design for Reinforced Bearing 
Walls (Governed by Flexure) (p. 309)

  Table 9.9:  Comparison of Allowable-Stress and Strength Design for Reinforced Shear 
Walls (as Governed by Flexure) (p. 310)

 Table 9.10:  Comparison of Allowable-Stress and Strength Design for Reinforced Shear 
Walls (as Governed by Shear) (p. 310)

 Table 10.1:  Comparison of Results Obtained by Each Method for Calculating Shear-Wall 
Forces by Each Method (p. 328)

 Table 10.2:  Comparison of Results Obtained by Each Method for Calculating Shear-Wall 
Forces by Each Method (p. 328)

 Table 12.1: Velocity Pressure Coefficients for Low-Rise Example Building (p. 343)
 Table 12.2:  Spreadsheet for Computation of Base Shear for Example Low-Rise Building 

(MWFRS) (p. 345)
 Table 12.3:  Spreadsheet for Calculation of Wind Pressure on Windward Side of Low-

Rise Example Building (Components and Cladding) (p. 347)
 Table 12.4:  Spreadsheet for Calculation of Wind Pressure on Leeward Side of Low-Rise 

Example Building (Components and Cladding) (p. 348)
 Table 12.5:  Spreadsheet for Calculation of Wind Pressure on Roof of Low-Rise Example 

Building (Components and Cladding) (p. 349)
 Table 12.6:  Spreadsheet for Calculating Strength Moment–Axial Force Interaction for 

West Wall of Low-Rise Building (p. 354)
 Table 12.7:  Spreadsheet for Calculating Moment–Axial Force Interaction Diagram for 

Wall Segment B of Low-Rise Example Building (p. 357)
 Table 12.8:  Spreadsheet for Calculating Strength Moment−Axial Force Interaction 

Diagram for Typical Pilaster (p. 363)
 Table 12.9: Factored Gravity Loads Acting on 20-ft Lintel of East Wall (p. 365)
 Table 12.10:  Design Shear in Each Segment of the East Wall due to Design Wind Load 

(p. 370)
 Table 13.1: Importance Factors (p. 380)
 Table 13.2:  Seismic Design Category Based on 1-s Period Response Acceleration 

Parameter (p. 380)
 Table 13.3: Factored Design Lateral Forces for Four-Story Example Building (p. 383)



xxvi T a b l e s

 Table 13.4:  Spreadsheet for Calculating Strength Moment    -Axial Force Interaction 
Diagram for Transverse Shear Wall of Four-Story Building Example (p. 386)

 Table 14.1:  Typical Material Characteristics of AAC in Different Strength Classes (p. 394)
 Table 14.2: Dimensions of Plain AAC Wall Units (p. 394)
 Table 14.3: Physical Properties of Steel Reinforcing Bars (p. 415)
 Table 14.4:  Spreadsheet for Computing Moment-Axial Force Interaction Diagram for 

AAC Bearing Wall (p. 420)
 Table 14.5:  Calculations for Spreadsheet of Out-of-Plane Example, Including Effects of 

Capping for Slenderness (p. 423)
 Table 14.6: Spreadsheet for Reinforced AAC Shear Wall (p. 434)
 Table 14.7:  Seismic Design Factors for Ordinary Reinforced AAC Masonry Shear Walls 

(p. 441)
 Table 14.8: Site Classification (p. 451)
 Table 14.9: Site Coefficient, Fa (p. 451)
Table 14.10: Site Coefficient, Fv (p. 452)
Table 14.11: Importance Factors (p. 454)
Table 14.12:  Seismic Design Category Based on Short Period Response Acceleration 

Parameter (p. 454)
Table 14.13:  Seismic Design Category Based on 1-s Period Response Acceleration 

Parameter (p. 455)
Table 14.14:  Factored Design Shears and Moments for Three-Story Hotel Example Using 

AAC Masonry (p. 457)
Table 14.15:  Calculations for Spreadsheet for Typical Transverse Shear Wall of AAC 

Masonry (p. 461)



Preface

This book came from the merging of material from two masonry courses, each 
developed by one of the two authors. It covers the design of masonry structures 
using the 2015 International Building Code, the ASCE 7-10 loading standard, and 

the TMS 402-13 and TMS 602-13 design and construction standards. Although the book 
was conceived primarily as a textbook for masonry design courses in civil or architectural 
engineering programs at the undergraduate or graduate level, it is also intended for use 
in self-study and continuing education by practicing engineers. It emphasizes the 
strength design of masonry and also includes allowable-stress design.

Chapter 1 of this book begins, not with design calculations, but rather with a basic 
discussion of how wall-type buildings behave and how those buildings can be detailed 
and specified using masonry. The reason for this is that until the reader understands 
how the elements of a masonry building work together structurally, the design of those 
individual elements will not have a clear purpose. Many categories of masonry 
buildings require only the most rudimentary structural design, and the first part of this 
book is intended to show how to detail and specify detail for such buildings correctly.

Chapter 2 then covers the terminology of masonry and masonry materials, followed 
by an explanation of their basic behavior, and ending with a summary of how to use 
ASTM specifications for masonry materials.

Chapters 3 and 4 address structural design provisions for masonry elements and 
structures. In the context of TMS 402-13, masonry elements are classified by structural 
function, and as unreinforced or reinforced. Strength design and allowable-stress design 
are discussed, along with the loads and loading combinations used for each design 
approach. To reinforce concepts not always explicitly covered in civil or architectural 
engineering programs, these chapters include detailed examples of the calculation of 
design for wind and seismic loads according to the 2015 IBC and ASCE 7-10, the load 
standard referenced by that model code. 

Chapters 5 and 6 address the strength design of unreinforced and reinforced 
masonry elements, respectively. Chapters 7 and 8 repeat that presentation for allowable-
stress design. In Chapter 9, the strength and allowable-stress provisions of TMS 402-13 
are compared. 

In Chapter 10, the lateral load analysis of low-rise wall structures is discussed, and 
specific recommendations are presented for hand analysis and computer-aided analysis. 
In Chapter 11, design and detailing of floor and roof diaphragms are discussed.

Chapters 12 and 13 present the preliminary design, using strength procedures, of 
two representative prototype masonry buildings. The first building is a low-rise 

xxvii
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commercial building, designed for gravity and wind loads; the second is a four-story 
hotel, designed for gravity and earthquake loads.

Chapter 14 addresses autoclaved aerated concrete (AAC) masonry, an innovative 
construction material addressed by the 2015 IBC, ASCE 7-10, TMS 402-13, TMS 602-13, 
and ASTM specifications. Background material on AAC masonry is reviewed, and 
design examples are presented. Chapter 14 ends with a preliminary design example of 
a three-story hotel, subjected to gravity and earthquake loads.

Jennifer Eisenhauer Tanner, Ph.D., P.E. 
Richard E. Klingner, Ph.D.
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