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Preface

This is the third edition of AISC Design Guide 1. The first edition was published in 1990 as Column Base Plates by J.T. DeWolf 
and D.T. Ricker. The second edition was published in 2006 as Base Plate and Anchor Rod Design by J.M. Fisher and L.A. Kloi-
ber. This third edition incorporates and updates the content of the previous editions while also providing significant expansions 
in coverage related to base connection design. Significant expansions to this Design Guide include the addition of Chapter 3 
addressing the relationship between the structure and base connections; the addition of Chapter 5 pertaining to embedded base 
connection design; the addition of Chapter 6, which focuses on seismic design of base connections; and the addition of Appendi-
ces C and D, which provide guidance regarding the simulation and representation of base connections. This edition also signifi-
cantly expands upon the number of design examples. 
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Chapter 1 
Introduction

1.1	 GENERAL

Column base connections are the critical interface between 
the steel structure and the foundation. These connections are 
used in buildings to support gravity loads and may function 
as part of lateral force-resisting systems. In addition, they 
are used for mounting of equipment and in outdoor sup-
port structures, where they may be affected by vibration and 
fatigue due to wind loads. They also serve a critical func-
tion in seismically designed structures, wherein they may be 
subjected to large cyclic loading and deformations. In many 
cases, the base connections also interact with the structure 
they are a part of, influencing its response. Column base con-
nections are used in nearly all types of steel structures, nota-
bly buildings (which encompass moment frames and braced 

frames), bridges, as well as special structures. Moreover, 
they are designed to resist axial compression and tension, 
moments, and shear (and combinations thereof). As a result, 
these connections take diverse forms and are subject to mul-
tiple design considerations.

Figures 1-1(a), (b), and (c) illustrate some common base 
connection details. Figures 1-1(a) and (b) show details that 
are used in moment frames or when only a column needs 
to be attached to the footing, whereas Figure 1-1(c) shows 
a braced frame base connection where both a column and 
a diagonal brace are present. Each figure shows the vari-
ous components of the corresponding connection, including 
the base plate, anchor rods, and footing (footing reinforce-
ment is not shown for clarity). Figure 1-1(a) shows a base 

    

	 (a)  Exposed base plate connection with column only	 (b)  Embedded base connection

(c)  Exposed base plate connection with gusset plate and brace

Fig. 1-1.  Types of base connections.
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connection that resists applied axial forces and moments 
through the development of tension in the anchor rods along 
with bearing stresses in the footing; shear may be resisted 
through friction, anchor rod bearing, or a shear-lug (also 
not shown). Figure 1-1(b) shows an embedded type connec-
tion where bearing between the column flange and footing 
is used to resist large base moments, typically used in seis-
mic design. The braced connection shown in Figure 1-1(c) 
uses anchor rods similar to those shown in Figure  1-1(a), 
but also includes the gusset plate and diagonal brace. Note 
that the configurations shown in Figures 1-1(a) through (c) 
are generic, and multiple variations of these are used in 
practice. For example, shim stacks may be used instead of 
leveling nuts for setting the base plate. Similarly, in both 
embedded and exposed column bases (generically referred 
to as base connections), reinforcement is often used to 
supplement the strength of the concrete. Other variations 
include the anchor rod patterns, how they are anchored (e.g., 
headed or hooked ends), and weld details between the col-
umn and base plate (e.g., fillet, partial-joint-penetration, or 
complete-joint-penetration).

Base connections are often the last structural steel items 
to be designed but are the first items required on the job-
site. In recent years, with the acceleration of many fast-track 
projects or delegated designs, engineers are more frequently 
asked to complete and release the anchorage ahead of 
releasing the drawings for the whole structure. The sched-
ule demands along with the problems that can occur at the 
interface of structural steel and concrete make it essential 
that the design details take into account not only structural 
requirements, but also consideration of constructability 
issues, especially anchor rod setting procedures and toler-
ances. The importance of the accurate placement of anchor 
rods cannot be overemphasized. This is one of the key com-
ponents to safely erecting and ensuring the accurate verti-
cal alignment of the structure. Against this practical setting, 
material in this Design Guide is intended to provide guide-
lines for engineers, fabricators, and erectors to design, detail, 
and specify column base plate and anchor rod connections 
in a manner that (1) results in economic design, (2) provides 
safe and acceptable performance of both the connection and 
the structure under a range of conditions, and (3) avoids or 
addresses common fabrication and erection problems.

It is important to acknowledge the relationship of this 
Design Guide to related codes, standards, and design manu-
als including the 2022 AISC Specification for Structural 
Steel Buildings (AISC, 2022c), the 2022 AISC Seismic 
Provisions for Structural Steel Buildings (AISC, 2022b), 
the AISC Steel Construction Manual (AISC, 2023), as well 
the AISC Seismic Design Manual (AISC, 2018), hereafter 
referred to as the AISC Specification, AISC Seismic Provi-
sions, AISC Manual, and AISC Seismic Design Manual, 
respectively. The AISC Specification provides generally 

applicable requirements for the design and construction of 
structural steel buildings and other structures. The AISC 
Seismic Provisions pertain to the design, erection, and fab-
rication of structural steel and composite steel and concrete 
seismic force-resisting systems and are used in conjunc-
tion with the AISC Specification. These documents refer to 
this Design Guide for topical and detailed guidance for the 
design of base connections. The AISC Seismic Design Man-
ual integrates the general guidance provided by the standards 
and the topical guidance provided by this Design Guide to 
develop design examples for both the structural system as 
well as connections, including the base connections. AISC 
Design Guide 7, Industrial Building Design (Fisher, 2019), 
contains additional examples and discussion relative to the 
design of anchor rods. Figure  1-2 illustrates the relation-
ships among related codes, standards, and design manuals 
relevant to column base design. Design procedures in this 
Design Guide are based on ACI Building Code Requirements 
for Structural Concrete and Commentary, ACI 318-19(22) 
(ACI, 2022), hereafter referred to as ACI 318 in the remain-
der of this Design Guide.

This Design Guide includes guidance for designs made in 
accordance with load and resistance factor design (LRFD) 
or allowable strength design (ASD). Section 1.2 summarizes 
the significant research and improved design guidelines 
that have been issued subsequent to the publication of the 
second edition, and which are included in this edition. This 
Design Guide supersedes the second edition of AISC Design 
Guide 1 (Fisher and Kloiber, 2006).

1.2	 HISTORY AND ADVANCEMENTS

1.2.1	 Previous Editions of Design Guide 1 and 
Research Synthesis

The first edition of Design Guide 1 (DeWolf and Ricker, 
1990) was published in 1990 and reflected research and 
design methods for column base plate connections current 
at that time. The first edition contains a compilation of infor-
mation on the design of base plates and anchorages for steel 
columns with the intent of providing research background 
and a basic understanding of the connection behavior for 
design. An important aspect of the first edition is the intro-
duction of the triangular stress block approach for the design 
of base plate connections subjected to axial compression 
and flexure. The edition also mentions the lack of research 
work (particularly experimental validation) of the design 
approach, recognizing the method reflects elastic, but pos-
sibly not ultimate response.

The second edition of Design Guide 1 (Fisher and Kloi-
ber, 2006, which supersedes the first edition) was published 
in 2006, partly in response to new research and a new 
Occupational Safety and Health Administration (OSHA) 
provision requiring four anchor rods for most base plate 
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connections (OSHA, 2001). In addition to the OSHA regu-
lations, the second edition incorporates significant research 
and improved design guidelines issued subsequent to the 
publication of the first edition. These include the ACI Build-
ing Code Requirements for Structural Concrete and Com-
mentary, ACI 318-08 (2008), with improved provisions for 
the pullout and breakout strength of anchor rods and other 
embedded anchors. The second edition also introduces the 
Drake and Elkin (1999) design approach for base plates with 
axial compression and moment, including the rectangular 
stress block approach, which was expected to be more con-
sistent with the ultimate response of base plate connections.

A comprehensive review study sponsored by AISC 
(Grauvilardell et al., 2005) synthesized results from several 
experimental and analytical studies conducted worldwide 
regarding the behavior of a range of configurations of column 
base connections and provides a detailed description of the 
status of knowledge on behavior and design. A key contribu-
tion of the synthesis is identification of knowledge gaps and 
research priorities. Some of the main issues identified by the 

study include (1) the lack of research and design procedures 
for embedded base connections; (2)  for various configura-
tions (in unbraced and braced frames), the lack of applica-
bility of the design methods to cyclic loading representative 
of seismic conditions; (3) lack of understanding of desired 
failure modes and hierarchies in base connections of various 
configurations; and (4)  lack of understanding and methods 
to characterize load-deformation response, including flex-
ibility of base connections. The publication of this review 
study (and similar knowledge gaps identified internation-
ally) motivated significant research in the United States and 
elsewhere. Given that the timing of publication of this study 
was virtually coincident with the second edition of Design 
Guide 1, the findings of this research were not included in 
the second edition. A major objective of the third edition is 
to incorporate these findings into the Guide. Specifically, the 
third edition now incorporates research findings in several 
areas that are germane to the design, strength character-
ization, simulation, and construction of base connections. 
These are summarized in the next subsection.

Authority Having Jurisdiction (AHJ)
(Federal, state, county, city, village,

district, etc. governing agency)

Adopted Model Building Code with Amendments by AHJ
[Commonly International Building Code (IBC) with Amendments]

 Legally Adopted Standards, Provisions, and Standards

Non-Mandatory Resources

IBC-Referenced Load Standards
ASCE 7

IBC-Referenced
Material Standards
AISC Specification

AISC Seismic Provisions
ACI 318

Adopted ASTM Standards

AISC Steel Construction Manual
AISC Seismic Design Manual

AISC Design Guides
Journals

Other Reference Materials

Fig. 1-2.  Documents relevant to column base and anchorage design.
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1.2.2	 Relevant Developments since the Publication of 
Design Guide 1, 2nd Ed.

Research on column base connections published since the 
second edition of Design Guide 1 has addressed many of the 
issues identified by the Grauvilardell et al. (2005) research 
synthesis. This research has studied various types of base 
connections (exposed as well as embedded) in multiple 
contexts (strength, stiffness, seismic response, and interac-
tions with the building frame) using various methodologies 
(experimental, analytical, and computational). Addition-
ally, there have been changes to related codes and stan-
dards that necessitate updating the Guide for the purpose of 
consistency.

Research on Column Base Plate Connections

The vast majority of research in this area has focused on col-
umn base plate connections of the general type shown in Fig-
ure 1-1(a), which connects the column to a base plate, which 
is then attached to a footing using pre-installed anchors. The 
research has mainly focused on connections without a brace 
or gusset plate [i.e., Figure  1-1(c)]. Gomez et al. (2010), 
Kanvinde et al. (2014), Trautner et al. (2017b), and Hassan 
et al. (2022) conducted large-scale experiments on base plate 
connections consistent with U.S. construction practice, sub-
jected to combinations of axial, flexure, and cyclic lateral 
loads. Gomez et al. (2011) experimentally investigated three 
different shear transfer mechanisms (anchor bearing, friction, 
and shear-lug bearing). These studies provided new insights 
about the strength characterization methods included in pre-
vious editions of the Design Guide, integrated new configu-
rations in terms of anchor rod patterns and column sections, 
and resulted in new information about the cyclic response of 
these connections relevant to earthquake applications. Addi-
tionally, the experiments (along with previously conducted 
experiments summarized in Grauvilardell et al., 2005) pro-
vide benchmark data for validation of computational simula-
tions as well as stiffness and load-deformation models. Tests 
on base plate connections in Europe (e.g., Wald et al., 2008a; 
Gresnigt et al., 2008; and Di Sarno et al., 2007) supplement 
the experimental data for model validation and development. 
Studies in Japan (Choi and Ohi, 2005), South Korea (Choi 
and Choi, 2013), and France (Seco et al., 2021) have exam-
ined column base plate connections subjected to biaxial 
bending and axial compression.

The experimental datasets have been complemented 
by finite element studies that generalize the findings to 
untested configurations and provide insights regarding inter-
nal force distributions. Examples of such studies include 
Kanvinde et al. (2013), Hassan et al. (2021), and Inamasu 
and Lignos (2022). Particularly notable in this regard is 
the Component-Based Finite Element Method (CBFEM) 

developed by Wald et al. (2008b) that has been used to char-
acterize internal stress distributions in base plate connections.

In large part, the experimental data outlined in the preced-
ing has suggested modest refinements to the strength models 
for base plate connections loaded in uniaxial bending and 
axial compression. However, new analytical models for base 
plate connections under biaxial bending and axial compres-
sion have been proposed by Hassan et al. (2021), Seco et 
al. (2021), and Fasaee et al. (2018). Models for the rota-
tional stiffness of these as well as the full load-deformation 
response of these connections (under both monotonic and 
cyclic loading) have also been developed, by Kanvinde et 
al. (2012), Dumas et al. (2006), and Torres-Rodas et al. 
(2016). Reliability studies on base plate connections have 
been conducted in the United States by Song et al. (2020), 
Torres-Rodas et al. (2020), and Aviram et al. (2010) as well 
as in Nigeria (Idris and Umar, 2007) to examine the level of 
safety provided by various design approaches, including the 
approach outlined in the second edition of Design Guide 1.

Although research has not been conducted on braced 
frame base plate connections [such as the one shown in Fig-
ure 1-1(c)], it is relevant to mention here the publication of 
a SteelTIPS report (Astaneh-Asl, 2008) that provides guid-
ance for the design of such details.

Research on Embedded Base Connections

Research on embedded base connections consistent with 
U.S. construction practice was nonexistent prior to the 
publication of the second edition of this Guide. Since 
then, significant research in the United States has resulted 
in experimental data on the strength and load-deformation 
characteristics of deeply embedded base connections (Grilli 
et al., 2017; Hassan and Kanvinde, 2023) as well as shal-
lowly embedded base connections (Richards et al., 2018; 
Hassan and Kanvinde, 2023). This data, in addition to tests 
on embedded base connections conducted in Japan (Cui et 
al., 2009), has led to the development of strength (Grilli and 
Kanvinde, 2017; Barnwell, 2015), stiffness (Richards et 
al., 2018), and load-deformation/hysteretic models (Torres-
Rodas et al., 2018a) for embedded base connections.

Other Relevant Research

The research outlined in the preceding was conducted to 
assess overall response of base connections. In addition to 
this, since 2006, there have been important investigations of 
specific effects and mechanisms that are important to base 
connections. For example, Myers et al. (2009) studied the 
effect of weld details between the base plate and column, 
while Christensen (2010) and Wilsmann (2012) studied 
welds in HSS base plates with corner anchor rods. A study 
by Cozzens et al. (2021) has revealed new information 
about the response of plate washers for column anchor rod 
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applications. Studies have been conducted on the topic of 
anchorages as well—these include anchorage details spe-
cific to steel column to concrete footing attachments (Grilli 
and Kanvinde, 2016; Worsfold et al., 2022; Worsfold and 
Moehle, 2023). Work by Haninger and Tong (2014) and 
Denavit (private communications, 2022) has resulted in new 
and topical insights about plate bending limit states when 
subjected to bearing stresses from the footing.

System Studies Investigating the Interactions between  
Base Connection and Frame

As discussed earlier, the flexibility and load-deformation 
response of the base connection has the potential to signifi-
cantly influence global structural response and has implica-
tions for design and simulation of the base connection as 
well as the entire structure. Building on models for base con-
nection load-deformation response, numerous studies have 
investigated interactions between the base connection and 
the frame. These include Nonlinear Response History Anal-
ysis (NLRHA) studies by Zareian and Kanvinde (2013) and 
studies on instrumented buildings (Falborski et. al., 2020a) 
that investigated the effect of base connection stiffness on 
moment frame performance under earthquakes. Falborski et 
al. (2020b) and Inamasu et al. (2019, 2022) examined the 
feasibility of developing inelastic rotation in the base con-
nection itself, rather than in the attached column. Other 
NLRHA studies (Torres-Rodas et al., 2018b) and Inamasu et 
al. (2020) have sought to establish appropriate base connec-
tion design loads under seismic conditions.

Relevant Changes in Related Codes and Standards

Subsequent to the publication of Design Guide 1, Second 
Edition, Second Printing, in 2010, incremental changes to 
codes and standards relevant to base plate and anchorage 
design have been adopted. Following are some of the signifi-
cant changes related to ACI 318, the International Building 
Code, and the AISC Seismic Provisions.

As compared to the 2008 Edition of the ACI Building 
Code Requirements for Structural Concrete and Commen-
tary, ACI 318-08 (ACI, 2008), the 2022 Edition of the ACI 
Building Code Requirements for Structural Concrete, ACI 
318-19(22) (ACI, 2022), now includes:

1.	 Revisions to anchorage seismic provisions.

2.	 New provisions encompassing the design of post-
installed adhesive anchors.

3.	 Reorganization of anchorage provisions and their reloca-
tion from Appendix D to Chapter 17.

4.	 Added provisions addressing screw anchors post-
installed into concrete.

5.	 Clarifying guidance on the design of anchor 
reinforcement.

6.	 New provisions outlining requirements for the design of 
shear lugs.

Additionally, the International Building Code (IBC) from 
the 2009 Edition (ICC, 2009) to the 2021 Edition (IBC, 
2021) has trended toward additional deference to the ACI 
318 anchorage provisions with modifications as incorpo-
rated in Chapter 19. Although this Design Guide is based 
on the 2021 Edition of the IBC, it is important to consult 
the authority having jurisdiction to confirm which edition of 
IBC and any potential amendments are applicable for each 
project.

Significant changes to the AISC Seismic Provisions from 
the 2005 Edition (AISC, 2005) to the 2022 Edition (AISC, 
2022b) include:

1.	 Additional requirements for welding, weld tabs, and 
weld backing for columns participating and not partici-
pating in the seismic force-resisting system (SFRS).

2.	 A new stipulation that the flexural demand at column 
bases can be limited by the overstrength seismic load 
only if a ductile limit state in either the column base or 
the foundation controls the design.

3.	 Revisions to the required shear strength at column bases 
for columns participating and not participating in the 
SFRS.

1.3	 SCOPE, UPDATES, AND PREVIEW

The third edition of the Design Guide retains all the topics 
previously included in the second edition—that is, those per-
taining to the design, fabrication, erection, and repair of base 
plate connections subjected to a range of loadings. Based 
on the new developments outlined in the previous section, 
several new topics are introduced, and the structure of the 
Guide is reorganized to facilitate its use. The main changes 
include the following:

•	 The title of the Design Guide has been changed to “Base 
Connection Design for Steel Structures” to reflect the 
expanded scope of the new edition.

•	 A new chapter (Chapter 3) is included to establish the 
relationship between the structure and base connection 
to provide context for connection selection, design, and 
simulation.

•	 Chapter 4 in this edition (which addresses column base 
plate connection design) is now particularized to column 
base plate connections with some modifications; broadly, 
this was the topic of Chapter 3 of the second edition. A 
new section is introduced to address base plate connec-
tions subjected to biaxial bending and axial compression.

•	 A new chapter on embedded base connections is included 
(Chapter 5), reflecting findings from multiple research 
studies summarized in Section 1.2.
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•	 A new chapter (Chapter 6) has been added focusing on 
seismic design.

•	 Two new appendices (Appendices C and D) have been 
added to provide methods for the representation of col-
umn base connections in frame analysis and design and 
guidance regarding their simulation through finite ele-
ment analysis.

•	 Sections pertaining to fabrication and erection have been 
added to Chapters 4 and 5 for exposed and embedded base 
connections, respectively.

This Design Guide develops strength parameters for foun-
dation system design in generic terms that facilitate either 
LRFD or ASD. Column bases and portions of the anchor-
age design generally can be designed in a direct approach 
based on either LRFD or ASD load combinations. The one 
area of anchorage design that is not easily designed by 
ASD is the embedment of anchor rods into concrete. This 
is due to the common use of ACI 318, Chapter 17, which 
is exclusively based on the strength approach (LRFD), for 

the design of such embedments. As such, this Guide only 
includes LRFD provisions for concrete limit states where 
ACI 318 is applicable. The derivations of foundation design 
parameters, as presented herein, are then either multiplied 
by a resistance factor, ϕ, or divided by a safety factor, Ω, 
based on the appropriate load system utilized in the analysis; 
consistent with the approach used in the AISC Specification. 
Many of the equations shown herein are independent of the 
load approach, and thus are applicable to either design meth-
odology. These are shown in singular format. Other derived 
equations are based on the particular load approach and are 
presented in a side-by-side format of comparable equations 
for LRFD or ASD application.

This Design Guide is not intended to be used for struc-
tures outside the scope of the AISC Specification, the AISC 
Seismic Provisions, or ACI 318. One such example is for 
structures in nuclear facilities that should reference the 
application-specific requirements developed by AISC and 
ACI.
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Chapter 2 
Materials—Specifications, Selection, and 
Other Considerations

Chapter 2 outlines specifications pertaining to base plate, 
anchor rod, weld, grout, and concrete materials. These speci-
fications are provided in several sources such as AISC, ACI, 
ASTM, AWS, and other documents. Additionally, guidance 
on the selection of materials and other applicable consid-
erations are included. This Design Guide does not address 
stainless steel applications. For stainless steel applications, 
the reader is referred to the AISC Specification for Struc-
tural Stainless Steel Buildings (AISC, 2021) and the relevant 
ASTM materials standards.

2.1	 BASE PLATE AND ANCHOR ROD 
MATERIAL SPECIFICATIONS

The AISC Specification lists a number of plate and threaded 
rod materials that are structurally suitable for use in base 
plate and anchor rod designs. Based on cost and availability, 
the materials shown in Tables 2-1 and 2-2 are recommended 
for typical building design. Preferred material specifications 
noted in Table  2-1 are based on the recommendations of 
the AISC Manual that are “…based on consultations with 
fabricators to identify materials that are commonly used in 
steel construction, and reflects such factors as ready avail-
ability, ease of ordering and delivery, and pricing.” The 
reader is referred to AISC Manual Table 2-5, AISC Manual 
Table 2-6, and AISC Specification Table J3.2 for additional 
information.

2.2	 BASE PLATE MATERIAL SELECTION

Base plates should be designed using ASTM A572/A572M 
(2021d) Grade 50 material unless the availability of an alter-
native grade is confirmed prior to specification. Because 
ASTM A572/A572M Grade 50 plate is readily available, the 
plates can often be cut from stock material. Plates are avail-
able in 8 in. increments up to 14 in. thickness and in 4 in. 
increments above this. The base plate sizes specified should 
be standardized during design to facilitate purchasing and 
cutting of the material.

When designing base plate connections, it is important 
to consider that material is generally less expensive than 
labor and, where possible, economy may be gained by 
using thicker plates rather than detailing stiffeners or other 
reinforcement to achieve the same strength with a thinner 
base plate. A possible exception to this rule is the case of 
moment-type bases that resist large moments. For example, 
in the design of a crane building, the use of an anchor rod 

chair at the column base may be more economical if it elimi-
nates the need for large complete-joint-penetration (CJP) 
groove welds to heavy plates that require special material 
specifications.

Most column base plates are designed as square, to 
match the foundation shape and more readily accommo-
date square anchor rod patterns. Exceptions to this include 
moment-resisting bases, bases asymmetric due to bracing 
connections, and columns that are adjacent to walls or foun-
dation edges.

Many structural engineers have established minimum 
thicknesses for base plates for typical gravity columns in 
buildings. For posts and light HSS columns, the minimum 
plate thickness is typically 2 in., and for other structural col-
umns, a plate thickness of w in. is commonly accepted as the 
minimum thickness specified.

2.3	 ANCHOR ROD SELECTION (MATERIAL, 
TYPE, AND WELDABILITY)

As shown in Table 2-2, the preferred specification for anchor 
rods is ASTM F1554 (2020a), with Grade 36 being the most 
common grade used. The availability of other grades should 
be confirmed prior to specification.

ASTM F1554 Grade 55 anchor rods are used when there 
are large tensile forces due to moment connections or uplift 
from overturning. ASTM F1554 Grade 105 material is a spe-
cial high-strength rod grade and generally should be used 
only when it is not possible to develop the required strength 
using larger Grade 36 or Grade 55 rods.

Unless otherwise specified, anchor rods will be supplied 
with Unified Coarse (UNC) Threads with a Class  2A tol-
erance, as permitted in ASTM F1554. While ASTM F1554 
permits standard hex nuts, all nuts for anchor rods, espe-
cially those used in base plates with large, oversized anchor 
rod holes, should be furnished as heavy hex nuts, preferably 
ASTM A563 (2021a) Grade A or DH for Grade 105 mate-
rial. Additionally, recommended sizes for plate washers are 
provided in Table 4-3.

ASTM F1554 anchor rods are required to be color coded 
to allow easy identification in the field. The color codes are 
as follows:

Grade 36................................................................ Blue
Grade 55............................................................ Yellow
Grade 105............................................................... Red
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In practice, Grade 36 is considered the default grade and 
often is not color coded.

ASTM F1554 allows anchor rods to be supplied either 
straight (threaded with nut for anchorage), hooked, or 
headed. Rods up to approximately 1 in. diameter are some-
times supplied with heads hot-forged similar to a structural 
bolt. For rods with diameters larger than approximately 1 in., 
it is more common that the rods will be threaded and nutted.

Hooked-type anchor rods have been extensively used in 
the past. However, hooked rods have a very limited pullout 
strength compared to that of headed rods or threaded rods 
with a nut for anchorage. Therefore, current recommended 
practice is to use headed rods or threaded rods with a nut for 
anchorage.

The addition of embedded plate washers or other simi-
lar devices may increase the pullout strength of the anchor 
rod; however, they can create construction problems by 
interfering with reinforcing steel placement or concrete con-
solidation under the plate. Thus, it is recommended that the 
anchorage device be limited to either a heavy hex nut or a 
head on the rod. As an exception, the addition of plate wash-
ers may be of use when high-strength anchor rods are used, 
or when concrete breakout and side-face blowout could occur 
(see Section 4.3.2 of this Guide). In these cases, calculations 
should be done to determine if an increase in the bearing 
area is necessary. Additionally, it should be confirmed that 
the plate size specified will work with the reinforcing steel 
and concrete placement requirements.

Table 2-1.  Recommended Base Plate Materials

Thickness, tp Plate Availability

tp ≤ 4 in.
ASTM A36/A36M 

ASTM A572/A572M Gr. 42 or 50[a] 
ASTM A588/A588M Gr. 50

4 in. < tp ≤ 5 in.
ASTM A36/A36M[a] 

ASTM A572/A572M Gr. 42 
ASTM A588/A588M Gr. 46

5 in. < tp ≤ 6 in.
ASTM A36/A36M[a] 

ASTM A572/A572M Gr. 42 
ASTM A588/A588M Gr. 42

6 in. < tp ≤ 8 in.
ASTM A36/A36M[a] 

ASTM A588/A588M Gr. 42

tp > 8 in. ASTM A36/A36M[a]

[a]  Preferred material specification

Table 2-2.  Recommended Anchor Rod Materials

ASTM Designations

Tensile 
Strength, 

Fu,  
ksi

Nominal Tensile 
Stress,[a] 

Fnt == 0.75Fu,  
ksi

Nominal Shear 
Stress 

(N-Type),[a], [c] 
Fnv == 0.450Fu, 

ksi

Nominal Shear 
Stress 

(X-Type),[a], [b] 
Fnv == 0.563Fu,

ksi

Maximum 
Diameter, 

in.

F1
55

4 Gr. 36[d] 58 43.5 26.1 32.7 4

Gr. 55[d] 75 56.3 33.8 42.2 4

Gr. 105 125 93.8 56.3 70.4 3

A449

120 90.0 54.0 67.6 1

105 78.8 47.3 59.1 12

90 67.5 40.5 50.7 3

A36/A36M 58 43.5 26.1 32.7 15

A354 Gr. BD 150 113 67.5 84.5 4
[a]  Nominal stress on unthreaded body area of threaded part (gross area)
[b]  Threads excluded from shear plane
[c]  Threads included in shear plane
[d]  Preferred material specification
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ASTM F1554 Grade 55 anchor rods can be ordered with 
a supplementary requirement, S1, that places restrictions 
on chemical composition and carbon equivalent content to 
provide weldability when needed. Adding this supplement 
is helpful should welding become anticipated for fixes in 
the field. Grade  36 is typically weldable without supple-
ment. ASTM F1554 permits the manufacturer to substi-
tute Grade  55 with supplementary requirement S1 when 
Grade 36 is specified. This may have an impact on design 
for seismic loading when the anchor rod capacity is being 
developed.

There are also supplemental provisions, S4, available for 
Grades 55 and 105 regarding Charpy V-Notch (CVN) tough-
ness. These provide for CVN testing of 15 ft-lb at 40°F for 
Grade  55 and either 40°F or −20°F for Grade  105. Note, 
however, that anchor rods typically have sufficient fracture 
toughness without these supplemental specifications. Addi-
tional fracture toughness is expensive and generally does 
not make much difference in the time to failure for anchor 
rods subjected to fatigue loading. Although fracture tough-
ness may correspond to a greater crack length at the time of 
failure (because cracks grow at an exponential rate), 95% of 
the fatigue life of the anchor rod is consumed when the crack 
size is less than a few millimeters (Paris and Erdogan, 1963). 
This is also the reason why it is not cost effective to perform 
ultrasonic testing or other nondestructive tests on anchor 
rods to look for fatigue cracks. There is only a small window 
between the time cracks are large enough to detect and small 
enough to not cause fracture. Thus, it is typically more cost 
effective to design additional redundancy into the anchor 
rods rather than specifying supplemental CVN properties.

Galvanized anchor rods are often used when the col-
umn base plate assembly is exposed and subject to corro-
sion. Either the hot-dip galvanizing process (ASTM F2329/
F2329M; 2015) or the mechanical galvanizing process 
(ASTM B695; 2021c) is allowed in ASTM F1554; however, 
all threaded components of the fastener assembly must be 
galvanized by the same process. Mixing of rods galvanized 
by one process and nuts by another may result in an unwork-
able assembly. It is recommended that galvanized anchor 
rods and nuts be purchased from the same supplier and 
shipped preassembled. Because this is not an ASTM require-
ment, this should be specified on the contract documents.

Note also that galvanizing increases friction between the 
nut and the rod, and even though the nuts are over tapped, 
special lubrication may be required.

ASTM A449 (2020b) and A36/A36M (2019a) specifica-
tions are listed in Table 2-2 for comparison purposes because 
some suppliers are more familiar with these specifications. 
Note that ASTM F1554 grades match up closely with many 
aspects of these older material specifications. Note also that 
these older material specifications contain almost none of 
the anchor rod specific requirements found in ASTM F1554.

Post-installed anchors are not covered in this Design 
Guide. If used, they must be installed and inspected in accor-
dance with the manufacturer’s installation procedures, the 
IBC, and any applicable code approval reports.

2.4	 WELD MATERIALS

Welding is commonly used at the base plate-to-column inter-
face. Welding is also used in applications such as the attach-
ment of shear lugs, stiffeners, and bracing gussets to the base 
plate; in cases where welded washer plates are utilized to 
transfer shear forces from anchor rods to the base plate; and 
in cases where base plates are welded to setting plates. Shop 
welding is typically more economical than field welding and 
is therefore preferred. Consumables for welding (filler met-
als and fluxes) are specified in AISC Specification Section 
A3.5. All welding must be in conformance with AWS Struc-
tural Welding Code—Steel, AWS D1.1/D1.1M (2020) as 
modified by AISC Specification Section J2. Matching filler 
metals must be used when CJP groove welds are subject to 
tension normal to the effective area per AISC Specification 
Section J2.6. Additional requirements for a minimum CVN 
toughness of 20 ft-lb at 40°F or lower are required per AISC 
Specification Section J2.6 for “CJP groove welded T- and 
corner joints with steel backing left in place, subjected to 
tension normal to the effective area, unless the joints are 
designed using the nominal strength and resistance factor or 
safety factor, as applicable, for a PJP groove weld.”

Seismic applications where the AISC Seismic Provisions 
are enforced are subject to additional criteria. All welds for 
base connections participating in the seismic force-resisting 
system (SFRS) require filler metals conforming to AWS 
D1.8/D1.8M, clauses 6.1, 6.2, and 6.3 (2021) per AISC Seis-
mic Provisions Section A3.4a. Base connection welds, when 
classified as demand critical, must also satisfy the additional 
provisions in AWS D1.8/D1.8M, clauses 6.1, 6.2, and 6.3 for 
demand critical welds.

2.5	 GROUT MATERIALS

Grout serves as the connection between the steel base plate 
and the concrete foundation to transfer compression and 
shear through friction. Grout also serves to assist with main-
taining the levelness of column base plates and plumbness 
of columns during erection. Accordingly, it is important that 
the grout be properly designed, and placed in a proper and 
timely manner.

Grout should have a design compressive strength at least 
twice the strength of the foundation concrete if concrete con-
finement is used in calculating the available concrete bear-
ing stress. This will ensure that the grout is not the limiting 
factor when the maximum available bearing strength of the 
concrete foundation is desired. The design thickness of the 
grout space will depend on how fluid the grout is and how 
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accurately the elevation of the top of concrete is placed. If 
the column is set on a finished floor, a 1  in. space may be 
adequate, but on the top of a footing or pier, normally the 
space should be 12 to 2 in. Large base plates, plates with 
shear lugs, base details with large anchor rods, or applica-
tions with leveling nuts may require more space.

Grout holes are not required for most base plates. For 
plates 24 in. or less in width, a form can be set up and the 
grout can be forced in from one side until it flows out the 
opposite side. When plates become larger or when shear lugs 
are used, it is recommended that at least two grout holes be 
provided. Grout holes are typically 2 to 3 in. in diameter and 
are typically thermally cut in the base plate. ACI 318, Sec-
tion 17.11.1.2, requires the addition of inspection and vent 
holes with at least a 1 in. diameter for horizontal base plates 
with shear lugs. A form should be provided around the edge, 
and some sort of filling device should be used to provide 
enough head pressure to cause the grout to flow out to all 
sides.

It is important to follow the manufacturer’s recommen-
dations for mixing and curing times. When placing grout 
in cold weather, make sure protection is provided per the 
manufacturer’s specification.

Grouting is an interface between trades that provides a 
challenge for the engineer or record preparing design docu-
ments. Typically, the grout is furnished by the concrete or 
general contractor, but the timing is essential to the work 
of the steel erector. Because of this, specification writers 
sometimes place grouting in the steel section. In this case, 
the erector then must make arrangements with the con-
crete contractor to do the grouting. Grouting should be the 
responsibility of the concrete contractor, and there should be 
a requirement to grout column bases promptly when notified 
by the erector that the column is in its final position.

2.6	 CONCRETE MATERIALS

Requirements pertaining to concrete properties and dura-
bility (including reinforcement cover) are contained in ACI 
318, Chapter 19. The requirements contained in Chapter 19 
are dependent upon the application, seismic design category, 
and exposure class. Generally, more stringent limits are rel-
evant in applications with elevated seismicity, applications 
exposed to freezing and thawing, applications exposed to 
sulfate, applications in contact with water, or applications 
exposed to chlorides such as deicing chemicals.

Requirements relating to concrete reinforcement materi-
als are contained in ACI 318, Chapter 20. The most common 
deformed bar (rebar) specification is ASTM A615/A615M 
(2022a) Grade 60. Special requirements are applicable when 
deformed reinforcement is used as anchor reinforcement. 
Anchor reinforcement used in structures in Seismic Design 
Categories C through F are required to conform to ASTM 
A706/A706M (2022b) Grades 60 or 80. Alternatively, 
ASTM A615/A615M Grade 60 may be used if the require-
ments of ACI 318, Section 20.2.2.5(b), are satisfied. These 
requirements include limitations on actual yield strength 
based on mill tests, ratio of actual tensile strength-to-actual 
yield strength, minimum fracture elongation, and minimum 
uniform elongation.

Specifications for structural concrete are also contained 
in ACI 301-20 (2020) and are commonly adopted by refer-
ence in many construction documents. This document con-
tains general requirements and additional guidance for items 
including but not limited to specifications for formwork and 
formwork accessories; reinforcement and reinforcement sup-
ports; concrete mixtures; handling, placing, and construction 
of concrete; mass concrete; and industrial floor slabs.
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Chapter 3 
Base Selection, Design, and Simulation

3.1	 OVERVIEW AND ORGANIZATION

As discussed in Chapter 1, column base connections have a 
diversity of configurations, depending on the type of struc-
tural system in which they are used (e.g., moment frame ver-
sus braced frame) and the types of loads and actions they are 
used to resist (e.g., gravity versus lateral—wind or seismic). 
The combination of the different configurations with design 
scenarios results in a multitude of loading cases and details, 
which may further be discussed in the context of design pro-
cedures or simulation methods. This Guide addresses these 
various situations. Against this backdrop, the main objective 
of this chapter is to provide context for the interpretation and 
use of material in the Guide that addresses specific details, 
in terms of their design as well as simulation. It is important 
to note that the design, detailing, and simulation guidance 
provided in this Guide is applicable once an overall connec-
tion configuration is selected. Consequently, this chapter 
also outlines considerations for selection of a particular con-
figuration. The chapter is divided into two sections: (1) Sec-
tion 3.2 discusses different base connection configurations, 
the factors that drive their selection, the loading conditions 
they may be subjected to, and where the design guidance 
for each of these situations may be found in the Guide, and 
(2)  Section  3.3 discusses the structural interaction of the 
base connection with the frame and directs the user to guid-
ance (provided in this Guide) for appropriate representation 
of base connections in structural models.

3.2	 BASE CONNECTION CONFIGURATIONS

Base connections may be classified in various ways. A 
convenient way to classify them is based on the structural 
system they are used within, which affects their basic con-
figuration. These connections may be categorized as those 
used when only a column must be attached to a concrete 
footing versus when a column and another member (typi-
cally a diagonal brace) must be attached to the base con-
nection. The former is common in moment-resisting frames, 
gravity frames, or in cantilever columns (e.g., as used in 
mezzanines), whereas the latter is common in braced frame 
structures. Figures 1-1(a) through (c) in Chapter 1 illustrate 
these basic types of configurations. With reference to these 
figures, Section  3.2.1 addresses columns without braces, 
while Section 3.2.2 addresses columns with braces.

3.2.1	 Base Connections for Columns without Braces

Base connections for columns without braces represent the 
most common condition in many structures. In fact, the 

previous editions of Design Guide 1 have been focused on 
this condition. Figures 1-1(a) and (b) introduced previously 
show some generic details for this condition. Column base 
connections without braces may be broadly classified into 
two categories—exposed base plate connections and embed-
ded base connections. Exposed base plate connections [Fig-
ure 1-1(a)] are by far the most common when large bending 
moments and shears are not carried by the base connection. 
This is due to the economy and convenience of fabrication 
and erection because the concrete installation is completed 
almost entirely before the steel columns are erected. As a 
result, they are often used in gravity frames, cantilever col-
umns, or in moment frames in which the base moments are 
low (e.g., in nonseismic regions or in seismic regions for 
low- to mid-rise moment frames). When large moments 
and forces need to be resisted by the base connection, it 
is not feasible to rely only on anchor rods to transfer these 
moments and forces because these result in other expenses 
such as thicker or stiffened base plates, larger or additional 
anchor rods, or deeper anchorage depths. In these situations, 
the column may be embedded in the foundation [see Fig-
ure 1-1(b)], and resistance is obtained by direct bearing of 
the column against the concrete or through the attachment of 
reinforcement to the column flanges. However, this involves 
additional expense and coordination between the steel erec-
tion and concrete installation because multiple concrete 
pours are necessary, both before and after the erection of the 
column. Both exposed and embedded base connections are 
now summarized with respect to their details and navigation 
of this Guide.

Exposed Base Plate Connections for  
Columns without Braces

Exposed base plate connections typically consist of a column 
welded to a base plate that is then anchored to a concrete 
footing using anchor rods. Usually, a grout layer is present 
between the base plate and the footing to ensure a uniform 
transfer of stress between the plate and the footing, as shown 
in Figure 1-1(a). Within this general design concept, varia-
tions in detail selection may arise from the following factors:

•	 Member type: Various cross sections may be used for col-
umns; the common ones are W-sections, square or rectan-
gular HSS, channels, and round HSS sections, as shown in 
Figure 3-1. The shape of the column cross section affects 
the formation of yield lines in the base plate and the type 
of welds that can be used. Typically, the selection of the 
column precedes the design of the base connection. In 
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this Guide, the focus is on W-sections and rectangular or 
square HSS sections. Round cross sections and nonrect-
angular base plates are outside the scope of this Guide. 
For these, finite element simulations (Appendix D pro-
vides guidelines), other design guides (e.g., Horn, 2011) 
for monopole bases, or research findings (Horová et al., 
2011) may be more appropriate.

•	 Anchor rod pattern: Anchor rods may be used in various 
patterns, some of which are shown in Figure 3-2; these 
patterns may be necessitated by the magnitude of loads to 
be resisted in conjunction with the base plate size and type 
of attached column section.

•	 Anchor rod type: The Guide focuses on pre-installed (cast-
in-place) anchor rods; these may be headed or hooked at 
the bottom. At the top, various details may be used. Plate 
washers welded to the base plate may be specified if shear 
is intended to be carried through the anchor rods; this 
allows for simultaneous engagement of all anchor rods in 
shear.

•	 Shear lug: If large shear forces must be transferred into 
the footing, a shear lug (see Figure 3-3) is often provided 
on the underside of the base plate.

•	 Welds: Welds between the column section and the base 
plate may be fillet welds or partial-joint-penetration (PJP) 
or CJP groove welds, depending on the type of column to 
be attached, and the strength and detailing requirements.

•	 Stiffening: Base plates may be stiffened with haunches to 
increase the flexural capacity; these are outside the scope 
of this Guide. The design of stiffened bases could use an 

elastic approach with an established load path or a yield 
line approach similar to connections discussed in AISC 
Design Guide 39, End-Plate Moment Connections (Eath-
erton and Murray, 2023).

•	 Seismic details: If connection ductility is required in addi-
tion to strength (to meet seismic requirements), additional 
detailing may be specified. This may include the use of 
upset thread anchor rods, or the use of chairs on top of the 
base plate, to increase the stretch length and deformation 
capacity of the anchor rods. Such details are discussed at 
length in Chapter 6.

Embedded Base Connections

Embedded base connections consist of the bottom portion 
of column embedded within the concrete footing as shown 
previously in Figure  1-1(b) and in Figure  3-4. Usually, a 
column support slab is provided below the base of the col-
umn for erection purposes, after which the footing is poured 
around the column. Flexure is typically resisted through a 
combination of two mechanisms: (1) horizontal bearing of 
the concrete against the column flange in conjunction with 
development of a shear panel and (2) vertical bearing of the 
embedded base plate against the footing. Variations to this 
basic detail—discussed at length in Chapter 5—depend on 
the magnitudes of applied loads (see Figure 3-4):

•	 Attachment of reinforcement to the column flange, or 
running the reinforcement through the column flanges, 
to supplement the concrete bearing and overall flexural 
strength.

Fig. 3-1.  Common base plate details based on type of column attached.

Fig. 3-2.  Common anchor rod patterns.
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•	 Hoops or stirrups to supplement shear strength of the foot-
ing, especially if vertical bearing of the embedded plate is 
an active mechanism.

•	 Installation of plates at the top of the footing (with grout) 
to transfer compressive loads through the footing. This 
may be similar to a stiffener plate between the column 
web and flanges, or a larger plate, if axial loads are high. 
The latter requires significantly more fabrication and 
welding.

•	 Typically, the base plate at the bottom (designed for erec-
tion forces) also resists uplift in the column; however, its 
size may be adjusted for this purpose.

•	 Other aspects of the embedded base connection detailing 
(e.g., reinforcement patterns) may depend on the type of 
foundation system (e.g., pile caps, mat foundations, or 
grade beams), and the load path from the column to the 
soil.

It is relevant to note here that while embedded base con-
nections are often designed to obtain additional strength 
from the concrete, in some cases the embedment may be 
incidental. This is common, for example, in “blockout” con-
nections wherein a slab-on-grade is cast on top of the base 
plate (see Figure  3-5). To achieve this, the column is first 
connected to the footing as in a conventional exposed base 
plate connection but through a diamond shaped blockout as 
shown in Figure 3-5. This blockout allows for the installation 
of the remainder of the slab-on-grade prior to the installation 
of any structural steel (minimizing/eliminating the overlap 
of concrete and steel workers on the job site). Subsequently, 
the blockout is filled with unreinforced concrete, grout, or 
felt strips, creating a cold joint between the blockout con-
crete and the remainder of the slab. The blockout, and the 
surrounding slab, create a base connection that has a shallow 
embedment, which provides supplemental flexural strength 

Fig. 3-3.  Shear lug to resist large shear forces.

Fig. 3-4.  Embedded base connection showing details.
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and stiffness. This flexural resistance is usually discounted in 
design (except for shear transfer through base plate bearing) 
but becomes important in the context of performance assess-
ment. As a result, the blockout connection is discussed in 
this Guide only in the context of its simulation within struc-
tural models. This guidance can be found in Appendix C.

Loading Conditions Considered and  
Navigation of the Guide

In general, base connections without a brace may be sub-
jected to a combination of axial force, biaxial moments (with 
respect to the column cross-section axes), and biaxial shears. 
These may be applied in a static sense or in a seismic sense. 
The Guide contains comprehensive guidance for the design 
of these connections. Specifically, the design guidance is 
organized as follows:

•	 For exposed base plate connections without a brace:

	 Strength design guidance may be found in Chapter 4. 
This chapter provides guidance for design under 11 
common loading scenarios, featuring various combi-
nations of axial tension and compression, along with 
moments (in both directions) and shear.

	 Seismic design guidance may be found in Chapter 6. 
This chapter defers to Chapter  4 for strength design 
guidance but outlines detailing and additional consid-
erations that are relevant in a seismic context.

•	 For embedded base connections without a brace:

	 Strength design guidance may be found in Chap-
ter  5. This chapter exclusively focuses on embedded 
base connections without a brace. Given the relatively 
limited research on this topic, only in-plane load-
ing cases are considered, with axial compression and 
tension combined with uniaxial flexure and shear. 

Supplementary information for seismic design may be 
found in Chapter 6.

In either case, torsion in the column is not in the scope 
of the Guide owing to the lack of research in this area and 
assuming that torsion in the column will be low relative to 
other forces. It is noted here that torsion in the column may 
produce shear in the anchors and also induce tension in the 
anchors if significant warping is present in the column along 
with the torsion.

3.2.2	 Base Connections for Columns with Braces

Column bracing is commonly used in various types of struc-
tures, with the brace directly connected to the base con-
nection and the column, typically through a gusset plate 
as shown in Figure  1-1(c). These connections are used in 
both nonseismic as well as seismic contexts. In a nonseismic 
context, they may be used for stability bracing or for brac-
ing systems to resist lateral loads such as wind. In a seismic 
context, they form an integral part of lateral load-resisting 
systems, including ordinary and special concentrically 
braced frames as well as eccentrically braced frames and 
buckling restrained braced frames (AISC, 2022b). Similar 
to base connections without braces, these connections may 
be constructed as exposed base plate or embedded base plate 
connections; the latter is used when it is unfeasible to carry 
the large base forces through the anchor rods alone. How-
ever, as in the case of base connections without a brace, this 
involves additional expense and coordination between the 
steel erection and concrete installation. Within the generic 
configuration shown in Figure 1-1(c), numerous variations 
are possible in the detail. Some common variations along 
with factors that influence their selection are:

•	 Exposed versus embedded connections: Although exposed 
base plate connections with a brace [Figure  1-1(c)] are 

Fig. 3-5.  Blockout connections resulting in shallow embedment of base plate connections.
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common, embedded (or encased) connections for base 
connections with a brace may become necessary if the 
loads (especially the base shear) are large and cannot be 
resisted effectively through the anchor rods or a shear lug 
(see Figure 3-6).

•	 Shear lug: If large shear forces must be transferred into 
the footing, a shear lug (see Figure 3-3) is often provided 
on the underside of the base plate.

•	 Drag strut: Drag struts or grade beams are often used 
to carry horizontal forces from the brace into adjacent 
footings.

•	 Anchor rod patterns: The shape of the column, gusset 
plate, and the loads affect anchor rod patterns.

•	 Vertical stiffeners: These are often provided to increase 
the flexural strength of the base plate. Gusset plates inci-
dentally provide vertical stiffening.

Loading Conditions Considered and  
Navigation of the Guide

In general, base connections with a brace may be subjected 
to similar types of loading as those without a brace—that is, 
a combination of axial force, biaxial moments (with respect 
to the column cross-section axes), and biaxial shears. These 
may be applied in a static sense or in a seismic sense. How-
ever, in base connections with a brace, the vertical and hori-
zontal forces (i.e., axial forces and shear) are likely to be 
significantly higher relative to the moments, in contrast to 
connections without a brace. These moments in connec-
tions with a brace arise due to fixity of the base connections 
(which results in a deviation from the truss assumptions) or 
to an eccentricity between the working point of the connec-
tion and the centroid of the base plate. In either case, as far 

as the design of the base connection itself is concerned, the 
main difference is in the relative magnitudes of the forces, 
rather than the design procedure itself. The design guidance 
for base connections with a brace is included in Chapter 4 for 
exposed base plate connections and Chapter 5 for embedded 
base connections. In Chapter 4, specific design examples are 
provided for two loading cases (Section 4.3.4—Design for 
Combined Tension and Shear, and Section  4.3.5—Design 
for Combined Compression and Shear) that are considered 
to be commonly applicable to base connections with braces.

3.3	 INTERACTION OF BASE CONNECTIONS 
WITH FRAMES

The flexibility and load-deformation response of base con-
nections influence the internal force and moment distri-
bution of the entire structure in addition to the structural 
deformations. As a result, it is important to appropriately 
represent the base connection in structural models. These 
interactions are particularly important in moment frames. 
These connections are often represented as either pinned 
or fixed in structural models, both of which introduce error 
into estimation of structural response. The discussion in this 
Guide is restricted to the moment-rotation response of base 
connections in moment frames (including the initial rota-
tional stiffness and the subsequent yielding and hysteretic 
behavior). This section is divided into three subsections: 
Section  3.3.1 provides a general qualitative commentary 
of the load deformation response of base connections, with 
implications for the response of moment frames, and Sec-
tions 3.3.2 and 3.3.3 address simulation of base connections 
for seismic performance assessment for two different types 
of design—one in which the base connection remains elastic 
(a strong-base design) versus one in which it is expected to 

Fig. 3-6.  Embedded plate brace connection.
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yield (weak-base design). These sections conclude by direct-
ing the reader to modeling guidance for base connections.

3.3.1	 General Observations about Base Connection 
Load-Deformation Response

Figure  3-7 shows the typical moment-rotation response 
(experiment by Gomez et al., 2010) of an exposed base plate 
type connection subjected to a cyclic loading increasing 
rotation in the presence of axial compression. Referring to 
the figure, it is evident that:

1.	Even before the connection yields, there is significant 
rotation in the base connection. In fact, if it is assumed that 
design moments occur at ∼70–80% of capacity (owing to 
safety factors) and sizing considerations, a rotation of 
0.01–0.02 rad is obtained at yield. This type of response is 
observed across different types of base connections, both 
exposed and embedded. This suggests that the base con-
nections possess partial fixity and cannot be assumed as 
fixed or free without further analysis or context.

2.	Even during this initial “elastic” response of the connec-
tion, there is some nonlinearity in the load-deformation 
response. This occurs due to effects such as uplift of the 
base plate from the footing and nonlinearity in the con-
crete stress-strain response in bearing. The implication of 
this is that a secant stiffness is usually measured at the 
point of yielding of the base connection (see Figure 3-7) 
or at a fixed fraction of ultimate capacity is more appropri-
ate for representation of the base plate stiffness.

3.	The base connections possess significant ductility under 
both monotonic and cyclic conditions. As an example, the 
base connection response shown in Figure  3-7 showed 
anchor rod fracture at a rotation of over 0.08 rad. While 

the precise degree of deformation capacity is sensitive 
to detailing, a review of experimental data indicates that 
both exposed and embedded base connections (tested 
since 1984) in general, have rotation capacities well above 
0.04 rad.

3.3.2	 Modeling Base Connections for 
Strong‑Base Design

In a vast majority of design scenarios (with exceptions 
noted in Section  3.3.3), base connections are expected to 
remain elastic. This includes almost all static/gravity and 
wind load situations, as well as most situations for seismic 
design (wherein the base connection is capacity designed to 
fully develop the plastic moment capacity of the attached 
column—see Chapter  6). As a result, the only attribute of 
the base connection that participates in interaction with the 
frame is its elastic (or initial) rotational stiffness—shown 
in Figure 3-7. In these cases, the base rotational flexibility 
(reciprocal of rotational stiffness) influences the structural 
response in three ways:

•	 Under lateral (e.g., seismic) loading, the rotational flex-
ibility of the base connection lowers the point of inflection 
in the column with respect to the fixed base assumption. 
This increases the moment at the top of the column, 
increasing the susceptibility of the frame to weak-story 
collapse.

•	 Under lateral loading, the rotational flexibility increases 
the interstory drift in the first story with respect to the 
fixed base assumption.

•	 The base flexibility may influence the column end fixity, 
affecting its effective length, and consequently its com-
pressive strength.

Fig. 3-7.  Moment rotation response of an exposed base plate connection (from Gomez et al., 2010) showing rotational stiffness.
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While it is known that base connections are not rigid, 
approaches to estimate their flexibility are not commonly 
used in the design and performance assessment process, and 
they are often represented as pinned or fixed in structural 
models. Representing them as pinned in structural models is 
a conservative assumption, which results in increased esti-
mates of story drifts and column moments; this in turn leads 
to the selection of heavier or larger members and an increase 
in steel tonnage. On the other hand, sometimes these con-
nections are considered to be fixed in structural models 
because they are designed to be stronger than the column. 
While this may appear to be a reasonable assumption, it 
indicates a conflation of strength and stiffness. In contrast, 
experimental data suggests that even base connections that 
are significantly stronger than the attached column (includ-
ing embedded base connections) exhibit significant rota-
tional flexibility, such that simulating them as fixed may be 
erroneous and may lead to unconservative characterization 
of performance. That said, the influence of the base rotation 
stiffness on overall structural response is highly dependent 
on the remainder of the structure—for example, a frame with 
highly stiff beams and columns will show low base rotations 
regardless of base flexibility. Thus, modeling the most accu-
rate estimate of base connection flexibility is the best option 
to avoid unnecessary conservatism or unconservatism. To 
this end, stiffness estimation methods for column base con-
nections of various configurations have been developed. 
These have been extensively validated against both experi-
mental data as well as recorded seismic response data from 
instrumented buildings. Moreover, these methods are fairly 

straightforward to apply. Given this, it is desirable to repre-
sent the elastic stiffness of base connections (and the founda-
tion system generally) in the same manner as the remainder 
of the structure is represented in simulation. Approaches to 
estimate the elastic stiffness of various types of base connec-
tions are provided in Appendix C.

3.3.3	 Modeling Base Connections for 
Weak‑Base Design

Designing the base connections to be stronger than the 
attached column (i.e., designing them to have a higher 
moment capacity as compared to the strain-hardened plastic 
moment capacity of the column) is costly. As a result, weak 
base design may become desirable in which the column base 
connection is designed to yield in an inelastic cyclic man-
ner (in a manner similar to that illustrated in Figure  3-7) 
while the column remains elastic. This type of response is 
explicitly allowed by the AISC Seismic Provisions as long 
as ductile response can be achieved in the base connection. 
Design methods that leverage the ductility of base connec-
tions in this manner are currently under development along 
with details that provide such ductility (outlined in Chap-
ter 6). However, performance assessment of such structures 
requires simulation of the hysteretic response of base con-
nections. Referring to Figure 3-7, this response is somewhat 
complex, showing characteristics such as cyclic degradation, 
pinching, and loss of strength. Appendix  C (Section  C.3) 
provides guidelines for simulating this type of response in 
structural models.
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Chapter 4 
Design of Exposed Column Base Connections

4.1	 OVERVIEW AND ORGANIZATION

This chapter provides the design requirements for exposed column bases, such as those shown in Figures 1-1(a) and (c). Several 
different design load cases and combinations in exposed column base connections are discussed in Section 4.3:

•	 Section 4.3.1 Design for Axial Compression

•	 Section 4.3.2 Design for Axial Tension

•	 Section 4.3.3 Design for Shear

•	 Section 4.3.4 Design for Combined Axial Tension and Shear

•	 Section 4.3.5 Design for Combined Axial Compression and Shear

•	 Section 4.3.6 Design for Bending

•	 Section 4.3.7 Design for Combined Axial Compression and Bending

•	 Section 4.3.8 Design for Combined Axial Tension and Bending

•	 Section 4.3.9 Design for Combined Axial Compression, Bending, and Shear

•	 Section 4.3.10 Design for Combined Axial Tension, Bending, and Shear

•	 Section 4.3.11 Design for Combined Axial Compression and Biaxial Bending

For loading cases or combinations where bending is considered, two conditions are discussed—low moment and high moment. 
In each section, the design methodology is outlined. Detailed design examples follow in the Section 4.7.

Section 4.4 provides methodologies available for the design of anchorage reinforcement. The anchor rods for base connections 
are designed for steel strength and concrete strength. In many situations, either due to the concrete thickness or the closeness of 
the anchor rods to the edge of the concrete, the concrete breakout strength is reduced, and the required anchor strength cannot be 
achieved. For such cases, anchor reinforcement is typically added to transfer the design load from the anchors into the structural 
concrete member.

In addition, the chapter provides information related to fabrication and installation in Section 4.5 and repair and field fixes in 
Section 4.6.

4.2	 OVERALL DESIGN PROCESS AND FLOW

The general behavior and distribution of forces for a column base connection with anchor rods will be elastic until either a plas-
tic hinge forms in the column, a plastic mechanism forms in the base plate, the concrete crushes in bearing, the column to base 
plate weld fractures, the anchor rods yield in tension, or the concrete strength of the anchor rod group is reached. If the concrete 
strength of the anchor rod group is larger than the lowest of the other limit states, the behavior generally will be ductile, not-
withstanding weld fracture, if it occurs. However, it is not always necessary or even possible to design a foundation that prevents 
concrete failure.

The overall base connection design process includes six steps: (1) base plate footprint selection; (2) determination of appropri-
ate distribution of internal forces; (3) base plate thickness selection; (4) anchor rod, anchor group, and reinforcement design; 
(5) considerations for footing design; and (6) welding design and detailing.

The regulations of the Occupational Safety and Health Administration (OSHA) Safety Standards for Steel Erection (2020) 
require a minimum of four anchor rods in column base plate connections. The requirements exclude post-type columns that 
weigh less than 300 lb. Columns, base plates, and their foundations must have sufficient moment strength to resist a minimum 
eccentric gravity load of 300 lb located 18 in. from the extreme outer face of the column in each direction.

The OSHA criteria can be met with even the smallest of anchor rods (w in. diameter) on a 4 in. by 4 in. pattern. If one considers 
only the moments from the eccentric loads (because including the gravity loads results in no tensile force in the anchor rods), and 
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the resisting force couple is taken as the design force of the two bolts times a 4 in. lever arm, the LRFD flexural strength for two 
w-in.-diameter ASTM F1554 Grade 36 anchor rods (see Table 4-1 in Section 4.3.2) equals (2)(14.5 kips)(4 in.) = 116 kip-in. For 
a 14-in.-deep column, the OSHA required moment strength is only (1.6)(0.300 kips)(18 in. + 7 in.) = 12.0 kip-in.

4.3	 LOAD COMBINATIONS

4.3.1	 Design for Axial Compression

Overview of Mechanics and Method

When a column base resists only compressive column axial loads, the base plate must be large enough to resist the bearing forces 
transferred from the base plate (concrete bearing limit), and the base plate must be of sufficient thickness (base plate yielding 
limit).

Concrete Bearing Limit

The nominal bearing strength of column bases bearing on concrete is defined in ACI 318, Section 22.8.3.2, as Bn = (0.85ƒ ′c A1) 
when the supporting surface is not larger than the base plate. When the supporting surface is wider on all sides than the loaded 
area, the design bearing strength above is permitted to be multiplied by A2 A1  ≤ 2. The relationship between A2 and A1 is illus-
trated in ACI 318, Figure R22.8.3.2,

where
A1	= area of the base plate, in.2

A2	= �area of the lower base of the largest frustum of a pyramid, cone, or tapered wedge contained wholly within the support 
and having its upper base equal to the loaded area, in.2

ƒ ′c	 = specified compressive strength of concrete, ksi

The increase of the concrete bearing capacity associated with the term A2 A1  accounts for the beneficial effects of the concrete 
confinement. Note that A2 is the largest area that is geometrically similar to (having the same aspect ratio as) the base plate 
and can be inscribed on the horizontal top surface of the concrete footing, pier, or beam without going beyond the edges of the 
concrete.

There is a limit to the beneficial effects of confinement, which is reflected by the limit on A2 (to a maximum of four times A1) or 
by the inequality limit. Thus, for a column base plate bearing on a footing far from edges or openings, A2 A1 = 2.

AISC Specification Section J8 provides the nominal bearing strength, Pp, as follows:

On the full area of a concrete support:

	 Pp = 0.85 fcA1′ � (Spec. Eq. J8-1)

On less than the full area of a concrete support:

	 Pp = 0.85 fcA1 A2 A1 1.7 fcA1′′ ≤ � (Spec. Eq. J8-2)

These equations are multiplied by the resistance factor, ϕc, for LRFD or divided by the safety factor, Ωc, for ASD. Section J8 
stipulates the ϕc and Ωc factors for bearing on concrete as follows:

ϕc = 0.65 (LR FD)

Ωc = 2.31 (ASD)

ACI 318, Section 21.2.1, also stipulates a resistance factor of ϕ = 0.65 for bearing on concrete.

The nominal bearing strength can be converted to a nominal pressure format by dividing out the area term such that:

On the full area of a concrete support:

	 fp(max) = 0.85 fc′� (4-1)
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When the concrete base is larger than the loaded area on all four sides:

	 fp(max) = 0.85 fc A2 A1 1.7 fc′ ′≤ � (4-2)

The conversion of the generic nominal pressure to an available bearing stress is:

LRFD ASD

	 fpu(max) = c fp(max)ϕ � (4-3a)
	

fpa(max) =
fp(max)

cΩ �
(4-3b)

The bearing stress on the concrete must not be greater than fp(max):

LRFD ASD

	

Pu
A1

fpu(max)≤
�

(4-4a)
	

Pa
A1

fpa(max)≤
�

(4-4b)

Thus,

LRFD ASD

	
A1(req) = Pu

fpu(max) �
(4-5a)

	
A1(req) = Pa

fpa(max) �
(4-5b)

When A2 = A1, the required minimum base plate area can be determined as:

LRFD ASD

	
A1(req) = Pu

c0.85 fcϕ ′�
(4-6a)

	
A1(req) = cPa

0.85 fc′
Ω

�
(4-6b)

When A2 ≥ 4A1, the required minimum base plate area can be determined as:

LRFD ASD

	
A1(req) = 1

2

Pu

c0.85 fc′
⎛
⎝⎜

⎞
⎠⎟ϕ �

(4-7a)
	

A1(req) = 1

2
cPa

0.85 fc′
⎛
⎝⎜

⎞
⎠⎟

Ω

�
(4-7b)

Many column base plates bear directly on a layer of grout. The grout compressive strength should always be higher than the 
concrete compressive strength. Because the grout compressive strength is always specified higher than the concrete strength, the 
concrete compressive strength, ƒ ′c, must be used in the preceding equations. The previous edition of this Design Guide recom-
mended that the grout strength be specified as two times the concrete strength. Lower grout strengths may be justified if the 
bearing strength of the grout is checked against the required strength. The important dimensions of the column-base connection 
are shown in Figure 4-1.

Base Plate Yielding Limit (W-Shapes)

For axially loaded base plates, the required bearing stress under the base plate is assumed uniformly distributed and can be 
expressed as:
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LRFD ASD

	
fpu = Pu

BN �
(4-8a)

	
fpa = Pa

BN �
(4-8b)

This bearing pressure causes bending in the base plate at the assumed critical sections shown in Figure 4-1(b). This bearing pres-
sure also causes bending in the base plate in the area between the column flanges (Thornton, 1990; Drake and Elkin, 1999). One 
procedure is presented here to determine the base plate thickness for both situations.

The required strength per inch of the base plate can be determined as:

LRFD ASD

	
Mpl = fpu

l2

2

⎛
⎝⎜

⎞
⎠⎟ �

(4-9a)
	

Mpl = fpa
l2

2

⎛
⎝⎜

⎞
⎠⎟ �

(4-9b)

where the critical base plate cantilever dimension, l, is the largest of m, n, and λn′. The following equations are also found in 
AISC Manual Part 14.

	
m = N 0.95d

2

−
�

(4-10)

	
n =

B 0.8bf
2

−

�
(4-11)

	
n =

dbf
4

λλ ′
�

(4-12)

fp

Pr

t p

      

d

B b f

n

n

m m0.95d

N

0.
8b

f

	 (a)  Assumed bearing stress	 (b)  Assumed bending lines

fp

t

m or n

p

Assumed
bending line

(c)  Base plate design moment determination

Fig. 4-1.  Design of base plate with axial compressive load.
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where
B	 = base plate width, in.

N	= base plate length, in.

bf	= column flange width, in.

d	 = overall column depth, in.

n′	= yield-line theory cantilever distance from column web or column flange, in.

	
=

 

dbf
4

λ	 =
 

2 X

1+ 1 X
1

−
≤

�
(4-13)

X is determined as:

LRFD ASD

	

X =
4dbf

d + bf( )2
Pu

cPpϕ

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

�

(4-14a)

	

X =
4dbf

d + bf( )2
cPa
Pp

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

Ω

�

(4-14b)

where
Pa	= required axial compressive strength (ASD), kips

Pp	= nominal strength of concrete under the base plate, kips

	 = 0.85 fcA1 A2 A1 1.7 fc A1≤ ′′ � (Spec. Eq. J8-2)

Pu	= required axial compressive strength (LRFD), kips

ϕc	 = 0.65

Ωc	= 2.31

It is conservative to take λ as 1.0.

For the yielding limit state, the required minimum thickness of the base plate can be calculated as follows (Thornton, 1990; 
AISC, 2023):

LRFD ASD

	
tmin = l

2Pu

bFyBNϕ �
(4-15a)

ϕb = 0.90
	

tmin = l
2 bPa

FyBN

Ω

�
(4-15b)

Ωb = 1.67

where Fy is the specified minimum yield stress of the base plate in ksi.

Because l is the maximum value of m, n, and λn′, the thinnest base plate can be found by minimizing m, n, and λ. This is typically 
accomplished by proportioning the base plate dimensions so that m and n are approximately equal.

Base Plate Yielding Limit (HSS and Pipe)

For HSS columns, adjustments for m and n must be made (DeWolf and Ricker, 1990). For rectangular HSS, both m and n are 
calculated using yield lines at 0.95 times the depth and width of the HSS. For round HSS and pipe, both m and n are calculated 
using yield lines at 0.8 times the diameter. The λn′ cantilever distance is not used for HSS and pipe.
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General Design Procedure

Three general cases exist for the design of base plates subject to axial compressive loads only:
Case I: A2 = A1 (no consideration of concrete confinement)
Case II: A2 ≥ 4A1 (consideration of concrete confinement)
Case III: A1 < A2 < 4A1 (consideration of concrete confinement)

The most direct approach is to conservatively set A2 equal to A1 (Case I); however, this generally results in the largest base plate 
plan dimensions. The smallest base plate plan dimensions occur when the ratio of the concrete to base plate area is larger than 
or equal to 4—that is, A2 ≥ 4A1 (Case II). Base plates resting on piers often meet the case that A2 is larger than A1 but less than 
4A1, which leads to Case III.

When a base plate bears on a concrete pedestal larger than the base plate dimension, the required minimum base plate area cannot 
be directly determined and must be determined using an iterative process. This is because both A1 and A2 are unknown.

As mentioned before, the most economical base plates usually occur when m and n, shown in Figure 4-1(b), are equal. This situ-
ation occurs when the difference between B and N is equal to the difference between 0.95d and 0.8bf.

In selecting the base plate size from a strength viewpoint, the designer must consider the location of the anchor rods within the 
plate and the clearances required to tighten the nuts on the anchor rods.

Steps for obtaining base plate sizes for Cases I−III are detailed in the following. Anchor rod design is covered in Section 4.3.2.

Case I: A2 == A1

The largest base plate is obtained when A2 = A1.

1. 	Calculate the required axial compressive strength, Pu (LRFD) or Pa (ASD).

2. 	Calculate the required base plate area using Equations 4-6.

LRFD ASD

	
A1(req) = Pu

c0.85 fcϕ ′�
(4-6a)

	
A1(req) = cPa

0.85 fc

Ω
′�

(4-6b)

3. 	Optimize the base plate dimensions, N and B.

	 N A1(req) +≈ Δ� (4-16)

	 where

	
=

0.95d 0.8bf
2

Δ
−

�
(4-17)

	 then

	
B =

A1(req)

N �
(4-18)

	 Note that the base plate holes are not deducted from the base plate area when determining the required base plate area. 
As mentioned earlier in the Guide, from a practical viewpoint select N equal to B.

4. 	Calculate the required base plate thickness.

	
m = N 0.95d

2

−
�

(4-10)

	
n =

B 0.8bf
2

−

�
(4-11)
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n =

dbf
4

λλ ′
�

(4-12)

	
= 2 X

1+ 1 X
1λ ≤

− �
(4-13)

LRFD ASD

	

X =
4dbf

d + bf( )2

Pu

cPpϕ

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

�

(4-14a)

	

X =
4dbf

d + bf( )2
cPa
Pp

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

Ω

�

(4-14b)

	 where the available bearing strength is determined using AISC Specification Equation J8-1:

LRFD ASD

cPp = c0.85 fcA1ϕϕ ′
Pp

c
= 0.85 fcA1

c

′
ΩΩ

	 The critical base plate cantilever dimension, l, is the largest of m, n, and λn′, and the required thickness, tmin, is:

LRFD ASD

	
tmin = l

2Pu

bFyBNϕ �
(4-15a)

	
tmin = l

2 bPa

FyBN

Ω

�
(4-15b)

5. 	Determine the anchor rod size and the location of the anchor rods. Anchor rods for gravity columns are generally not 
required for the permanent structure, except to provide lateral support to the bottom of the column, and need only to be 
sized for OSHA requirements, erection considerations such as wind during construction, and practical considerations.

6. 	Determine the welding required as necessary.

Case II: A2 ≥≥ 4A1

The smallest base plate is obtained when A2 ≥ 4A1 for this case.

1.	Calculate the required axial compressive strength, Pu (LRFD) or Pa (ASD).

2.	Calculate the required base plate area.

LRFD ASD

	
A1(req) = 1

2

Pu

c0.85 fcϕ ′
⎛
⎝⎜

⎞
⎠⎟ �

(4-7a)
	

A1(req) = 1

2
cPa

0.85 fc

Ω
′

⎛
⎝⎜

⎞
⎠⎟ �

(4-7b)

3. 	Optimize the base plate dimensions, N and B.

	 Use the same procedure as in Step 3 from Case I.

4. 	Check if sufficient area, A2 exists for Case II applicability (A2 ≥ 4A1).

	 Calculate A2 based on A1 and using ACI 318, Section 22.8.3.2. If A2 ≥ 4A1, calculate the required thickness using the 
procedure shown in Step 4 of Case I using Equations 4-19 to calculate the available bearing strength:

LRFD ASD

	 cPp = 2 c0.85 fcA1ϕϕ ′ � (4-19a)
	

Pp

c
=

2 0.85 fc( )A1

c

′
ΩΩ �

(4-19b)
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5. 	Determine the anchor rod size and location.

6. 	Determine the welding required as necessary.

Case III: A1 << A2 << 4A1

1. 	Calculate the required axial compressive strength, Pu (LRFD) or Pa (ASD).

2. 	Calculate the approximate base plate area based on the assumption of Case II.

LRFD ASD

	
A1(req) = 1

2

Pu

c0.85 fc

⎛
⎝⎜

⎞
⎠⎟ϕ ′ �

(4-7a)
	

A1(req) = 1

2
cPa

0.85 fc′
Ω⎛

⎝⎜
⎞
⎠⎟ �

(4-7b)

3. 	Optimize the base plate dimensions, N and B. Use the same procedure from Case I, Step 3.

4. 	Calculate A2, based on A1 and using ACI 318, Section 22.8.3.2.

5. 	Determine if the required axial compressive strength is less than the available bearing strength using Equations 4-20:

LRFD ASD

	
Pu cPp = c0.85 fcA1

A2

A1
≤ ϕϕ ′

�
(4-20a)

	
Pa

Pp

c
= 0.85 fcA1

c

A2

A1
≤

Ω Ω
′⎛

⎝⎜
⎞
⎠⎟ �

(4-20b)

	 If the condition is not satisfied, revise N and B, and retry until criterion is satisfied. This is an iterative process.

6. 	Determine the base plate thickness using the procedure from Case I, Step 4.

7. 	Determine the anchor rod size and location.

8. 	Determine the welding required as necessary.

4.3.2	 Design for Axial Tension

Overview of Mechanics and Method

The design of base connections for tension consists of five steps:

1. 	Determine the maximum net uplift for the column.

	 The maximum net uplift for the column is obtained from the structural analysis of the building for the prescribed building 
loads. When the uplift due to wind exceeds the dead loads of the supported elements, the supporting columns are subjected 
to net uplift forces. In addition, columns in moment frames or braced frames may be subjected to net uplift forces due to 
overturning.

2. 	Design the welding required between the column and the base plate.

	 Consideration should be given to the load path from the column to each anchor rod. If the base plate is sufficiently stiff 
such that it can be considered rigid, it may be reasonable to consider the entirety of the weld as fully effective to resist the 
forces flowing from the column, into the base plate, and toward the anchor rods. In most cases, however, only portions of 
the weld group may be effective in transferring forces flowing from the column. One such example is when anchor rods are 
located at the corners of HSS columns or flange tips of wide-flange columns. A method to address such stress concentra-
tions in the weld group has been provided in publications such as AISC Design Guide 10, Erection Bracing of Low-Rise 
Structural Steel Buildings (West and Fisher, 2020), and the AISC Hollow Structural Sections Connections Manual (AISC, 
1997). Subsequent testing by Christensen (2010) and Wilsmann (2012) has evaluated this approach and found it to be gen-
erally conservative for the tested cases. A second case is illustrated in Example 4.7-3, wherein only welding adjacent to the 
anchor rods is considered effective to resist the tension loading. A consistent model of load path from the column, through 
the effective portions of the welding, through the effective portions of the base plate in bending, through the anchor rods, 
and into the concrete should be used.
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3. 	Select the anchor rod material and the number and size of anchor rods required to resist uplift.

	 Anchor rods should be specified to conform to the material discussed in Section 2.3. The number of anchor rods required 
is a function of the maximum net uplift on the column, the distribution of the uplift reaction to the various anchors, and 
the strength per rod for the anchor rod material chosen. The force distribution among anchor rods will likely be affected 
by anchor rod locations, plate stiffness, and any base plate stiffening elements present. Variations in force distribution will 
occur where differences in relative stiffnesses among the anchor rods in a group exist and the force distribution is statically 
indeterminate. In these situations, tensile loads in the anchor rods should be proportioned considering the stiffness of the 
load path to that anchor rod. Alternatively, the base plate should be made sufficiently stiff, or stiffening added, to account for 
the differences in relative stiffnesses. Finite element analyses such as outlined in Appendix D may be used to evaluate the 
relative anchor rod tensions and plate stresses in cases where the plate is not sufficiently stiff to ensure rigid plate behavior 
and the distribution is statically indeterminate.

	 Prying forces in anchor rods are typically neglected. This is usually justified when the base plate thickness is calculated 
assuming cantilever bending about the web and/or flange of the column section (as described in Step 4 following), and 
because the length of the rods results in larger deflections than for steel-to-steel connections. The procedure to determine 
the required size of the anchor rods is discussed in Section 4.3.2.1.

4. 	Determine the appropriate base plate size and thickness to transfer the uplift forces.

	 Base plate thickness may be governed by bending associated with compressive or tensile loads. For tensile loads, a simple 
approach is to assume the anchor rod loads generate bending moments in the base plate consistent with cantilever action 
about the web or flanges of the column section (one-way bending); see Figure 4-1. If the web is taking the anchor load 
from the base plate, the web and its attachment to the base plate should be checked. Alternatively, a more refined base plate 
analysis for anchor rods positioned inside the column flanges can be used to consider bending about both the web and the 
column flanges (two-way bending). For the two-way bending approach, the derived bending moments should be consistent 
with compatibility requirements for deformations in the base plate. In either case, the effective bending width for the base 
plate can be conservatively approximated using a 45° distribution from the centerline of the anchor rod to the face of the 
column flange or web.

5. 	Determine the concrete tensile strength of the anchor rod in the concrete (i.e., transferring the tension force from the 
anchor rod to the concrete foundation).

	 Methods of determining the required concrete anchorage are discussed in Section 4.3.2.2.

	 For anchor-rod connections-in tension, the design tensile strength of contributing anchor rods is taken as the smallest of the 
sum of the steel tensile strengths of the contributing individual anchor rods or the concrete tensile strength of the anchor 
group. Concrete tensile strength of anchors is calculated in accordance with ACI 318. Section 4.3.2.1 provides the meth-
odology to determine the steel tensile strength and Section 4.3.2.2 provides the approach used to determine the concrete 
tensile strength.

4.3.2.1	 Anchor Rod Steel Tensile Strength

The steel tensile strength of an anchor rod is based on the minimum area along the maximum stressed length of that rod. For 
an anchor rod, this is typically within the threaded portion (except when upset rods are used). ASME B1.1 (2020) defines this 
threaded area as:

	
Ase,N =

4
da

0.9743

n

2π −⎛
⎝

⎞
⎠ �

(4-21)

where
da	= major diameter, in.

n	 = number of threads per in.

Table 4-1 lists the net tensile stress area for diameters between s in. and 4 in.

Two methods of determining the required tensile stress area are commonly used. One is based directly on the ASME-stipulated 
tensile stress area as described previously. The other is to add a modifying factor that relates the tensile stress area directly to 
the unthreaded area as a means of simplifying the design process. The latter method is the default method stipulated in the AISC 



28 / BASE CONNECTION DESIGN / AISC DESIGN GUIDE 1, 3rd EDITION

Specification; however, footnote b of Specification Table J3.2 permits the tensile load to be calculated by multiplying the tensile 
stress area of the threaded rod by the specified minimum tensile stress.

The strength of structural fasteners in AISC documents has historically been based on the modifying factor and the nominal bolt 
diameter, while the direct tensile stress area approach is stipulated in ACI 318, Chapter 17. The designer should be aware of the 
differences in these design approaches and stay consistent within one system when determining the required anchor area.

Strength tables for commonly used anchor rod materials and sizes are easily developed by the procedures that follow, for either 
design method. Table 4-1 included herein has been developed for ASTM F1554 rods based on the tensile stress area approach for 
consistency with the ACI approach. (Note: ASTM F1554 is the suggested standard and preferred anchor rod material.)

AISC Specification Table J3.2, footnote b and ACI 318, Equation 17.6.1.2 stipulate the nominal tensile strength of an anchor rod 
as:

	 Rn = FuAse,N� (4-22)

To obtain the design tensile strength for LRFD, use ϕ = 0.75, thus,

	 Rn = 0.75( )FuAse,Nϕ � (4-23)

To obtain the allowable tensile strength for ASD, use Ω = 2.00, thus,

	

Rn = FuAse,N
2.00Ω �

(4-24)

Table 4-1.  ASTM F1554 Anchor Rod (Rod Only) Available Tensile Strength

Rod 
Diameter, 

in.

Threads 
per inch 
(UNC)

Nominal 
Rod 
Area,  
Ab, in.2

Tensile 
Stress 
Area, 

Ase,N, in.2

Available Tensile Strength, kips

ϕϕRn (ϕϕ == 0.75) Rn//ΩΩ (ΩΩ == 0.75)
LRFD ASD

Grade 36 Grade 55 Grade 105 Grade 36 Grade 55 Grade 105

  s 11 0.307 0.226 9.83 12.7 21.2 6.55 8.48 14.1

  w 10 0.442 0.334 14.5 18.8 31.3 9.69 12.5 20.9

  d 9 0.601 0.462 20.1 26.0 43.3 13.4 17.3 28.9

1  8 0.785 0.606 26.4 34.1 56.8 17.6 22.7 37.9

18 7 0.994 0.763 33.2 42.9 71.5 22.1 28.6 47.7

14 7 1.23 0.969 42.2 54.5 90.8 28.1 36.3 60.6

12 6 1.77 1.41 61.3 79.3 132 40.9 52.9 88.1

1w 5 2.41 1.90 82.7 107 178 55.1 71.3 119

2  	 42 3.14 2.50 109 141 234 72.5 93.8 156

24 	 42 3.98 3.25 141 183 305 94.3 122 203

22 4 4.91 4.00 174 225 375 116 150 250

2w 4 5.94 4.93 214 277 462 143 185 308

3  4 7.07 5.97 260 336 560 173 224 373

34 4 8.30 7.10 309 399 — 206 266 —

32 4 9.62 8.33 362 469 — 242 312 —

3w 4 11.0 9.66 420 543 — 280 362 —

4  4 12.6 11.1 483 624 — 322 416 —
— Grade not available in the given diameter. 
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ACI 318, Section 17.6.1.2, requires the specified minimum tensile strength of the threaded rod, Fu, used in calculating the nomi-
nal tensile capacity not be taken larger than 1.9Fy and 125,000 psi. For ASTM F1554 threaded rods, Fu does not exceed these 
limits and may therefore be used directly in calculating the tensile strength of the threaded rod.

ACI 318, Table 17.5.3(a), requires a reduced resistance factor, ϕ, be used when the anchor rod material does not qualify as a duc-
tile steel element as defined in ACI 318, Section 2.3. Threaded rods conforming to ASTM F1554 satisfy the ductile steel element 
requirements contained within ACI 318 and do not require the reduced resistance factor associated with brittle steel elements.

Shown in Table 4-1 are the design and allowable strengths for various anchor rods based on the AISC Specification and ACI 318.

4.3.2.2	 Concrete Tensile Strength

It is presumed that ASCE/SEI 7 (ASCE, 2022) load factors are employed in this Guide. The ϕ factors used herein correspond to 
those in ACI 318, Section 17.5.3 and Chapter 21.

ACI 318, Chapter  17, addresses the anchoring to concrete of cast-in or post-installed expansion anchors, undercut anchors, 
adhesive anchors, and screw anchors. The provisions include limit states for concrete pullout, side-face blowout, and breakout 
strength following the concrete capacity design (CCD) method. Bond strength of adhesive anchors is also covered in Chapter 17.

Concrete Pullout Strength

ACI concrete pullout strength is based on ACI 318, Section 17.6.3.

For cast-in headed anchor rods

	 Npn = c,P 8Abrg fc( )ϕ ϕψ ′ � (4-25)

where
Abrg	= net bearing area of the anchor rod head or nut, in.2

ƒ ′c	 = specified compressive strength of concrete, psi

ϕ	 = 0.70 per ACI 318, Table 17.5.3(c)

ψc,P	= �1.4 if the anchor is located in a region of a concrete member where analysis indicates no cracking at service levels, 
otherwise ψc,P = 1.0.

Shown in Table 4-2 are design pullout strengths for anchor rods with heavy hex heads and nuts. The 40% increase in strength 
for the no-cracking case has not been included (ψc,P = 1.0). Notice that concrete pullout does not control over the steel strength 
for ASTM F1554 Grade 36 anchor rods with ƒ ′c = 5 ksi for all listed diameters, with ƒ ′c = 4 ksi for diameters less than or equal to 
2w in. or ƒ ′c = 3 ksi for diameters less than or equal to w in. For higher strength anchor rods or concrete with a lower compressive 
strength, washer plates may be necessary to obtain the full strength of the anchors. The size of the washers should be minimized 
while developing the required strength.

Hooked anchor rods can fail by straightening and pulling out of the concrete. This failure is precipitated by a localized bearing 
failure of the concrete above the hook. A hook is generally not capable of developing the required tensile strength. Therefore, as 
recommended in AISC Manual Part 14, hooks, if used, should be limited to “…axially loaded members subject to compression 
only to locate and prevent displacement or overturning of columns due to erection loads or accidental collisions during erection.”

ACI 318, Chapter 17, provides a pullout strength for a hooked anchor of c,P 0.9 fc hde a( )′ψϕ , which is based on an anchor with 
diameter da bearing against the hook extension of eh. ϕ is taken as 0.70. The hook extension, eh, is limited to a maximum of 4.5da 
but not less than 3da. ψc,P equals 1 if the anchor is located where the concrete is cracked at service load levels and equals 1.4 if 
it is not cracked at service load levels.

Concrete Breakout Strength

The concrete breakout strength is determined based on the CCD method. In the CCD method, the concrete cone is considered 
to be formed at an angle of approximately 35° (1 to 1.5 slope). For simplification, the cone is considered to be square rather 
than round in plan. The concrete breakout stress ( ft in Figure 4-2) in the CCD method decreases with an increase in size of the 
breakout surface. Consequently, the increase in strength of the breakout in the CCD method is proportional to the embedment 
depth to the power of 1.5 (or to the power of 5/3 for deeper embedments). When the concrete breakout cone is influenced by an 
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edge (see Figure 4-3), the breakout area is reduced. According to ACI 318, Section 17.3, the CCD method is valid for anchors 
with diameters not exceeding 4 in. and specified concrete strength used for design not exceeding 10,000 psi. Anchors must also 
satisfy the edge distances, spacings, and thickness indicated in Section 17.9 unless supplementary reinforcement is provided to 
control splitting failure.

ACI 318, Section 17.6.2, specifies that the nominal concrete breakout strength for a group of cast-in anchors is:

	
Ncbg = ANc

ANco
ec,N ed,N c,N cp,NNbψψψψ

�
(ACI 318, Eq. 17.6.2.1b)

where
ANc	 = projected concrete failure area of a group of anchors, in.2

ANco	 = projected concrete failure area of a single anchor if not limited by edge distance or spacing, in.2

Nb	 = basic concrete breakout strength in tension of a single anchor in cracked concrete, lbf

ψc,N	 = breakout cracking factor based on the influence of cracks in concrete

ψcp,N	= breakout splitting factor to account for splitting tensile stresses

ψec,N	= breakout factor to account for eccentric tension loading

ψed,N	= breakout edge effect factor based on proximity to edges of concrete

The basic concrete breakout strength of a single anchor in cracked concrete, Nb, is given in ACI 318, Section 17.6.2.2, as:

	 Nb = kc a fchef
1.5λ ′ � (ACI 318, Eq. 17.6.2.2.1)

Table 4-2.  Anchor Rod Concrete Pullout Strength (LRFD Only)

Rod Diameter,  
in.

Rod Area,  
Ab, in.2

Heavy Hex Nut 
Bearing Area, 

Abrg, in.2

Design Concrete Pullout Strength,
ϕϕNpn, kips

fc′ == 3,000 psi fc′ == 4,000 psi fc′ == 5,000 psi

  s 0.307 0.671 11.3 15.0 18.8

  w 0.442 0.911 15.3 20.4 25.5

  d 0.601 1.19 20.0 26.7 33.3

1  0.785 1.50 25.2 33.6 42.0

18 0.994 1.85 31.1 41.4 51.8

14 1.23 2.24 37.6 50.2 62.7

12 1.77 3.12 52.4 69.9 87.4

1w 2.41 4.14 69.6 92.7 116

2  3.14 5.32 89.4 119 149

24 3.98 6.63 111 149 186

22 4.91 8.10 136 181 227

2w 5.94 9.70 163 217 272

3  7.07 11.5 193 258 322

34 8.30 13.4 225 300 375

32 9.62 15.4 259 345 431

3w 11.0 17.6 296 394 493

4  12.6 19.9 334 446 557
Note: � Bold values above the heavy line indicate the available pullout capacity exceeds the available steel strength of the anchor rod in tension for ASTM 

F1554 Gr. 36.
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where
ƒ ′c	 = specified compressive strength of concrete, psi

hef	= effective embedment depth of anchor, in.

kc	 = 24 for cast-in anchors

λa	 = 1.0 for normal-weight concrete

When the anchor is a cast-in headed stud or cast-in headed bolt and the effective embedment of the anchor is between 11 in. and 
25 in., inclusive, the value of Nb may be increased up to 14% by utilizing ACI 318, Section 17.6.2.2.3, as:

	 Nb = 16 a fchef
5 3′λ � (ACI 318, Eq. 17.6.2.2.3)

Side-Face Blowout Strength

ACI 318, Section 17.6.4, provides the side-face blowout strength of headed anchors in tension with deep embedment close to an 
edge. Lateral bursting forces are associated with tension in the anchor rods. The failure plane or surface in this case is assumed 
to be cone shaped and radiating from the anchor head to the adjacent free edge or side of the concrete element. This is illustrated 
in Figure 4-4. As with the concrete breakout stress cones, overlapping of the stress cones associated with these lateral burst-
ing forces is considered in ACI 318, Chapter 17. Use of washer plates can be beneficial by increasing the bearing area, which 
increases the side-face blowout strength.

ACI 318, Section 17.6.4, stipulates the nominal side-face blowout strength, Nsb, of a single headed anchor rod with deep embed-
ment close to an edge hef > 2.5ca1( ) as:

Fig. 4-2.  Full breakout cone in tension per ACI 318.
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	 Nsb = 160ca1 Abrg a fcλ ′� (ACI 318, Eq. 17.6.4.1)

where
Abrg	= net bearing area of the head of stud, anchor rod, or headed deformed bar, in.2

ca1	 = minimum distance from the center of an anchor shaft to the edge of concrete in one direction, in.

ƒ ′c	 = specified compressive strength of concrete, psi

λa	 = modification factor to reflect the reduced mechanical properties of lightweight concrete

For multiple headed anchor rods with deep embedment close to an edge hef > 2.5ca1( ) and anchor spacing less than 6ca1, the 
nominal side-face blowout strength, Nsbg, of those anchors susceptible to a side-face blowout is:

	
Nsbg = 1+ s

6ca1
Nsb

⎛
⎝⎜

⎞
⎠⎟ �

(ACI 318, Eq. 17.6.4.2)

Fig. 4-3.  Breakout cone in tension near an edge.
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where
s = distance between the outer anchors along the edge, in.

4.3.3	 Design for Shear

Overview of Mechanics and Method

For exposed column bases similar to those shown in Figures 1-1(a) and (c), there are three principal ways of transferring shear 
from the column and/or the gusset plate into the concrete: (1) through shear in the anchor rods, (2) using shear lugs, or (3) through 
friction when compression is present, as shown in Figure 4-5. The design for shear using the first two approaches is covered 
within this section. The design for shear using friction is covered in Section 4.3.5. The design for shear for embedded columns 
is covered in Chapter 5.

Shear in the Anchor Rods

It should be noted that the use of anchor rods to transfer shear forces must be carefully examined due to several assumptions that 
must be made. Particular attention must be paid to the manner in which the force is transferred from the base plate to the anchor 
rods. The design for shear requires a check of the steel strength of the anchor rods and the concrete strength in shear. The concrete 
limit states are the breakout strength in shear and pryout strength in shear as indicated in ACI 318, Table 17.5.2.

Fig. 4-4.  Lateral bursting forces for anchor rods in tension near an edge.

Fig. 4-5.  Transfer of base shear.
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When using the AISC-recommended hole sizes for anchor rods, which can be found in Table 4-3 (shown later in Section 4.5.3), 
or alternate oversized holes, considerable slip of the base plate may occur before the base plate bears against the anchor rods. 
The effects of this slip must be evaluated by the engineer. The reader is also cautioned that, due to placement tolerances, it is 
likely that not all the anchor rods will receive the same force. The authors recommend a cautious approach, such as using only the 
anchor rods closest to the edge in the direction of the force to transfer the shear, unless special provisions are made to equalize 
the load to all anchor rods (Fisher, 1981).

Shear forces can be transferred equally to all anchor rods or to selective anchor rods. The engineer should consider the load 
distribution as indicated in ACI 318, Commentary Section R17.7.2.1, and also consider the effect of any oversized holes and the 
presence of plate washers. The plate washers should be detailed with standard, nonoversized, holes. Alternatively, to transfer the 
shear equally to all anchor rods, a setting plate of proper thickness can be used and then field welded to the base plate after the 
column is erected. It cannot be emphasized enough that the use of shear in the anchor rods requires attention in the design process 
due to the construction issues associated with column bases.

Once the shear is delivered to the anchor rods, the shear must be transferred into the concrete. If plate washers are used to transfer 
shear to the rods, some bending of the anchor rods can be expected within the thickness of the base plate. The moment in the 
anchor rods can be determined by assuming reverse curvature bending. The lever arm can be taken as the half distance between 
the center of bearing of the plate washer to the top of the grout surface.

Anchor Rods Steel Strength in Shear

The design shear strength of an anchor rod given by AISC Specification Section J3.7 as:

	 Rnv = FnvAbϕϕ � (from Spec. Eq. J3-1)

where
Ab	 = nominal unthreaded body area of bolt or threaded part, in.2

Fnv	= nominal shear stress in bearing-type connections, ksi

	 = 0.450Fu if the threads are not excluded from the shear plane (from AISC Specification Table J3.2)

	 = 0.563Fu if the threads are excluded from the shear plane (from AISC Specification Table J3.2)

ϕ	 = 0.75

The ACI 318 steel design strength of anchor rods in shear is given by:

	 Vsa = 0.6( )Ase,v futaϕϕ � (from ACI 318, Eq. 17.7.1.2b)

where
Ase,v	= effective cross-sectional area of an anchor in shear, in.2

futa	 = specified tensile strength of anchor steel, ksi

ϕ	 = 0.65

Where anchors are used with a built-up grout pad, ACI 318, Section 17.7.1.2.1, requires that the anchor capacity be multiplied by 
0.80. No explanation of the reduction is provided; however, it is the authors’ understanding that the requirement is to adjust the 
strength to account for bending of the anchor rods within the grout pad. Limitations on grout pad thicknesses are not provided. 
It is the authors’ opinion that the reduction is not required when the AISC Specification combined bending and shear checks are 
made on the anchor rods.

Anchor Rods Steel Strength in Bending

The bending strength of anchor rods can be determined as follows:

	 Mn = FntZϕϕ � (4-26)
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where
Fnt	= nominal tensile strength of anchor steel according to AISC Specification Table J3.2, ksi

Z	 = plastic section modulus based on nominal diameter of anchor, in.3

ϕ	 = 0.75

Interaction of shear, tension, and bending in the anchor rod is typically considered. The tension in the anchor rods may arise due 
to direct tension in the column, due to bending, or a combination of both. In such cases, the following interaction equation (Equa-
tion C-J3-4a from the AISC Specification Commentary) may be used to evaluate the combined stress limit state:

	

ft
Fnt

2

+ fv
Fnv

2

1
ϕϕ

≤
⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟ �

(Spec. Eq. C-J3-4a)

In Equation C-J3-4a, Fnt and Fnv are the ultimate tensile strength and the ultimate shear strength of the anchor rod, whereas ft and 
fv are the applied tensile and shear stresses. These applied stresses may be determined from the loads as follows:

	
fv = Vrod

A �
(4-27)

	
ft = Prod

A
+ Mrod

Z �
(4-28)

The terms Prod, Vrod, and Mrod represent the factored ultimate axial force, shear, and moment, respectively, in the anchor rod being 
evaluated. As noted previously, the moment may be calculated by assuming reverse curvature bending over the distance between 
the center of the bearing plate washer and the top of the grout.

Anchor Rods Concrete Breakout Strength in Shear

ACI 318, Section 17.7.2, employs the CCD method to evaluate the concrete breakout strength from shear forces resisted by 
anchor rods.

For the typical cast-in-place anchor group used in building construction, the shear strength determined by concrete breakout as 
illustrated in Figure 4-6 is evaluated as:

	
Vcbg = AVc

AVco
ec,V ed ,V c,V h,VVbψψψψϕϕ , lbf

�
(ACI 318, Eq. 17.7.2.1b)

where

Vb	 =
 �

7 e

da

0.2

da fc ca1( )1.5 9 fc ca1( )1.5≤ℓ ′′
⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

⎛
⎝

⎞
⎠

�

(ACI 318, Eq. 17.7.2.2.1a and b)

 
for normal weight concrete, lbf

ca1	 = the edge distance in the direction of load as illustrated in Figure 4-6, in.

da	 = rod diameter, in.

ƒ ′c	 = concrete compressive strength, psi

ℓe	 = �load-bearing length of the anchor in shear, which is equal to the embedment depth for anchors with a constant stiffness 
over the full length of embedded section, in.; ℓe shall not be taken larger than 8da 

ϕ	 = 0.70 (considering supplementary reinforcement not present)

ψc,V	 = �1.4 [when an analysis confirms no cracking at service load levels or when adequate supplementary reinforcement is 
provided per ACI 318, Table 17.7.2.5.1]

ψec,V	= 1.0 (for shear applied concentrically with the anchor group)
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Typically, e

da

ℓ  is equal to 8 because the load bearing length is limited to 8da. In this case, when da > 0.720 in., then Vb will be 

governed by the 9 fc ca1( )1.5′  term.

Substituting,

	
Vcbg = 8.82

AVc
AVco

ed ,V h,V fc ca1( )1.5′ψψϕ
�

(4-29)

where
AVc	 = total breakout shear area for a single anchor, or a group of anchors, in.2

AVco	 = 4.5ca1
2 (the area of the full shear cone for a single anchor as shown in View A-A of Figure 4-6), in.2

ψed,V	= �a modifier to reflect the capacity reduction when side cover limits the size of the breakout cone calculated per ACI 
318, Section 17.7.2.4.

ψh,V	 = �a modifier to reflect the capacity increase when the concrete member thickness is less than 1.5ca1 calculated per ACI 
318, Section 17.7.2.6.

If the edge distance ca1 is large enough, then the anchor rod steel shear strength will govern. In evaluating the concrete breakout 
strength, the breakout either from the most deeply embedded anchors or breakout on the anchors closer to the edge should be 
checked.

In many cases it is necessary to use reinforcement to anchor the breakout cone in order to achieve the shear strength as well as 
the ductility desired. Anchor reinforcement as permitted in ACI 318, Section 17.5.2.1(b), can be used structurally to transfer the 
shear from the anchors to the foundation. See Section 4.4 of this Guide for further discussion on anchor reinforcement.

E

Fig. 4-6.  Concrete breakout cone for shear.
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Anchor Rods Concrete Pryout Strength in Shear

In addition to the concrete breakout strength, ACI 318, Section 17.7.3, also contains provisions for a limit state called pryout 
strength. ACI 318 defines the pryout strength of a single anchor in shear as:

	 Vcp = kcpNcpϕϕ � (ACI 318, Equation 17.7.3.1a)

where
Ncp	= nominal concrete breakout strength in tension of a single anchor, kips

hef	 = effective embedment length, in.

kcp	 = 1.0 for hef < 2.5 in.

	 = 2.0 for hef ≥ 2.5 in.

ϕ	 = 0.70

When the concrete is subjected to a combination of tension and shear, ACI 318, Chapter 17, uses an interaction equation solution. 
This will be covered in Section 4.3.4 of this Design Guide.

4.3.4	 Design for Combined Axial Tension and Shear

Overview of Mechanics and Method

Exposed column bases subjected to combined tension and shear must be designed in accordance with the approaches outlined 
in Section 4.3.2 (Design for Axial Tension) and Section 4.3.3 (Design for Shear). In addition to all the limit states considered in 
those sections, the combination of tension and shear affects the design methodology as follows:

1. 	The column-to-base plate welds need to be designed for the combined normal tensile and shear forces.

2. 	The anchor rods above the concrete and grout pad must be checked for combined shear and tensile loads following the 
requirement of AISC Specification Section J3.8. Anchor rod bending is to be considered as discussed in Section 4.3.3 of 
this Guide.

3. 	The anchor rod anchorage into the concrete must be designed using the tensile and shear interaction equation require-
ments as outlined in ACI 318, Section 17.8. As discussed previously, bending of the anchor rods within the grout pad 
does not need to be considered when using the ACI approach, but rather the nominal steel shear strength of the anchor is 
multiplied by a 0.80 factor per ACI 318, Section 17.7.1.2.1.

Because the AISC Specification and ACI 318 handle the interaction between tension and shear differently, the authors do not 
recommend combining approaches but, rather, checking the anchor rods using both documents separately as outlined in items 2 
and 3. AISC considers the strength of the steel anchor rods and ACI considers both the steel and concrete limit states.

Two examples are provided in Section 4.7. Example 4.7-6 illustrates the design of an exposed base connection subjected to 
combined tension and shear. Only the AISC limit states are considered in this example. Example 4.7-7 illustrates a base connec-
tion with a tension-only brace that produces a case of combined tension and shear at the base. This example focuses on the ACI 
approach for shear and tension interaction.

4.3.5	 Design for Combined Axial Compression and Shear

Overview of Mechanics and Method

Exposed column bases subjected to combined compression and shear must be designed in accordance with the approaches out-
lined in Section 4.3.1 (Design for Axial Compression) and Section 4.3.3 (Design for Shear). In addition to all the limit states 
considered in those sections, the combination of compression and shear affects the design approaches as follows:

1.	The column to base plate welds are to be designed for both compression (when a smooth and notch-free contact bearing 
surface is not sufficient per AISC Specification Section M4.4) and shear loads.

2. 	The base plate thickness must be designed for the moment due to the compression stress on the concrete/grout from the 
compression load and the moment due to the eccentric shear in the case of shear lugs discussed in Section 4.3.3.
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3. 	The compression load generates friction between the base plate and the grout or concrete surface that can be used to 
transfer shear into the concrete. This compression is considered a clamping force that generates a shear resistance in the 
perpendicular direction. The friction force can be used to resist the entire shear load or contribute to resist a portion of 
the shear load, while the balance of the load can be resisted by the anchor rods in shear or shear lugs.

In typical base connection situations, the compression force between the base plate and the concrete will usually develop shear 
resistance sufficient to resist the lateral forces. The contribution of the shear should be based on the most unfavorable arrange-
ment of required compressive loads, Pu, that is consistent with the lateral force being evaluated, Vu. The shear strength due to 
friction can be calculated in accordance with the following, based on ACI 318, Section 22.9, and ACI 349-13, Appendix D, Sec-
tion D.6.1.4, criteria (ACI, 2013),

	
Vn = friction μPu( ) min 0.2 fcAc , 800 psi( )Ac≤ ϕϕϕϕ ⎡⎣ ⎤⎦′

�
(4-30)

For friction between steel base plates and concrete, a µ value of 0.4 is given in ACI 349-13, Appendix D. ACI 349-13, Sec-
tion D.6.1.4, permits the nominal shear strength due to friction to be added to the nominal steel shear strength of the anchor in 
shear. As such, the resistance factor for friction is taken as the resistance factor for shear in an anchor, ϕfriction = 0.65. As an upper 
limit on the design shear strength, ACI 318, Section 22.9.4.4, indicates that ϕVn shall not exceed ϕ0.2ƒ ′cAc or ϕ800Ac whichever 
is smaller, where ϕ is taken as 0.75 and Ac is given in ACI 318 as the area of concrete section resisting shear transfer. Only LRFD 
requirements are addressed in the ACI documents.

It is noteworthy that in accordance with ASCE/SEI 7, Chapters 13 and 15, for some seismic applications, friction cannot be used 
to transfer shear loading. Also, many specifications in delegated design applications do not allow the use of friction to transfer 
shear loads. The use of friction to transfer shear loads can only be used for some seismic applications and when the project speci-
fications allow it. And as indicated previously, even when relying on friction to transfer shear loading, columns must be anchored 
to the foundations with a minimum of four anchor rods per OSHA requirements.

4.3.6	 Design for Bending

Overview of Mechanics and Method

It is unlikely in practice to have a loading case of pure bending at the base of a column. However, this section is provided herein 
to illustrate the methodology that can be used for situations of combined bending with shear. The design approach for bending in 
exposed base connections follows the methodology used by Drake and Elkin (1999), which is discussed in detail in Section 4.3.7 
(Design of Combined Axial Compression and Bending). The reader is therefore referred to Section 4.3.7 for further discussion 
of the method and Figure 4-8 for the definition of variables.

For the case of pure bending, the small moment case in the Drake and Elkin approach is not applicable; only the large moment 
derivation is valid. For base connections with large moments, the Drake and Elkin approach is thus modified as described by 
Doyle and Fisher (2005) by removing the applied axial load and setting the applied moments as Pre = Mr and 2Prƒ = 0. The basic 
equations then become:

	 T =C = qmaxY � (4-31)

where

	
Y = f + N

2
± f + N

2

2 2Mr

qmax

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠ −

�
(4-32)

Similar to cases of combined compression and bending, a real nonzero solution will only exist if:

	
f + N

2

2

> 2Mr

qmax

⎛
⎝

⎞
⎠ �

(4-33)

Once T and C are determined, the large moment procedures in Section 4.3.7 may be utilized to calculate the required plate thick-
ness and confirm the anchorage capacity.
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Elements of the design procedure are as follows:

1. 	Design the column-to-base plate welds.

2. 	Pick a trial base plate size, N × B.

3. 	Check the inequality in Equation 4-33. If it is not satisfied, choose larger plate dimensions.

4. 	Determine the equivalent bearing length, Y, and total tensile force in the anchor rods, Tu (LRFD) and Ta (ASD).

5. 	Determine the required minimum base plate thickness, tp(req), at the bearing and tension interfaces. Choose the largest 
value.

6. 	Determine the anchor rod size.

7. 	Design the anchorage of the anchor rods into the concrete.

Example 4.7-9 illustrates a base connection design subjected to only a concentrated moment.

4.3.7	 Design for Combined Axial Compression and Bending

Design of Column Base Plates with Low Moments

Drake and Elkin (1999) introduced a design approach using factored loads directly in a method consistent with the equations of 
static equilibrium and the LRFD method. The procedure was modified by Doyle and Fisher (2005). Drake and Elkin proposed 
that a uniform distribution of the resultant compressive bearing stress is more appropriate when utilizing LRFD. The design is 
related to the equivalent eccentricity, e, equal to the moment, Mu, divided by the column axial force, Pu.

For small eccentricities (low moment), the axial force is resisted by bearing only with no uplift. For large eccentricities (large 
moment), it is necessary to use anchor rods to resist the uplift. The definition of small and large eccentricities, based on the 
assumption of uniform bearing stress, is discussed in this section. The variables Tu, Pu, and Mu have been changed from the 
original work by Drake and Elkin to Tr, Pr, and Mr so that the method is applicable to both LRFD and ASD. A triangular bearing 
stress approach can also be used, as discussed in Appendix B. Consider the force diagram shown in Figure 4-7. The resultant 
bearing force is defined by the product qY, in which:

	 q = fpB� (4-34)

where
B	 = the base plate width [see Figure 4-1(b)], in.

ƒp	= bearing stress between the plate and concrete or grout, ksi

The force acts at the midpoint of the bearing area, or Y/2 to the left of point A. The distance of the resultant to the right of the 
centerline of the plate, ε, is therefore:

	
= N

2

Y

2
ε −

�
(4-35)

It is clear that as the dimension Y decreases, ε increases. Y will reach its smallest value when q reaches its maximum:

	
Ymin = Pr

qmax �
(4-36)

where
qmax = fp(max)B� (4-37)

The expression for the location of the resultant bearing force given in Equation 4-35 shows that ε reaches its maximum value 
when Y is minimum. Therefore:
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max = N

2

Ymin
2

= N

2

Pr
2qmax

ε

−

−

�

(4-38)

For moment equilibrium, the line of action of the applied load, Pr, and that of the bearing force, qY, must coincide; that is, e = ε.

If the eccentricity

	
e = Mr

Pr �
(4-39)

exceeds the maximum value that ε can attain, the applied loads cannot be resisted by bearing alone and anchor rods will be in 
tension.

In summary, for values of e less than εmax, Y is greater than Ymin and q is less than qmax, and obviously, ƒp is less than ƒp(max). For 
values of e greater than εmax, q = qmax. Thus, a critical value of eccentricity of the applied load combination is:

	

ecrit = max

= N

2

Pr
2qmax

ε

−
�

(4-40)

When analyzing various load and plate configurations, in the case where e ≤ ecrit, there will be no tendency to overturn, anchor 
rods are not required for moment equilibrium, and the force combination will be considered to have a small moment. On the other 
hand, if e > ecrit, moment equilibrium cannot be maintained by bearing alone, and anchor rods are required. Such combinations 
of axial load and moment are referred to as large moment cases. The design of plates with moments is outlined in this section.

Concrete Bearing Stress (for low moment case)

The concrete bearing stress is assumed to be uniformly distributed over the area Y × B. Equation 4-35, for the case of e = ε pro-
vides an expression for the length of bearing area, Y:

	

N

2

Y

2
= e−

�
(4-41)

Therefore:

	 Y = N 2e− � (4-42)

2Y2Y

Fig. 4-7.  Base plate with low moment.
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The bearing stress can be determined as:

	
q = Pr

Y �
(4-43)

From which:

	
fp = Pr

BY �
(4-44)

for the low moment case, e ≤ ecrit. Therefore, as noted previously, q ≤ qmax. From Equations 4-34 and 4-37, it follows that  
ƒp ≤ ƒp(max).

For the condition e = ecrit, the bearing length, Y, obtained by use of Equations 4-40 and 4-42 is:

	

Y = N 2
N

2

Pr
2qmax

= Pr
qmax

−−
⎛
⎝⎜

⎞
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�

(4-45)

Base Plate Flexural Yielding Limit at Bearing Interface (for low moment case)

The bearing pressure between the concrete and the base plate will cause bending in the base plate for the cantilever length, m, in 
the case of strong axis bending and cantilever length, n, in the case of weak-axis bending [see Figure 4-1(b)]. For the strong-axis 
bending, the bearing stress, ƒp (ksi), is calculated as:

	

fp = Pr
BY

= Pr
B N 2e( )− �

(4-46)

The required strength per in. of the base plate can then be determined as:

For Y ≥ m:

	
Mpl = fp

m2

2

⎛
⎝⎜

⎞
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(4-47)

For Y < m:

	
Mpl = fpY m

Y

2
−⎛

⎝
⎞
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(4-48)

where
Mpl = plate bending moment per unit width, kip-in./in.

The nominal bending resistance per unit width of the plate is given by:

	
Rn =

Fytp
2

4 �
(4-49)

where
Fy	= specified yield stress of the plate material, ksi

tp	 = plate thickness, in.
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The available flexural strength of the plate per unit width is:

LRFD ASD

	
bMn = bFy

tp
2

4
ϕϕ

�
(4-50a)

where
ϕb = resistance factor in bending

	 = 0.90

	

Mn

b
=
Fy

b

tp
2

4ΩΩ �
(4-50b)

where
Ωb = safety factor in bending

	 = 1.67

To determine the plate thickness, equate the right-hand sides of Equation 4-47 or 4-48 and Equation 4-50 and solve for tp(req).

For Y ≥ m:
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For Y < m:
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where
tp(req) = minimum plate thickness, in.

Note: When n is larger than m, the thickness will be governed by n. To determine the required thickness, substitute n for m in 
Equations 4-51a and 4-51b for both Y ≥ m and Y < m. While this approach offers a simple means of designing the base plate for 
bending, when the thickness of the plate is controlled by n, the designer may choose to use other methods of designing the plate 
for flexure, such as yield-line analysis or a triangular pressure distribution assumption, as discussed in Appendix B.

Base Plate Flexural Yielding at Tension Interface (for low moment case)

With the moment such that e ≤ ecrit, there will be no tension in the anchor rods and thus they will not cause bending in the base 
plate at the tension interface. Therefore, bearing at the interface will govern the design of the base plate thickness.

General Design Procedure (for low moment case)

1.	Determine the axial load and moment.

2. 	Design base plate-to-column welds.

3.	Pick a trial base plate size, N × B.

4.	Determine the equivalent eccentricity:
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e = Mr

Pr �
(4-39)

	 and the critical eccentricity:

	
ecrit = N

2

Pr
2qmax

−
�

(4-40)

	 If e ≤ ecrit, go to the next step (design of the base plate with small moment); otherwise, refer to the design of the base plate 
with large moment later in this section.

5.	Determine the bearing length, Y.

6.	Determine the required minimum base plate thickness, tp(req).

7.	Determine the anchor rod size.

8.	Design anchorage into concrete.

Design of Column Base Plates with Large Moments

When the magnitude of the bending moment is large relative to the column axial load, anchor rods are required to connect the 
base plate to the concrete foundation so that the base does not tip nor fail the concrete in bearing at the compressed edge. This 
is a common situation for rigid frames designed to resist lateral earthquake or wind loads and is schematically presented in 
Figure 4-8.

As discussed in the previous section, large moment conditions exist when:

	

e > ecrit

> N

2

Pr
2qmax

−
�

(4-53)

Concrete Bearing and Anchor Rod Forces (for large moment case)

The bearing pressure, q, is equal to the maximum value, qmax, for eccentricities greater than ecrit. In order to calculate the total 
concrete bearing force and the anchor rod forces, consider the force diagram shown in Figure 4-8.

Vertical force equilibrium requires that:

	 Fvertical = 0∑ � (4-54)

2Y+ −2 2f N Y

Fig. 4-8.  Base plate with large moment.
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and

	 T = qmaxY Pr− � (4-55)

where T equals the summation of the required strengths of all anchor rods.

Also, the summation of moments taken about Point B must equal zero. Hence:

	
qmaxY f + N

2

Y

2
Pr e + f( ) = 0−−⎛

⎝
⎞
⎠ �

(4-56)

After rearrangement, a quadratic equation for the bearing length, Y, is obtained:
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and the solution for Y is:
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The concrete bearing force is given by the product qmaxY. The anchor rod tensile force, T, is obtained by solving Equation 4-55.

For certain force, moment, and geometry combinations, a real solution of Equation 4-58 is not possible. In that case, an increase 
in plate dimensions is required. In particular, only if the following holds:
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will the quantity under the radical in Equation 4-58 be positive or zero and provide a real solution. If the expression in Equa-
tion 4-59 is not satisfied, a larger plate is required.

Base Plate Yielding Limit at Bearing Interface (for large moment case)

For the case of large moments, the bearing stress is at its limiting value—that is, fp = fp(max). The required plate thickness may be 
determined from either Equations 4-51a and 4-51b or 4-52a and 4-52b.

If Y ≥ m:

LRFD ASD
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(from 4-51b)

If Y < m:
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Note: When n is larger than m, the thickness will be governed by n. To determine the required thickness, substitute n for m in 
Equations 4-51a and 4-51b, for both Y ≥ m and Y < m.
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Base Plate Yielding Limit at Tension Interface (for large moment case)

The tension force, Tu (LRFD) and Ta (ASD), in the anchor rods will cause bending in the base plate. Cantilever action is conser-
vatively assumed with the span length equal to the distance from the rod centerline to the center of the column flange, x. Alterna-
tively, the bending lines could be assumed as shown in Figure 4-1. For a unit width of base plate, the required bending strength 
of the base plate can be determined as:

LRFD ASD

	
Mpl = Tux

B �
(4-60a)

	
Mpl = Tax

B �
(4-60b)

where

x = f
d

2
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2

−
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(4-61)

d	= depth of wide-flange column section (see Figure 4-1), in.

tƒ	= column flange thickness, in.

The available flexural strength per unit length for the plate is given in Equation 4-50. Setting that strength equal to the applied 
moment given by Equations 4-60 provides an expression for the required plate thickness:

LRFD ASD
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General Design Procedure (for large moment case)

1.	Determine the axial load and moment.

2.	Design base plate-to-column weld.

3.	Pick a trial base plate size, N × B.

4.	Determine the equivalent eccentricity:

	
e = Mr

Pr �
(4-39)

	 and the critical eccentricity:

	
ecrit = N

2

Pr
2qmax

−
�

(4-40)

	 If e > ecrit, go to the next step (design of the base plate with large moment); otherwise, refer to the design of the base plate 
with small moment described in this section. Check the inequality of Equation 4-59. If it is not satisfied, choose larger 
plate dimensions.

5.	Determine the equivalent bearing length, Y, and tensile force in the anchor rod, Tu (LRFD) and Ta (ASD).

6.	Determine the required minimum base plate thickness, tp(req), at the bearing and tension interfaces. Choose the larger 
value.

7.	Determine the anchor rod size.

8.	Design anchorage to concrete.
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4.3.8	 Design for Combined Axial Tension and Bending

Overview of Mechanics and Method

Base connections subject to combined axial tension and bending may be designed using derived equations that satisfy static 
equilibrium. In the case of a large moment where the eccentricity of the applied tension falls outside of the bounds of the anchor 
group (e = Mr Pr > f ), compression is necessary for equilibrium. In this case, an approach analogous to the combined axial 
compression and bending methodology outlined in Section 4.3.7 may be derived using the model shown in Figure 4-9 and the 
following equations of equilibrium:

	 Pr Tr + qmaxY = 0− � (4-63)

Summation of moments about point B yields the following quadratic equation in Y:
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where
Pr	 = required axial tension of base connection, kips

Tr	 = total required axial tension resisted by anchor rods, kips

Y	 = length of bearing compression force between base plate and concrete, in.

e	 = eccentricity between center of column and resultant required axial tension of base connection, in.

ƒ	 = distance from center of column to anchors resisting tension, in.

qmax	= maximum uniform bearing compression at concrete, kips/in.

Solving Equation 4-64 for Y, the length of bearing compression force between the base plate and concrete is given by:
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(4-65)

The concrete bearing force is given by the product qmaxY. The anchor rod tensile force, Tr, is obtained by solving Equation 4-63.

For certain force, moment, and geometry combinations, a real solution for Equation 4-65 is not possible. In that case, an increase 
in plate dimensions is required. In particular, only if the following holds:

2Y2Y

Fig. 4-9.  Tension force falling outside of anchor rod group extents.
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will the quantity under the radical in Equation 4-65 be positive or zero and provide a real solution. If the expression in Equa-
tion 4-66 is not satisfied, a larger plate is required. The case where a real solution is not available occurs when Y exceeds the 
distance available between the compression edge of the plate and the anchor rod location ( f + N 2).
Once the anchor rod tension and concrete bearing force are determined, base plate yielding at the anchor rods and at the concrete 
compression bearing interface may be checked using the procedures for high moment baseplates in Section 4.3.7. In addition, 
column-to-base plate welding and anchorage into concrete design can be accomplished following previous sections in this 
chapter.

In the case of a low moment where the eccentricity of the applied tension falls within of the bounds of the anchor group (e ≤ ƒ), 
compression is not necessary for equilibrium and the tension and moment may be resolved in the anchor group, thus producing 
varying levels of tension among the anchor group anchors. The tension in each anchor may be determined by:

	
rr,i = Pr

n
+ Pre( ) yi

Ix �
(4-67)

where
Ix	 = moment of inertia of the bolt group about its centroid, in.4/ in.2

	
=

 
yi( )2

i=1

n
∑

Pr	 = required axial tension of base connection, kips

e	 = �distance perpendicular to the axis of bending between center of applied tension and centroid of the anchor group, in.

n	 = number of anchors resisting tension

rr,I	= required tension for anchor i, kips

yi	 = distance perpendicular to the axis of bending between the centroid of the anchor group and anchor i, in.

Once the anchor rod tension is determined, base plate yielding at the anchor rods may be checked using the procedures for 
large moment base plates in Section 4.3.7. In addition, column-to-base plate welding and anchorage into concrete design can be 
accomplished similar to previous sections in this chapter.

General Design Procedure

1.	Determine the axial load and moment.

2.	Design base plate-to-column weld.

3.	Pick a trial base plate size, N × B.

4.	Determine the equivalent eccentricity, e = Mr Pr.

5.	 If e > ƒ, compression will be necessary for equilibrium. In this case, use Equations 4-63 through 4-66 to determine the 
tension and compression forces as discussed previously.

6.	 If e ≤ ƒ, compression will not be necessary for equilibrium. In this case, use Equation 4-67 to determine the tensile forces 
in the anchor rods as discussed previously.

7.	Determine the required minimum base plate thickness, tp(req), at the bearing and tension interfaces, as applicable. Choose 
the larger value.

8.	Determine the anchor rod size.

9.	Design anchorage to concrete.

4.3.9	 Design for Combined Axial Compression, Bending, and Shear

The design of base connections for combined axial compression, bending, and shear follows from the previous sections and are 
not repeated here except to note cases of interactions among the combined load effects.
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Anchor rods in these cases may be subject to combined tension and shear. Shear in the anchor rods may also contribute to bend-
ing over a height of the anchor rod such as when welded washer plates are used with oversized holes. When shear lugs are uti-
lized, the eccentric location of the concrete bearing against the shear lug will also increase the amount of tension in the anchor 
rods. In cases where the full base plate is not in compression bearing against the concrete (large moment), a reduced area, Ac, will 
be available when it is desired to utilize friction to resist shear. Combined tension and shear in concrete anchorage are interacted 
according to ACI 318-19(22), Section 17.8.

4.3.10	 Design for Combined Axial Tension, Bending, and Shear

The design of base connections for combined axial tension, bending, and shear follows from the previous sections and is not 
repeated here except to note cases of interactions among the combined load effects.

Anchor rods in these cases may be subject to combined tension and shear. Shear in the anchor rods may also contribute to bend-
ing over a height of the anchor rod such as when welded washer plates are used with oversized holes. When shear lugs are uti-
lized, the eccentric location of the concrete bearing against the shear lug will also increase the amount of tension in the anchor 
rods. In cases where the full base plate is not in compression bearing against the concrete, a reduced area, Ac, will be available 
when it is desired to utilize friction to resist shear. Combined tension and shear in concrete anchorages are interacted according 
to ACI 318, Section 17.8.

4.3.11	 Design for Combined Axial Compression and Biaxial Bending

When exposed column base plates are subjected to axial compression and biaxial bending, the approaches provided in previous 
sections (for axial compression and uniaxial bending) are inapplicable directly because they utilize the equilibrium equations for 
vertical force and moment to determine the two unknowns—that is, the anchor forces and the bearing width (for the high-moment 
condition). Under biaxial bending, the base plate is rotated in a manner that multiple anchor rods may be engaged, with differ-
ent forces (see Figure 4-10). In such cases, two issues arise: (1) the number of unknowns, corresponding to the different anchor 
rod forces and the bearing width, may exceed the number of equations—that is, three (moment in each direction and vertical 
force)—that are available, and (2) estimating the orientation of the axis of rotation is not trivial and adds another unknown to the 

Fig. 4-10.  Base plate subjected to biaxial bending resulting in static indeterminacy.
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problem. Resolving this requires introduction of additional compatibility equations (Hassan et al., 2021) and a solution process 
that requires an iterative computer solution and is not amenable to hand calculation. An alternative way to estimate the resistance 
of exposed base plate connections under axial compression and biaxial bending involves the estimation of moment strength in 
each direction (i.e., strong- and weak-axis bending) under a given axial compressive force and then using an empirical interac-
tion equation based on these moments to determine whether the connection is able to resist the applied loading. Variants of this 
approach have been proposed by Fasaee et al. (2018) and Da Silva Seco (2019). Experimental data by these researchers along 
with data by Choi and Ohi (2005) indicate that such an approach is acceptable.

Specifically, if the applied axial compression is Pr and the applied strong- and weak-axis moments are Mrx and Mry, then an 
interaction equation may be defined as follows:
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In Equation 4-68, the terms Mcx,Pr and Mcy,Pr represent the moment strengths (including the appropriate ϕ factors for LRFD) 
in each direction, considering all modes of failure, given the applied axial compression Pr. The terms Mcx,Pr and Mcy,Pr may be 
determined using Sections 4.3.6 and 4.3.7. An acceptable design is obtained when:
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The design process differs from that of uniaxial bending because individual components (e.g., the anchor or the base plate) are 
not directly sized for induced tensile forces of bending moments, but the entire connection is checked using the interaction Equa-
tion 4-69. The individual terms in the interaction equation are in turn based on estimates of internal anchor forces or base plate 
moments. As a result, the connection must be designed using a trial and error approach that accounts for this interaction; this is 
illustrated in the Example 4.7-14. It is noted that the design check using Equation 4-69 is acceptable when (1) no tension is pres-
ent in the connection and (2) shear is transferred independently through a shear lug or friction, and not the anchors.

4.4	 ANCHORAGE DESIGN FOR CONCRETE LIMIT STATES

4.4.1	 Approaches for Using Reinforcement to Strengthen Concrete Limit States

The concrete breakout strength of anchors is a function of the embedment depth, the thickness of the concrete, the spacing 
between adjacent anchors, and the location of adjacent free edges of the concrete member, among other variables. In many situa-
tions, increasing the anchor embedment does not result in a significant increase in the breakout strength due to geometric limita-
tions of the breakout cone. The concrete breakout strength equations provided in ACI 318, Chapter 17, were developed based on 
the concrete capacity design (CCD) method considering unreinforced concrete.

For situations where it is not possible to increase the concrete breakout strength by increasing the anchor embedment to achieve 
the required design strength or develop the anchor full strength, anchor reinforcement can be used instead of concrete breakout 
strength for both tension and shear loading per ACI 318, Section 17.5.2.1. For tension, the anchor reinforcement must be devel-
oped on both sides of the concrete breakout surface; see Figure 4-11. For shear, the anchor reinforcement must be developed on 
both sides of the concrete breakout surface or specified such that it encloses and contacts the anchor and is developed beyond the 
breakout surface; see Figure 4-12. In cases where anchor reinforcement is provided that exceeds the amount required to resist 
the required strength, ACI 318, Section 25.4.10, permits a reduction in the required development length in limited situations. The 
reduction in required development length is not permitted for hooked, headed, and mechanically anchored deformed reinforce-
ment nor in seismic force-resisting systems in Seismic Design Categories C–F. Additionally, ACI 318, Chapter 25, sets minimum 
development length limits that apply even when excess reinforcement is provided. Recommended detailing practices of anchor 
reinforcement are provided in the ACI 318, Commentary Section R17.5.2.1.

The strength reduction factor for anchor reinforcement design is ϕ = 0.75 per ACI 318, Sections 17.5.2.1.1 and 17.5.3. The anchor 
reinforcement development length is determined based on ACI 318, Chapter 25.

In general, when piers are used, concrete breakout capacity alone cannot transfer the significant level of tensile force from the 
steel column to the concrete base. Therefore, steel anchor reinforcement in the concrete can be used to transfer the force from the 
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anchor rods into the concrete. The anchor reinforcement is in addition to the reinforcement required to accommodate the bending 
forces in the pier.

It is important to make the distinction between anchor reinforcement and supplementary reinforcement. As discussed, anchor 
reinforcement is an alternate approach to using the concrete breakout strength equations in ACI 318 and is designed to resist the 
required strength of the base connection. However, supplementary reinforcement is provided to restrain the breakout cones and 
not specifically designed to resist any loads. When supplementary reinforcement is provided, the strength reduction ϕ factor for 
breakout and side-face blowout strength are increased from 0.70 to 0.75 per ACI 318, Table 17.5.3(b).

The use of anchor reinforcement in practice has extended beyond its intended use as an alternate to concrete breakout strength. 
When side-face blowout strength, as determined by ACI 318 equations, is lower than the required strength, anchor reinforcement 
can also be used to resist the bursting forces of the breakout cone at the base of the anchor; see Figure 4-13.

Hairpins are sometimes used to transfer loads to the floor slab. The friction between the floor slab and the subgrade is used in 
resisting the column base shear when individual footings are not capable of resisting horizontal forces. The column base shears 
are transferred from the anchor rods to the hairpin. Problems have occurred with the eccentricity between the base plate and 
the hairpin due to bending in the anchor rods after the friction capacity is exceeded. This problem can be avoided by properly 
designing the anchor rods for bending, by encasing the column in the concrete slab as shown in Figure 4-14, or by providing 
shear lugs. Because hairpins rely upon the frictional restraint provided by the floor slab, special consideration should be given to 
the location and type of control and construction joints used in the floor slab to ensure no interruption in load transfer, yet still 
allowing the slab to move. In addition, a vapor barrier should not be used under the slab when friction is relied upon to transfer 
shear to the soil.

In pre-engineered metal buildings, tie rods (continuous rods that run through the slab to the opposite column line) are typically 
used to counteract large shear forces associated with gravity loads on rigid frame structures. When using tie rods with large clear 
span rigid frames, consideration should be given to elongation of the tie rods and to the impact of these elongations on the frame 
analysis and design. In addition, significant amounts of sagging or bowing should be removed before tie rods are encased or 
covered because the tie rod will tend to straighten when tensioned.

Tie rods and hairpin bars should be placed as close to the top surface of the concrete slab as concrete cover requirements allow.

Fig. 4-11.  The use of steel reinforcement for restraining tension concrete breakout.
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Fig. 4-12.  The use of steel reinforcement for restraining shear concrete breakout.
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Fig. 4-13.  The use of steel reinforcement for restraining concrete side-face blowout.



AISC DESIGN GUIDE 1, 3rd EDITION / BASE CONNECTION DESIGN / 53

4.4.2	 Use of Strut-and-Tie Methodologies in Anchorage Design

Strut-and-tie is an analysis method that can be used to design concrete members, or regions of members, where discontinuities 
cause nonlinear distribution of strains within a cross section. Discontinuities include changes in the geometry of a structural 
element or points of concentrated load or reactions. The points where the anchor rod forces are transferred into the concrete are 
considered discontinuity points, and thus a strut-and-tie approach can be used for the anchorage design of anchor rods.

In the strut-and-tie method, the region of discontinuity is modeled as an idealized truss. The compression elements of the truss 
represent the concrete struts and the tension elements of the truss represent the steel reinforcement ties. Generally, the strut-and-
tie method is simply another approach to design steel reinforcement that will facilitate the transfer of the anchor rod forces to 
the concrete supporting member. ACI 318, Chapter 23, provides the design provisions for the design of the struts, ties, and nodal 
zones.

A report produced by the ASCE Petrochemical Energy Committee, titled Anchorage Design for Petrochemical Facilities, pro-
vides potential strut-and-tie models that can be used to resist tension and/or shear forces for breakout and side-face blowout limit 
states (ASCE, 2013).

4.5	 EXPOSED BASE PLATE CONNECTIONS—FABRICATION AND INSTALLATION

4.5.1	 Base Plate Fabrication and Finishing

Typically, base plates are thermally cut to size. Anchor rod and grout holes may be either drilled or thermally cut. of AISC Speci-
fication Section M2.2 lists requirements for thermal cutting as follows:

Thermally cut edges shall meet the requirements of Structural Welding Code—Steel (AWS D1.1/D1.1M) clauses 7.14.5.2, 
7.14.8.3, and 7.14.8.4, hereafter referred to as AWS D1.1/D1.1M, with the exception that thermally cut free edges that will 
not be subject to fatigue shall be free of round-bottom gouges greater than x in. (5 mm) deep and sharp V-shaped notches. 
Gouges deeper than x in. (5 mm) and notches shall be removed by grinding or repaired by welding.

Anchor rod hole sizes and grouting are covered in Sections 4.5.3 and 4.5.6 of this Guide.

Finishing requirements for column bases that bear on steel plates are covered in AISC Specification Section M2.8 as follows:

Steel bearing plates 2  in. (50 mm) or less in thickness are permitted without milling provided a smooth and notch-free 
contact bearing surface is obtained. Steel bearing plates over 2 in. (50 mm) but not over 4 in. (100 mm) in thickness are 
permitted to be straightened by pressing or, if presses are not available, by milling for bearing surfaces … to obtain a smooth 
and notch-free contact bearing surface. Steel bearing plates over 4 in. (100 mm) in thickness shall be milled for bearing 
surfaces ….

Two exceptions are noted—the bottom surface need not be milled when the base plate is to be grouted, and the top surface need 
not be milled when CJP groove welds are used to connect the column to the base plate.

Fig. 4-14.  Transfer of base shear through bearing by encasing the column.
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AISC Specification Section M4.4 defines a smooth and notch-free bearing surface as follows:

Lack of contact bearing not exceeding a gap of z in. (2 mm), regardless of the type of splice used … is permitted. If the 
gap exceeds z in. (2 mm), but is equal to or less than 4 in. (6 mm), and if an engineering investigation shows that sufficient 
contact area does not exist, the gap shall be packed out with nontapered steel shims. Shims need not be other than mild steel, 
regardless of the grade of the main material.

While the AISC Specification requirements for finishing are prescriptive in form, it is important to ensure that a smooth and 
notch-free contact-bearing surface is provided. By applying the provisions of Section M4.4, it may not be necessary to mill plates 
over 4 in. thick if they are flat enough to meet the gap requirements under the column. Standard practice is to order all plates over 
approximately 3 in. with an extra 4 in. to 2 in. over the design thickness to allow for milling. Typically, only the area directly 
under the column shaft is milled. The base elevation for setting the column is determined in this case by the elevation at the bot-
tom of the column shaft with the grout space and shims adjusted accordingly.

4.5.2	 Base Plate Welding

The structural requirements for column base plate welds may vary greatly between columns loaded in compression only and 
columns in which moment, shear, and/or tension forces are present. Welds attaching base plates to columns are often sized to 
develop the strength of the anchor rods in tension, which can most often be achieved with a relatively small fillet weld. For 
example, a c in., 22-in.-long fillet weld to each column flange will roughly develop a 1-in.-diameter ASTM F1554 Grade 36 
anchor rod when the directional strength increase for fillet welds loaded transversely is used. Alternative criteria may be advis-
able when rod diameters are large or material strength levels are high.

A few basic guidelines on base plate welding are as follows:

1.	Fillet welds are preferable to groove welds where the fillet weld size is such that it is economical for fabricators to 
perform.

2.	The use of the weld-all-around symbol should be avoided, especially on wide-flange shapes, because the small amount 
of weld across the toes of the flanges and in the radius between the web and flange add very little strength and are very 
costly. The authors recommend that weld symbols specify welding of flats only.

3.	For most wide-flange columns subject to axial compression only, welding on one side of each flange (see Figure 4-15) 
with the minimum AWS fillet weld size will provide adequate strength and the most economical detail. When these welds 
are not adequate for columns with moment or axial tension, consider adding fillet welds on all faces up to w in. in size 
before using groove welds. This maximum size should be coordinated with the fabricator based on economy.

4.	For rectangular HSS columns subject to axial compression only, welding on the flats of the four sides only will avoid 
having to make an out-of-position weld on the corners. Note, however, that corners must be welded for HSS columns 
with moment or axial tension, and when anchor rods are located at the corners of the base plate because the critical yield 
line will form in the plate at the corners of the HSS.

5.	AISC Specification Section J2 requires that the minimum fillet weld size is based on the thinner of the materials joined.

Most column base plates are shop welded to the column shaft. In the past it was common to detail heavy base plates for multi-
story buildings as loose pieces to be set and grouted before erecting the column shaft. The base plate was detailed with three 

Fig. 4-15.  Typical gravity column base plate weld.
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adjusting screws, as shown in Figure 4-16, and the milled surface was carefully set to elevation. This approach had the advantage 
of reducing the weight of heavy members for handling and shipping and provided a fully grouted base plate in place to receive 
a very heavy column shaft. The column may or may not be welded after erection depending on the structural requirements and 
the type of erection aid provided. Most erectors now prefer to have the base plate shop welded to the column whenever possible.

4.5.3	 Anchor Rod Holes and Washers

A very common field problem is anchor rod placements that either do not fit within the anchor rod hole pattern or do not allow 
the column to be properly positioned. Because OSHA requires any modification of anchor rods to be approved by the engineer 
of record, it is important to provide as large a hole as possible to accommodate setting tolerances. The AISC-recommended hole 
sizes for anchor rods are given in Table 4-3.

These hole sizes originated in the first edition of Design Guide 1, based on field problems in achieving the column setting toler-
ances required for the previous somewhat smaller recommended sizes. They were later, and are currently, included in Part 14 of 
the AISC Manual.

The washer diameters shown in Table 4-3 are sized to cover the entire hole when the anchor rod is located at the edge of the hole. 
Plate washers are usually custom fabricated by thermal cutting the shape and holes from plate or bar stock. The washer may be 
either a plain circular washer or a rectangular plate washer if the thickness is adequate to prevent pulling through the hole.

The designer may consider using a smaller hole diameter as allowed in Footnote 4 in Table 4-3. This will allow the use of ASTM 
F844 (2019d) washers in lieu of the custom washers of dimensions shown in the table. This potential fabrication savings is not 
recommended because of potential problems with the placement of anchor rods being out of tolerance.

For anchor rods designed to resist moment or axial tension, the hole and washer sizes recommended in Table 4-3 should be used. 
The added setting tolerance is especially important when the full or near-full strength of the rod in tension is needed for design 
purposes, because almost any field fix in this case will be very difficult.

Additional recommendations regarding washers and anchor rod holes are as follows:

•	 Washers should not be welded to the base plate, except when the anchor rods are designed to resist shear at the column 
base (see Section 4.3.3).

•	 ASTM F436/F436M (2019b) washers are not used on anchor rods because they generally are of insufficient size.

•	 Washers for anchor rods are not hardened and do not need to be.

Fig. 4-16.  Base plate with adjusting screws.
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•	 Use w-in.-diameter ASTM F1554 Grade 36 rod material whenever possible. Where more strength is required, consider 
increasing rod diameter up to about 2 in. in ASTM F1554 Grade 36 material before switching to a higher-strength mate-
rial grade.

•	 Anchor rod details should always specify ample thread length. Whenever possible, thread lengths should be specified at 
least 3 in., preferably 6 in., greater than required to allow for variations in setting elevation.

•	 Anchor rod layouts should, where possible, use a symmetrical pattern in both directions and as few different layouts as 
possible. Thus, the typical layout should have four anchor rods in a square pattern.

•	 Anchor rod layouts should provide ample clearance distance for the washer from the column shaft and its weld, as well 
as a reasonable edge distance. When the hole edge is not subject to a lateral force, even an edge distance that provides 
a clear dimension as small as 2 in. of material from the edge of the hole to the edge of the plate will normally suffice, 
though field issues with anchor rod placement may necessitate a larger dimension to allow some slotting of the base plate 
holes. When the hole edge is subject to a lateral force, the edge distance provided must be large enough for the necessary 
force transfer.

•	 Keep the construction sequence in mind when laying out anchor rods adjacent to walls and other obstructions. Make sure 
the erector will have the access necessary to set the column and tighten the nuts on the anchor rods. Where special set-
tings are required at exterior walls, moment bases, and other locations, clearly identify these settings on both the column 
schedule and foundation drawings.

•	 Anchor rod layouts must be coordinated with the reinforcing steel and post-tensioning tendons to ensure that the rods can 
be installed in the proper location and alignment. This is especially critical in concrete piers and walls where there is less 
room for adjustment in the field. Anchor rods in piers should never extend below the bottom of the pier into the footing 

Table 4-3.  Recommended Sizes for Washers and Anchor Rod Holes in Base Plates

Anchor Rod 
Diameter,  

in.

Base 
Plate Hole 
Diameter,  

in.

Minimum 
Washer 
Width, 

in.

Minimum 
Washer 

Thickness, 
in.

Anchor Rod 
Diameter,  

in.

Base 
Plate Hole 
Diameter,  

in.

Minimum 
Washer 
Width, 

in.

Minimum 
Washer 

Thickness, 
in.

ASTM F1554, Grade 36

   w 1c 2 4 12 2a 4 a

  d 1b 22 a 1w 2d 42 w

1 1d 3 a 2 34 5 w 

14 28 32 a 22 3w 52 w

ASTM F1554, Grade 55

   w 1c 2 4 12 2a 4 2

   d 1b 22 a 1w 2d 42 w

1 1d 3 a 2 34 5 w

14 28 32 2 22 3w 52 w

ASTM F1554, Grade 105

   w 1c 2 a 12 2a 4 s

  d 1b 22 2 1w 2d 42 w

1 1d 3 2 2 34 5 w

14 28 32 s 22 3w 52 d
Notes:	 1.  Hole sizes provided are based on anchor rod size and correlate with ACI 117 (2010).

		  2.  Circular or square washers meeting the washer width are acceptable. Washer plate material: ASTM A572/A572M, Grade 50.

		  3. � Clearance must be considered when choosing an appropriate anchor rod hole location, noting effects such as the position of the rod in the hole 
with respect to the column, weld size, and other interferences.

		  4. � ASTM F844 washers may be used instead of plate washers when hole diameter is limited to rod diameter plus c in. for rod diameters up to 
1 in., rod diameter plus 2 in. for diameters over 1 in. up to 2 in., and rod diameters plus 1 in. for rod diameters over 2 in. This exception should 
not be used unless the general contractor has agreed to meet tighter tolerances for anchor rod placement than those specified in ACI 117.
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because this would require that the anchor rods be partially embedded prior to forming the pier, which makes it almost 
impossible to maintain alignment. When the pier height is less than the required anchor rod embedment length, the pier 
should be eliminated, and the column extended to set the base plate on the footing.

4.5.4	 Anchor Rod Placement and Tolerances

Proper placement of anchor rods provides for the safe, fast, and economical erection of the structural steel frame. The place-
ment process begins with the preparation of an anchor rod layout drawing. While it is possible to lay out anchor rods using the 
foundation design drawings and the column schedule, there will be fewer problems if the structural steel detailer coordinates all 
anchor rod details with the column base plate assembly. The anchor rod layout drawing will show all anchor rod marks along with 
layout dimensions and elevation requirements. Because of schedule pressures, there is sometimes a rush to set anchor rods using 
a drawing submitted for approval. This should be avoided; only placement drawings that have been designated as “Released for 
Construction” should be used for this important work. Additionally, a preconstruction meeting is recommended with the general 
contractor and their foundation construction team to review the anchor setting plans.

Layout (and after-placement surveying) of all anchor rods should be done by an experienced construction surveyor. The surveyor 
should be able to read structural drawings and be knowledgeable of construction practices. A typical licensed land surveyor may 
or may not have the necessary knowledge and experience for this type of work.

Templates should be made for each anchor rod setting pattern. Typically, templates are made of plywood on site. The advantage 
of plywood templates is they are relatively inexpensive to make and are easy to fasten in place to the wood foundation forms. 
The anchor rods can be held securely in place and relatively straight by using a nut on each side of the template. Steel templates 
consisting of flat plates or angle-type frames are sometimes used for very large anchor rod assemblies requiring close setting 
tolerances. Provisions should be made to secure the template in place, such as with nailing holes provided in the steel plate. Steel 
plate templates can also be reused as setting plates.

Embedded templates are sometimes used with large anchor rod assemblies to help maintain alignment of the rods during concrete 
placement. The template should be kept as small as possible to avoid interference with the reinforcing steel and concrete place-
ment. When using a single exposed template, the reinforcing steel can be placed before positioning the anchor rods in the form. 
With the embedded template, the anchor rod assembly must be placed first and the reinforcing steel placed around or through the 
template. Care must be taken to consolidate the concrete around the template to eliminate voids. This is especially important if 
the template serves as part of the anchorage.

When the templates are removed, the anchor rods should be surveyed and grid lines marked on each setting. The anchor rods 
should then be cleaned and checked to make sure the nuts can be easily turned and that the vertical alignment is proper. If neces-
sary, the threads should be lubricated. OSHA requires the contractor to review the settings and notify the engineer of record of 
any anchor rods that will not meet the tolerance required for the hole size specified.

As exceptions to the foregoing recommendations, fast-track projects and projects with complex layouts may require special con-
siderations. In a fast-track project, the steel design and detailing may lag behind the initial foundation work, and the structural 
layout may change as the job progresses. A project with complex layouts may be such that even the most accurate placement pos-
sible of anchor rods in concrete forms does not facilitate proper fit-up. On these projects, it may be better to use special drilled-in 
epoxy-type anchor rods rather than cast-in-place rods.

For fast-track projects, this has the advantage of allowing the foundation work to start without waiting for anchor rods and anchor 
rod layout drawings. For complex layouts, this has the advantage of providing easier and more accurate anchor-rod layout for 
more accurate column erection.

Coordination of AISC anchor rod setting tolerances and ACI tolerances for embedded items can be an issue. ACI 117-10 [2010, 
reapproved 2015, and adopted by IBC 2021 (ICC, 2021)], Section 2.3, Placement of embedded items, excluding dowels in slabs-
on-ground, includes the following tolerance provisions:

Centerline of assembly from specified location:
Horizontal deviation................................................................................................................................................ ±1 in.
Vertical deviation.................................................................................................................................................... ±1 in.

Anchor rods in concrete, top of anchor rod from specified elevation, vertical deviation........................................±2 in.
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Centerline of individual anchor rods from specified location, horizontal deviation:
for w-in. and d-in.-diameter rods.......................................................................................................................... ±4 in.
for 1-in., 14-in. and 12-in.-diameter rods............................................................................................................±a-in.
for 1w- in., 2-in., and 22 in.-diameter rods..........................................................................................................±2 in.

AISC Code of Standard Practice (2022a) Section 7.5.1 lists the following tolerances:

Anchor rods in concrete, top of anchor rod from specified elevation, vertical deviation........................................±2 in.

Centerline of individual anchor rods from specified location, horizontal deviation:
for w-in. and d-in.-diameter rods.......................................................................................................................... ±4 in.
for 1-in., 14-in. and 12-in.-diameter rods............................................................................................................±a-in.
for 1w- in., 2 in., and 22 in.-diameter rods...........................................................................................................±2 in.

Thus, ACI 117-10 provisions are similar to the AISC Code of Standard Practice for anchor rod tolerances. Furthermore, because 
each trade will work to their own industry standard unless the contract documents require otherwise, it is recommended that the 
project specifications, typically the Construction Specifications Institute (CSI, 2020) Division 3, require that the anchor rods be 
set in accordance with the ACI 117-10 specification for tolerances for concrete construction and materials in order to clearly 
establish a basis for acceptance of the anchor rods. It may be helpful to actually list the tolerance requirements instead of simply 
providing a reference.

4.5.5	 Column Erection Procedures

OSHA requires the general contractor to notify the erector in writing that the anchor rods are ready for start of steel erection. 
This notice is intended to ensure that the layout has been checked, any required repairs have been made, and the concrete has 
achieved the required strength. The erector then, depending on project requirements, rechecks the layout and sets elevations for 
each column base.

There are three common methods of setting elevations—setting nuts and washers, setting plates, and shim stacks. Project require-
ments and local customs generally determine which of these methods is used. It is important in all methods that the erector 
tightens all the anchor rods before removing the erection load line so that the nut and washer are tight against the base plate. 
This is not intended to induce any level of pretension, but rather to ensure that the anchor rod assembly is firm enough to prevent 
column base movement during erection. If it is necessary to loosen the nuts to adjust column plumbness, care should be taken to 
adequately brace the column while the adjustment is made.

Setting Nut and Washer Method

The use of four anchor rods has made the setting nut and washer method of column erection very popular as it is easy and cost-
effective. Once the setting nuts and washers are set to elevation, there is little chance they will be disturbed. The four-rod layout 
provides a stable condition for erection, especially if the anchor rods are located outside of the column area. The elevation and 
plumbness of the column can be adjusted using the nuts. When designing anchor rods using setting nuts and washers, it is impor-
tant to remember these rods are also loaded in compression and their strength should be checked for push out at the bottom of 
the footing. It is recommended that use of the setting nut and washer method be limited to columns that are relatively lightly 
loaded during erection. Even after the base plate is grouted, the setting nut will transfer load to the anchor rod, and this should 
be considered when selecting the method to set the column elevation. Use of plate washers in lieu of standard washers will be 
needed at the bottom of the base plate because of the size of the large base plate holes. Typically, the design of the anchor rods 
and plate washers for loads during erection would be the responsibility of the erection engineer and should be designed to span 
across the hole.

Setting Plate Method

Setting plates (sometimes called leveling plates) are a very positive method for setting column base elevations but are somewhat 
more costly than setting nuts and washers.

Setting plates are typically 4 in. thick and slightly larger than the base plate. Plates of this thickness tend to warp when fabri-
cated; consequently, setting plates are typically limited to a maximum dimension of about 24 in. If the setting plate is also to be 
used as a template or to transfer shear, the holes are made to follow AISC Specification Table J3.3 for standard holes. Otherwise, 
standard oversize anchor rod hole sizes are used.
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After the anchor rods have been set, the setting plate is removed, and the anchor rods are checked as noted previously. The bear-
ing area is then cleaned, and the elevations are set using either jam nuts or shims. Grout is spread over the area and the setting 
plate tapped down to elevation. The elevation should be rechecked after the plate is set to verify that it is correct. If necessary, the 
plate and grout can be removed, and the process started over.

One problem with using setting plates is that warping in either the setting plate or the base plate, or column movement during 
“bolt-up,” may result in gaps between the setting plate and base plate. Generally, there will still be adequate bearing, and the 
amount of column settlement required to close the gap will not be detrimental to the structure. The acceptability of any gaps can 
be determined using the provisions in AISC Specification Section M4.4. It is recommended that means to address this possibility 
should be established in advance of erecting the columns on the leveling plates. It should be noted that AISC Specification Sec-
tion M2.8(b) waives the requirement for milling the bottom of base plates that are grouted. Not milling the bottom of thick base 
plates that bear on leveling plates may also result in the Section M4.4 tolerance being exceeded.

Setting plates provide a positive check on anchor rod settings prior to the start of erection and provide the most stable erection 
base for the column. The use of setting plates should be considered when the column is being erected in an excavation where 
water and soil may wash under the base plate and make cleaning and grouting difficult after the column is erected.

Shim Stack Method

Column erection on shim stacks (steel or other materials) is a traditional method for setting base plate elevations that has the 
advantage that all compression is transferred from the base plate to the foundation without involving the anchor rods. Steel shim 
packs approximately 4 in. wide are set at the four edges of the base plate. The areas of the steel shim stacks are typically large 
enough to carry substantial dead load prior to grouting of the base plate.

Setting Large Base Plates

Base plate size and weight may be such that the base plate must be preset to receive the column. When crane capacities or han-
dling requirements make it advantageous to set the plate in advance of the column, the plates are furnished with either wedge-
type shims or leveling or adjusting screws to allow them to be set to elevation and grouted before the column is set, as illustrated 
in Figure 4-16 in Section 4.5.2. Leveling-screw assemblies consist of sleeve nuts welded to the sides of the plate and a threaded 
rod screw that can be adjusted. These plates should be furnished with hole sizes as shown in Table 4-3 in Section 4.5.3. The col-
umn shaft should be detailed with stools or erection aids, as required. Where possible, the column attachment to the base plate 
should avoid field welding because of the difficulty in preheating a heavy base plate for welding.

4.5.6	 Grouting Requirements

Grout serves as the connection between the steel base plate and the concrete foundation to transfer compression loads and shear 
through friction. Accordingly, it is important that the grout be properly designed and placed in a proper and timely manner.

It is recommended that grout have a design compressive strength at least twice the strength of the foundation concrete. This will 
be adequate to transfer the maximum steel bearing pressure to the foundation. However, grout with less strength can be used if 
its compressive strength is confirmed by calculation. The design thickness of the grout space will depend on how fluid the grout 
is and how accurate the elevation of the top of concrete is placed. If the column is set on a finished floor, a 1 in. space may be 
adequate, while on the top of a footing or pier, normally the space should be 12 to 2 in. Large base plates with large anchor rods 
and plates with shear lugs may require more space, especially if the setting nut and washer method is used to erect the column.

Grout holes are not required for most base plates. For plates 24 in. or less in width, a form can be set up, and the grout can be 
forced in from one side until it flows out the opposite side. When plates become larger or when shear lugs are used, it is recom-
mended that one or two grout holes be provided. Additional requirements for grouting horizontally installed base plates with 
shear lugs are found in ACI 318, Section 17.11.1.2. Grout holes are typically 2 to 3 in. in diameter and are typically thermally cut 
in the base plate. A form should be provided around the edge, and some sort of filling device should be used to provide enough 
head pressure to cause the grout to flow out to all sides.

It is important to follow the manufacturer’s recommendations for mixing and curing times. When placing grout in cold weather, 
it is especially important to ensure that protection is provided per the manufacturer’s specification.

Grouting is an interface between trades that provides a challenge for the specification writer. Typically, the grout is furnished by 
the concrete or general contractor, but the timing is essential to the work of the steel erector. Because of this, specification writers 
sometimes place grouting in the steel section. This only confuses the issue because the erector then must make arrangements with 



60 / BASE CONNECTION DESIGN / AISC DESIGN GUIDE 1, 3rd EDITION

the concrete contractor to do the grouting. Grouting should be the responsibility of the concrete contractor, and there should be a 
requirement to grout column bases promptly when notified by the erector that the column is in its final location.

4.6	 EXPOSED COLUMN BASE CONNECTIONS—REPAIR AND FIELD FIXES

Anchor rods may require repair or modification during installation or later in service. OSHA requires that any modification of 
anchor rods during construction be reviewed and approved by the engineer of record. On a case-by-case basis, the engineer of 
record must evaluate the relative merits of a proposed repair as opposed to rejecting the foundation and requiring the contractor 
to replace part of the foundation with new anchor rods per the original design.

Records should be kept of the repair procedure and the results. The engineer of record may require special inspection or testing 
if deemed necessary to verify the repair.

Most of these repairs are standard simple modifications that do not require calculations. The most common anchor rod problems 
are addressed in the following sections.

4.6.1	 Anchor Rods in the Wrong Position

For anchor rods in the wrong position, the repair method depends on the nature of the problem and when in the construction 
process it is first noted. Is the repair required for only one rod, or for the entire pattern of rods? How far out of position is the rod 
or pattern, and what are the required strengths of the rods?

If the error is discovered before the column base plate has been fabricated, it might be possible to use a different pattern or even 
a different base plate. If the rod positions interfere with the column shaft, it may be necessary to modify the column shaft by cut-
ting and reinforcing sections of the flange or web.

If one or two rods in a pattern are misplaced after the column has been fabricated and shipped, the most common repair is to slot 
the base plate and use a plate washer to span the slot. If the entire pattern is off uniformly, it might be possible to cut the base 
plate off and offset the base plate to accommodate the out of tolerance. It is necessary to check the base plate design for this 
eccentricity. When removing the base plate, it may be required to turn the plate over to have a clean surface on which to weld 
the column shaft.

If the anchor rod or rods are more than a couple of inches out of position, the best solution may be to cut off the existing rods and 
install new post-installed anchor rods. When using such rods, carefully follow the manufacturer’s recommendations for instal-
lation and ACI 318, Chapter 17, for the anchorage design and provide inspection as required in the applicable building code. 
Locate the holes to avoid reinforcing steel in the foundation. If any reinforcing steel is cut, a check of the effect on foundation 
strength must be made.

4.6.2	 Anchor Rods Bent or Not Vertical

Care should be taken when setting anchor rods to ensure they are plumb. If the rods are not properly secured in the template, or 
if there is reinforcing steel interference, the rods may end up at an angle to the vertical that will not allow the base plate to be fit 
over the rods.

Rods can also be damaged in the field by equipment, such as when backfilling foundations or performing snow removal. Anchor 
rod locations should be clearly flagged so that they are visible to equipment operators working in the area. Additionally, products 
that protect anchor rods in the field and make them more visible are available. The anchor rods shown in Figure 4-17 were dam-
aged because they were covered with snow and the crane operator could not see them.

ASTM F1554 permits both cold and hot bending of anchor rods to form hooks; however, bending in the threaded area can be 
a problem. It is recommended that only Grade 36 rods be bent in the field and the bend limited to 45° or less. Rods up to about 
1 in. in diameter can be cold bent. Rods over 1 in. can be heated up to 1,200°F to make bending easier. It is recommended that 
bending be done using a rod bending device called a hickey. After bending, the rods should be visually inspected for cracks. If 
there is concern about the tensile strength of the anchor rod, the rod can be load tested.

4.6.3	 Anchor Rod Projection Too Long or Too Short

Anchor rod projections that are too short or too long must be investigated to determine if the correct anchor rods were installed. 
If the anchor rod is too short, the anchor rod may be projecting below the foundation. If the rod projection is too long, the embed-
ment may not be adequate to develop the required tensile strength.
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Often, when the anchor rod is short, it may be possible to partially engage the nut. A conservative estimate of the resulting nut 
strength can be made based on the percentage of threads engaged, as long as at least half of the threads in the nut are engaged. 
Additional information is available in Labelle (2016). Welding the nut to the anchor rod is not a prequalified welded joint and 
is not recommended. Additionally, ASTM F1554 only considers Grade 36 and Grade 55 (if in compliance with Supplement S1) 
anchor rod material to be weldable, and in these cases, it may be feasible to weld the anchor rod to the plate washer.

If the anchor rod is too short and the rods are used only for column erection, then the most expedient solution may be to cut or 
drill another hole in the base plate and install a post-installed anchor rod. When the rods are designed for tension, the repair may 
require extending the anchor rod by using a coupling nut or welding on a piece of threaded rod. Figure 4-18 details how a cou-
pling nut can be used to extend an anchor rod. This fix will require enlarging the anchor rod hole to accommodate the coupling 
nut along with using oversize shims to allow the plate washer and nut to clear the coupling nut. Table 4-4 lists the dimensions 
of typical coupling nuts that can be used to detail the required hole size and plate fillers. Alternatively, proprietary coupling nut 
extenders are available and could be considered.

ASTM F1554 Grade 36 anchor rods and ASTM F1554 Grade 55 with Supplement S1 anchor rods can be extended by welding 
on a threaded rod. Butt welding two round rods together requires special detailing that uses a run-out tab to make a proper groove 
weld. Figure 4-19 shows a recommended detail for butt welding. The run-out tab can be trimmed off after welding, if necessary, 
and the rod can be ground flush if required. For more information on welding to anchor rods, see AISC Design Guide 21, Welded 
Connections—A Primer for Engineers (Miller, 2017).

It is also possible to extend an anchor by using splice bars to connect a threaded rod extension. Details similar to Figure 4-20 will 
require enlarging the anchor rod hole similar to what is required for the threaded coupler. Either of these welded details can be 
designed to develop a full-strength splice of the anchor rod.

When anchor rods are too long, it is easy to add plate washers to attain an adequate thread length to run the nut down to the base 
plate. As noted previously, anchor rod details should always include an extra 3 in., and preferably 6 in., of thread beyond what 
the detail dimension requires to compensate for some variation in anchor rod projection.

Fig. 4-17.  Anchor rods run over by a crane.
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Table 4-4.  Hex Coupling Nut Dimensions

Diameter of Rod,  
in.

Width across Flats,  
in.

Approximate Width  
across Corners, in.

Height of Nut,  
in.

    w 1 18 24

    d 14 1v 22

1 1a 1b 2w

14 1s 1d 3

12 2 2c 32

1w 2w 3x 54

2 38 3s 6

22 3d 42 72
Dimensions based on ASME B18.2.2-2022 (2022). Material conforms to ASTM A563/A563M (2021a) Grade A.

Fig. 4-18.  Coupling nut detail for extending anchor rods.
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Fig. 4-19.  Groove weld splice.

Fig. 4-20.  Lap plate splice.
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24 in. x 24 in.
Concrete pedestal

Pu = 700 kips
Pa = 466 kips

W12×96

Fig. 4-21.  Example 4.7-1 base detail.

4.6.4	 Anchor Rod Pattern Rotated 90°

Nonsymmetrical anchor rod patterns rotated 90° are very difficult to repair. In special cases, it may be possible to remove the 
base plate and rotate it to accommodate the anchor rod placement. In most cases, this will require cutting off the anchor rods and 
installing drilled-in epoxy-type anchors.

4.7	 DESIGN EXAMPLES

EXAMPLE 4.7-1—�Base Connection for Concentric Axial Compression Load (No Concrete Confinement)

A base connection for a wide-flange column is designed for a concentric compression load. The dimensions of the base plate 
(width, length, and thickness) are determined considering the concrete bearing strength and flexural yielding strength of the plate. 
An increase in concrete bearing strength resulting from concrete confinement is not considered. The anchor rod quantity and 
configuration are determined.

Given:

A W12×96 column bears on a 24 in. × 24 in. concrete pedestal as shown in Figure 4-21. The minimum concrete compressive 
strength is ƒ ′c = 3 ksi. The base plate is ASTM A572/A572M Grade 50 material.

The required strength due to axial loads is:

LRFD ASD

Pu = 700 kips Pa = 466 kips
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Solution:

From AISC Manual Table 2-5

Base plate
ASTM A572/A572M Gr. 50
Fy	= 50 ksi
Fu	= 65 ksi

From AISC Manual Table 1-1, the W-shape geometric properties are as follows:

W12×96
d	 = 12.7 in.
bf	 = 12.2 in.

Determine the base plate plan dimensions and thickness for the given required strength, using the assumption that A2 = A1 
(Case I).

Calculate the required base plate area

LRFD ASD

	

A1(req) = Pu

c0.85 fc

= 700 kips

0.65( ) 0.85( ) 3 ksi( )
= 422 in.2

′ϕ

�

(4-6a)

	

A1(req) = cPa
0.85 fc

=
2.31( ) 466 kips( )

0.85( ) 3 ksi( )
= 422 in.2

Ω
′

�

(4-6b)

Optimize the base plate dimensions, N and B

Setting m = n and Δ = B − N will yield:

=
0.95d 0.8bf

2

= 0.95 12.7 in.( ) 0.8 12.2 in.( )
2

= 1.15 in.

Δ

−

�

(4-17)

N A1(req) +

422 in.2 +1.15 in.

21.7 in.≈
≈

≈ Δ

�

(4-16)

Round N up to its nearest whole number, N = 22.0 in.

B =
A1 req( )

N

= 422 in.2

22.0 in.
= 19.2 in. �

(4-18)

Round B up to its nearest whole number, B = 20.0 in.

A1 = BN

= 22.0 in.( ) 20.0 in.( )
= 440 in.2 > 422 in.2
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Check bearing strength of the concrete without considering confinement of the concrete (A2 = A1) using AISC Specification 
Equation J8-1:

LRFD ASD

cPp = c0.85 fcA1

= 0.65( ) 0.85( ) 3 ksi( ) 440 in.2( )
= 729 kips > 700 kips     o.k.

ϕϕ ′ Pp

c
= 0.85 fc A1

c

=
0.85( ) 3 ksi( ) 440 in.2( )

2.31
= 486 kips > 466 kips     o.k.

ΩΩ
′

⎡

⎣
⎢

⎤

⎦
⎥

⎛
⎝⎜

⎞
⎠⎟

Calculate required base plate thickness

m = N 0.85d

2

= 22.0 in. 0.85 12.7 in.( )
2

= 4.97 in.

−

−

�

(4-10)

N =
B 0.8bf

2

= 20.0 in. 0.8 12.2 in.( )
2

= 5.12 in.

−

−

�

(4-11)

LRFD ASD

	

X =
4dbf

d + bf( )2
Pu

cPp

= 4 12.7 in.( ) 12.2 in.( )
12.7 in. +12.2 in.( )2

700 kips

729 kips

= 0.960

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥ ϕ

�

(4-14a)

	

= 2 X

1+ 1 X
1

= 2 0.960

1+ 1 0.960
= 1.63 > 1

= 1

λ ≤

−

−

�

(4-13)

	

X =
4dbf

d + bf( )2
cPa
Pp

= 4 12.7 in.( ) 12.2 in.( )
12.7 in. +12.2 in.( )2

466 kips

486 kips

= 0.958

⎛
⎝⎜

⎞
⎠⎟

Ω

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

�

(4-14b)

	

= 2 X

1+ 1 X
1

= 2 0.958

1+ 1 0.958
= 1.62 > 1

= 1

−

−
λ ≤

�

(4-13)

n =
dbf
4

= 1( ) 12.7 in.( ) 12.2 in.( )
4

= 3.11 in.

λλ ′

�

(4-12)

l	 = max (m, n, λn′)
	 = max (4.97 in., 5.12 in., 3.11 in.)
	 = 5.12 in
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LRFD ASD

	

tmin = l
2Pu

bFyBN

= 5.12 in.( ) 2( ) 700 kips( )
0.90( ) 50 ksi( ) 20.0 in.( ) 22.0 in.( )

= 1.36 in.

ϕ

� 	

tmin = l
2 bPa

FyBN

= 5.12 in.( ) 2( ) 1.67( ) 466 kips( )
50 ksi( ) 20.0 in.( ) 22.0 in.( )

= 1.36 in.

Ω

�

(4-15b)

Use a 12-in.-thick base plate.

Determine the anchor rod size and location

Because no anchor rod forces exist in the completed structure, the anchor rod size and embedment should be determined based 
on the OSHA requirements, erection considerations such as wind during construction, and practical considerations.

Use four w-in.-diameter ASTM F1554 Grade 36 anchor rods.

Determine the column to base plate welds

The axial force will be transferred through bearing from the column to the base plate. Only minimum welding needs to be pro-
vided as discussed in Section 4.5.2.

EXAMPLE 4.7-2—�Base Connection for Concentric Axial Compression Load (Using Concrete Confinement)

A base connection for a wide-flange column is designed for a concentric compression load. The dimensions of the base plate 
(width, length, and thickness) are determined considering the concrete bearing strength and flexural yielding strength of the 
plate. An increase in concrete bearing strength resulting from concrete confinement is considered. The anchor rod quantity and 
configuration are determined and the column to base plate weld designed.

Given:

Using the criteria from Example 4.7-1, determine the base plate plan dimensions considering the effect of concrete confinement 
in determining the available concrete bearing strength (Case III).

The required strength due to axial loads is:

LRFD ASD

Pu = 700 kips Pa = 466 kips

Solution:

Calculate the required base plate area using the strength increase for concrete confinement

LRFD ASD

	

A1(req) = Pu
2 c0.85 fc

= 700 kips

2 0.65( ) 0.85( ) 3 ksi( )
= 211 in.2

′ϕ

�

(4-7a)

	

A1(req) = cPa
2 0.85 fc( )

=
2.31( ) 466 kips( )
2( ) 0.85( ) 3 ksi( )

= 211 in.2

Ω
′

�

(4-7b)

� (4-15a)
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Optimize the base plate dimensions, N and B

Setting m = n and Δ = B − N will yield:

=
0.95d 0.8bf

2

= 0.95 12.7 in.( ) 0.8 12.2 in.( )
2

= 1.15 in.

Δ

−

−

�

(4-17)

N A1(req) +

211 in.2 +1.15 in.

15.7 in.≈
≈

≈ Δ

�

(4-16)

Round N up to its nearest whole number, N = 16.0 in.

B =
A1 req( )
N

= 211 in.2

16.0 in.
= 13.2 in. �

(4-18)

Round B up to its nearest whole number, B = 14.0 in.

A1 = BN

= 14.0 in.( ) 16.0 in.( )
= 224 in.2 > 211 in.2 o.k.

Calculate A2 geometrically similar to A1

The geometrically similar area is calculated based on the 24.0 in. pier as:

N2 = 24.0 in.

B2 = 14.0 in. + 24.0 in. 16.0 in.( )
= 22.0 in.

−

A2 = N2B2

= 24.0 in.( ) 22.0 in.( )
= 528 in.2

4A1 = 4 224 in.2( )

= 896 in.2 528 in.2≥

Case III applies and, because full confinement is not possible, a larger plate size will be tried.

Trial dimensions N = 20.0 in. and B = 18.0 in. are considered, which yields:

A1 = BN

= 18.0 in.( ) 20.0 in.( )
= 360 in.2

N2 = 24.0 in.
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B2 = 18.0 in. + 24.0 in. 20.0 in.( )
= 22.0 in.

−

A2 = N2B2

= 24.0 in.( ) 22.0 in.( )
= 528 in.2

Compare the required bearing strength to the available bearing strength

If the required bearing strength is less than the available bearing strength, revise B and N until criteria is satisfied.

LRFD ASD

	

cPp = c0.85 fcA1
A2

A1

= 0.65( ) 0.85( ) 3 ksi( ) 360 in.2( ) 528 in.2

360 in.2

= 723 kips > 700 kips o.k.

ϕϕ ′

�

Use N = 20.0 in., B = 18.0 in.

	

Pp

c
= 0.85 fc

c
A1

A2

A1

= 0.85( ) 3 ksi( )
2.31

360 in.2( ) 528 in.2

360 in.2

= 481 kips > 466 kips o.k.

′
Ω Ω

�

(4-20b)

Use N = 20.0 in., B = 18.0 in.

Calculate required base plate thickness

m = N 0.95d

2

= 20.0 in. 0.95 12.7 in.( )
2

= 3.97 in.

−

−

�

(4-10)

n =
B 0.8bf

2

= 18.0 in. 0.8 12.2 in.( )
2

= 4.12 in.

−

−

�

(4-11)

LRFD ASD

	

X =
4dbf

d + bf( )2

Pu
Ppc

= 4 12.7 in.( ) 12.2 in.( )
12.7 in. +12.2 in.( )2

700 kips

723 kips

= 0.968

ϕ
⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

�

(4-14a)

	

X =
4dbf

d + bf( )2
cPa
Pp

= 4 12.7 in.( ) 12.2 in.( )
12.7 in. +12.2 in.( )2

466 kips

481 kips

= 0.968

Ω⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

�

(4-14b)

= 2 X

1+ 1 X
1

= 2 0.968

1+ 1 0.968
= 1.67 > 1

= 1

λ

−

−
≤

�

(4-13)

� (4-20a)
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n =
dbf
4

= 1( ) 12.7 in.( ) 12.2 in.( )
4

= 3.11 in.

λλ ′

�

(4-12)

l = max m,n, n( )
= max 3.97 in., 4.12 in., 3.11 in.( )
= 4.12 in.

λ ′

LRFD ASD

	

tmin = l
2Pu

bFy BN

= 4.12 in.( ) 2( ) 700 kips( )
0.90( ) 50 ksi( ) 18.0 in.( ) 20.0 in.( )

= 1.21 in.

ϕ

� 	

tmin = l
2 bPa

FyBN

= 4.12 in.( ) 2( ) 1.67( ) 466 kips( )
50 ksi( ) 18.0 in.( ) 20.0 in.( )

= 1.21 in.

Ω

�

(4-15b)

Use a 14-in.-thick base plate.

The anchor rods are the same as Example 4.7-1.

EXAMPLE 4.7-3—�Base Connection for Concentric Axial Tension Load

A base connection for a wide-flange column is designed for a concentric tension load. The type and number of anchor rods, base 
plate dimensions, welding, and concrete anchorage are designed.

Given:

A W10×45 column is subjected to a net uplift load. The column will be anchored to the foundation using an ASTM A572/A572M 
Grade 50 base plate and ASTM F1554 Grade 36 anchor rods. The column is attached to a large spread footing with a specified 
compressive strength of concrete, ƒ ′c = 4,000 psi. Use 70 ksi weld electrodes.

The required strengths due to axial tensile loads are:

LRFD ASD

Pu = 70.0 kips (uplift) Pa = 45.0 kips (uplift)

Solution:

From AISC Manual Tables 2-4, 2-5, and 2-6, the material properties are as follows:

W10×45
ASTM A992/A992M
Fy	 = 50 ksi
Fu	= 65 ksi

Base plate
ASTM A572/A572M Grade 50
Fy = 50 ksi

Anchor rods
ASTM F1554 Grade 36
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Fy	 = 36 ksi
Fu	= 58 ksi

From AISC Manual Table 1-1, the geometric properties of the column are as follows:

W10×45
bf	= 8.02 in.
d	 = 10.1 in.
tw	= 0.350 in.

Procedure

1.	Select the type and number of anchor rods.

2.	Determine the appropriate base plate thickness and weld to transfer the uplift forces from the column to the anchor rods.

3.	Determine the method for developing the required strength of the anchor rods in the concrete spread footing.

Select the type and number of anchor rods

Per OSHA requirements, a minimum of four anchor rods are required. Determine the tension per anchor rod considering that 
the anchor rod group is concentric with the applied uplift load such that the tension load is equally distributed to all anchor rods.

LRFD ASD

ru = Pu
number of rods

= 70.0 kips

4 rods
= 17.5 kips/rod

ra = Pa
number of rods

= 45.0 kips

4 rods
= 11.3 kips/rod

Using d-in.-diameter anchor rods and the tensile stress area determined from Table 4-1, the nominal tensile strength of each 
anchor rod is:

Rn = FuAse,N

= 58 ksi( ) 0.462 in.2( )
= 26.8 kips �

(4-22)

The available tensile strength of each rod may then be calculated as:

LRFD ASD

= 0.75

Rn = 0.75 26.8 kips( )
= 20.1 kips > 17.5 kips     o.k.

ϕ

ϕ = 2.00

Rn = 26.8 kips

2.00
= 13.4 kips > 11.3 kips o.k.

Ω

Ω

Alternatively, these values could also have been determined from Table 4-1.

The four d-in.-diameter ASTM F1554 Grade 36 anchor rods have adequate tensile capacity to resist the required strength.

Determine the appropriate base plate thickness and weld to transfer the uplift forces from the column to the anchor rods

The rods are positioned inside the column profile with a 4.00 in. square pattern (g = 4.00 in.). Prying forces are considered negli-
gible for this example but could be considered if deemed appropriate based on the engineer’s judgment. To simplify the analysis, 
conservatively consider that the tensile loads in the anchor rods generate one-way bending in the base plate about the web of 
the column. This consideration is illustrated by the bending lines shown in Figure 4-22. If the column web strength controls the 
design, then consider distributing the forces to the flanges as well as the web using relative stiffness and two-way bending. For 
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Fig. 4-22.  Rod load distribution.

bolts located outside of the flange, the 45° load distribution can be used to distribute the forces to the flanges only. A yield line 
analysis may also be used to design the plate if the welds are properly designed to account for the assumed yield line.

The required flexural strength of the base plate per rod equals the force times the lever arm, a, to the column web face.

a = g tw
2

= 4.00 in. 0.350 in.

2
= 1.83 in.

−

−

LRFD ASD

Mu = rua

= 17.5 kips( ) 1.83 in.( )
= 32.0 kip-in.

Ma = raa

= 11.3 kips( ) 1.83 in.( )
= 20.7 kip-in.

The effective width, beff, of the base plate for resisting the required moment strength at the face of the web is determined from a 
45° distribution for the rod loads (width shown between the dashed lines in Figure 4-22),

beff = 2a

= 2 1.83 in.( )
= 3.66 in.

The plastic section modulus, Z, of the effective section can then be calculated as:

Z =
beff t

2

4

Setting the available strength equal to the required strength and solving for the required thickness yields:

LRFD ASD

treq = 4Mu

beff bFy

=
4 32.0 kip-in.( )

3.66 in.( ) 0.90( ) 50 ksi( )
= 0.882 in.

ϕ
treq = 4 bMa

beff Fy

=
4 1.67( ) 20.7 kip-in.( )

3.66 in.( ) 50 ksi( )
= 0.869 in.

Ω
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Use a 1-in.-thick ASTM A572/A572M Grade 50 base plate.

For the column to base plate weld on each side of the column web, consider the anchor rod tensile force active only on an effec-
tive width, beff, of the weld.

LRFD ASD

ruw = ru
beff

= 17.5 kips

3.66 in.
= 4.78 kips/in.

raw = ra
beff

= 11.3 kips

3.66 in.
= 3.09 kips/in.

From AISC Specification Table J2.4, the minimum fillet weld size for the 0.350 in. column web is x in.

The welds are placed on each side of the column web and are therefore loaded through its center of gravity. Therefore, a direc-
tional strength increase may be utilized. From AISC Specification Section J2.4(a), the increase factor for an angle of 90° between 
the line of action of the required force and weld longitudinal axis is calculated by:

θ	 = 90°

kds = 1.0 + 0.50sin1.5( )

= 1.0 + 0.50sin1.5 90°( )
= 1.50

θ

⎡⎣ ⎤⎦
�

(Spec. Eq. J2-5)

From AISC Specification Section J2.4(a) and Table J2.5, the nominal weld strength per in. for a x in. fillet weld with E70 elec-
trode is:

Rn = FnwAwekds

= 0.60 70 ksi( )[ ] x in.

2
1.50( )

= 8.35 kip/in.

⎛
⎝

⎞
⎠

�

(Spec. Eq. J2-4)

The available strength is then calculated as follows:

LRFD ASD

= 0.75

Rn = 0.75 8.35 kip/in.( )
= 6.26 kip/in. > 4.78 kip/in.     o.k.

ϕ

ϕ

 

= 2.00

Rn = 8.35 kip/in.

2.00
= 4.18 kip/in. > 3.09 kip/in.     o.k.

Ω

Ω

Check the local stress at the web at the weld:

LRFD ASD

Fy = 0.90 50 ksi( )
= 45.0 ksi

fweb = 2ruw
tw

=
2 4.78 kip/in.( )

0.350 in.
= 27.3 ksi < 45.0 ksi     o.k.

ϕ Fy = 50 ksi

1.67
= 29.9 ksi

fweb = 2raw
tw

=
2 3.09 kip/in.( )

0.350 in.
= 17.7 ksi < 29.9 ksi     o.k.

Ω
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Determine the design concrete anchorage strength for developing the required strength of the anchor rods  
in the concrete spread footing

As noted earlier, this column is anchored in the middle of a large spread footing. Therefore, there are no edge constraints on the 
concrete tensile cones, and there is no concern regarding edge distance to prevent side-face blowout of the concrete.

Try using a 32 in. hook on the embedded end of the anchor rod to develop the required strength of the rod. As mentioned earlier 
in this Guide, the use of hooked anchor rods is generally not recommended. The use of hooked anchor rods here is to demonstrate 
the limited pullout strength of this type of rod. Refer to AISC Manual Part 14 for recommended limitations of use. Because no 
analysis was performed to confirm there will be no cracking at service load levels, ψc,P = 1.0. Note that no equivalent ASD solu-
tion exists for concrete pullout capacity within ACI 318.

The design pullout strength of a single cast-in hooked anchor is calculated according to ACI 318, Section 17.6.3.

Calculate the distance from the inner surface of the shaft of the anchor to the tip of the hook, eh, and confirm that the hook geom-
etry conforms to the requirements of ACI 318, Section 17.6.3.2.2(b).

da	 = d in.

eh = hook length da
= 32 in. d in.

= 2.63 in.

−
−

eh
da

= 2.63 in.

d in.
= 3.01

Because eh is at least 3da and not greater than 4.5da, the hook geometry is acceptable.

Np = 0.9 fcehda

= 0.9 4,000 psi( ) 2.63 in.( ) d in.( ) 1 kip

1,000 lbf

= 8.28 kips

⎛
⎝

⎞
⎠

′

�

(ACI 318, Eq. 17.6.3.2.2b)

Npn = c,PNp

= 1.0 8.28 kips( )
= 8.28 kips

ψ

�

(ACI 318, Eq. 17.6.3.1)

ϕ	 = 0.70� [ACI 318, Table 17.5.3(c)]

Npn = 0.70 8.28 kips( )
= 5.80 kips <17.5 kips     n.g.

ϕ

Thus, a 3.50 in. hook is not capable of developing the required tensile force in the rod.

Therefore, use a heavy hex nut and a threaded rod to develop the required tensile force in the rod.

Concrete pullout strength

The design pullout strength of a d-in.-diameter rod from Table 4-2 is ϕNpn = 26.7 kips, which is greater than the required strength 
per anchor rod of ru = 17.5 kips.

Concrete breakout strength

The required embedment depth to achieve a concrete breakout strength, ϕNcbg, that exceeds the required uplift of 70.0 kips 
(LRFD) can be determined by trial and error. The final trial with an embedment length, hef, of 15.0 in. follows. The design con-
crete breakout strength of the cast-in anchor group is calculated according to ACI 318, Section 17.6.2. Because the tension load 
is concentric with the anchor group, e′N = 0 in.
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λa = 1.0 for normal-weight concrete

The projected concrete failure area of a group of anchors with 4.00 in. by 4.00 in. spacing (s1, s2) and unaffected by edge distance 
is calculated according to ACI 318, Section 17.6.2.1.1, and Figure 4-23.

ANc = 1.5hef + s1 +1.5hef( ) 1.5hef + s2 +1.5hef( )
= 1.5 15.0 in.( ) + 4.00 in. +1.5 15.0 in.( )[ ] 1.5 15.0 in.( ) + 4.00 in. +1.5 15.0 in.( )[ ]
= 2,400 in.2

The projected failure area of a single anchor with an edge distance of at least 1.5hef is:

ANco = 9hef
2

= 9 15.0 in.( )2

= 2,030 in.2 �

(ACI 318, Eq. 17.6.2.1.4)

The modification factor for eccentric loading on anchor groups is given by:

ec,N = 1

1+ eN
1.5hef

1

= 1

1+ 0 in.
1.5 15.0 in.( )

1

= 1.0

≤

≤ψ

⎡
⎣⎢

⎤
⎦⎥

⎛
⎝⎜

⎞
⎠⎟

′

�

(ACI 318, Eq. 17.6.2.3.1)

Because the edge distance exceeds 1.5hef,

ψed,N = 1.0� (ACI 318, Eq. 17.6.2.4.1a)

Because no analysis was performed, consider the concrete to be cracked at service load levels, use ψc,N = 1.0, in accordance with 
ACI 318, Section 17.6.2.5.1(b).

For cast-in anchors, the factor representing breakout splitting is determined as ψcp,N = 1.0 per ACI 318, Section 17.6.2.6.2.

Fig. 4-23.  Breakout cone for Example 4.7-3.
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For 11.0 in. ≤ hef ≤ 25.0 in.,

Nb = 16 a fchef
5/3

= 16 1.0( ) 4,000 psi

psi

15.0 in.

in.

5/3

lbf( ) 1 kip

1,000 lbf

= 92.3 kips

′λ

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

⎡

⎣
⎢

⎤

⎦
⎥

�

(ACI 318, Eq. 17.6.2.2.3)

The nominal breakout strength of the anchor group in tension is determined according to ACI 318, Section 17.6.2.1 as:

Ncbg = ANc
ANco

ec,N ed,N c,N cp,NNb

= 2,400 in.2

2,030 in.2
1.0( ) 1.0( ) 1.0( ) 1.0( ) 92.3 kips( )

= 109 kips

ψψψψ

⎛
⎝⎜

⎞
⎠⎟

�

(ACI 318, Eq. 17.6.2.1b)

The resulting available strength considering that supplemental reinforcement will not be provided to restrain concrete tension 
breakout is:

ϕ = 0.70� [ACI 318, Table 17.5.3(b)]

Ncbg = 0.70 109 kips( )
= 76.3 kips > 70.0 kips     o.k.

ϕ

With the d-in.-diameter rods, a 15.0 in. embedment is adequate to achieve the required strength considering the breakout strength.

Concrete side-face blowout strength is not applicable because the anchors are away from an edge.

EXAMPLE 4.7-4—�Base Connection for Concentric Shear Load (Limited by Edge Distance)

The concrete edge distances parallel, ca1, and perpendicular, ca2, to the force to develop the shear force for a group of anchor rods 
are determined in this example. The perpendicular edge distance, ca2, will be set such that the concrete breakout capacity in shear 
is not reduced by the edge distance, ca2.

Given:

A 4.00 in. × 4.00 in. pattern is used for the w-in.-diameter ASTM F1554 Grade 36 rods shown in Figure 4-24. The concrete 
strength is ƒ ′c = 4,000 psi, and no supplemental reinforcement will be considered.

Solution:

Case 3 from ACI 318, Commentary Figure R17.7.2.1b, will be applicable because the spacing, s, of the anchor rod group is less 
than the expected edge distance, ca1, and additionally, the anchor rods are not welded to a common plate. In this case, although 
four anchors are provided, only the strength of two of the anchors adjacent to the edge can be considered when determining the 
available strength of the connection, including steel and concrete limit states.

The nominal shear strength of a single anchor rod is given in AISC Specification Section J3.7 as:

Rnv = FnvAb

= 0.450 58 ksi( ) 0.442 in.2( )
= 11.5 kips �

(Spec. Eq. J3-1)

The available shear strength of a single anchor is therefore,

Rnv = 0.75 11.5 kips( )
= 8.63 kips

ϕ
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Case 3 from ACI 318, Commentary Figure R17.7.2.1b, governs, the available shear strength of two of the four rods is:

Rnv = 2 8.63 kips( )
= 17.3 kips

Find the concrete breakout strength of the anchor group

The resistance factor for concrete breakout strength is given by ACI 318, Table 17.5.3(b), as ϕ = 0.70 for the case where no 
supplementary reinforcement is present. The nominal concrete breakout strength in shear is determined according to ACI 318, 
Section 17.7.2.

Try a preliminary edge distance from the center of the closest anchor rod in the direction of the shear force, ca1, of 12.0 in. Ensure 
that the edge distance from the center of the closest anchor rod perpendicular to the force, ca2, and the depth of concrete, ha, 
exceed 1.5ca1 = 18.0 in.

The projected concrete failure area on the side face of the concrete foundation is calculated per ACI 318, Section 17.7.2.1.1. The 
total breakout shear area for the group of anchors is calculated by:

AVc = 1.5ca1 1.5ca1 + s +1.5ca1( )
= 1.5 12.0 in.( ) 1.5 12.0 in.( ) + 4.00 in. +1.5 12.0 in.( )[ ]
= 720 in.2

The projected area for a single anchor in a deep member is given by:

AVco = 4.5 ca1( )2

= 4.5 12.0 in.( )2

= 648 in.2 �

(ACI 318, Eq. 17.7.2.1.3)

Fig. 4-24.  Base connection section for configuration used in Example 4.7-4.
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Fig. 4-25.  Shear lug detail.

The basic concrete breakout strength of a single anchor, with da = 0.750 in. and hef ≥ 8da is given by:

Vb = 9 a fc ca1( )1.5

= 9 1.0( ) 4,000 psi 12.0 in.( )1.5 1 kip

1,000 lbf

= 23.7 kips

λ

⎛
⎝

⎞
⎠

′

�

(ACI 318, Eq. 17.7.2.2.1b)

Because the anchor group is not loaded eccentrically, ψec,V = 1.0 per ACI 318, Section 17.7.2.3.

Because ca2 ≥ 1.5ca1, an edge distance reduction is not required per ACI 318, Section 17.7.2.4:

ψed,V = 1.0

Because the bottom of the concrete shear breakout cone does not extend past a concrete edge, ψh,V  = 1.0 per ACI 318, 
Section 17.7.2.6.1.

Use ψc,V = 1.0 per ACI 318, Section 17.7.2.5, for cracked concrete without adequate supplementary reinforcement.

The nominal concrete breakout strength of the anchor group is then given by:

Vcbg = AVc
AVco

ec,V ed ,V c,V h,VVb

= 720 in.2

648 in.2
1.0( ) 1.0( ) 1.0( ) 1.0( ) 23.7 kips( )

= 26.3 kips

ψψψψ

�

(ACI 318, Eq. 17.7.2.1b)

The available shear breakout capacity may then be determined using, ϕ = 0.70:

Vcbg = 0.70 26.3 kips( )
= 18.4 kips > 17.3 kips     o.k.

ϕ

To develop the available strength (17.3 kips) of the two rods resisting the shear load, use a distance from the center of the closest 
anchor rod in the direction of the shear force, ca1, of 12.0 in. Ensure that the edge distance from the center of the closest anchor 
rod perpendicular to the force, ca2, and the depth of concrete, ha, exceed 1.5ca1 = 18.0 in.

Additionally, the embedment length, hef, must be determined to satisfy the concrete pryout limit state. The concrete shear break-
out strength in this example considers an embedment equal to at least eight times the anchor rod diameter.

Design the shear lugs

Shear forces can be transferred in bearing by the use of shear lugs welded to the base plate as illustrated in Figure 4-25. When 
shear lugs are used, ACI 318, Section 17.11, provisions are used for the design of concrete limit states and the AISC Specification 
for the steel limit states. When used, shear lugs must be designed to transfer the entire required shear strength.
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The steel limit states are the welds required between the shear lug and the base plate as well as the bending of the shear lug. The 
concrete limit states are the bearing strength and the concrete breakout strength of the shear lug in shear.

The concrete bearing strength of a shear lug in shear is:

	 Vbrg,sl = 1.7( ) fc Aef, sl brg,slϕϕ ψ′ � (from ACI 318, Equation 17.11.2.1)

where
Aef,sl	 = effective bearing area of shear lug, in.2

ƒ ′c	 = concrete compressive strength, psi

ϕ	 = 0.65

ψbrg,sl	=
 
1+ Pu

nNsa
1.0≤

 
for applied axial tension

�
(ACI 318, Eq. 17.11.2.2.1a)

	 = 1 for no applied axial load� (ACI 318, Eq. 17.11.2.2.1b)

	
=

 
1+ 4

Pu
Abp fc

2.0≤
′  

for applied axial compression
�

(ACI 318, Eq. 17.11.2.2.1c)

Abp	 = area of the attachment base plate in contact with concrete or grout when loaded in compression, in.2

Nsa	 = nominal strength of a single anchor or individual anchor in group of anchors as governed by the steel strength, lbf

Pu	 = factored axial force, positive for compression and negative for tension, lbf

n	 = number of anchors in tension

The concrete breakout strength of a shear lug in shear is:

	
Vcb = AVc

AVco
ed ,V c,V h,VVbψψψϕϕ

�
(ACI 318, Equation 17.7.2.1a)

where
AVc	 = �projected concrete failure area calculated per ACI 318, Section 17.11.3.1.1, in.2

AVco	 = �projected concrete failure area of a single anchor if not limited by corner influences, spacing, or member thicknesses, 
in.2

Vb	 = �basic concrete breakout strength in shear of a single anchor in cracked concrete, lbf

ϕ	 = �0.65 per ACI 318, Section 17.11.1.1.6

ψc,V	 = �breakout cracking factor used to modify shear strength of anchors based on the influence of cracks in concrete and 
presence or absence of supplementary reinforcement

ψed,V	= �breakout edge effect factor used to modify shear strength of anchors based on proximity to edges of concrete member

ψh,V	 = �breakout thickness factor used to modify shear strength of anchors in concrete members with ha ≤ 1.5ca1

ca1	 = �distance from the bearing surface of the shear lug to the free edge of concrete, in.

ha	 = �thickness of member in which an anchor is located, measured parallel to anchor axis, in.

Additional considerations related to the use of shear lugs:

1.	A minimum of four anchor rods must be provided when a shear lug connection is used. The anchor rods are not required 
to be designed to carry any shear unless welded to a common plate. Therefore, these anchors are not designed for steel 
strength in shear, concrete breakout strength in shear, and concrete pryout strength in shear.

2.	The base plate and the anchor rods must be designed for the eccentricity resulting from bearing forces in the shear lug 
to the base plate. This can be of special concern when the base shears (most likely due to bracing forces) are large and 
bending from the bearing force on the shear lug is about the weak axis of the column. As a rule of thumb, the authors 
recommend that the base plate should be of equal or greater thickness than the shear lug thickness.

3.	Multiple shear lugs may be used to resist large shear forces. ACI 318, Section 17.11.3.4, indicates the concrete breakout 
strength is to be determined for each potential breakout surface.
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4.	Base plates with shear lugs must have a minimum 1-in.-diameter hole along each of the long sides of the shear lug. This 
is to ensure proper concrete or grout consolidation around the shear lug. Nonshrink grout of flowable consistency should 
be used.

5.	Typically, no interaction is considered between the anchor rods design and the shear lug design within the same base 
connection unless the anchor rods are welded to the baseplate.

The design of a shear lug is illustrated in Example 4.7-5.

EXAMPLE 4.7-5—�Base Connection for Concentric Shear Load (Shear Lug Design)

A shear lug for a base connection is designed in this example for a concentric shear load.

Given:

The W14×90 column shown in Figure 4-26 is subjected only to a shear load due to wind. A shear lug will be designed to resist 
the shear force, and anchor rods will be provided to meet ACI 318 requirements. The column is supported on a concrete wall with 
30 in. width and concrete compressive strength, ƒ ′c, equal to 4 ksi. The column is ASTM A992/A992M (2022c), and the plate is 
ASTM A572/A572M Grade 50 material. The anchor rods are ASTM F1554 Grade 36 material.

The required strength due to shear loads is:

LRFD ASD

Vu = 25.0 kips Va = 16.0 kips 

Solution:

From AISC Manual Tables 2-4, 2-5, and 2-6, the material properties are as follows:

W14×90
ASTM A992/A992M
Fy	= 50 ksi
Fu	= 65 ksi

Base plate
ASTM A572/A572M Grade 50
Fy = 50 ksi

Anchor rods
ASTM F1554 Grade 36
Fy	= 36 ksi
Fu	= 58 ksi

From AISC Manual Table 1-1, the geometric properties of the column are as follows:

W14×90
tw = 0.440 in.

Determine the anchor rod requirements

Although there is no externally applied axial tension at the baseplate, ACI 318, Section 17.11.1.1.2, requires that a minimum of 
four anchor rods be provided and that they be designed for the eccentricity present from the location of the externally applied 
shear to the bearing reaction on the shear lug. Try an 8-in.-wide shear lug with an effective embedment depth of 2.00 in. and four 
w-in.-diameter threaded rods for anchorage.

The eccentricity from the location of the applied shear is taken as the Vu from the bottom of the baseplate to the center of the 
effective embedment depth as follows:
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Fig. 4-26.  Base connection as detailed in Example 4.7-5.
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e = tgrout +
hef,sl

2

= 2.00 in. + 2.00 in.

2
= 3.00 in.

Use the large-moment baseplate procedure to determine the anchor rod tension from Section 4.3.6. Use baseplate dimensions 
with B = 15.0 in. and N = 15.0 in., and use an 82-in.-square anchor rod pattern (s = 8.50 in.).

The moment resulting from the shear eccentricity is calculated by:

LRFD ASD

Mu =Vue

= 25.0 kips( ) 3.00 in.( )
= 75.0 kip-in.

Ma =Vae

= 16.0 kips( ) 3.00 in.( )
= 48.0 kip-in.

Consider that A2/A1 = 4.00 and verify after forces are determined that this ratio exceeds 4.00. The nominal bearing strength may 
then be calculated as:

Pp = 0.85 fcA1 A2 A1 1.7 fcA1′ ′≤ � (Spec. Eq. J8-2)

And the available bearing strength is then:

LRFD ASD

cPp
A1

= c0.85 fc A2 A1 c1.7 fc

= 0.65 0.85( ) 4 ksi( ) 4.00 0.65 1.7( ) 4 ksi( )
= 4.42 ksi 4.42 ksi

= 4.42 ksi

≤

≤
≤

′′ ϕϕ
ϕ Pp

cA1
=

0.85 fc A2 A1

c

1.7 fc

c

= 0.85( ) 4 ksi( ) 4.00

2.31

1.7( ) 4 ksi( )
2.31

= 2.94 ksi 2.94 ksi

= 2.94 ksi

ΩΩΩ

≤

≤

≤ ′′

The distance between the center of the base plate and the tension anchor rods, ƒ, is shown in Figure 4-8 and calculated by:

f = s

2

= 8.50 in.

2
= 4.25 in.

LRFD ASD

	

qmax = fpuB

= 4.42 ksi( ) 15.0 in.( )
= 66.3 kip/in. �

(from Eq. 4-37)

	

qmax = fpaB

= 2.94 ksi( ) 15.0 in.( )
= 44.1 kip/in. �

(from Eq. 4-37)

The bearing length, Y, is given by Equation 4-32:
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LRFD ASD

Y = f + N

2
f + N

2

2 2Mu

qmax

= 4.25 in. + 15.0 in.

2

 4.25 in. + 15.0 in.

2

2 2 75.0 kip-in.( )
66.3 kip/in.

= 0.0967 in.

−

−

−

−

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

The resulting total anchor rod tension is then:

Tu = qmaxY

= 66.3 kips/in.( ) 0.0967 in.( )
= 6.41 kips  

Y = f + N

2
f + N

2

2 2Ma

qmax

= 4.25 in. + 15.0 in.

2

 4.25 in. + 15.0 in.

2

2 2 48.0 kip-in.( )
44.1 kip/in.

= 0.0930 in.

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠ −−

−−

The resulting total anchor rod tension is then:

Ta = qmaxY

= 44.1 kips/in.( ) 0.0930 in.( )
= 4.10 kips

The total anchor rod tension is distributed to two anchor rods:

LRFD ASD

ru = Tu
2 anchor rods

= 6.41 kips

2 anchor rods
= 3.21 kips

ra = Ta
2 anchor rods

= 4.10 kips

2 anchor rods
= 2.05 kips  

From Table 4-1, confirm the available rod tensile strength:

LRFD ASD

Rn = 14.5 kips > 3.21 kips o.k.ϕ Rn = 9.69 kips > 2.05 kips     o.k.
Ω

From Table 4-2, confirm the available anchor rod concrete pullout strength:

Npn = 20.4 kips > 3.21 kips o.k.ϕ

Determine the minimum embedment of the anchor rods based on the requirements of ACI 318, Section 17.11.1.1.8, where hsl 
is the shear lug embedment depth, and csl is determined considering that the shear lug and anchor rods are centered on the base 
plate and column:

hef 2.5hsl

= 2.5 2.00 in.( )
= 5.00 in.

csl = s
2

= 8.50 in.

2
= 4.25 in.



84 / BASE CONNECTION DESIGN / AISC DESIGN GUIDE 1, 3rd EDITION

hef 2.5csl

= 2.5 4.25 in.( )
= 10.6 in.

≥

Use hef = 12.0 in.

Using ACI 318, Section 17.6.2, determine the concrete breakout capacity of the two anchors in tension.

Nb = 16 a fc hef( )5 3

= 16 1.0( ) 4,000 psi 12.0 in.( )5 3 1 kip

1,000 lbf

= 63.6 kips

⎛
⎝

⎞
⎠

′λ

�

(ACI 318, Eq. 17.6.2.2.3)

Because the tensile load is applied concentrically to the two anchors that are in tension, e′N = 0 in. and:

ec,N = 1

1+ eN
1.5hef

1

= 1

1+ 0 in.
1.5 12.0 in.( )

= 1.0

′
≤ψ

⎛
⎝⎜

⎞
⎠⎟

⎡
⎣⎢

⎤
⎦⎥

�

(ACI 318, Eq. 17.6.2.3.1)

The edge distance factor is calculated according to ACI 318, Section 17.6.2.4, as:

1.5hef = 1.5 12.0 in.( )
= 18.0 in.

ca,min = 30.0 in. 8.50 in.( )
2

= 10.8 in. < 18.0 in.

−

Therefore,

ed,N = 0.7 + 0.3
ca,min

1.5hef

= 0.7 + 0.3
10.8 in.

1.5 12.0 in.( )
= 0.880

ψ

�

(ACI 318, Eq. 17.6.2.4.1b)

Because no analysis was performed to confirm if there will be cracking at service load levels, per ACI 318, Section 17.6.2.5:

ψc,N = 1.0

For cast-in-place concrete anchors, per ACI 318, Section 17.6.2.6:

ψcp,N = 1.0

The projected concrete failure area of a single anchor is given by:

ANco = 9hef
2

= 9 12.0 in.( )2

= 1,300 in.2 �

(ACI 318, Eq. 17.6.2.1.4)
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The projected concrete failure area of the group is given by:

ANc = ca1 +1.5hef( ) 1.5hef + s +1.5hef( )
= 10.8 in. +1.5 12.0 in.( )[ ] 1.5 12.0 in.( ) + 8.50 in. +1.5 12.0 in.( )[ ]
= 1,280 in.2

The resulting concrete breakout strength in tension is given by:

Ncbg = ANc
ANco

ec,N ed,N c,N cp,NNb

= 1,280 in.2

1,300 in.2
1.0( ) 0.880( ) 1.0( ) 1.0( ) 63.6 kips( )

= 55.1 kips

ψψψψ

�

(ACI 318, Eq. 17.6.2.1b)

Without considering the addition of supplementary reinforcement to restrain concrete breakout, ϕ  = 0.70 per ACI 318, 
Table 17.5.3(b), and:

Ncbg = 0.70 55.1 kips( )
= 38.6 kips > Tu = 6.41 kips     o.k.

ϕ

Because hef ≤ 2.5ca1, side-face blowout is not applicable per ACI 318, Section 17.6.4.

Therefore, the four w-in.-diameter ASTM F1554 Grade 36 anchor rods with heavy hex nuts and 12.0 in. embedment meet the 
design requirements.

Determine the shear lug available strength limited by concrete bearing

The shear lug embedment must provide adequate area such that the concrete bearing strength exceeds the required strength from 
the applied wind loading. The resistance factor for bearing against shear lugs is given by ACI 318, Section 17.11.1.1.4, as ϕ = 
0.65 and the nominal bearing strength in shear is determined according to ACI 318, Sections 17.11.1.1.5 and 17.11.2.

The bearing area of the shear lug, Aef,sl, is limited by the requirements of ACI 318, Section 17.11.2.1.1, as only extending a depth 
of two times the shear lug thickness. With a plate thickness greater than or equal to 1 in., the entire embedment depth will be 
effective for bearing.

The effective bearing area based on the trial lug size is given by:

Aef,sl = bslhef,sl

= 8.00 in.( ) 2.00 in.( )
= 16.0 in.2

Because there is no external axial load applied in this example:

ψbrg,sl = 1.0� (ACI 318, Eq. 17.11.2.2.1b)

The nominal bearing strength in shear of the shear lug is given by:

Vbrg,sl = 1.7 fc Aef,sl brg,sl

= 1.7 4 ksi( ) 16.0 in.2( ) 1.0( )
= 109 kips

ψ′

�

(ACI 318, Eq. 17.11.2.1)

The available strength is therefore,

Vbrg,sl = 0.65 109 kips( )
= 70.9 kips > 25.0 kips     o.k.

ϕ
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Verify the concrete breakout strength of the shear lug with the chosen shear lug dimensions

The resistance factor for concrete breakout strength of shear lugs is given by ACI 318, Section 17.11.1.1.6, as ϕ = 0.65, and the 
nominal concrete breakout strength in shear is determined according to ACI 318, Sections 17.11.1.1.7 and 17.11.3.

Use a preliminary thickness of 1 in. and locate the shear lug in the center of a 30-in.-wide concrete wall. The edge distance from 
the face of the shear lug to the face of the wall in the direction of the shear force is calculated by:

ca1 = bw tsl

2

= 30.0 in. 1.00 in.

2
= 14.5 in.

−

−

The projected concrete failure area, exclusive of the shear lug area, on the side face of the concrete wall is calculated per ACI 
318, Section 17.11.3.1.1

AVc = hef ,sl +1.5ca1( ) bsl +1.5ca1 +1.5ca1( )
Gross concrete failure area

hef,slbsl

Aef,sl

= 2.00 in. +1.5 14.5 in.( )[ ] 8.00 in. +1.5 14.5 in.( ) +1.5 14.5 in.( )[ ] 2.00 in.( ) 8.00 in.( )
= 1,210 in.2

−

−

The projected area for a single anchor in a deep member with a distance from the edge of at least 1.5ca1 in the direction perpen-
dicular to the shear is given by:

AVco = 4.5 ca1( )2

= 4.5 14.5 in.( )2

= 946 in.2 �

(ACI 318, Eq. 17.7.2.1.3)

The basic concrete breakout strength of the shear lug is given by:

Vb = 9 a fc ca1( )1.5

= 9 1.0( ) 4,000 psi 14.5 in.( )1.5 1 kip

1,000 lbf

= 31.4 kips

λ ′

⎛
⎝

⎞
⎠

�

(ACI 318, Eq. 17.7.2.2.1b)

Because ca2 ≥ 1.5ca1, a reduction is not required per ACI 318, Section 17.7.2.4:

ψed,V = 1.0� (ACI 318, Eq. 17.7.2.4.1a)

Because the bottom of the concrete shear breakout cone does not extend past a concrete edge, ψh,V  = 1.0 per ACI 318, 
Section 17.7.2.6.1.

Because an analysis was not performed confirming that there will be no cracking at service load levels, and because supplemen-
tary reinforcement was not considered, ψc,V = 1.0 per ACI 318, Section 17.7.2.5.

The nominal concrete breakout strength of the shear lug is then given by:

Vcb = AVc
AVco

ed ,V c,V h,VVb

= 1,210 in.2

946 in.2
1.0( ) 1.0( ) 1.0( ) 31.4 kips( )

= 40.2 kips

⎛
⎝⎜

⎞
⎠⎟

ψψψ

�

(ACI 318, Eq. 17.7.2.1a)
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The available shear breakout capacity may then be determined using ϕ = 0.65 per ACI 318, Section 17.11.1.1.6:

Vcb = 0.65 40.2 kips( )
= 26.1 kips > 25.0 kips     o.k.

ϕ

Determine the strength of the steel shear lug and the weld to the baseplate

The required strength of the shear lug was determined earlier as:

LRFD ASD

Vu = 25.0 kips

Mu = 75.0 kip-in.

Va = 16.0 kips

Ma = 48.0 kip-in.

The nominal shear strength of the connected shear lug element is given in AISC Specification Section J4.2. For the limit state of 
shear yielding:

Rn = 0.60FyAgv

= 0.60 50 ksi( ) 1.00 in.( ) 8.00 in.( )
= 240 kips �

(Spec. Eq. J4-3)

The available strength is then determined by:

LRFD ASD

= 1.00

Rn = 1.00 240 kips( )
= 240 kips > 25.0 kips o.k.

ϕ

ϕ = 1.50

Rn = 240 kips

1.50
= 160 kips > 16.0 kips o.k.

Ω

Ω

For the limit state of shear rupture:

Rn = 0.60FuAnv

= 0.60 65 ksi( ) 1.00 in.( ) 8.00 in.( )
= 312 kips �

(Spec. Eq. J4-4)

The available strength is then determined by:

LRFD ASD

= 0.75

Rn = 0.75 312 kips( )
= 234 kips > 25.0 kips o.k.

ϕ

ϕ = 2.00

Rn = 312 kips

2.00
= 156 kips > 16.0 kips o.k.

Ω

Ω

The nominal flexural strength of the connected shear lug element is given in AISC Specification Section J4.5. For the limit state 
of flexural yielding:

Mn = FyZ

= 50 ksi( ) 8.00 in.( ) 1.00 in.( )2

4
= 100 kip-in.
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The available strength is then determined by:

LRFD ASD

= 0.90

Mn = 0.90 100 kip-in.( )
= 90.0 kip-in. > 75.0 kip-in. o.k.

ϕ

ϕ = 1.67

Mn = 100 kip-in.

1.67
= 59.9 kip-in. > 48.0 kip-in.     o.k.

Ω

Ω

For the limit state of flexural rupture:

Mn = FuZnet

= 65 ksi( ) 8.00 in.( ) 1.00 in.( )2

4
= 130 kip-in.

The available strength is then determined by:

LRFD ASD

= 0.75

Mn = 0.75 130 kip-in.( )
= 97.5 kip-in. > 75.0 kip-in.     o.k.

ϕ

ϕ = 2.00

Mn = 130 kip-in.

2.00
= 65.0 kip-in. > 48.0 kip-in.     o.k.

Ω

Ω

Use AISC Manual Equation 9-1 to check the flexural and shear yielding interaction:

LRFD ASD

Mr

Mc
+ Pr

Pc

2

+ Vr
Vc

4

1.0

75.0 kip-in.

90.0 kip-in.
+ 0 + 25.0 kips

240 kips

4

1.0

0.833 < 1.0     o.k.

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟

≤

≤
Mr

Mc
+ Pr

Pc

2

+ Vr
Vc

4

1.0

48.0 kip-in.

59.9 kip-in.
+ 0 + 16.0 kips

160 kips

4

1.0

0.801 < 1.0     o.k.

≤

≤

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟

Determine the weld size from the shear lug to the base plate

The shear load will be distributed equally to the fillet welds on each side of the shear lug. The moment will be resolved as a force 
couple and applied at the centroids of the two welds. The minimum fillet weld size per AISC Specification Table J2.4 is c in. 
Determine the required strength of the weld.

w = c in. (fillet weld)

a = tsl + 2w

3

= 1.00 in. + 2 c in.( )
3

= 1.21 in.
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LRFD ASD

	

ruv = Vu

2 welds( )bsl

= 25.0 kips

2 welds( ) 8.00 in.( )
= 1.56 kip/in.

	

rum = Mu

absl

= 75.0 kip-in.

1.21 in.( ) 8.00 in.( )
= 7.75 kip/in.

ru = ruv
2 + rum2

= 1.56 kip/in.( )2 + 7.75 kip/in.( )2

= 7.91 kip/in.

	

rav = Va

2 welds( )bsl

= 16.0 kips

2 welds( ) 8.00 in.( )
= 1.00 kip/in.

	

ram = Ma

absl

= 48.0 kip-in.

1.21 in.( ) 8.00 in.( )
=  4.96 kip/in

ra = rav
2 + ram2

= 1.00 kip/in.( )2 + 4.96 kip/in.( )2

= 5.06 kip/in.

Determine the directional strength increase and available strength for welds loaded at θ = 90° to its longitudinal axis.

kds = 1.0 + 0.50sin1.5( )

= 1.0 + 0.50sin1.5 90°( )
= 1.50

θ

�

(Spec. Eq. J2-5)

Rn = FnwAwekds

= 0.6 70 ksi( ) c in.

2
1.50( )

= 13.9 kip/in.

⎛
⎝

⎞
⎠

�

(Spec. Eq. J2-4)

LRFD ASD

= 0.75

Rn = 0.75 13.9 kip/in.( )
= 10.4 kip/in. > 7.91 kip/in. o.k.

ϕ

ϕ = 2.00

Rn = 13.9 kip/in.

2.00
= 6.95 kip/in. > 5.06 kip/in. o.k.

Ω

Ω

Alternatively, the welds may be designed using the instantaneous center of rotation method or a plastic mechanism type analysis 
that accounts for bearing of the shear lug against the base plate in addition to the welds. Accounting for bearing of the plate may 
result in a reduction in weld strength when the connection is analyzed elastically because the neutral axis shifts toward the weld 
in compression increasing the stress in the tension weld.

Check the base plate for local bending due to shear lug

In this example, a concentrated moment is applied at the shear lug location that is resisted by tension at two of the anchor rods 
and a compression bearing block at the edge of the base plate. The maximum bending moment occurs at the location of the shear 
lug and is calculated as follows. In this example, the stiffening effect of the column cross section is conservatively neglected.
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LRFD ASD

Mu = max

Tu f,

qmaxY( ) N

2

Y

2

= max

6.41 kips( ) 4.25 in.( ),

66.3 kips/in.( ) 0.0967 in.( )
15.0 in.

2

0.0967 in.

2

= max
27.2 kip-in.,

47.8 kip-in.

= 47.8 kip-in.

−

−

×⎡

⎣
⎢

⎤

⎦
⎢ ⎥
⎢ ⎥

⎥⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

⎧
⎨
⎩

⎪⎪
⎨
⎪
⎪

⎧

⎩

⎪
⎨
⎪

⎧

⎩

Ma = max

Ta f,

qmaxY( ) N

2

Y

2

= max

4.10 kips( ) 4.25 in.( ),

44.1 kips/in.( ) 0.0930 in.( )
15.0 in.

2

0.0930 in.

2

= max
17.4 kip-in.,

30.6 kip-in.

= 30.6 kip-in.

⎪
⎨
⎪

⎧

⎩

⎪
⎪
⎨
⎪
⎪

⎧

⎩

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎢ ⎥

⎥

×

−

−

⎧
⎨
⎩

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

Using an effective width equal to the shear lug width, the flexural strength of the baseplate can conservatively be determined 
according to AISC Specification Section J4.5. It is recommended that, at a minimum, the baseplate thickness equal the thickness 
of the shear lug.

Zy =
bsltbp

4

= 8.00 in.( ) 1.00 in.( )2

4

= 2.00 in.3

Mn = FyZy

= 50 ksi( ) 2.00 in.3( )
= 100 kip-in.

LRFD ASD

= 0.90

Mn = 0.90 100 kip-in.( )
= 90.0 kip-in. > 47.8 kip-in. o.k.

ϕ

ϕ = 1.67

Mn = 100 kip-in.

1.67
= 59.9 kip-in. > 30.6 kip-in. o.k.

Ω

Ω

Design column web-to-base plate weld

The shear force will be transferred through the weld from the web of the column to the base plate. For a W14×90 column with a 
web thickness of 0.440 in., the minimum weld per AISC Specification Table J2.4 is x in. With a weld on each side of the web 
with a length equal to the T dimension of 10 in., the required weld strength is determined as follows:

LRFD ASD

ru = Vu
T 2 welds( )

= 25.0 kips

10 in.( ) 2 welds( )
= 1.25 kip/in.

ra = Va
T 2 welds( )

= 16.0 kips

10 in.( ) 2 welds( )
= 0.800 kip/in.
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Because the applied weld force is parallel to the longitudinal weld axis, kds = 1.0 and:

Rn = FnwAwekds

= 0.6 70 ksi( ) x in.

2
1.0( )

= 5.57 kip/in.

⎛
⎝

⎞
⎠

�

(Spec. Eq. J2-4)

LRFD ASD

= 0.75

Rn = 0.75 5.57 kip/in.( )
= 4.18 kip/in. > 1.25 kip/in.     o.k.

ϕ

ϕ = 2.00

Rn = 5.57 kip/in.

2.00
= 2.79 kip/in. > 0.800 kip/in.     o.k.

Ω

Ω

The local shear rupture capacity of the column web is given by:

Rn = 0.60FuAnv

= 0.60 65 ksi( ) 0.440 in.( ) 10.0 in.( )
= 172 kips �

(Spec. Eq. J4-4)

LRFD ASD

= 0.75

Rn = 0.75 172 kips( )
= 129 kips > 25.0 kips o.k.

ϕ

ϕ = 2.00

Rn = 172 kips

2.00
= 86.0 kips > 16.0 kips o.k.

Ω

Ω

EXAMPLE 4.7-6—�Base Connection for Anchor Rods Resisting Combined Tension and Shear

An exposed base connection is designed in this example that considers anchor rods subjected to combined tension and shear. The 
anchor rods are checked considering anchor rod bending that results from the transfer of the shear force through plate washers.

Given:

Determine the required size of four anchor rods for the W10×45 column shown in Figure 4-27, using the anchor rods to resist the 
wind shear. Use a base plate thickness of 1 in. Only the steel limit states are evaluated in this example. The base plate is ASTM 
A572/A572M Grade 50, and the anchor rods are ASTM 1554 Grade 36 material.

The nominal wind shear force, 1.0W, is 38.0 kips.

Solution:

From AISC Manual Tables 2-5 and 2-6, the material properties are as follows:

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

Anchor rods
ASTM F1554 Grade 36
Fy	= 36 ksi
Fu	= 58 ksi
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From Chapter 2 of ASCE/SEI 7, the required shear strength is:

LRFD ASD

Vu = 1.0 38.0 kips( )
= 38.0 kips

Va = 0.6 38.0 kips( )
= 22.8 kips

From Chapter 2 of ASCE/SEI 7, the required strength due to uplift on the column, Nu or Na, is:

LRFD ASD

Nu = 0.9PDL +1.0P1.0W

= 0.9 22.0 kips( ) +1.0 93.0 kips( )
= 73.2 kips

−

− Na = 0.6PDL + 0.6P1.0W

= 0.6 22.0 kips( ) + 0.6 93.0 kips( )
= 42.6 kips

−

−

A total of four anchor rods are used. Plate washers with standard holes are welded to the top of the base plate, and the concrete is 
reinforced for shear breakout so that the shear can be transferred to all four anchor rods. Try four 18-in.-diameter anchors. For 
combined shear and tension, the anchor rods must meet the provisions of AISC Specification Section J3.8.

LRFD ASD

fu Fnt = 1.3Fnt
Fnt
Fnv

fuv Fnt

where = 0.75

−′ ≤≤
ϕ

ϕϕϕ

ϕ

⎛
⎝⎜

⎞
⎠⎟ fa

Fnt =
1.3Fnt

Fnt
Fnv

fav
Fnt

where = 2.00
Ω Ω

Ω

Ω

Ω
′ ≤≤

⎛
⎝⎜

⎞
⎠⎟

−

Fig. 4-27.  Applied loading and base connection configuration used in Example 4.7-6.
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Using the anchor area, Ab = 0.994 in.2 from Table 4-1, the shear stress in the anchor rods is calculated by:

LRFD ASD

fuv = 38.0 kips

4 0.994 in.2( )
= 9.56 ksi

fav = 22.8 kips

4 0.994 in.2( )
= 5.73 ksi

The tensile stress in the anchor rods comes from both the axial tensile force and the tension from bending.

The bending moment in each rod equals the shear force in each rod times the half distance from the center of the plate washer 
to the top of the grout.

Determine the anchor rod diameter

The lever arm can be taken as half the distance from the center of the plate washer to the top of the grout. The base plate is 1.00 in. 
thick. Try a plate washer thickness of a in. and an anchor rod diameter of 18 in.

Lever arm =
1.00 in. + a in. 2( )

2
= 0.594 in.

Thus,

LRFD ASD

Mu =
38.0 kips( ) 0.594 in.( )

4
= 5.64 kip-in.

Ma =
22.8 kips( ) 0.594 in.( )

4
= 3.39 kip-in.

The stress in the rod due to bending equals

frb = Mr

Z

where

Z = d3

6

= 18 in.( )3

6

= 0.237 in.3

LRFD ASD

fub = 5.64 kip-in.

0.237 in.3

= 23.8 ksi

fab = 3.39 kip-in.

0.237 in.3

= 14.3 ksi

The combined shear and tensile strength of the anchor rods is determined by AISC Specification Section J3.8 as follows.

� (4-15a)
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LRFD ASD

The axial stress in the rods is:

fua = Nu
A

= 73.2 kips

4 0.994 in.2( )
= 18.4 ksi

The total tensile stress is:

fut = 23.8 ksi +18.4 ksi

= 42.2 ksi

Combined shear and tensile strength:

	

Fnt = 0.75Fu

= 0.75( ) 58 ksi( )
= 43.5 ksi

	

Fnv = 0.450Fu

= 0.450( ) 58 ksi( )
= 26.1 ksi

Fnt = 1.3Fnt
Fnt
Fnv

frv Fnt

= 0.75 1.3( ) 43.5 ksi( ) 43.5 ksi 9.56 ksi( )
0.75( ) 26.1 ksi( )

= 26.5 ksi

0.75( ) 43.5 ksi( ) = 32.6 ksi

−

− ϕ
ϕ

ϕϕ ′ ≤

≤

⎛
⎝⎜

⎞
⎠⎟

⎡
⎣
⎢

⎤
⎦
⎥

42.2 ksi > 26.5 ksi     n.g.

The axial stress in the rods is:

faa = Na
A

= 42.6 kips

4 0.994 in.2( )
= 10.7 ksi

The total tensile stress is:

fat = 14.3 ksi +10.7 ksi

= 25.0 ksi

Combined shear and tensile strength:

	

Fnt = 0.75Fu

= 0.75( ) 58 ksi( )
= 43.5 ksi

	

Fnv = 0.450Fu

= 0.450( ) 58 ksi( )
= 26.1 ksi

Fnt =
1.3Fnt

Fnt
Fnv

frv
Fnt

=
1.3( ) 43.5 ksi( ) 2.00 43.5 ksi( ) 5.73 ksi( )

26.1 ksi( )
2.00

= 18.7 ksi

43.5 ksi( )
2.00

= 21.8 ksi

⎡
⎣⎢

⎤
⎦⎥

Ω ΩΩ

Ω

≤

≤

−

−⎛
⎝

⎞
⎠′

25.0 ksi > 18.7 ksi     n.g.

Try four 12-in.-diameter rods. The plastic section modulus of the rod is given by:

Z = d3

6

= 12 in.( )3

6

= 0.563 in.3
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LRFD ASD

Shear stress:

fuv = 38.0 kips

4 1.77 in.2( )
= 5.37 ksi

Flexural stress:

fub = 5.64 kip-in.

0.563 in.3

= 10.0 ksi

Shear stress:

fav = 22.8 kips

4 1.77 in.2( )
= 3.22 ksi

Flexural stress:

fab = 3.39 kip-in.

0.563 in.3

= 6.02 ksi

LRFD ASD

The axial stress in the rods is:

fua = Nu
A

= 73.2 kips

4 1.77 in.2( )
= 10.3 ksi

The total tensile stress is:

fut = 10.0 ksi +10.3 ksi

= 20.3 ksi

Combined shear and tensile strength:

Fnt = 0.75 1.3( ) 43.5 ksi( ) 43.5 ksi 5.37 ksi( )
0.75( ) 26.1 ksi( )

= 33.5 ksi

0.75( ) 43.5 ksi( ) = 32.6 ksi

⎡

⎣
⎢

⎤

⎦
⎥ϕ

≤

′ −

	 fut = 20.3 ksi < Fnt = 32.6 ksiϕ ′      o.k.

The axial stress in the rods is:

faa = Na
A

= 42.6 kips

4 1.77 in.2( )
= 6.02 ksi

The total tensile stress is:

fat = 6.02 ksi + 6.02 ksi

= 12.0 ksi

Combined shear and tensile strength:

Fnt =
1.3( ) 43.5 ksi( ) 2.00 43.5 ksi( ) 3.22 ksi( )

26.1 ksi( )
2.00

= 22.9 ksi

43.5 ksi( )
2.00

= 21.8 ksi

Ω
′

≤

⎡
⎣⎢

⎤
⎦⎥

−

	
fat = 12.0 ksi < Fnt = 21.8 ksi

Ω
′

     
o.k.

Use four 12-in.-diameter rods, ASTM F1554 Grade 36.

Determine the plate washer thickness

The bearing force per rod is:

LRFD ASD

Ru = 38.0 kips

4
= 9.50 kips

Ra = 22.8 kips

4
= 5.70 kips
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The deformation at the hole at service load is not a design consideration; therefore, the nominal bearing strength is the minimum 
of:

Rn = 3.0dtFu� (Spec. Eq. J3-6b)

Rn = 1.5lctFu� (Spec. Eq. J3-6d)

Use an ASTM A572/A572M Grade 50, a-in.-thick plate by 4-in.-diameter washer per Table 4-3 in Section 4.5.3, using the rec-
ommendation for a 12-in.-diameter anchor rod with a standard hole (1s in.).

The bearing strength per anchor rod is therefore:

Rn = 3.0dtFu

= 3.0 12 in.( ) a in.( ) 65 ksi( )
= 110 kips �

(Spec. Eq. J3-6b)

LRFD ASD

= 0.75

Rn = 0.75 110 kips( )
= 82.5 kips > 9.50 kips o.k.

ϕ

ϕ = 2.00

Rn = 110 kips

2.00
= 55.0 kips > 5.70 kips o.k.

Ω

Ω

lc = dw dh

2

= 4.00 in.( ) 1s in.( )
2

= 1.19 in.

−

−

The nominal tearout strength per anchor rod is therefore:

Rn = 1.5lctFu

= 1.5 1.19 in.( ) a in.( ) 65 ksi( )
= 43.5 kips �

(Spec. Eq. J3-6d)

LRFD ASD

= 0.75

Rn = 0.75 43.5 kips( )
= 32.6 kips > 9.50 kips o.k.

ϕ

ϕ = 2.00

Rn = 43.5 kips

2.00
= 21.8 kips > 5.70 kips o.k.

Ω

Ω

Due to the size of the rods, they will have to be positioned beyond the column flanges. In locating the anchor rods, consideration 
should be given to the tolerances of the anchor rod placement, weld access, and weld shelf dimensions. Additionally, when welds 
are used to transfer shear from the plate washers to the base plate, they should be designed for the required shear strength and the 
minimum weld requirements of the AISC Specification.

EXAMPLE 4.7-7—�Base Connection at Brace Producing Combined Tension and Shear

An exposed base connection is designed in this example that considers shear transfer through a welded setting plate to preclude 
anchor rod bending. The concrete anchorage capacity is confirmed using ACI 318.
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Given:

A base connection for a W21×83 column is subjected to wind forces from a tension-only brace as illustrated in Figure 4-28. The 
base plate plan view is shown in Figure 4-29. Determine the anchorage requirements and confirm the capacity of the base plate 
and column-to-base plate weld. The connection is located away from any concrete edges. The concrete compressive strength, ƒ ′c, 
is 5,000 psi. The plate is ASTM A572/A572M Grade 50, and anchor rods are ASTM F1554 Grade 36 material.

Solution:

From AISC Manual Tables 2-5 and 2-6, the material properties are as follows:

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

Anchor rods
ASTM F1554 Grade 36
Fy	= 36 ksi
Fu	= 58 ksi

Fig. 4-28.  Base connection as detailed in Example 4.7-7.
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From AISC Manual Table 1-1, the geometric properties of the column are as follows:

W21×83
tw = 0.515 in.

Determine the required strength for the anchor group

Resolve the brace force into shear and tensile forces on the anchor group.

LRFD ASD

Vu = 180 kips( ) 10.125

10.1252 +122

= 116 kips

⎛
⎝⎜

⎞
⎠⎟

Nu = 180 kips( ) 12

10.1252 +122

= 138 kips

⎛
⎝⎜

⎞
⎠⎟

Va = 120 kips( ) 10.125

10.1252 +122

= 77.4 kips

⎛
⎝⎜

⎞
⎠⎟

Na = 120 kips( ) 12

10.1252 +122

= 91.7 kips

⎛
⎝⎜

⎞
⎠⎟

Because a setting plate with standard holes will be field welded to the baseplate and there are no adjacent edges that need to be 
considered for concrete breakout in shear, the shear will be distributed equally to all eight anchor rods. Similarly, because the 
anchor rods are concentric with the forces, the tension loading will also be equally distributed to all eight anchor rods. Determine 
the required strength in tension and shear for the anchor rods:

Fig. 4-29.  Base connection plan view as detailed in Example 4.7-7.
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Vua,i = 116 kips

8 anchor rods
= 14.5 kips

Nua,i = 138 kips

8 anchor rods
= 17.3 kips

Vaa,i = 77.4 kips

8 anchor rods
= 9.68 kips

Naa,i = 91.7 kips

8 anchor rods
= 11.5 kips

Determine the available steel strength in tension of the anchor rods

The available strength of the steel in tension is determined according to ACI 318, Section 17.6.1. As discussed previously, the 
AISC Specification provides similar capacities.

From Table 4-1, Ase,N = 1.41 in.2

Nsa = Ase,N futa

= 1.41 in.2( ) 58 ksi( )
= 81.8 kips �

(ACI 318, Eq. 17.6.1.2)

For a ductile steel element per ACI 318, Table 17.5.3(a), ϕ = 0.75 and

Nsa = 0.75 81.8 kips( )
= 61.4 kips > 17.3 kips     o.k.

ϕ

Determine the concrete breakout strength in tension

The available concrete breakout strength in tension is determined according to ACI 318, Section 17.6.2. Because the maximum 
spacing among any anchor in the group is less than 3.0hef, all the anchors will act as a group for concrete breakout in tension. 
Because there is no edge within 1.5hef of any anchor, no reduction for edge distance will occur.

ANc = 1.5hef + 8.00 in. + 6.00 in. + 6.00 in. + 8.00 in. +1.5hef( ) 1.5hef + 3.25 in. + 3.25 in. +1.5hef( )
= 1.5 24.0 in.( ) + 8.00 in. + 6.00 in. + 6.00 in. + 8.00 in. +1.5 24.0 in.( )[ ]

1.5 24.0 in.( ) + 3.25 in. + 3.25 in. +1.5 24.0 in.( )[ ]
= 7,850 in.2

×⎧
⎨
⎩

⎫
⎬
⎭

ANco = 9hef
2

= 9 24.0 in.( )2

= 5,180 in.2 �

(ACI 318, Eq. 17.6.2.1.4)

For an anchor with an embedment 11.0 in. ≤ hef ≤ 25.0 in.,

Nb = 16 a fc hef( )5 3

= 16 1.0( ) 5,000 psi 24.0 in.( )5 3 1 kip

1,000 lbf

= 226 kips

′λ

⎛
⎝

⎞
⎠

�

(ACI 318, Eq. 17.6.2.2.3)
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For an anchor group concentrically loaded,

e′N = 0 in.

ec,N = 1

1+ eN
1.5hef

1.0

= 1

1+ 0 in.
1.5 24.0 in.( )

= 1.0

ψ

⎡
⎣⎢

⎤
⎦⎥

⎛
⎝

⎞
⎠

′
≤

�

(ACI 318, Eq. 17.6.2.3.1)

Because there are no adjacent edges, ca,min ≥ 1.5hef and

ψed,N = 1.0� (ACI 318, Eq. 17.6.2.4.1a)

Because no analysis was performed to confirm there would be no cracking at service load levels per ACI 318, Section 17.6.2.5,

ψc,N = 1.0

For a cast-in-place anchor rod, the breakout splitting factor is determined per ACI 318, Section 17.6.2.6,

ψcp,N = 1.0� (ACI 318, Eq. 17.6.2.6.1a)

The resulting concrete breakout strength of the anchor group in tension is determined by ACI 318, Section 17.6.2,

Ncbg = ANc
ANco

ec,N ed,N c,N cp,NNb

= 7,850 in.2

5,180 in.2
1.0( ) 1.0( ) 1.0( ) 1.0( ) 226 kips( )

= 342 kips

⎛
⎝⎜

⎞
⎠⎟

ψ ψ ψ ψ

�

(ACI 318, Eq. 17.6.2.1b)

Because no supplementary reinforcement was specified, ϕ = 0.70 per ACI 318, Table 17.5.3(b), and

Ncbg = 0.70( ) 342 kips( )
= 239 kips >138 kips     o.k.

ϕ

Determine the concrete pullout strength in tension

The available concrete pullout strength in tension is determined according to ACI 318, Section 17.6.3.

Np = 8Abrg fc

= 8 3.12 in.2( ) 5 ksi( )
= 125 kips

′

�

(ACI 318, Eq. 17.6.3.2.2a)

Because no analysis was performed to confirm there would be no cracking at service levels per ACI 318, Section 17.6.3.3.1(b),

ψc,P = 1.0

The nominal pullout strength of a single anchor in tension is determined per ACI 318, Section 17.6.3.1, as

Npn = c,PNp

= 1.0 125 kips( )
= 125 kips

ψ

�

(ACI 318, Eq. 17.6.3.1)
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The resistance factor from ACI 318, Table 17.5.3(c), is ϕ = 0.70, and the resulting available strength is determined as:

Npn = 0.70 125 kips( )
= 87.5 kips >17.3 kips     o.k.

ϕ

Determine the concrete side-face blowout strength in tension of the anchor group

The available concrete side-face blowout strength in tension of the anchor group is determined according to ACI 318, 
Section 17.6.4.

Because there are no cases with anchor rods close to an edge (hef > 2.5ca1), side-face blowout is not applicable.

Determine the available steel strength in shear

The available strength of the steel in shear is determined according to ACI 318, Section 17.7.1. Because a built-up grout pad is 
present, the nominal strength is multiplied by 0.80 per ACI 318, Section 17.7.1.2.1.

Vsa = 0.80 0.6Ase,V futa( )
= 0.80( ) 0.6( ) 1.41 in.2( ) 58 ksi( )
= 39.3 kips �

(ACI 318, Eq. 17.7.1.2b)

For a ductile steel element per ACI 318, Table 17.5.3(a), ϕ = 0.65 and

Vsa = 0.65 39.3 kips( )
= 25.5 kips >14.5 kips     o.k.

ϕ

Determine the available concrete breakout strength in shear

Because there are no edges adjacent to the base connection, the available concrete breakout strength in shear is not applicable.

Determine the available concrete pryout strength in shear

The available concrete pryout strength in shear is determined according to ACI 318, Section 17.7.3.

Ncpg = Ncbg
= 342 kips

For hef ≥ 2.5 in.

kcp	 = 2.0

Vcpg = kcpNcpg
= 2.0( ) 342 kips( )
= 684 kips �

(ACI 318, Eq. 17.7.3.1b)

The resistance factor from ACI 318, Table 17.5.3(c), is ϕ = 0.70, and the resulting available strength is determined as:

Vcpg = 0.70 684 kips( )
= 479 kips > 116 kips     o.k.

ϕ

Determine the anchorage utilization considering tension and shear interaction

The tension and shear interaction is considered according to ACI 318, Section 17.8. The available tensile strength is limited by 
concrete breakout failure and the available shear strength is limited by the strength of the steel considering the reduction for a 
built-up grout pad.
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Vu	 = 14.5 kips

ϕVn	= 25.5 kips

Nu	 = 138 kips

ϕNn	= 239 kips

Nua
Nn

+ Vua
Vn

1.2

138 kips

239 kips
+ 14.5 kips

25.5 kips
1.2

1.15 1.2 o.k.

ϕ ϕ

≤

≤

≤

�

[ACI 318, Eq. 17.8.3]

Evaluate the load path from the baseplate through the setting plate into the anchor rods

To preclude anchor rod bending and to facilitate distribution of the shear force to all the anchor rods, a setting plate with standard 
holes is used. The shear force is transferred through field welds from the base plate to the setting plate and then through bearing 
against the anchor rods. Use a 4-in.-thick setting plate and provide a 4 in. × 2 in. fillet weld at each anchor rod.

The bearing strength of the setting plate is determined per AISC Specification Section J3.11a.

Rn = 2.4dtFu

= 2.4 12 in.( ) 4 in.( ) 65 ksi( )
= 58.5 kips �

(Spec. Eq. J3-6a)

LRFD ASD

= 0.75

Rn = 0.75 58.5 kips( )
= 43.9 kips > 14.5 kips o.k.

ϕ

ϕ = 2.00

Rn = 58.5 kips

2.00
= 29.3 kips > 9.68 kips o.k.

Ω

Ω

Because the clear distance from the edge of the hole to the edge of the plate, lc, is more than twice the rod diameter, bolt tearout 
of the anchor rod will not govern.

Because the welds are symmetrically applied to the plate, the force will be loaded through the welds’ center of gravity, and a 
directional strength increase may be utilized. The capacity of the eight field welds is determined per AISC Specification Sec-
tion J2.4a for a transversely loaded weld (θ = 90°):

kds = 1.0 + 0.50sin1.5( )

= 1.0 + 0.50sin1.5 90°( )
= 1.50

θ

�

(Spec. Eq. J2-5)

Rn = FnwAwekds

= 0.6 70 ksi( ) 4 in.

2
1.50( ) 2.00 in.( ) 8 welds( )

= 178 kips

⎛
⎝

⎞
⎠

�

(Spec. Eq. J2-4)
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LRFD ASD

= 0.75

Rn = 0.75 178 kips( )
= 134 kips > 116 kips o.k.

ϕ

ϕ = 2.00

Rn = 178 kips

2.00
= 89.0 kips > 77.4 kips o.k.

Ω

Ω

Continuous welding between the base plate and the setting plate or coatings such as paint may be specified to assist with corro-
sion protection.

Check base plate bending for anchor rods in tension

A 45° distribution will be used to determine the flexural strength of the base plate using the rod spacing, s, and web thickness, tw, 
to calculate the moment arm, a. A more refined approach considering two-way bending or yield line analysis may also be used.

a = s tw
2

= 2 34 in.( ) 2 in.

2
= 3.00 in.

−

−

LRFD ASD

Mr = Nua,ia

= 17.3 kips( ) 3.00 in.( )
= 51.9 kip-in.

Mr = Naa,ia

= 11.5 kips( ) 3.00 in.( )
= 34.5 kip-in.

be = 2a

= 2 3.00 in.( )
= 6.00 in.

Mn = FyZ

= 50 ksi( ) 6.00 in.( ) 1w in.( )2

4

= 230 kip-in.

⎡

⎣
⎢

⎤

⎦
⎥

LRFD ASD

= 0.90

Mn = 0.90 230 kip-in.( )
= 207 kip-in. > 51.9 kip-in. o.k.

ϕ

ϕ = 1.67

Mn = 230 kip-in.

1.67
= 138 kip-in. > 34.5 kip-in. o.k.

Ω

Ω

In this case, because the available flexural strength is much larger than the required flexural strength, iteration may be applied to 
reduce the thickness of the base plate and provide a design with additional economy.

Check weld from the stiffener and column web to the base plate for the tensile loading in the anchors

The tensile load is distributed to the welds along the effective length, be. For plates with little flexibility, engaging more weld in 
resisting the anchor rod tensile loading could be justified.
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The total weld length effective in resisting the anchor rod tension is therefore:

L = 8 anchor rods( ) 6.00 in.( )
= 48.0 in.

For θ = 90°, kds = 1.5 as determined previously. Based on the thickness of the web and the base plate, the minimum fillet weld 
size permitted by AISC Specification Table J2.4 is 4 in. The nominal strength of the weld is:

Rn = FnwAwekds

= 0.6 70 ksi( ) 4 in.

2
48.0 in.( ) 1.50( )

= 535 kips

⎛
⎝

⎞
⎠

�

(Spec. Eq. J2-4)

The available strength of the weld is then:

LRFD ASD

= 0.75

Rn = 0.75 535 kips( )
= 401 kips >138 kips o.k.

ϕ

ϕ = 2.00

Rn = 535 kips

2.00
= 268 kips > 91.7 kips o.k.

Ω

Ω

Check weld from the column web and brace gusset to the base plate for the shear loading

For the design of these welds, and all other connection limits states, see AISC Design Guide 29, Vertical Bracing Connections—
Analysis and Design (Muir and Thornton, 2014), Example 5.12.2, which contains a similar connection configuration.

EXAMPLE 4.7-8—�Base Connection at Brace Producing Combined Compression and Shear

This example illustrates a base connection design subjected to combined compression and shear in a non-seismic application.

Given:

A W24×104 column base connection is subjected to wind forces from a brace in compression and additional permanent column 
dead loads as illustrated in Figure 4-30. Confirm the bearing strength of the base plate, calculate the required base plate thickness, 
and design the weld. Confirm that the friction present under the applied compression load is adequate to resist the applied shear 
load. The concrete compressive strength, ƒ ′c, is 4,000 psi, and there are no adjacent edges. The column is ASTM A992/A992M, 
and the plate is ASTM A572/A572M Grade 50 material.

Solution:

From AISC Manual Tables 2-4 and 2-5, the material properties are as follows:

Column
ASTM A992/A992M
Fy	= 50 ksi
Fu	= 65 ksi

Plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi
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From AISC Manual Table 1-1, the column properties are as follows:

W24×104
d	 = 24.1 in.
bf	= 12.8 in.
tw	= 0.500 in.
T	 = 20 in.

Determine the required strength at the baseplate-to-grout interface

Resolve the brace force into shear and compression forces. Because there is no eccentricity between the brace workpoint and 
the center of the base plate, the applied forces will consist of concentric compression and shear. Determine the maximum and 
minimum compression forces according to the load combinations of ASCE/SEI 7.

The horizontal shear at the base plate from the brace compression is:

V1.0W = 180 kips( ) 12

122 +122

= 127 kips

⎛
⎝⎜

⎞
⎠⎟

The axial compression at the base plate from the brace compression is:

P1.0W = 180 kips( ) 12

122 +122

= 127 kips

⎛
⎝⎜

⎞
⎠⎟

Fig. 4-30.  Base connection elevation view detailed in Example 4.7-8.
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LRFD ASD

Load combination 1a from ASCE/SEI 7, Section 2.3.1:

Vu = 0 kips

Pu = 1.4D

= 1.4 410 kips( )
= 574 kips

Load combination 4a from ASCE/SEI 7, Section 2.3.1:

Vu = 1.0W

= 1.0 127 kips( )
= 127 kips

Pu = 1.2D +1.0W

= 1.2 410 kips( ) +1.0 127 kips( )
= 619 kips

Load combination 5a from ASCE/SEI 7, Section 2.3.1:

Vu = 1.0W

= 1.0 127 kips( )
= 127 kips

Pu = 0.9D +1.0W

= 0.9 410 kips( ) +1.0 127 kips( )
= 496 kips

The maximum base plate compression combined with maxi-
mum shear occurs from load combination 4a, and the mini-
mum base plate compression combined with maximum shear 
occurs from load combination 5a.

Load combination 1a from ASCE/SEI 7, Section 2.4.1:

Va = 0 kips

Pa = D

= 410 kips

Load combination 5a from ASCE/SEI 7, Section 2.4.1:

Va = 0.6W

= 0.6 127 kips( )
= 76.2 kips

Pa = D + 0.6W

= 410 kips + 0.6 127 kips( )
= 486 kips

Load combination 7a from ASCE/SEI 7, Section 2.4.1:

Va = 0.6W

= 0.6 127 kips( )
= 76.2 kips

Pa = 0.6D + 0.6W

= 0.6 410 kips( ) + 0.6 127 kips( )
= 322 kips

The maximum base plate compression combined with maxi-
mum shear occurs from load combination 5a, and the mini-
mum base plate compression combined with maximum shear 
occurs from load combination 7a.

Verify the base plate bearing on the concrete

To facilitate welding and to minimize the base plate footprint, use a base plate with B = 13.0 in. and N = 25.0 in. Provide a mini-
mum of four anchor rods to satisfy OSHA requirements. In the absence of other requirements, it is beneficial to provide a square 
anchor pattern to reduce the probability of the pattern being inadvertently rotated during installation or fabrication. Note that 
if the base connection will also be subject to tension and shear, the anchor rods should be designed according to Section 4.3.4.

Because the maximum area of the portion of the supporting surface that is geometrically similar to and concentric with the loaded 
area exceeds four times the area of the base plate, the nominal bearing strength of the base plate is given by AISC Specification 
Equation J8-2:

A1 = BN

= 13.0 in.( ) 25.0 in.( )
= 325 in.2

Pp = 1.7 fcA1

= 1.7 4 ksi( ) 325 in.2( )
= 2,210 kips

′

�

(from Spec. Eq. J8-2)
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LRFD ASD

c = 0.65

cPp = 0.65 2,210 kips( )
= 1,440 kips > 619 kips o.k.

ϕ

ϕ

 

c = 2.31

Pp

c
= 2,210 kips

2.31
= 957 kips > 486 kips o.k.

Ω

Ω

The base plate footprint provides adequate concrete bearing capacity.

Determine the minimum thickness of the base plate

The minimum thickness of the base plate is determined as follows:

m = N 0.95d

2

= 25.0 in. 0.95 24.1 in.( )
2

= 1.05 in.

−

−

�

(4-10)

n =
B 0.8bf

2

= 13.0 in. 0.8 12.8 in.( )
2

= 1.38 in.

−

−

�

(4-11)

n =
dbf
4

=
24.1 in.( ) 12.8 in.( )

4
= 4.39 in.

′

�

(from Eq. 4-12)

LRFD ASD

	

X =
4dbf

d + bf( )2

Pu

cPp

= 4 24.1 in.( ) 12.8 in.( )
24.1 in. +12.8 in.( )2

619 kips

1,440 kips

= 0.390

ϕ
⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

�

(4-14a)

	

= 2 X

1+ 1 X
1

= 2 0.390

1+ 1 0.390
= 0.701

−

−
λ ≤

�

(4-13)

	

l = max m,  n,  n( )
= max 1.05 in., 1.38 in.,  0.701 4.39 in.( )[ ]
= 3.08 in.

λ ′

	

X =
4dbf

d + bf( )2

Pa
Pp c

= 4 24.1 in.( ) 12.8 in.( )
24.1 in. +12.8 in.( )2

486 kips

957 kips

= 0.460

Ω

⎛
⎝⎜

⎞
⎠⎟

⎛
⎝⎜

⎞
⎠⎟

⎡

⎣
⎢

⎤

⎦
⎥

⎡

⎣
⎢

⎤

⎦
⎥

�

(4-14b)

	

= 2 X

1+ 1 X
1

= 2 0.460

1+ 1 0.460
= 0.782

≤λ

−

−

�

(4-13)

l = max m,  n,  n( )
= max 1.05 in., 1.38 in., 0.782 4.39 in.( )[ ]
= 3.43 in.

λ ′
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LRFD ASD

	

tmin = l
2Pu

bFy BN

= 3.08 in.( ) 2 619 kips( )
0.90 50 ksi( ) 13.0 in.( ) 25.0 in.( )

= 0.896 in.

ϕ

	

tmin = l
2 bPa

FyBN

= 3.43 in.( ) 2 1.67( ) 486 kips( )
50 ksi( ) 13.0 in.( ) 25.0 in.( )

= 1.08 in.

Ω

�

(4-15b)

Use a 14-in.-thick base plate.

Determine if friction is adequate to resist the required shear strength

The case with minimum compression load and maximum shear governs (Pu = 496 kips, Vu = 127 kips). The methodology con-
tained in Section 4.3.5 is used with μ = 0.4, Ac = A1, ϕfriction = 0.65, and ϕ = 0.75. Only LRFD is applicable. The contribution of 
the anchors in shear is not considered.

Vn = min friction Pu( ), 0.2 fcAc, 0.8 ksi( )Ac
= min 0.65 0.4( ) 496 kips( ), 0.75 0.2( ) 4 ksi( ) 325 in.2( ), 0.75 0.8 ksi( ) 325 in.2( )

= min 129 kips, 195 kips, 195 kips( )
= 129 kips >127 kips o.k.

μ⎡⎣ ⎤⎦
⎡⎣ ⎤⎦

ϕϕϕ ϕ′

�

(4-30)

Determine the weld requirements from the column web to the base plate

The weld from the column web to the base plate resists the shear, Vu or Va. The column-to-base connection will be fit-to-bear for 
compression. For the 14-in.-thick base plate and tw = 0.500 in., the minimum required fillet weld size per AISC Specification 
Table J2.4 is x in. Determine the strength of two x in. fillet welds applied along the full T = 20 in. dimension of the column.

The strength of the two welds is determined per AISC Specification Section J2.4a for a longitudinally loaded weld (θ = 0°)

kds = 1.0 + 0.50sin1.5( )

= 1.0 + 0.50sin1.5 0°( )
= 1.00

θ

�

(Spec. Eq. J2-5)

Rn = FnwAwekds

= 0.6 70 ksi( ) x in.

2
20.0 in.( ) 2 welds( ) 1.00( )

= 223 kips

⎛
⎝

⎞
⎠

�

(Spec. Eq. J2-4)

LRFD ASD

= 0.75

Rn = 0.75 223 kips( )
= 167 kips >127 kips o.k.

ϕ

ϕ = 2.00

Rn = 223 kips

2.00
= 112 kips > 76.2 kips o.k.

Ω

Ω

The nominal shear rupture strength of the column at the welds is calculated using AISC Specification Section J4.2(b)

Rn = 0.60FuAnv

= 0.60 65 ksi( ) 0.500 in.( ) 20.0 in.( )
= 390 kips �

(Spec. Eq. J4-4)

� (4-15a)
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LRFD ASD

= 0.75

Rn = 0.75 390 kips( )
= 293 kips > 127 kips o.k.

ϕ

ϕ = 2.00

Rn = 390 kips

2.00
= 195 kips > 76.2 kips o.k.

Ω

Ω

Welding to the flanges may also be required for other loading and/or other minimum requirements.

EXAMPLE 4.7-9—�Base Connection for Bending

An exposed base connection is designed in this example that considers a base subjected to only flexural forces producing com-
pression at the toe of the base plate and tension in the anchor rods.

Given:

A base connection of a W18×76 column has a moment from nonseismic forces as illustrated in Figure 4-31. Determine the 
anchorage and base plate requirements. The concrete compressive strength, ƒ ′c, is 4,000 psi, and there are no adjacent edges. The 
column is ASTM A992/A992M, and the plate is ASTM A572/A572M Grade 50 material.

Solution:

From AISC Manual Tables 2-4 and 2-5, the material properties are as follows:

Column
ASTM A992/A992M
Fy	= 50 ksi
Fu	= 65 ksi

Plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

From AISC Manual Table 1-1, the column properties are as follows:

W18×76
d	 = 18.2 in.
bf	= 11.0 in.
tf	 = 0.680 in.

Determine the available concrete bearing stress limit, ƒp(max)

Because there are no adjacent edges, A2/A1 > 4 and:

LRFD ASD

	

fp(max) = c1.7 fc

= 0.65( ) 1.7( ) 4 ksi( )
= 4.42 ksi

ϕ ′

�

(from Eq. 4-2)

	

fp(max) = 1.7 fc c

= 1.7( ) 4 ksi( ) 2.31

= 2.94 ksi

′ Ω

�

(from Eq. 4-2)
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Determine the anchor rod tension

The anchor rod tension is determined per the previously described procedure for flexure in absence of axial load.

LRFD ASD

	

qmax = fp(max)B

= 4.42 ksi( ) 12.0 in.( )
= 53.0 kip/in. �

(4-37)

	

Y = f + N

2
f + N

2

2 2Mr

qmax

= 12.0 in. + 28.0 in.

2

12.0 in. + 28.0 in.

2

2

2 1,200 kip-in.( )
53.0 kip/in.

= 0.886 in.

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎛
⎝

⎞
⎠

−

−−

−

�

	

Tu = qmaxY

= 53.0 kip/in.( ) 0.886 in.( )
= 47.0 kips �

(from Eq. 4-31)

Because the tension from the applied moment is resisted only 
by two anchor rods, n = 2 and:

ru = Tu
n

= 47.0 kips

2 rods
= 23.5 kips/rod

	

qmax = fp(max)B

= 2.94 ksi( ) 12.0 in.( )
= 35.3 kip/in. �

(4-37)

	

Y = f + N

2
f + N

2

2 2Mr

qmax

= 12.0 in. + 28.0 in.

2

12.0 in. + 28.0 in.

2

2

2 816 kip-in.( )
35.3 kip/in.

= 0.905 in.

−
−

−−

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎛
⎝

⎞
⎠

⎡
⎣⎢

⎤
⎦⎥

�

	

Ta = qmaxY

= 35.3 kip/in.( ) 0.905 in.( )
= 31.9 kips �

(from Eq. 4-31)

Because the tension from the applied moment is resisted only 
by two anchor rods, n = 2 and:

ra = Ta
n

= 31.9 kips

2 rods
= 16.0 kips/rod

Determine the available steel strength in tension of the anchor rods

The available strength of the steel in tension is determined according to ACI 318, Section 17.6.1. As discussed previously, the 
AISC Specification provides similar capacities.

From Table 4-1, Ase,N = 0.606 in.2

Nsa = Ase,N futa

= 0.606 in.2( ) 58 ksi( )
= 35.1 kips �

(ACI 318, Eq. 17.6.1.2)

For a ductile steel element per ACI 318, Table 17.5.3(a), ϕ = 0.75 and

Nsa = 0.75 35.1 kips( )
= 26.3 kips > 23.5 kips o.k.

ϕ

Determine the concrete breakout strength in tension

The available concrete breakout strength in tension is determined according to ACI 318, Section 17.6.2. The anchor group is only 
comprised of the two anchors in tension. Because there is no edge within 1.5hef of any anchor, no reduction for edge distance 
will occur.

� (4-32) � (4-32)
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ANc = 1.5hef + 6.00 in. +1.5hef( ) 1.5hef +1.5hef( )
= 1.5 12.0 in.( ) + 6.00 in. +1.5 12.0 in.( )[ ] 1.5 12.0 in.( ) +1.5 12.0 in.( )[ ]
= 1,510 in.2

ANco = 9hef
2

= 9 12.0 in.( )2

= 1,300 in.2 �

(ACI 318, Eq. 17.6.2.1.4)

For an anchor with an embedment 11.0 in. ≤ hef ≤ 25.0 in.

Nb = 16 a fc hef( )5/3

= 16 1.0( ) 4,000 psi 12.0 in.( )5/3 1 kip

1,000 lbf

= 63.6 kips

λ ′

⎛
⎝

⎞
⎠

�

(ACI 318, Eq. 17.6.2.2.3)

Fig. 4-31.  Base configuration and applied forces used in Example 4.7-9.
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For an anchor group concentrically loaded,

e′N = 0 in.

ec,N = 1

1+ eN
1.5hef

1.0

= 1

1+ 0 in.
1.5 12.0 in.( )

= 1.0

ψ ≤

⎡
⎣
⎢

⎤
⎦
⎥

⎛
⎝⎜

⎞
⎠⎟

′

�

(ACI 318, Eq. 17.6.2.3.1)

Because there are no adjacent edges, ca,min ≥ 1.5hef and

ψed,N = 1.0� (ACI 318, Eq. 17.6.2.4.1a)

Because no analysis was performed to confirm there would be no cracking at service load levels per ACI 318, Section 17.6.2.5,

ψc,N = 1.0

For a cast-in-place anchor rod, the breakout splitting factor is determined per ACI 318, Section 17.6.2.6.2,

ψcp,N = 1.0 

The resulting concrete breakout strength of the anchor group in tension is determined by ACI 318, Section 17.6.2,

Ncbg = ANc
ANco

ec,N ed,N c,N cp,NNb

= 1,510 in.2

1,300 in.2
1.0( ) 1.0( ) 1.0( ) 1.0( ) 63.6 kips( )

= 73.9 kips

ψψψψ

⎛
⎝⎜

⎞
⎠⎟

�

(ACI 318, Eq. 17.6.2.1b)

Because no supplementary reinforcement was specified, ϕ = 0.70 per ACI 318, Table 17.5.3(b), and

Ncbg = 0.70( ) 73.9 kips( )
= 51.7 kips > 47.0 kips     o.k.

ϕ

Determine the concrete pullout strength in tension

The available concrete pullout strength in tension is determined according to ACI 318, Section 17.6.3.

Np = 8Abrg fc

= 8 1.50 in.2( ) 4 ksi( )
= 48.0 kips

′

�

(ACI 318, Eq. 17.6.3.2.2a)

Because no analysis was performed to confirm there would be no cracking at service levels per ACI 318, Section 17.6.3.3,

ψc,P = 1.0

The nominal pullout strength of a single anchor in tension is determined per ACI 318, Section 17.6.3.1, as

Npn = c,PNp

= 1.0 48.0 kips( )
= 48.0 kips

ψ

�

(ACI 318, Eq. 17.6.3.1)
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The resistance factor from ACI 318, Table 17.5.3(c), is ϕ = 0.70, and the resulting available strength is determined as

Npn = 0.70( ) 48.0 kips( )
= 33.6 kips > 23.5 kips     o.k.

ϕ

Determine the concrete side-face blowout strength in tension of the anchor group

The available concrete side-face blowout strength in tension of the anchor group is determined according to ACI 318, 
Section 17.6.4.

Because hef ≤ 2.5ca1, side-face blowout is not applicable.

Determine the minimum plate thickness for bending with the anchor rod in tension

Because the plate and column flange have similar widths, consider that the full width of the plate, B, will be effective in bending. 
The distance from the anchor rod to the center of the column flange is given by:

x = f
d

2
+
tf
2

= 12.0 in.
18.2 in.

2
+ 0.680 in.

2
= 3.24 in.

−

−

�

(4-61)

The required thickness is given by the following as derived in Section 4.3.7:

LRFD ASD

	

tp(req) = 2.11
Tux

BFy

= 2.11
47.0 kip( ) 3.24 in.( )
12.0 in.( ) 50 ksi( )

= 1.06 in. �

(4-62a)

	

tp(req) = 2.58
Tax

BFy

= 2.58
31.9 kip( ) 3.24 in.( )
12.0 in.( ) 50 ksi( )

= 1.07 in. �

(4-62b)

Determine the minimum plate thickness for bending with the concrete compression

m = N 0.95d

2

= 28.0 in. 0.95 18.2 in.( )
2

= 5.36 in.

−

−

�

(4-10)

n =
B 0.8bf

2

= 12.0 in. 0.8 11.0 in.( )
2

= 1.60 in.

−

−

�

(4-11)

Because Y < m and m > n, and using Equation 4-52a and 4-52b:
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LRFD ASD

tp(req) = 2.11
fp(max)Y m

Y
2

Fy

= 2.11

4.42 ksi( ) 0.886 in.( )

5.36 in.
0.886 in.

2
50 ksi

= 1.31 in.

× −

−⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

tp(req) = 2.58
fp(max)Y m

Y
2

Fy

= 2.58

2.94 ksi( ) 0.905 in.( )

5.36 in.
0.905 in.

2
50 ksi

= 1.32 in.

⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥× ⎛

⎝
⎞
⎠

⎛
⎝

⎞
⎠

−

−

Compression governs, therefore use a 12-in.-thick plate.

Determine the flange welding requirements

With a column flange thickness of 0.680 in. and a 12-in.-thick plate, the minimum weld size per AISC Specification Table J2.4 is 
4 in. The weld along the outside of the flange will be the stiff load path to transfer the forces from the column to the anchor rods.

The required strength is determined by decoupling the moment into a force couple separated by the depth of the column, d.

LRFD ASD

Ru = Mu

d

= 1,200 kip-in.

18.2 in.
= 65.9 kips

Ra = Ma

d

= 816 kip-in.

18.2 in.
= 44.8 kips

From AISC Specification Section J2.4(a), the directional strength increase factor for an angle of 90° between the line of action 
of the required force and weld longitudinal axis is calculated by:

θ = 90°

kds = 1.0 + 0.50sin1.5( )

= 1.0 + 0.50sin1.5 90°( )
= 1.50

θ

⎡⎣ ⎤⎦

�

(Spec. Eq. J2-5)

From AISC Specification Section J2.4(a)  and Table J2.5, the nominal weld strength per in. for a 4 in. fillet weld with E70 elec-
trodes is given by:

Rn = FnwAwekds

= 0.60 70 ksi( )[ ] 4 in.

2
11.0 in.( ) 1.50( )

= 123 kips

⎛
⎝

⎞
⎠

�

(Spec. Eq. J2-4)

The available weld strength is then:

LRFD ASD

= 0.75

Rn = 0.75 123 kips( )
= 92.3 kips > 65.9 kips     o.k.

ϕ

ϕ

 

= 2.00

Rn = 123 kips

2.00
= 61.5 kips > 44.8 kips     o.k.

Ω

Ω
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Additional welding may be required for other loading scenarios or for minimum attachment of the base plate to the column.

EXAMPLE 4.7-10—�Base Connection for Bending without Anchor Rod Tension (Low Moment)

A base connection for a wide-flange column subject to compression and moment is designed in this example. The ratio of flexure 
to compression in this example is such that the moment can be resisted without producing tension in the anchor rods.

Given:

A W12×96 column is subjected to the axial and moment dead and live loads shown in Figure 4-32. Bending is about the strong 
axis of the W12×96. The ratio of the concrete-to-base plate area is unity (A1 = A2). The column will be anchored to the founda-
tion using ASTM F1554 Grade 36 anchor rods. The column is attached to a concrete foundation with a specified compressive 
strength of concrete, ƒ ′c = 4,000 psi.

Solution:

From AISC Manual Tables 2-4, 2-5, and 2-6, the material properties are as follows:

W12×96
ASTM A992/A992M
Fy	= 50 ksi
Fu	= 65 ksi

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

Fig. 4-32.  Base detail section as used in Example 4.7-10.
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Anchor rods
ASTM F1554 Grade 36
Fy	= 36 ksi
Fu	= 58 ksi

From AISC Manual Table 1-1, the geometric properties are as follows:

W12×96
bf	= 12.2 in.
d	 = 12.7 in.

From ASCE/SEI 7, Chapter 2, the required strength is:

LRFD ASD

Pu = 1.2 100 kips( ) +1.6 160 kips( )
= 376 kips

Mu = 1.2 250 kip-in.( ) +1.6 400 kip-in.( )
= 940 kip-in.

Pa = 100 kips +160 kips

= 260 kips

Ma = 250 kip-in. + 400 kip-in.

= 650 kip-in.

Choose trial base plate size

The base plate dimensions N × B should be large enough for the installation of four anchor rods, as required by OSHA. Consider 
N and B to be at least 3 in. larger than the outside column dimensions.

N > d + 2( ) 3.00 in.( ) = 18.7 in.

B > bf + 2( ) 3.00 in.( ) = 18.2 in.

Try N = 19.0 in. and B = 19.0 in.

Determine e and ecrit

LRFD ASD

	

e = Mu

Pu

= 940 kip-in.

376 kips

= 2.50 in. �

(from Eq. 4-39)

	

fp(max) = c 0.85 fc( ) A2

A1

= 0.65( ) 0.85( ) 4 ksi( ) 1( )
= 2.21 ksi

ϕ ′

�

(from Eq. 4-2)

	

e = Ma

Pa

= 650 kip-in.

260 kips

= 2.50 in. �

(from Eq. 4-39)

	

fp(max) =
0.85 fc( )

c

A2

A1

= 0.85( ) 4 ksi( ) 1( )
2.31

= 1.47 ksi

Ω
′

�

(from Eq. 4-2)
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LRFD ASD

	

qmax = fp(max)B

= 2.21 ksi( ) 19.0 in.( )
= 42.0 kips/in. �

(4-37)

	

ecrit = N

2

Pu
2qmax

= 19.0 in.

2

376 kips

2 42.0 kips/in.( )
= 5.02 in.

−

−

�

	

qmax = fp(max)B

= 1.47 ksi( ) 19.0 in.( )
= 27.9 kips/in. �

(4-37)

	

ecrit = N

2

Pa
2qmax

= 19.0 in.

2

260 kips

2 27.9 kips/in.( )
= 4.84 in.

−

−

�

Therefore, e < ecrit, and the design meets the criteria for the case of a base plate with small moment.

Determine bearing length, Y, and verify bearing pressure

The bearing length, Y, can be determined using Equation 4-42.

Y = N 2e

= 19.0 in. 2( ) 2.50 in.( )
= 14.0 in.

−
−

�

(from Eq. 4-42)

The bearing pressure can then be determined as follows:

LRFD ASD

	

q = Pu
Y

= 376 kips

14.0 in.
= 26.9 kips/in. < 42.0 kips/in. = qmax o.k.� 	

q = Pa
Y

= 260 kips

14.0 in.
= 18.6 kips/in. < 27.9 kips/in. = qmax o.k.�

Determine the minimum plate thickness

At the bearing interface:

m = N 0.95d

2

= 19.0 in. 0.95 12.7 in.( )
2

= 3.47 in.

−

−

�

(4-10)

The bearing stress between the plate and concrete is calculated as follows:

LRFD ASD

	

fp = Pu
BY

= 376 kips

19.0 in.( ) 14.0 in.( )
= 1.41 ksi �

(4-44)

	

fp = Pa
BY

= 260 kips

19.0 in.( ) 14.0 in.( )
= 0.977 ksi �

(4-44)

� (from Eq. 4-40) � (from Eq. 4-40)

� (from Eq. 4-43) � (from Eq. 4-43)
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Because Y ≥ m, the minimum plate thickness may be calculated using Equation 4-51:

LRFD ASD

	

tp(req) = 1.49m
fp
Fy

= 1.49( ) 3.47 in.( ) 1.41 ksi

50 ksi
= 0.868 in. �

(4-51a)

	

tp(req) = 1.83m
fp
Fy

= 1.83( ) 3.47 in.( ) 0.977 ksi

50 ksi
= 0.888 in. �

(4-51b)

Check the thickness using the value of n.

n =
B 0.8bf

2

= 19.0 in. 0.8( ) 12.2 in.( )
2

= 4.62 in.

−

−

�

(4-11)

LRFD ASD

	

tp(req) = 1.49( ) 4.62 in.( ) 1.41 ksi

50 ksi
= 1.16 in.     controls �

(from Eq. 4-51a)

	

tp(req) = 1.83( ) 4.62 in.( ) 0.977 ksi

50 ksi
= 1.18 in.     controls �

(from Eq. 4-51b)

Use a 14 in. × 19 in. × 19 in. base plate.

Determine the anchor rod size

Because no anchor rod forces exist, the anchor rod size can be determined based on the OSHA requirements and practical 
considerations.

Use four w-in.-diameter ASTM F1554 Grade 36 rods.

EXAMPLE 4.7-11—�Base Connection for Bending with Anchor Rod Tension (Large Moment)

A base connection for a wide-flange column subject to compression and moment is designed in this example. The ratio of flexure 
to compression in this example is such that the moment produces tension in the anchor rods.

Given:

A W12×96 column is subjected to compressive axial dead and live loads equal to 100 kips and 160 kips, respectively, and 
moments from the dead and live loads equal to 1,000 kip-in. and 1,500 kip-in., respectively. Bending is about the strong axis of 
the W12×96. Consider the ratio of the concrete-to-base plate area as unity (A1 = A2). The column is anchored to the foundation 
using ASTM F1554 Grade 36 anchor rods. The column is attached to a concrete foundation with a specified compressive strength 
of concrete, ƒ ′c = 4,000 psi. The column is ASTM A992/A992M and the plate is ASTM A572/A572M Grade 50 material.

From AISC Manual Tables 2-4, 2-5, and 2-6, the material properties are as follows:

W12×96
ASTM A992/A992M
Fy	= 50 ksi
Fu	= 65 ksi

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi
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Anchor rods
ASTM F1554 Grade 36
Fy	= 36 ksi
Fu	= 58 ksi

From AISC Manual Table 1-1, the geometric properties are as follows:

W12×96
bf	= 12.2 in.
d	 = 12.7 in.
tf	 = 0.900 in.

Solution:

From ASCE/SEI 7, Chapter 2, the required strength is:

LRFD ASD

Pu = 1.2 100 kips( ) +1.6 160 kips( )
= 376 kips

Mu = 1.2 1,000 kip-in.( ) +1.6 1,500 kip-in.( )
= 3,600 kip-in.

Pa = 100 kips +160 kips

= 260 kips

Ma = 1,000 kip-in. +1,500 kip-in.

= 2,500 kip-in.

Choose trial base plate size

The base plate dimensions N × B should be large enough for the installation of four anchor rods, as required by OSHA. Consider 
N and B to be at least 3 in. larger than the outside column dimensions. For reference, see Figure 4-33 on page 124 that illustrates 
the final configuration.

N > d + 2( ) 3.00 in.( ) = 18.7 in.

B > bf + 2( ) 3.00 in.( ) = 18.2 in.

Try N = 19.0 in. and B = 19.0 in.

Determine e and ecrit

Check the inequality in Equation 4-53 to determine if a low or high moment case exists.

LRFD ASD

qmax = 42.0 kips/in.  (from Example 4.7-10)

	

e = Mu

Pu

= 3,600 kip-in.

376 kips

= 9.57 in. �

(from Eq. 4-39)

	

ecrit = N

2

Pu
2qmax

= 19.0 in.

2

376 kips

2 42.0 kips/in.( )
= 5.02 in.

−

−

�

qmax = 27.9 kips/in.  (from Example 4.7-10)

	

e = Ma

Pa

= 2,500 kip-in.

260 kips

= 9.62 in. �

(from Eq. 4-39)

	

ecrit = N

2

Pa
2qmax

= 19.0 in.

2

260 kips

2 27.9 kips/in.( )
= 4.84 in.

−

−

�

Because e > ecrit, this is the case of a base plate with a large moment.

� (from Eq. 4-40) � (from Eq. 4-40)
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Check the inequality of Equation 4-59. Assume that the anchor rod edge distance is 1.50 in. Therefore, from the geometry in 
Figure 4-33:

f = N

2
1.50 in.

= 19.0 in.

2
1.50 in.

= 8.00 in.

−

−

f + N

2

2

= 8.00 in.+
19.0 in.

2

2

= 306 in.2

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

LRFD ASD

2Pu e + f( )
qmax

=
2( ) 376 kips( )(9.57 in. + 8.00 in.)

42.0 kips/in.

= 315 in.2

Because 315  in.2 > 306  in.2, the inequality is not satisfied. 
Hence, larger plate plan dimensions are required.

2Pa e + f( )
qmax

=
2( ) 260 kips( )(9.62 in. + 8.00 in.)

27.9 kips/in.

= 328 in.2

Because 328  in.2 > 306  in.2, the inequality is not satisfied. 
Hence, larger plate plan dimensions are required.

As the second iteration, try N = 24.0 in. × B = 22.0 in. plate.

The increased dimensions cause a modification in the maximum bearing pressure, qmax, ƒ, and ecrit. The new values become:

LRFD ASD

ƒp(max) = 2.21 ksi  (from Example 4.7-10)

	

qmax = fp max( )B

= 2.21 ksi( ) 22.0 in.( )
= 48.6 kips/in.

	

f = 24.0 in.

2
1.50 in.

= 10.5 in.

−

	

ecrit = N

2

Pu
2qmax

= 24.0 in.

2

376 kips

2( ) 48.6 kips/in.( )
= 8.13 in.

−

−

�

The eccentricity, e, still exceeds ecrit, therefore, the load com-
bination is for large moments. Also:

	

f + N

2

2

= 10.5 in. + 24.0 in.

2

2

= 506 in.2

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

2Pu e + f( )
qmax

=
2( ) 376 kips( ) 9.57 in. +10.5 in.( )

48.6 kips/in.

= 311 in.2

311 in.2 < 506 in.2, therefore the inequality in Equation 4-59 is 
satisfied and a real solution for Y exists.

Fp(max) = 1.47 ksi  (from Example 4.7-10)

	

qmax = fp max( )B

= 1.47 ksi( ) 22.0 in.( )
= 32.3 kips/in.

	

f = 24.0 in.

2
1.50 in.

= 10.5 in.

−

	

ecrit = N

2

Pa
2qmax

= 24.0 in.

2

260 kips

2( ) 32.3 kips/in.( )
= 7.98 in.

−

−

�

The eccentricity, e, still exceeds ecrit, therefore, the load com-
bination is for large moments. Also:

	

f + N

2

2

= 10.5 in. + 24.0 in.

2

2

= 506 in.2

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

2Pa e + f( )
qmax

=
2( ) 260 kips( ) 9.62 in. +10.5 in.( )

32.3 kips/in.

= 324 in.2

324 in.2 < 506 in.2, therefore the inequality in Equation 4-59 is 
satisfied and a real solution for Y exists.

� (from Eq. 4-40) � (from Eq. 4-40)
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Determine the bearing length, Y, and anchor rod tension, Tu or Ta

Use Equation 4-58 and Equation 4-55.

LRFD ASD

	

Y = f + N

2
± f + N

2

2 2Pu (e + f )
qmax

= 10.5 in. + 24.0 in.

2
± 506 in.2 311 in.2

= 22.5 in. ±14.0 in.

= 8.50 in.

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

−

	

Tu = qmaxY Pu

= 48.6 kips/in.( ) 8.50 in.( ) 376 kips

= 37.1 kips

−

−

Y = f + N

2
± f + N

2

2 2Pa (e + f )
qmax

= 10.5 in. + 24.0 in.

2
± 506 in.2 324 in.2

= 22.5 in. ±13.5 in.

= 9.00 in.

−

−⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎛
⎝

⎞
⎠

	

Ta = qmaxY Pa

= 32.3 kips/in.( ) 9.00 in.( ) 260 kips

= 30.7 kips

−

−

Determine the anchor rod size and embedment (LRFD only)

From previous calculations, Tu = 37.1 kips. If two anchor rods are used on each face of the column, the force per rod equals 18.6 
kips. From Table 4-1, the available design strength of 1-in.-diameter ASTM F1554 Grade 36 anchor rods is 26.4 kips. The recom-
mended hole size for the 1-in.-diameter rod is 1d in. per Table 4-3. Using an edge distance to the center of the hole of 2w in., the 
initial assumption of 12 in. edge distance must be adjusted. Clearance from the 3-in.-diameter plate washer to the column weld 
and to the edge of the base plate should be considered, allowing for anchor rods not centered within the oversized base plate hole.

f = 24.0 in.

2
2.75 in.

= 9.25 in.

−

�

f + N

2

2

= 9.25 in. + 24.0 in.

2

2

= 452 in.2

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠
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2Pu e + f( )
qmax

=
2( ) 376 kips( ) 9.57 in. + 9.25 in.( )

48.6 kips/in.

= 291 in.2

	

Y = f + N

2
± f + N

2

2 2Pu (e + f )

qmax

= 9.25 in. + 24.0 in.

2
± 452 in.2 291 in.2

= 21.3 in. ±12.7 in.

= 8.60 in.

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎛
⎝

⎞
⎠ −

−

�

	

Tu = qmaxY Pu

= 48.6 kips/in.( ) 8.60 in.( ) 376 kips

= 42.0 kips

−

−

�

2Pa e + f( )
qmax

=
2( ) 260 kips( ) 9.62 in. + 9.25 in.( )

32.3 kips/in.

= 304 in.2

	

Y = f + N

2
± f + N

2

2 2Pa (e + f )
qmax

= 9.25 in. + 24.0 in.

2
± 452 in.2 304 in.2

= 21.3 in. ±12.2 in.

= 9.10 in.

−

−

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

�

	

Ta = qmaxY Pa

= 32.3 kips/in.( ) 9.10 in.( ) 260 kips

= 33.9 kips

−

−

�

� (from Eq. 4-58)

� (from Eq. 4-55)

� (from Eq. 4-58)

� (from Eq. 4-55)
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The required force per anchor rod after adjusting the edge distance assumption is 21.0 kips. The 1-in.-diameter anchor rods are 
still adequate.

The design pullout strength of each anchor rod with a heavy hex nut is selected from Table 4-2 as 33.6 kips, which is greater than 
the required strength per rod of 21.0 kips.

For completeness, determine the embedment length for the anchor rods.

Try 18.0 in. of embedment.

The projected concrete failure area on the top face of the concrete foundation is calculated using ACI 318, Section 17.6.2.1.1. 
If the anchor rods are spaced 12.0 in. apart, the total breakout area for the two anchors considered in tension is calculated by:

ANc = 2 1.5hef( ) 1.5hef + s +1.5hef( )
= 2 1.5( ) 18.0 in.( ) 1.5 18.0 in.( ) +12.0 in. +1.5 18.0 in.( )[ ]
= 3,560 in.2

The projected area for a single anchor in a deep member is given by:

ANco = 9hef
2

= 9 18.0 in.( )2

= 2,920 in.2 �

(ACI 318, Eq. 17.6.2.1.4)

The basic concrete breakout strength of a single anchor with 11.0 in. ≤ hef ≤ 25.0 in. is given by:

Nb = 16 a fchef
5/3

= 16 1.0( ) 4,000 psi 18.0 in.( )5/3 1 kip

1,000 lbf

= 125 kips

λ ′

⎛
⎝

⎞
⎠

�

(ACI 318, Eq. 17.6.2.2.3)

Because the anchor group is not loaded eccentrically, ψec,N = 1.0 per ACI 318, Section 17.6.2.3.

Because ca,min ≥ 1.5hef, a reduction is not required per ACI 318, Section 17.6.2.4:

ψed,N = 1.0� (ACI 318, Eq. 17.6.2.4.1a)

Use ψc,N = 1.0 per ACI 318, Section 17.6.2.5, for cracked concrete.

Because the anchors are cast-in-place, ψcp,N = 1.0 per ACI 318, Section 17.6.2.6.2.

The nominal concrete breakout strength of the anchor group is then given by:

Ncbg = ANc
ANco

ec,N ed,N c,N cp,NNb

= 3,560 in.2

2,920 in.2
1.0( ) 1.0( ) 1.0( ) 1.0( ) 125 kips( )

= 152 kips

⎛
⎝⎜

⎞
⎠⎟

ψψψψ

�

(ACI 318, Eq. 17.6.2.1b)

The available tension breakout capacity may then be determined using, ϕ = 0.70 per ACI 318, Table 17.5.3(b):

Ncbg = 0.70 152 kips( )
= 106 kips > 42.0 kips     o.k.

ϕ
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Determine the minimum base plate thickness

At the bearing interface:

m = N 0.95d

2

= 24.0 in. 0.95 12.7 in.( )
2

= 5.97 in.

−

−

�

(4-10)

The bearing stress between the plate and concrete is as follows:

LRFD ASD

From Example 4.7-10:

fp = fp(max)

= 2.21 ksi

From Example 4.7-10:

fp = fp(max)

= 1.47 ksi

Because Y ≥ m, the minimum plate thickness may be calculated using Equation 4-51:

LRFD ASD

tp(req) = 1.49m
fp(max)

Fy

= 1.49( ) 5.97 in.( ) 2.21 ksi

50 ksi
= 1.87 in.

tp(req) = 1.83m
fp(max)

Fy

= 1.83( ) 5.97 in.( ) 1.47 ksi

50 ksi
= 1.87 in.

Check the thickness required using the value of n:

n =
B 0.8bf

2

=
22.0 in. 0.8 12.2 in.( )

2
= 6.12 in.

−

−

�

(4-11)

LRFD ASD

tp(req) = 1.49( ) 6.12 in.( ) 2.21 ksi

50 ksi
= 1.92 in.     controls

tp(req) = 1.83( ) 6.12 in.( ) 1.47 ksi

50 ksi
= 1.92 in.     controls

At the tension interface:

x = f
d

2
+
tf
2

= 9.25 in.
12.7 in.

2
+ 0.900 in.

2
= 3.35 in.

−

�

(4-61)
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LRFD ASD

	

tp(req) = 2.11
Tux

BFy

= 2.11
42.0 kips( ) 3.35 in.( )

22.0 in.( ) 50 ksi( )
= 0.755 in. �

(4-62a)

	

tp(req) = 2.58
Tax

BFy

= 2.58
33.9 kips( ) 3.35 in.( )

22.0 in.( ) 50 ksi( )
= 0.829 in. �

(4-62b)

The bearing interface governs the design of the base plate thickness. Use a plate thickness of 2 in.

Fig. 4-33.  Base connection as detailed in Example 4.7-11.
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EXAMPLE 4.7-12—Base Connection for Bending with Anchor Rod Tension (Large Moment)

A base connection for a wide-flange column subject to tension and moment is designed in this example. The ratio of flexure to 
tension in this example is such that the moment cannot be resisted without producing compression bearing against the supporting 
concrete.

Given:

A W12×96 column is subjected to axial wind uplift equal to 1.0W = 100 kips and moment from wind load equal to 1.0W = 1,000 
kip-in., as shown in Figure 4-34. Bending is about the strong axis of the W12×96. Consider the ratio of the concrete to base plate 
area as unity. The column is anchored to the foundation using ASTM F1554 Grade 36 anchor rods. The column is attached to 
a concrete foundation with a specified compressive strength of concrete, ƒ ′c = 4,000 psi. Determine the anchor rod tension and 
compression bearing length.

From AISC Manual Table 1-1, the geometric properties are as follows:

W12×96
bf	= 12.2 in.
d	 = 12.7 in.

Solution:

From ASCE/SEI 7, Chapter 2, the required strength is:

LRFD ASD

Pu = 1.0 100 kips( )
= 100 kips

Mu = 1.0 1,000 kip-in.( )
= 1,000 kip-in.

Pa = 0.6 100 kips( )
= 60.0 kips

Ma = 0.6 1,000 kip-in.( )
= 600 kip-in.

Choose trial base plate size

The base plate dimensions N × B should be large enough for the installation of four anchor rods, as required by OSHA. Consider 
N and B to be at least 3 in. larger than the outside column dimensions.

N > d + 2( ) 3.00 in.( ) = 18.7 in.

B > bf + 2( ) 3.00 in.( ) = 18.2 in.

Try N = 19.0 in. and B = 19.0 in.

Determine e and confirm force distribution model

Check the inequality e > ƒ to determine if the moment is large enough to form a compression block under the base plate.

LRFD ASD

e = Mu

Pu

= 1,000 kip-in.

100 kips

= 10.0 in.

e = Ma

Pa

= 600 kip-in.

60.0 kips

= 10.0 in.
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Assume that the anchor rod edge distance is 1.50 in. Therefore, from the geometry in Figure 4-34:

f = N

2
1.50 in.

= 19.0 in.

2
1.50 in.

= 8.00 in.

−

−

Because e > ƒ, this is the case of a base plate with a large moment such that there will be a compression block under the base 
plate and tension in two of the four anchor rods.

Check the inequality of Equation 4-66.

f + N

2

2

= 8.00 in. + 19.0 in.

2

2

= 306 in.2

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

Fig. 4-34.  Base connection configuration as detailed in Example 4.7-12.
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LRFD ASD

qmax = 42.0 kips/in.  (see Example 4.7-10)

2Pu e f( )
qmax

=
2( ) 100 kips( )(10.0 in. 8.00 in.)

42.0 kips/in.

= 9.52 in.2

−−

Because 306 in.2 > 9.52 in.2, the inequality is satisfied. 

qmax = 27.9 kips/in.  (see Example 4.7-10)

2Pa e f( )
qmax

=
2( ) 60.0 kips( )(10.0 in. 8.00 in.)

27.9 kips/in.

= 8.60 in.2

−−

Because 306 in.2 > 8.60 in.2, the inequality is satisfied. 

Determine the bearing length, Y, and anchor rod tension, Tu or Ta

LRFD ASD

	

Y = f + N

2
± f + N

2

2 2Pu (e f )

qmax

= 8.00 in. + 19.0 in.

2
± 306 in.2 9.52 in.2

= 17.5 in. ±17.2 in.

= 0.300 in.

−

−−

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

�

From Equation 4-63:

Tu = qmaxY + Pu
= 42.0 kips/in.( ) 0.300 in.( ) +100 kips

= 113 kips

	

Y = f + N

2
± f + N

2

2 2Pa (e f )
qmax

= 8.00 in. + 19.0 in.

2
± 306 in.2 8.60 in.2

= 17.5 in. ±17.2 in.

= 0.300 in.

⎛
⎝

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

−

− −

�

From Equation 4-63:

Ta = qmaxY + Pa
= 27.9 kips/in.( ) 0.300 in.( ) + 60.0 kips

= 68.4 kips

EXAMPLE 4.7-13—Base Connection for Bending with Anchor Rod Tension (Low Moment)

A base connection for a wide-flange column subject to tension and moment is designed in this example. The ratio of flexure to 
tension in this example is such that the moment can be resisted without producing compression bearing against the supporting 
concrete, and all anchor rods will be in varying levels of tension.

Given:

A W12×96 column is subjected to axial wind uplift equal to 1.0W = 100 kips and moment from wind load equal to 1.0W = 100 
kip-in., as shown in Figure 4-35. Bending is about the major axis of the column. The column is anchored to the foundation using 
ASTM F1554 Grade 36 anchor rods. Determine the anchor rod tension.

From AISC Manual Table 1-1, the geometric properties are as follows:

W12×96
bf	= 12.2 in.
d	 = 12.7 in.

Solution:

From ASCE/SEI 7, Chapter 2, the required strength is:

� (from Eq. 4-65) � (from Eq. 4-65)
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LRFD ASD

Pu = 1.0 100 kips( )
= 100 kips

Mu = 1.0 100 kip-in.( )
= 100 kip-in.

Pa = 0.6 100 kips( )
= 60.0 kips

Ma = 0.6 100 kip-in.( )
= 60.0 kip-in.

Choose trial base plate size

The base plate dimensions N × B should be large enough for the installation of four anchor rods, as required by OSHA. Consider 
N and B to be at least 3 in. larger than the outside column dimensions.

N > d + 2( ) 3.00 in.( ) = 18.7 in.

B > bf + 2( ) 3.00 in.( ) = 18.2 in.

Try N = 19.0 in. and B = 19.0 in.

Determine e and confirm force distribution model

Check the inequality to confirm the moment is not large enough to form a compression block under the base plate.

LRFD ASD

	

e = Mu

Pu

= 100 kip-in.

100 kips

= 1.00 in. �

(from Eq. 4-39)

	

e = Ma

Pa

= 60.0 kip-in.

60.0 kips

= 1.00 in. �

(from Eq. 4-39)

Assume that the anchor rod edge distance is 1.5 in. Therefore, from the geometry in Figure 4-35:

f = N
2

1.50 in.

= 19.0 in.

2
1.50 in.

= 8.00 in.

−

−

Because e < ƒ, this is the case of a base plate with a low moment such that there will be no compression block under the base 
plate and tension in all four anchor rods. The resulting anchor rod tension consists of the axial tension split equally to all four 
anchors and the moment resolved as a force couple. The anchors are symmetrically located with the center of the column result-
ing in each anchor being a distance, ƒ, from the centroid of the anchor group. Therefore, the coordinates of each anchor and the 
resulting moment of inertia of the group is given by:

y = 8.00 in., 8.00 in., 8.00 in., 8.00 in.[ ]− −
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Ix = yi( )2

= 8.00 in.( )2 + 8.00 in.( )2 + 8.00 in.( )2 + 8.00 in.( )2

= 256 in.4 in.2

− −

Using Equation 4-67:

LRFD ASD

ru,i = Pu

n
+ Pue( )yi

Ix

= 100 kips

4 rods
+

100 kips( ) 1.00 in.( ) ±8.00 in.( )
256 in.4 in.2

= 25.0 kips ± 3.13 kips

Therefore, there is 28.1 kips each in two of the rods and 21.9 
kips each in the other two rods. 

ra,i = Pa

n
+

Pae( )yi

Ix

= 60.0 kips

4 rods
+

60.0 kips( ) 1.00 in.( ) ±8.00 in.( )
256 in.4 in.2

= 15.0 kips ±1.88 kips

Therefore, there is 16.9 kips each in two of the rods and 13.1 
kips each in the other two rods. 

Fig. 4-35.  Base configuration and dimensions used in Example 4.7-13.
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EXAMPLE 4.7-14—Base Connection for Biaxial Bending with Axial Compression

Given:

Design a base plate for the factored compressive axial load Pu = 90.0 kips and the design moments Mux = 700 kip-in. about the 
strong axis and Muy = 450 kip-in. about the weak axis of a W8×48 column. Assume that the ratio of the footing to base plate area 
is equal to 4.00. The base plate is ASTM A572/A572M Grade 50 material, and the compressive strength of concrete, ƒ ′c, is 4 ksi. 
Use ASTM F1554 Grade 55 anchor rods.

Solution:

From AISC Manual Tables 2-5 and 2-6, the material properties are as follows:

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

Anchor rods
ASTM F1554 Grade 55
Fy	= 55 ksi
Fu	= 75 ksi

From AISC Manual Table 1-1, the geometric properties are as follows:

W8×48
d	 = 8.50 in.
bf	= 8.11 in.
tf	 = 0.685 in.

1.	 Choose the trial plate size.

Try N = 14.0 in. and B = 14.0 in.

Assume that the anchor rod edge distance is 1.50 in. in each direction. Therefore:

f = N

2
1.50 in. 

= 14.0 in.

2
1.50 in. 

= 5.50 in.

−

−

Because the plate is square, the value of ƒ = 5.50 in. is true for both strong- and weak-axis bending.

2.	 Determine e and ecrit; check the inequality in Equation 4-53 to determine if this is a low or high moment case.

First estimate ƒp(max):

fp(max) = c 0.85 fc( ) A2

A1

= 0.65 0.85( ) 4 ksi( ) 4.00

= 4.42 ksi

ϕ ′

�

(from Eq. 4-2)

qmax = fp(max)B

= 4.42 ksi( ) 14.0 in.( )
= 61.9 kip/in. �

(4-37)

ecrit,x = N

2

P

2qmax
−

�
(from Eq. 4-53)
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ecrit ,y = B

2

P

2qmax
−

�
(from Eq. 4-53)

Using N = B = 14.0 in.,

ecrit = N
2

P

2qmax

= 14.0 in.

2

90.0 kip

2( ) 61.9 kip/in.( )
= 6.27 in.

−

−

�

(from Eq. 4-53)

The eccentricity in the strong-axis direction may be calculated as:

ex = Mux

Pu

= 700 kip-in.

90.0 kips

= 7.78 in. �

(from Eq. 4-37)

The eccentricity in the weak-axis direction may be calculated as:

ey =
Muy

Pu

= 450 kip-in.

90.0 kips

= 5.00 in. �

(from Eq. 4-37)

�This indicates that this is a high-moment condition in the strong-axis direction, and a low-moment condition in the weak-axis 
direction.

3.	 Determine bearing length, Y, and anchor rod tension, Tu, due to bending in the strong-axis direction.

Y = f + N

2
± f + N

2

2 2Pu (ex + f )
qmax

= 5.50 in. + 14.0 in.

2
± 5.50 in. + 14.0 in.

2

2 2 90.0 kips( ) 7.78 in. + 5.50 in.( )
61.9 kip/in.

= 12.5 in. ±10.8 in.

= 1.70 in.

−

−

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

�

(from Eq. 4-58)

Tu = qmaxY Pu

= 61.9 kip/in.( ) 1.70 in.( ) 90.0 kips

= 15.2 kips

−

−

�

(from Eq. 4-55)

�A trial anchor size and base plate thickness may be estimated for this condition, and then upsized anticipating additional load-
ing from weak-axis bending.

4.	 Determine trial anchor rod size.

�If two anchor rods are used on each face of the column, the force per rod is 7.60 kips. From Table 4-1, the design tensile 
strength of a s-in.-diameter ASTM F1554 Grade 55 anchor rod is 12.7 kips. This size may be used conservatively, recogniz-
ing that the calculated anchor force does not include weak-axis bending, whose magnitude is approximately equal to that of 
strong-axis bending. It is assumed here that the embedment of the anchor rod is designed to prevent pullout and other concrete 
limit states.
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5.	 Determine trial base plate thickness.

�For this, consider base plate yielding at both the bearing and tension interface due to strong-axis bending. For the bearing 
interface, determine m and n:

m = N 0.95d

2

= 14.0 in. 0.95 8.50 in.( )
2

= 2.96 in.

−

−

�

(4-10)

n =
B 0.8bf

2

= 14.0 in. 0.8 8.11 in.( )
2

= 3.76 in.

−

−

�

(4-11)

Because n > m and for Grade 50 material,

tp req( ) = 1.49n
fp max( )

Fy �
(from Eq. 4-51a)

�This indicates bending along a yield line parallel to the web, without considering the additional effective width outlined in 
Appendix B.

tp req( ) = 1.49 3.76 in.( ) 4.42 ksi

50 ksi
= 1.67 in.

For the tension interface,

tp req( ) = 2.11
Tux

BFy �
(4-62a)

where

x = f
d

2
+
tf
2

= 5.50 in.
8.50 in.

2
+ 0.685 in.

2
= 1.59 in.

−

−

�

(4-61)

Thus,

tp req( ) = 2.11
15.2 kips( ) 1.59 in.( )

14.0 in.( ) 50 ksi( )
= 0.392 in.

Base plate yielding at the bearing interface governs. Select a base plate of the following dimensions.

B = N = 14.0 in. and tp = 1w in.

6.	 Estimate the moment strength of the base connection in each direction of bending.

�Note that because the anchors and plate thickness are selected conservatively with respect to the induced loading in them, the 
strength of the connection in each direction needs to be determined based on the selected dimensions.
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For strong-axis bending:

Connection capacity due to anchor rod failure will be achieved when:

Tu = 2 12.7 kips( )
= 25.4 kips

Tu = qmaxY Pu� (from Eq. 4-55)

Thus,

Y = Tu + Pu
qmax

= 25.4 kips + 90.0 kips

61.9 kip/in.

= 1.86 in.

Because,

Y = f + N

2
± f + N

2

2 2Pu ex + f( )
qmax

−⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠ �

(from Eq. 4-58)

A value of ex = 9.30 in. may be determined by setting Y = 1.86 in.

This results in the moment capacity in the strong-axis direction due to yielding of the anchors as:

Mx,Pu
Anchors = exPu

= 9.30 in.( ) 90.0 kips( )
= 837 kip-in. 

�Note that although the connection may be classified as low moment for weak-axis bending for the given moment, the moment 
capacity in weak-axis bending assumes that axial load is held constant and the moment is increased to its capacity. In this con-
text, because the plate is square with a symmetrical anchor layout, failure will be obtained under the high-moment condition 
such that Mx ,Pu

Anchors = My,Pu
Anchors = 837 kip-in.

In strong-axis bending for the bearing interface, the maximum possible moment in the base plate is:

fp(max)Nn
2

2
= 4.42 ksi( ) 14.0 in.( ) 3.76 in.( )2

2
= 437 kip-in.

This assumes the stress, ƒp(max), is developed under the entire base plate. The moment capacity of the yield line is:

Fy
Ntp

2

4
= 0.90( ) 50 ksi( ) 14.0 in.( ) 1w in.( )2

4
= 482 kip-in.

ϕ

This indicates that base plate yielding at the bearing interface is not possible.

�The connection capacity due to base plate yielding at the tension interface may be calculated by setting tp(req) = 1w in. in the 
following equation:

tp req( ) = 2.11
Tux

BFy �
(4-62a)
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�This results in Tu = 303 kips, which is significantly greater than the capacity of the anchors (25.4 kips), indicating that plate 
bending at the tension interface will not govern. The moment capacity in the strong-axis direction is thus governed by anchor 
rod failure, such that:

Mx,Pu = Mx ,Pu
Anchors = 837 kip-in. 

�In the weak-axis direction, the moment capacity due to failure of the anchors has already been determined as My,Pu
Anchors = 

837 kip-in. Also, as for strong-axis bending, yielding of the base plate at the bearing interface is not possible, because the yield 
line is identical to that for strong-axis bending. The weak-axis strength due to yielding of the base plate at the tension interface 
may be determined by setting tp(req) = 1w in. in the following equation:  

tp req( ) = 2.11
Tuy

NFy

�The term y corresponds to the cantilever distance from the yield line to the anchors and may be taken as y = n − 1.50 in., where 
1.50 in. is the edge distance of the anchor holes. Consequently,

1.75 in. = 2.11
Tu 3.76 in. 1.50 in.( )

14.0 in.( ) 50 ksi( )
−

�This results in Tu = 213 kips, which is significantly higher than the capacity of the anchors (25.4 kips), indicating that yield-
ing of the base plate will not govern. As a result, yielding of the anchors will control the connection strength in the weak-axis 
direction.

My,Pu = My,Pu
Anchors = 837 kip-in. 

Once the moment strength in each direction is determined, the interaction equation may be used.

Mux

Mx ,Pu

2

+
Muy

My,Pu

2

= 700 kip-in.

837 kip-in.

2

+ 450 kip-in.

837 kip-in.

2

= 0.988 1≤

⎛
⎝⎜

⎛
⎝⎜

⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟

⎞
⎠⎟

⎞
⎠⎟

�

(from Eq. 4-69)

�This is an acceptable design. Note that other limit states for concrete have not been considered here and must be addressed as 
they are for base connections under uniaxial bending and compression.

EXAMPLE 4.7-15—Anchor Reinforcement Design

Anchor reinforcement to preclude concrete breakout in tension is designed in this example. The anchor reinforcement is designed 
to transfer the entire required strength across the concrete breakout cone plane.

Given:

Four d-in.-diameter ASTM F1554 Grade 36 anchor rods with a heavy hex nut and 4.00 in. × 4.00 in. spacing are embedded 
in the center of a 20.0-in.-square concrete column. The concrete column has a specified compressive strength of concrete, ƒ ′c = 
4,000 psi. Any required anchorage reinforcement will consist of ASTM A615/A615M Grade 60 (fy = 60,000 psi) deformed bars.

It is required to confirm if the concrete will have adequate concrete breakout strength in tension to resist the required strengths. 
If the concrete breakout strength in tension is less than the required strength, determine the anchor reinforcement configuration 
necessary to preclude concrete breakout in tension and to resist the required strength. Finally, confirm that the anchorage will 
have adequate side-face blowout strength.

Verification of the steel anchor rod capacity and pullout capacity are addressed in Example 4.7-3.

The required strengths due to axial tensile loads is:

Pu = 70.0 kips (uplift)
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Solution:

Determine the concrete breakout strength in tension

As the anchors are installed in a 20.0-in.-square concrete column, the concrete breakout strength would be limited by the column 
cross section. With an 8.00 in. maximum edge distance, the effective hef need only be 8.00 in./1.5 = 5.33 to have the breakout 
cone area equal the column cross-sectional area. Based on the procedure in ACI 318, Section 17.6.2.1.2, this leads to:

hef = max ca,max 1.5,  s 3( )
= max 8.00 in. 1.5, 4 in. 3( )
= max 5.33 in., 1.33 in.( )
= 5.33 in.

ANc = 1.5hef + s1 +1.5hef( ) 1.5hef + s2 +1.5hef( )
= 1.5 5.33 in.( ) + 4.00 in.( ) +1.5 5.33 in.( )[ ] 1.5 5.33 in.( ) + 4.00 in.( ) +1.5 5.33 in.( )[ ]
= 400 in.2

ANco = 9hef
2

= 9 5.33 in.( )2

= 256 in.2 �

(ACI 318, Eq. 17.6.2.1.4)

Because the tensile load is concentric with the anchor group, e′N = 0 in.

ec,N = 1

1+ eN
1.5hef

1

= 1

1+ 0 in.
1.5 5.33 in.( )

1

= 1.00

′
≤

≤

ψ

⎡
⎣⎢

⎤
⎦⎥

⎛
⎝⎜

⎞
⎠⎟

�

(ACI 318, Eq. 17.6.2.3.1)

Because the edge distance equals 1.5hef, the edge distance factor is calculated per ACI 318, Section 17.6.2.4.1, as:

ψed,N = 1.0

Because no analysis was performed, consider the concrete to be cracked at service load levels, use ψc,N = 1.0, in accordance with 
ACI 318, Section 17.6.2.5.1(b).

For cast-in anchors, the factor representing breakout splitting is determined as ψcp,N = 1.0 per ACI 318, Section 17.6.2.6.2.

From ACI 318, Section 17.6.2.2, kc = 24 for cast-in anchors and for hef < 11.0 in.,

Nb = kc a fchef
1.5

= 24( ) 1.0( ) 4,000 psi 5.33 in.( )1.5 1 kip

1,000 lbf

= 18.7 kips

λ

⎛
⎝

⎞
⎠

′

�

(ACI 318, Eq. 17.6.2.2.1)
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Fig. 4-36.  Anchor and reinforcement detailed in Example 4.7-15.
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Ncbg = ANc
ANco

ec,N ed,N c,N cp,NNb

= 400 in.2

256 in.2
1.0( ) 1.0( ) 1.0( ) 1.0( ) 18.7 kips( )

= 29.2 kips

⎛
⎝⎜

⎞
⎠⎟

ψψψψ

�

(ACI 318, Eq. 17.6.2.1b)

Because no supplementary reinforcement was specified, ϕ = 0.70 per ACI 318, Table 17.5.3(b), and

Ncbg = 0.70 29.2 kips( )
= 20.4 kips < 70.0 kips     n.g.

ϕ

Thus, it is necessary to transfer the anchor load to the column using anchor reinforcement.

Determine the anchor reinforcement required to preclude concrete breakout in tension

The required area of steel is determined according to ACI 318, Sections 17.5.2.1 and 17.5.3, as:

ϕ = 0.75� (ACI 318, Section 17.5.3)

As,req =
Ru
fy

= 70.0 kips

0.75 60 ksi( )
= 1.56 in.2

ϕ

Use 4-#6 bars, and consider these bars are only being used and designed as anchor reinforcement.

As = 4 bars( ) 0.44
in.2

bar

= 1.76 in.2 > 1.56 in.2 o.k.

⎛
⎝⎜

⎞
⎠⎟

With the bars located as shown in Figure 4-36, the horizontal distance, g, from the center of the anchor to the center of the rein-
forcing steel is determined by:

g = 2.00 in.( ) 2

= 2.83 in.

The reinforcing steel used as anchor reinforcement must be developed in accordance with ACI 318, Section 17.5.2.1(a), on both 
sides of the concrete breakout surface using the development length calculated per ACI 318, Chapter 25. The development length 
for hooks, ldh, will be used above the breakout plane, and the development length for unhooked bars, ld, will be used below the 
breakout plane.

For normal-weight concrete, and #6 ASTM A615/A615M Grade 60 uncoated, hooked reinforcement, with a center-to-center 
spacing greater than 6db and side cover normal to the plane of the hook greater than or equal to 6db, the development factors are 
given in ACI 318, Table 25.4.3.2.

The basic development length for bars with standard hooks is then given by ACI 318, Section 25.4.3.1.

ldh =
fy e r o c

55 fc
db

1.5⎛
⎝⎜

⎞
⎠⎟λ ′

ψψψψ

λ = 1.0
ψe = 1.0
ψr = 1.0
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ψo = 1.0

c = fc
15,000

+ 0.6

= 4,000 psi

15,000 psi
+ 0.6

= 0.867

ψ ′

Therefore,

ldh =
60,000psi( ) 1.0( ) 1.0( ) 1.0( ) 0.867( )

55 1.0( ) 4,000 psi
0.750 in.( )1.5

= 9.71 in.

⎡

⎣
⎢

⎤

⎦
⎥

The additional limits of ACI 318, Section 25.4.3.1, items (b) and (c), do not govern and are given by:

ldh = 8db

= 8 0.750 in.( )
= 6.00 in.

ldh = 6.00 in.

Therefore, the minimum required embedment length is illustrated in Figure 4-36 and calculated by:

hef = ldh + g
1

1.5
+ cc

= 9.71 in + 2.83 in.( ) 1

1.5
+ 2.00 in.

= 13.6 in.

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

Select a 14.0 in. embedment for the anchors.

For normal-weight concrete, with the effect of transverse reinforcement neglected, and #6 ASTM A615/A615M Grade  60 
uncoated, vertical reinforcement, the development factors are given in ACI 318, Table 25.4.2.5.

The basic development length is then given by ACI 318-19(22), Section 25.4.2.4.

Ld = 3

40

fy
fc

t e s g

cb + Ktr

db

db
⎛
⎝

⎞
⎠

λ ′
ψψψψ⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

�

(ACI 318, Eq. 25.4.2.4a)

λ = 1.0
ψg = 1.0
ψe = 1.0
ψs = 0.8
ψt = 1.0
Ktr = 0

The confinement term based on the spacing and cover dimensions shown in Figure 4-36 is calculated by:

cb = min
6.00 in.,

2.00 in. + 2.00 in. + 2.00 in. + 2.00 in.( ) 2

= min
6.00 in.,

4.00 in.

= 4.00 in.

⎧
⎨
⎩

⎫
⎬
⎭

⎧
⎨
⎩

⎫
⎬
⎭
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cb + Ktr

db
= 4.00 in. + 0

0.750 in.
2.5

= 5.33 2.5 

= 2.5

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

≤

≤

Therefore,

ld =
3

40

60,000 psi

1.00 4,000 psi

1.0( ) 1.0( ) 0.8( ) 1.0( )
2.5

0.750 in.( )

= 17.1 in.

⎛
⎝

⎞
⎠

⎡

⎣
⎢

⎤

⎦
⎥

⎛
⎝⎜

⎞
⎠⎟

The required development length may be reduced in accordance with ACI 318, Section 25.4.10, in cases where the requirements 
contained therein are satisfied. For this example, the prohibitions contained in ACI 318, Section 25.4.10.2, are not applicable. 
Therefore, a reduction in development length may be considered if the development length is not—in any case— reduced to less 
than 12 in. per ACI 318, Section 25.4.2.1(b).

le = ld
As,required

As, provided

= 17.1 in.( ) 1.56 in.2

1.76 in.2

= 15.2 in. > 12.0 in. o.k.

⎛
⎝⎜

⎞
⎠⎟

where le is the effective steel reinforcement development length required below the potential concrete failure plane.

The total length of the anchor rod reinforcement can then be calculated based on lå and the dimensions shown in Figure 4-36 as:

lreinf = hef cc g
1

1.5
+ le

= 14.0 in. 2.00 in. 2.83 in
1

1.5
+15.2 in.

= 25.3 in.

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

−−

−−

Select a 26.0 in. length for the anchor rod reinforcement. The anchor reinforcement shown in Figure 4-36 is adequate to preclude 
the concrete breakout in tension.

Confirm the anchorage concrete side face blowout capacity.

hef = 14.0 in.

ca1 = 20.0 in. 4.00 in.

2
= 8.00 in.

−⎛
⎝

⎞
⎠

2.5ca1 = 2.5 8.00 in.( )
= 20.0 in.

Because hef < 2.5ca1, concrete side-face blowout is not applicable per ACI 318, Section 17.6.4.
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Chapter 5  
Design of Embedded Base Connections

5.1	 CONTEXT FOR USE OF EMBEDDED BASE 
CONNECTIONS

Exposed base plate connections, such as the ones discussed 
previously in Chapter 4, are commonly used when the axial 
tension in the anchor rods is not too high; this usually is 
the case in low- to mid-rise structures or in columns loaded 
predominantly in axial compression. In taller structures or 
when the base moments are high, it is not feasible to resist 
the applied loads through exposed base plate connections. 
This is because these situations require the use of multiple, 
large anchor rods to resist tension. This in turn creates addi-
tional expense and inconvenience, including (1)  the use of 
deeper anchorage lengths and footing depths to develop the 
tensile forces; (2) overcrowding of anchors in the base plate; 
and (3)  the use of thicker or stiffened base plates to resist 
the moment introduced by the anchors—which is not only 
costly from a fabrication standpoint, but also problematic 
from the standpoint of fracture vulnerability.

In these situations, it can be preferrable to specify embed-
ded column base (ECB) connections such as the one shown 
in Figure 5-1. In these connections, the column is embedded 
into the foundation. The ECB connections resist moment 
(primarily) through the bearing of the column flanges in 
the horizontal direction against the footing, such that heavy 
anchorage is not required. Supplemental mechanisms of bear-
ing, depending on the specific configuration or detail include 
(1) resistance to uplift of the embedded base plate due to the 
concrete, (2) resistance due to horizontal reinforcement—if 

any—attached to the column flanges, and (3) resistance pro-
vided by anchor rods attached to the embedded base plate (if 
provided for erection stability or strength) in addition to the 
embedment.

Research between 2010 and 2022 has resulted in new data 
on ECBs and informs the development of this chapter. The 
previous edition of the Guide does not address the design 
of these connections. The focus of this chapter is on ECB 
connections in which the embedment is explicitly provided 
for moment resistance, rather than for situations where this 
embedment is incidental (e.g., due to an overtopping slab 
on grade), and provides resistance supplementary to exposed 
base plate connections. These overtopped connections are 
addressed in the context of their simulation in Appendix C. 
Section 5.2 outlines common connection details, summariz-
ing their key attributes and failure modes. This is followed 
by a discussion of failure modes, strength characterization 
methods, and design approaches in Section 5.3 and consider-
ations for fabrication and installation in Section 5.4.

5.2	 CONNECTION CONFIGURATIONS AND 
LOAD RESISTANCE MECHANISMS

Figure 5-2 shows some details commonly used for ECB con-
nections, along with the attached foundation systems. Refer-
ring to these figures, while there is some variation in these 
details, they share some common features. Typically, they 
include a base plate welded to the bottom of the column in a 
manner similar to exposed bases for setting the column. The 

Fig. 5-1.  Embedded base connection showing details.
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base plate may rest on a supporting slab constructed exclu-
sively for construction purposes (i.e., not designed to carry 
structural loads) or on the portion of the foundation below if 
designed to carry structural loads (e.g., in a pile cap). Con-
nections may also be constructed without an embedded base 
plate, wherein the column is supported externally during 
erection, provided that compliance with OSHA regulations 
is ensured—for example, as shown in Figure 5-2(b). Typi-
cally, face bearing plates are provided at the top surface of 
the foundation, similar to a stiffener between the flanges of 
the column. The primary purpose of these face bearing plates 
is to transmit axial compression into the foundation. Other 
variations in the details pertain to the inclusion of attached 
horizontal or vertical reinforcement and foundation configu-
rations—which may include grade beams, pile caps, isolated 
footings, or mat foundations.

The focus in this chapter is on the connection between 
the column and the footing and not the foundation outside 
of it. Consequently, the failure modes and strength models 
discussed herein refer only to this portion of the connection, 
assuming that the remainder of the foundation system will be 

designed appropriately to provide stress/load paths from the 
column into the soil or attached elements, such as the grade 
beams. From the standpoint of load resisting mechanisms, 
the connections may be divided into two broad categories:

1.	 Type I connections: These are connections in which the 
slab or footing below the embedded plate is not explic-
itly designed to carry forces and is provided only for 
the purpose of column erection, or such a plate does not 
exist, for example, in the detail shown in Figures 5-2(a) 
and (b) respectively. In these connections, the moment 
is resisted only through horizontal forces—bearing 
stresses on the column flanges and tensile forces in 
attached reinforcement, if present. Compressive axial 
load is transferred through the face bearing plate at the 
top of the connection, whereas the tensile column force 
is resisted by the embedded base plate bearing upward 
on the footing.

2.	 Type II connections: These are connections in which 
the slab or the footing below the base plate, as shown 
in Figure 5-2(c), is explicitly designed to resist vertical 

    

	 (a)  Foundation below base plate	 (b)  Foundation below column 
	 not designed for vertical loads	 not designed for vertical loads

(c)  Supporting foundation below base plate designed for vertical loads

Fig. 5-2.  Embedded column base connection configurations.
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stresses and forces imposed by the embedded base plate. 
In these cases, the moment is resisted by a combina-
tion of the horizontal stresses as in Type I connections, 
as well as vertical stresses that restrain the rotation of 
the embedded base plate. The axial compressive forces 
may be resisted in a manner similar to Type I connec-
tions (i.e., through face bearing plates for compression) 
or even through the embedded base plate, whereas 
the axial tension in the column is resisted through the 
embedded base plate.

Other variations in detailing may include the use of 
headed studs to transfer vertical forces from the column into 
the foundation. These details are not addressed in this Guide, 
primarily due to the lack of research in the area.

5.2.1	 Type I Connections

When the slab or foundation below the embedded base plate 
does not resist vertical stresses or forces, the applied moment 
and shear are resisted through the development of horizontal 
stresses in the foundation along with tensile forces in the 
attached horizontal reinforcement, as shown in Figure 5-3. 
The column compression is resisted by downward bearing of 
the face bearing plates on the top of the foundation, whereas 
column tension is resisted by upward bearing of the embed-
ded base plate on the underside of the foundation, as shown 
in Figure 5-4. The transfer of axial forces is considered inde-
pendently of the transfer of moment and shear. The transfer 
of moment and shear is discussed first.

The total resisted moment, MHB, and the entire shear, V, is 
resisted through the development of bearing stresses on both 
sides of the embedded column flanges. A modified version 
of the approach developed by Grilli and Kanvinde (2017) 
may be used to estimate the moment resistance provided by 
the horizontal bearing mechanism while adding the contri-
bution of horizontal reinforcement. The bearing stresses are 
idealized such that a uniform stress distribution is assumed 

for the top stress, fb
top, and the bottom stress, fb

bottom (see 
Figure 5-3), such that:

	
fb = fb

top = fb
bottom = 1.54 fc

bw
bf

n

1.7 fc′′ ≤
⎛
⎝⎜

⎞
⎠⎟ �

(5-1)

The term bw/bf accounts for the effect of confinement, 
where bw (in inches) is the width of the foundation (perpen-
dicular to the plane of bending), and bf (in inches) is the 
width of the flange. The stresses fb

top, fb
bottom, and ƒ ′c in Equa-

tion 5-1 are in ksi units. The exponent n may be taken as 
0.66. Referring to Figure  5-3, the resultant bearing forces 
on the embedment, Ctop and Cbottom, may be determined as:

	 Ctop = fb
top

1cbjβ � (5-2)

	 Cbottom = fb
bottom

1 dembed c( )bjβ − � (5-3)

In Equations 5-2 and 5-3, c is the neutral axis depth and 
β1 = 0.85 is the factor relating the depth of equivalent rect-
angular stress block to c. This value assumes that fc = 4 ksi′  
or lower. However, the value of β1 may be determined 
through linear interpolation, assuming a 0.65 value when 
fc = 8 ksi′  and higher concrete strength (ACI, 2022). The 
term bj = bf + B( ) 2 reflects the effective width of the con-
crete panel, in which B is the width of the embedded base 
plate at the bottom end of the column. If no embedded base 
plate is provided, then bj may be taken as bf. The attached 
reinforcement may be assumed to act in both tension and 
compression if welded directly to the column flanges, as 
shown in Figure  5-3. However, if alternate details (e.g., 
U-bar hairpins that wrap around the column flange rather 
than being welded to it) are used, then they may be assumed 
to act only in tension because the flanges may not effectively 
engage the reinforcement on the compression side. The 
reinforcement bars are assumed to be elastic perfectly plas-
tic and fully developed in tension as per ACI 318—that is,  
Frebar = AsrFysr. The resultant from each rebar row is directly 

Fig. 5-3.  Moment and shear transfer in Type I connections.
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added to the resultants from the stress distributions such that 
the force and equilibrium equations may be written as:

	 V Ctop +Cbottom Frebar
top + Frebarbottom = 0−− � (5-4)

	

MHB = Ctop
1c

2
+Cbottom dembed

1 dembed c( )
2

Frebar
top drebar

top + Frebarbottomdrebar
bottom

β β
−− −

−

⎡
⎣⎢

⎤
⎦⎥

�

(5-5)

In Equations 5-4 and 5-5, Frebar
top  and Frebar

bottom are the resul-
tant forces from the engaged reinforcement rods, and drebar

top  
and drebar

bottom are the distances from the rebar location to the 
top of the foundation surface, for the top and bottom rebar, 
respectively. The term c may be eliminated from these equa-
tions, resulting in the following equation:

MHB =
Frebar
top Frebar

bottom V( )dembed
2

Frebar
bottom Frebar

top +V( )2

4bj fb

1bjdembed
2 fb 1 2( )

4
Frebar
top drebar

top + Frebarbottomdrebar
bottomβ β −

−−

−
−

−−

 
� (5-6)

Equation 5-6 represents an interaction equation between 
the shear force, V, and the moment, MHB, such that for any 
given shear force, V, the maximum moment may be deter-
mined using Equation  5-6. The equation assumes that the 
“neutral axis”—that is, the transition in bearing stress direc-
tion occurs between the upper and lower layers of horizontal 
reinforcement.

For Type I connections, axial compression must be trans-
ferred through the top of the foundation through the face 
bearing plates, as shown in Figure 5-4(a). This is associated 

with the following possible limit states: (1) flexural yielding 
of the face bearing plates, (2) fracture of welds between the 
face bearing plates and the column, (3) bearing failure of the 
grout or foundation, and (4) punching or other failure in the 
foundation. The first three are addressed in this Guide and 
the design example, whereas item 4 is outside the scope of 
this Guide—similar to exposed base plates where only bear-
ing under the base plate is considered, whereas the effects of 
this bearing on overall foundation failure are not. These limit 
states are discussed next.

The column axial force is distributed from the column 
into the face bearing plates and then to the foundation in 
direct bearing. The bearing strength of the concrete in this 
case may be determined in a manner similar to base plates 
in compression as indicated in Section  4.3.1. The critical 
face plate cantilever dimension, l, may be determined as λn′ 
assuming the face bearing plate to be similar to a base plate 
loading in compression (see Section 4.3.1), wherein:

	
l = n =

dbf

4
λ

λ
′

�
(5-7)

in which, λ is conservatively taken as 1.0. Using these, the 
thickness of the face bearing plate may be calculated (in 
LRFD) as follows:

	
tmin = l

2Pu

0.9Fy bf tw( ) d 2tf( )−− �
(5-8)

The welds between the face bearing plate and the col-
umn webs and flanges may conservatively be specified as 
CJP groove welds because flexural yielding at the interface 
of the face bearing plate and the column section will likely 
govern. Alternatively, fillet or PJP groove welds may be 
specified such that they develop the flexural strength of the 

      

	 (a)  Compression in column	 (b)  Tension in column

Fig. 5-4.  Column axial force transfer in Type I connections.
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face bearing plate. Type I connections without an embedded 
base plate are ill-suited for resisting axial tension. However, 
if such a base plate is provided, then axial tension may be 
resisted through the upward bearing of the base plate against 
the lower surface of the foundation [Figure 5.4(b)]. In this 
case, the following limit states are of interest: (1) flexural 
yielding of the base plate in the region between the flanges—
similar to face bearing plates and (2)  flexural yielding of 
the base plate in the regions outside the flange. For each of 
these, equations similar to those for base plates loaded in 
compression (see Section 4.3.1) may be applied to determine 
strength.

5.2.2	 Type II Connections

When the slab or foundation below the embedded base plate 
is capable of (i.e., designed to) resisting vertical stresses, 
then the mechanisms outlined previously for Type  I con-
nections are supplemented by additional mechanisms due to 
these vertical stresses. Referring to Figure 5-5, these addi-
tional vertical stresses are imposed on the upper and lower 
surface of the base plate, resisting the moment transferred 
to the base through the column flanges. For Type II connec-
tions, axial tension may be transferred in a manner similar 
to Type I connections—that is, by the embedded base plate 
bearing upward on the foundation above it. Axial compres-
sion may be transferred either through face bearing plates 
or, more realistically, through the embedded base plate bear-
ing on the portion of the foundation below it because it is 
designed for vertical forces. Experimental data (Grilli et al., 
2017; Hassan and Kanvinde, 2023), suggests that the latter 
(i.e., transfer through the embedded base plate) is the favored 
mechanism because (1) the column provides a stiff load path 
to the bottom of the foundation, if the underlying portion of 
the foundation is designed for these stresses, and (2) if large 
lateral deformations are present, then separation between the 
column flanges and the foundation reduce the efficacy of the 
face bearing plates. In either case, the base plate is subjected 
to vertical stresses due to both the moment (wherein these 
stresses resist rotation of the plate) and column axial force.

The additional strength provided by the vertical bearing 
mechanisms depends on the resistance to rotation of the 
embedded base plate at the bottom of the column embed-
ment. This resistance is active on the compression side 
of the connection where the plate bears downward on the 
underlying foundation, as well as on the tension side of the 
connection where the uplift of the plate is restrained by the 
foundation above it. The former is controlled by the design 
of the portion of the foundation below the embedded base 
plate. The latter (i.e., the restraint provided to the uplift of 
the base plate) is highly sensitive to the reinforcement detail-
ing of the foundation. Specifically, research has shown that 
the use of horizontal reinforcement attached to the column 
produces a tension field in the foundation above the base 

plate greatly diminishing the resistance to its uplift (Hassan 
and Kanvinde, 2023). This may have the result of reducing 
the overall moment capacity of the connection even below 
that of a similar connection in which no horizontal reinforce-
ment is attached. The same research further indicates that 
the use of vertical reinforcement (i.e., stirrups) may mitigate 
this issue to a limited extent, although not fully. As a result, 
the overall strength of the connection is highly sensitive to 
the amount as well as the patterns of both the horizontal and 
vertical reinforcement.

Given these sensitivities, a definitive design method for 
Type II connections is not presented in this Guide. Rather, 
basic modes of resistance and failure observed in experi-
ments are presented here, directing the user to the Hassan 
and Kanvinde (2023) research for comprehensive insights 
and equations that may be adapted toward the design of spe-
cific connections. The base plate at the bottom is subjected 
to bearing stresses on the lower as well as the upper surfaces, 
resisting the moment transferred to the base through the col-
umn flanges, as well as the net axial force transferred to the 
base plate. The base plate is assumed to resist the total axial 
force (through upward bearing in case of compressive load 
or downward bearing in case of tensile load) in addition to 
the moment resisted through the vertical bearing mechanism. 
Under these stresses, the moment strength due to vertical 
bearing stresses may be controlled through one of the three 
limit states (i.e., Scenario 1, 2, and 3) outlined in the follow-
ing that may occur under different reinforcing details. These 
scenarios pertain to “tension side” failures—that is, the base 
plate uplifting the concrete above it on the tension side of 
the connection. In addition to these, the moment capacity 
may also be reached due to failure of the foundation under 
the toe of the embedded base plate on the compression side; 
as discussed previously, this is not addressed in this Guide 
primarily because no test data exists for this type of failure.

Scenario 1: � Breakout of concrete failure cone in the 
absence of attached horizontal reinforcement

When no horizontal reinforcement is attached to the column 
flanges, the region above the base plate on the tension side 
fails in a conventional pryout type failure with a 35° failure 
cone emanating from the tension side flap of the base plate. 
This failure mode occurs only when no horizontal reinforce-
ment is attached because there is no tension field above the 
base plate. The process for determination of the force associ-
ated with this failure cone, and then its use for estimating the 
moment, MVB, is outlined in Hassan and Kanvinde (2023). 
This failure mode is applicable only when no horizontal 
reinforcement is attached (tests by Grilli et al., 2017); that 
is, the tension field produced by the reinforcement does not 
affect the development of such a cone. Note that cone for-
mation in the absence of horizontal reinforcement is associ-
ated with a higher breakout strength than when horizontal 
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reinforcement attached to the column flange is present. In 
such a case, the total breakout force, Ft, (in kips) may be 
calculated as (see Figure 5-6):

	
Ft = 40

9
A35

fc
dcover

′

�
(5-9)

Equation  5-9 is based on the concrete capacity design 
(CCD) method proposed by Fuchs et al. (1995), such that 
dcover is the thickness of the material (in inches) that must 
be ruptured for breakout, which is equal to dembed for ten-
sion breakout. The concrete strength, ƒ ′c, is in psi units. The 
term A35 (in in.2) is the projected area of a 35° failure cone 
emanating from the edges of the stress block on the tension 
side of width 0.3N, where N is the length of the base plate.

Scenario 2: � Breakout of concrete failure cone in the 
presence of attached horizontal reinforcement 
and no vertical reinforcement.

When horizontal reinforcement is attached to the column 
flanges, a tension field is created above the uplifting end of 
the base plate, reducing the resistance to vertical motion. 
In these cases, the resistance to uplift is negligible, and the 

response of the connection approaches that of a Type I con-
nection with no moment resistance due to vertical stresses. 
This scenario motivates a tradeoff between the use of hori-
zontal reinforcement to enhance moment strength due to 
increase in the moment capacity, MHB, as calculated pre-
viously (for Type I connections) and the loss in vertical 
strength due to the tension field.

Scenario 3: � Shear failure of concrete in the presence 
of horizontal reinforcement and vertical 
reinforcement.

The third scenario is associated with the presence of ver-
tical reinforcement/stirrups supplementary to the attached 
horizontal reinforcement as shown in Figure 5-1. The intent 
of the stirrups is to increase the vertical bearing resistance 
by mitigating the breakout failure mode noted in Scenario 2 
and shown in Figure 5-7. The stirrups add vertical resistance 
while inducing direct shear failure at a weak point in the 
foundation. This results in a significant increase in uplift 
strength and moment capacity, MVB. Hassan and Kanvinde 
(2023) outline the procedure for calculating the force, Ft, in 
this situation.

(a)  Horizontal stresses on column flange

(b)  Vertical stresses on base plate

Fig. 5-5.  Load transfer in Type II connections.
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5.3	 DESIGN METHOD FOR COMBINED 
BENDING, SHEAR, AND AXIAL FORCE

The design approach is presented here only for Type I con-
nections, along with a design example. To aid the design pro-
cess, an online tool is provided at www.aisc.org/DG1 that 
may be used to conveniently estimate the capacity of Type 
I embedded column base connections given all the connec-
tion parameters. The following steps may be used for design, 
under a combination of moment, axial force, and shear:

1.	 Estimate embedment depth, dembed, through trial and 
error, given the design moment and shear, the col-
umn flange width, and the foundation dimensions. For 
this purpose, use Equation  5-6 or the online tool to 
determine if the moment and shear capacity are ade-
quate. In this context, it is important to note that the 
moment capacity, MHB, determined using these equa-
tions, is an ultimate strength value that is accompanied 
by significant damage in the concrete foundation and 

deformation. If such deformation and damage is to be 
prevented, it is recommended to use the capacity of 
the connection, Mn  = 0.8MHB, and the corresponding 
shear. The 0.8 factor reflects experimental observations 
across numerous tests (Grilli et al., 2017; Hassan and 
Kanvinde, 2023) that nonlinear response (and damage) 
initiates at around 80% of the peak moment.

2.	 If embedment depth is acceptable given foundation 
dimensional constraints, advance to Step 3. If not, con-
sider attaching horizontal reinforcement to enhance 
embedment depth or using a Type II connection.

3.	 Design the face bearing plates and the embedded base 
plate for axial compression or tension as the case may 
be.

4.	 For LRFD, a resistance factor ϕ = 0.75 is recommended 
for the overall connection strength, based on the design 
of similar connections outlined in the PCI Design 
Handbook (2017).

Fig. 5-6.  Concrete breakout force above the tension side of the connection in the absence of horizontal reinforcement.

Fig. 5-7.  Breakout force of concrete above the tension side of the connection.
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EXAMPLE 5.3-1—�Embedded Base Connection for Bending, Shear, and Axial Compression

Given:

Design an embedded column base connection for a W14×176 column. The factored compressive axial load is Pu = 250 kips, the 
shear force is Vu = 96.0 kips, and the design moment is Mu = 700 kip-ft. Bending is about the strong axis of the column. Assume 
that the foundation below the embedded column base plate cannot resist vertical stresses. The assumed width of the foundation 
is 60 in. The column is ASTM A992/A992M material, the base plate is ASTM A572/A572M Grade 50 material, and the concrete 
compressive strength is ƒ ′c = 4 ksi.

Solution:

From AISC Manual Tables 2-5 and 2-6, the material properties are as follows:

Column
ASTM A992/A992M
Fy	= 50 ksi
Fu	= 65 ksi

Plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

From AISC Manual Table 1-1, the geometric properties are as follows:

Column
W14×176
d	 = 15.2 in.
bf	 = 15.7 in.
tw	= 0.830 in.
tf	 = 1.31 in.

1.	 Estimate the embedment depth, dembed.

A good starting estimate for the embedment depth is dembed = 1.5d.

dembed	= 1.5(15.2 in.)

	 = 22.8 in.

Try dembed = 22.0 in.

Assuming a Type I connection—that is, no vertical stresses—as well as no attached reinforcement, the moment capacity may be 
determined using Equation 5-6. By substituting the value of shear Vu = 96.0 kips, all values corresponding to the rebar are zero, 
and the width of the joint, bj = bf = 15.7 in. because no embedded plate is provided.

fb = fb
top = fb

bottom

= 1.54 fc
bw
bf

n

1.7 fc

= 1.54 4 ksi
60 in.

15.7 in.

0.66

1.7( ) 4 ksi( )

= 7.46 ksi 6.80 ksi

= 6.80 ksi

≤

≤

≤ ′′
⎛
⎝⎜

⎞
⎠⎟

⎛
⎝

⎞
⎠

�

(5-1)
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From Equation 5-6:

MHB =
Frebar
top Frebar

bottom V( )dembed
2

Frebar
bottom Frebar

top +V( )2

4bf fb

1bf dembed
2 fb ( 1 2)

4
Frebar
top drebar

top + Frebarbottomdrebar
bottom

=
0 0 96.0 kips( ) 22.0 in.( )

2

0 0 + 96.0 kips( )2

4 15.7 in.( ) 6.80 ksi( )
0.85( ) 15.7 in.( ) 22.0 in.( )2 6.80 ksi( ) 0.85 2( )

4
0 + 0

= 1,060 kip-in. 21.6 kip-in. +12,600 kip-in.

= 11,500 kip-in.

= 958 kip-ft

ββ

− −

−
−

−

−

−
−

−−

−−

−−
−

−

ϕMHB	= (0.7)(958 kip-ft)

	 = 719 kip-ft > 700 kip-ft     o.k.

Thus, the embedment is satisfactory. An unsatisfactory embedment may be addressed by either increasing the value of dembed or 
by providing additional reinforcement. Note that this design process is intended to prevent failure in a reliable way but does not 
prevent damage in a reliable way. To achieve the latter, it is recommended to use an additional reduction factor of 0.8 as discussed 
in the preceding section.

2.	 Design the face bearing plates for axial compression.

The axial compression is transferred from the face bearing plates into the foundation below. Similar to exposed base plate con-
nections, it is assumed that the foundation as a whole is designed to resist the effects of this axial compression (e.g., those shown 
in Figure 5-4). With this assumption, two design checks remain: (1) bearing failure under the face bearing plates and (2) yielding 
of the face bearing plates themselves.

Bearing failure under the face bearing plates may be checked in a manner similar to base plates under axial compression.

Pu Pp = fp(max)A1ϕϕ≤

Where ϕ = 0.65, A1 is the bearing area, and fp(max) is the maximum bearing stress such that fp(max) = 1.7 fc′, assuming confined 
concrete and grout strength exceeding twice the specified concrete compressive strength. For a W14×176, the bearing area may 
be determined as:

A1 = bf tw( ) d 2tf( )
= 15.7 in. 0.830 in.( ) 15.2 in. 2( ) 1.31 in.( )[ ]
= 187 in.2

−−

−−

Thus, the available strength is:

Pp = fp(max)A1

= 0.65( ) 1.7( ) 4 ksi( ) 187 in.2( )
= 827 kips

ϕϕ

Because Pu = 250 kips < 827 kips, the bearing check is satisfied.

The face bearing plate thickness may be initially selected to meet the stiffener requirements of AISC Seismic Provisions Section 
F3.5b.4, such that:

tmin = 0.75tw a in.

= 0.75 0.830 in.( )
= 0.623 in.

≥
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As outlined in Chapter 4, the critical face plate cantilever dimension, l, may be determined as λn′, such that:

n =
dbf
4

′ λλ
�

(5-7)

where λ may be conservatively taken as 1.0. Thus,

l =
dbf

4

= 1.0
15.2 in.( ) 15.7 in.( )

4
= 3.86 in. 

λ

The minimum plate thickness may then be determined as:

tmin = l
2Pu

0.9Fy A1

= 3.86 in.( ) 2 250 kips( )
0.9 50 ksi( ) 187 in.2( )

= 0.941 in. �

(from Eq. 5-8)

Select 1-in.-thick face bearing plates. Flexural yielding at the face bearing plate design controls, consequently the face bearing 
should be welded to the columns with CJP groove welds.

5.4	 FABRICATION AND INSTALLATION

The fabrication of the embedded column base assemblies 
should follow the same requirements as for exposed base 
plate connections in terms of (1) base plate fabrication and 
finishing if an embedded base plate is present for erection 
purposes, as shown in Figures  5-2(a) and 5-2(c); (2)  base 
plate welding; and (3) anchor rod holes and washers, as well 
as anchor placement, if anchors are used during erection; see 
Sections 4.5.1, 4.5.2, 4.5.3, and 4.5.4. Grout will usually be 
provided below the embedded plate as well as between the 
face bearing plates and the top of the foundation; for both of 
these recommendations, see Section 4.5.6.

Column erection will normally follow procedures similar 
to exposed base plates (Section 4.5.5), except that the col-
umn will be set on top of either a supporting slab cast on top 
of the soil or the underlying foundation. The setting nut and 
washer method, the setting plate method, or the shim stack 
method may be used as appropriate. Unlike exposed base 
plate connections, the installation of concrete above the base 
plate (for the purposes of embedment) will introduce addi-
tional lateral forces and instabilities on the erection arrange-
ment (e.g., nut and washer, shim stacks, or setting plate). The 
erection arrangement should consequently consider these 
forces in its design.
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Chapter 6  
Design of Column Base Connections for 
Seismic Loading

6.1	 OVERVIEW AND ORGANIZATION

Chapters 4 and 5 address the design of exposed and embed-
ded base connections, respectively. In these chapters, the 
design procedure is focused on force-based design, such that 
the connection is designed to resist the given combinations 
of applied loads without failure. This type of design is ade-
quate for static loads and wind loads (where inelastic action 
is not anticipated). However, under seismic conditions, 
inelastic actions may be expected either in the base connec-
tion itself, in its close vicinity, or elsewhere in the seismic 
force-resisting system (SFRS). Additionally, as discussed 
previously in Chapter 3, the rotational flexibility of the base 
has the potential to influence overall structural response. As 
a result, seismic conditions introduce additional consider-
ations to ensure acceptable response of both the connection 
as well as the structure. This chapter addresses these addi-
tional considerations, supplementing the force-based design 
methods presented in Chapters 4 and 5.

Chapter 1, Section 1.1, and Figure 1-2 establish the rela-
tionships between various design documents and standards, 
including this Guide. In the context of seismic design, the 
2022 AISC Seismic Provisions are a companion to the AISC 
Specification that extend coverage to connection detailing 
and member design requirements for structural steel and 
composite systems in high-seismic applications. The AISC 
Seismic Provisions (and the discussion and examples in this 
chapter) are applicable to base connections that are part 
of the SFRS, as well as those that are not part of it. In the 
context of base connections, the AISC Seismic Provisions 
establish strength (axial, shear, and moment) requirements, 
in addition to detailing requirements regarding the welds 
between the column and base plate. Additionally, the AISC 
Seismic Provisions (and the Commentary) suggest details 
acceptable for seismic design. While the AISC Seismic Pro-
visions represent a mandatory design standard, this Design 
Guide, along with the AISC Seismic Design Manual, repre-
sent nonmandatory resources to facilitate design that meets 
the requirements of the AISC Seismic Provisions along with 
the AISC Specification. It is emphasized that the aim of this 
Design Guide (and this chapter) is not to establish strength 
or ductility requirements, but to provide guidance for the 
design of connections that meet these requirements (or the 
intent) as established in these mandatory resources.

Research over the last two decades (Hassan et al., 2022; 
Trautner et al., 2017b; Gomez et al., 2010; Falborski et al., 
2020a, 2020b) indicates that exposed column base plates in 

moment frames may be designed to achieve ductile perfor-
mance; this results in the use of a reduced seismic load for 
their design as discussed in the next section. Following this, 
the main focus in this chapter is on exposed base plate type 
connections in moment frames because other types of con-
nections—that is, embedded base connections in moment 
frames or exposed and embedded base connections in braced 
frames—are typically designed to remain elastic under seis-
mic loading, such that they may be designed following the 
force-based design procedures outlined in Chapters 4 and 
5. Section 6.2 outlines acceptable performance characteris-
tics of seismic base connections, followed by a discussion of 
overall foundation and grade beam effects that are relevant 
in the context of the seismic design in Section 6.3. Section 
6.4 presents a design method for base connections in steel 
moment frames subjected to seismic loading. Section 6.5 
provides discussion regarding base plate connections for 
braced frames subjected to seismic loading.

6.2	 SEISMIC PERFORMANCE REQUIREMENTS 
FOR COLUMN BASES

Generally, the seismic loads and load combinations includ-
ing load overstrength are determined using the IBC and 
ASCE/SEI 7 codes. Both documents defer to the material 
codes to establish when the overstrength combinations are 
to be considered along with any material ductility require-
ments. The AISC Seismic Provisions and ACI 318 provide 
additional seismic performance requirements for the design 
of exposed column bases and their anchorage. The AISC 
Seismic Provisions do not apply to the seismic design of 
buildings composed solely of steel systems not specifically 
detailed for seismic resistance (R = 3); certain categories of 
nonbuilding structures noted in ASCE/SEI 7-22, Chapter 15; 
and nonstructural components, except for certain categories 
of penthouses and rooftop structures, designed according 
to ASCE/SEI 7-22, Chapter 13. Only the provisions of ACI 
318, Chapter 17, are applicable in Seismic Design Category 
C–F in these instances. A discussion of the requirements in 
both documents follows.

AISC Seismic Provisions Section D2.6 and associated 
Commentary provide general guidance for the required 
strength of column bases. Of these, the strength require-
ments for axial (AISC Seismic Provisions Section D2.6a) 
and shear (AISC Seismic Provisions Section D2.6b) force 
are fairly straightforward to design for because these actions 
are assumed force controlled, wherein the forces themselves 
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are calculated as per seismic considerations. Once these 
forces have been determined in accordance with the AISC 
Seismic Provisions, the base connections may be designed 
using the procedures outlined previously in Chapters 4 and 
5. The considerations particular to seismic design of the con-
nections themselves arise in the context of flexural strength 
and design. Specifically, AISC Seismic Provisions Section 
D2.6c allow for the column bases to be designed using the 
lesser of conditions 1 and 2:

1.	 For a moment corresponding to 1.1RyFyZ/αs of the 
attached column, which reflects the moment corre-
sponding to the fully yielded and strain hardened col-
umn. This may be termed the “strong-base” condition.

2.	 For a moment corresponding to the overstrength (i.e., 
Ω0) seismic loads, provided that a ductile limit state in 
either the column base or the foundation controls the 
design. This may be termed the “weak-base” condition. 
The ductility requirement recognizes that the moment 
corresponding to overstrength seismic load may be 
lower than the flexural capacity of the column, such 
that the base connection and foundation system will be 
required to accommodate inelastic rotation. An excep-
tion to this is for ordinary moment frames (OMFs) 
where, according to AISC Seismic Provisions Com-
mentary Section E1.2, the connections, including the 
base, must be strong enough (i.e., strong base) so that  
“…significant inelastic action in response to earth-
quake loading occurs in frame elements rather than 
connections.”

3.	 In addition to conditions 1 and 2, the base connec-
tions may also be designed as pinned, such that they 
are designed only for axial force and shear, without 
consideration of moment, provided they can sustain 
the expected rotations without failure—that is, loss of 
shear capacity.

The design corresponding to case 1—that is, the 
strong-base condition—is fairly straightforward. This is 
because conducting capacity design of the base connec-
tion in this manner forces plastic hinging into the column, 
and the base connection itself remains elastic. As a result, 
the design of the base connection is similar in concept to 
force-controlled base connections (as outlined in Chapters 4 
and 5), with the exception of additional detailing and mate-
rial toughness requirements for the welds between the base 
plate and the column.

Design corresponding to cases 2 and 3 requires inelas-
tic rotation capacity in the bases. However, there are two 
issues in the implementation of these cases in design. First, 
the AISC Seismic Provisions do not explicitly mention the 
degree of rotation capacity required. Second, the AISC Seis-
mic Provisions only qualitatively discuss detailing that may 
be used to achieve such capacity; specifically, “This can be 

achieved through flexural bending of the base plate similar to 
an end-plate connection, bending of elements used as anchor 
chairs, ductile yielding of the foundation, uplift of the foun-
dation, or elongation of the anchor rods.” These guidelines 
are qualitative and generic, rather than prescriptive. Both 
these issues have been addressed through research. The key 
findings are:

1.	 Nonlinear response history analysis (NLRHA) by Fal-
borski et al. (2020a, 2020b) indicates that a rotation 
capacity of 0.04−0.05 rad in weak-base connections 
(designed for moments corresponding to overstrength 
seismic loads) in steel moment frames (SMF) is suf-
ficient to achieve performance (i.e., collapse prob-
abilities) that are similar to those achieved by SMFs 
designed with strong bases. At the time of this writing, 
research is under way to establish acceptable rotation 
capacities for base connections designed for other lev-
els of moment (e.g., for lower levels of base moment, 
including for pinned connections). However, from the 
standpoint of kinematics, it may be conservatively 
assumed that the rotation demand in base connections 
(regardless of the moment they are designed for) is on 
the order of the rotation demands in beam-to-column 
connections in SMFs, which are expected to main-
tain their moment capacity up to a rotation of 0.04 rad 
under cyclic loading as required by the AISC Prequali-
fied Connections for Special and Intermediate Steel 
Moment Frames for Seismic Applications, ANSI/AISC 
358 (AISC, 2022d).

2.	 Numerous experimental research programs (e.g., Has-
san et al., 2022; Trautner et al., 2017b; Gomez et al., 
2010) have examined the seismic performance and 
rotation capacity of exposed base plate connections. 
These studies indicate that base connections gener-
ally show good ductility and rotation capacity. How-
ever, with the exception of two studies (Hassan et al., 
2022; Trautner et al., 2017b), the observed ductility of 
these specimens was incidental; that is, the specimens 
in these test programs were not intentionally detailed to 
achieve ductility. As a result, the detailing of these con-
nections cannot be replicated in a controlled manner or 
used to develop prescriptive detailing practices. Details 
tested in the other studies provide excellent rotation 
capacities, well in excess of 0.05 rad under cyclic load-
ing. Recommendations from these studies are used 
to inform the design procedures and examples in this 
chapter.

It is important to note here that the aforementioned perfor-
mance requirements pertain only to the response of the base 
connection itself. However, as discussed previously, the rota-
tional flexibility of the base connection influences the force 
distribution and deformations in the entire structure. This 
influence is increased if the base connections are designed 
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as weak bases, because weaker bases are, in general, more 
flexible. Consequently, it is important (for strong-base 
designs and more so for weak-base designs) to conduct 
structural analysis incorporating the rotational flexibility of 
the designed base connections (as outlined in Appendix C), 
to ensure that the design is adequate considering calculated 
forces and moments. This is similar to design iterations for 
member design where structural analysis is conducted using 
the most updated member sizes.

ACI 318, Section 17.10, provides the anchorage design 
requirements for tension and shear loading in seismic 
design categories C, D, E, and F. When the strength-level 
earthquake-induced forces do not exceed 20% of total fac-
tored anchor forces associated with the same load com-
bination, no additional seismic requirements need to be 
considered. Otherwise, Sections 17.10.5 and 17.10.6 pro-
vide additional design requirements for tensile and shear 
load, respectively.

ACI 318, Section 17.10.5.3, lists four options for the 
design of the anchors of steel base connections subjected to 
seismic tensile loads.

In option a, the anchorage design is controlled by yield-
ing of a ductile anchor. The material overstrength and strain 
hardening are considered by increasing the steel strength to 
1.2 times the nominal steel strength of the anchor. A stretch 
length equal to 8 times the anchor diameter must also be 
provided. Fully threaded rods can be used if the ratio futa/fya 
exceeds 1.3, unless the threaded portions are upset. To ensure 
that a brittle concrete failure mode does not govern, the 
strength of all concrete limit states must be higher than the 
steel strength of the anchors, including material overstrength 
and strain hardening.

In option b, the anchors must be designed for the maxi-
mum forces that can be transmitted by the development 
of a ductile yield mechanism in the attachment. This must 
include material overstrength and strain hardening.

In option c, the anchors must be designed for the maxi-
mum tension that can be transmitted by a nonyielding attach-
ment. The ACI commentary suggests this option can be used 
for cases where the AISC Seismic Provisions specify design 
loads based on the member strength.

In option d, the anchors are designed for load overstrength 
with no regard to any ductility requirements.

In addition, ACI 318, Section 17.10.5.4, requires the 
design tensile strength for concrete breakout, concrete pull-
out, and concrete side-face blowout be further reduced by a 
0.75 seismic factor.

ACI 318, Section 17.10.6.3, lists three options for the 
design of the anchors of steel base connections subjected to 
seismic shear loads.

In option a, the anchors must be designed for the maxi-
mum forces that can be transmitted by the development 

of a ductile yield mechanism in the attachment. This must 
include material overstrength and strain hardening.

In option b, the anchors must be designed for the maxi-
mum shear that can be transmitted by a nonyielding attach-
ment. The ACI commentary suggests the bearing strength at 
holes in a steel attachment can be considered for this option.

In option c, the anchors are designed for load overstrength 
with no regard to any ductility requirements.

The main difference in the requirements between the 
AISC Seismic Provisions and ACI 318 is that AISC Seismic 
Provisions (2016) Section D2.6c(b)(2) requires the moment 
be determined using load overstrength and a ductile limit 
state in either the column base or the foundation to control 
the design at this overstrength level. This additional ductil-
ity requirement in combination with the load overstrength 
was added in the 2016 Edition of the AISC Seismic Provi-
sions (2016). ACI 318 does not have such a requirement for 
anchorage design. When load overstrength is used, it is not 
required that the failure mode controlling the design be a 
ductile limit state.

Noting the dichotomy between the two approaches, the 
design approach and example presented in this Guide fol-
lows the AISC philosophy, focusing on weak base (with 
appropriate ductility) for overstrength seismic loads. This 
acknowledges the current state of research (which is evolv-
ing) and its interpretation by code and guidance bodies 
(which is ongoing), directed toward future editions of vari-
ous codes and standards. Specifically, the following points 
have been taken into consideration:

1.	 Recent research by Hassan et al., (2022) was focused 
on qualification-type testing of base connections with 
ductile anchors, directed specifically toward the AISC 
requirements (i.e., the design of weak bases for over-
strength loads). This has resulted in a base connection 
detail and design approach that provides adequate duc-
tility without significant fabrication costs.

2.	 Guidance in ACI 318 regarding the stretch length is 
based on observations in earthquakes and only notion-
ally suggests how this stretch length should be achieved 
in design. Nonetheless, recent research by Trautner et 
al. (2017a, 2017b) provides support to the approach 
outlined in ACI 318. This research (along with previ-
ously conducted tests by Gomez et al., 2010) suggests 
that (1) even without special detailing, commonly used 
base connection and anchor rod details provide excel-
lent ductility; (2) notwithstanding the preceding obser-
vation, some specific details do not perform well; and 
(3) the findings of these programs (e.g., Gomez et al., 
2010) are incidental, without controlled variation of 
key parameters such as the anchor stretch length or base 
plate size. Consequently, the results need additional 
interpretation and analysis.
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6.3	 INFLUENCE OF GRADE BEAMS AND 
OTHER FOOTING EFFECTS

The scope of this Design Guide includes the connection of 
the column to the concrete footing or grade beam. None-
theless, the expected seismic performance requirements of 
the column bases (as outlined in the AISC Seismic Provi-
sions) pertain to the column base as well as the foundation 
system. A similar dichotomy was noted in Chapters 4 and 
5 in the context of force-based design of column bases. For 
force-controlled design, it is important to provide a load path 
from the column into the foundation system and the soil. 
Although the Design Guide addresses load transfer in the 
immediate vicinity of the column (e.g., anchor rod embed-
ment and detailing) the specific nature of this load path as 
well as the design considerations will, in general, depend 
on the configuration of the foundation (e.g., mat foundation, 
grade beam, or individual footing). Similar considerations 
arise in the context of seismic performance, wherein both 
the force as well as deformation characteristics of the entire 
base connection and foundation system are important. In this 
regard, the following points are noted:

1.	 The AISC Seismic Provisions do not prescribe where 
the base inelastic rotations should be accommodated 
(for weak-base design) and provides multiple options 
for this—including the column to footing connection or 
the grade beams.

2.	 The NLRHA simulations mentioned previously, as 
well as the kinematic considerations for column base 
rotation demands, do not distinguish between rota-
tion in the column-footing connection or other parts of 
the foundation, as long as the total rotation capacity is 
achieved.

3.	 It is important to identify the specific mechanism and 
part of the foundation system used to accommodate 
these rotations, such that it may be detailed for ductil-
ity, while the surrounding elements of the foundation 
system are capacity designed to remain elastic.

4.	 The design procedure and examples summarized in this 
chapter (for weak-base design) assume that all inelastic 
rotations are accommodated in the column to footing 
connection. Within this, anchor rod yielding is assumed 
to be the primary dissipative or ductile mechanism. The 
remainder of the foundation system—that is, the grade 
beams and footing—are assumed to remain elastic. 
As a result, these must be designed for the expected 
moment capacity of the base connection. Other duc-
tile modes identified in the AISC Seismic Provisions 
include formation of plastic hinges in the grade beams. 
Such a design may be conducted using ACI 318 and is 
outside the scope of this Guide.

6.4	 DESIGN METHOD FOR SEISMIC DESIGN 
OF COLUMN BASE CONNECTIONS IN 
MOMENT FRAMES

It is expected that users of this Guide will determine the 
applicable design loads (i.e., the combinations of axial force, 
moment, and shear) from the seismic load combinations out-
lined in ASCE/SEI 7-22, the AISC Seismic Provisions, and 
ACI 318. The design method and examples provided in this 
Guide assume these loads and illustrate the procedure to 
design the base connection given these loads. Commentary 
for contextualization of this loading is provided as needed. 
This section is divided into two subsections: one focuses on 
strong-base design for seismic applications (Section 6.4.1), 
whereas the other focuses on weak-base design (Section 
6.4.2). The scope of these sections is limited to base connec-
tions subjected to axial force, uniaxial bending, and uniaxial 
shear. Biaxial bending and shear are not considered.

6.4.1	 Strong-Base Design for Seismic Conditions

The objective of strong-base design for seismic loading is 
to ensure that the base connection remains elastic under 
design level seismic shaking. To achieve this, the design 
moment for the base connection is determined as the fully 
yielded and strain hardened capacity of the column—that 
is, Mu = 1.1RyFyZ (for LRFD). The axial load, Pu, is deter-
mined according to the combination of dead, live, and over-
strength seismic load (i.e., corresponding to the Ω0 factor). 
The shear force, Vu, may be determined in accordance with 
the AISC Seismic Provisions. Once the load (i.e., a set of Pu, 
Mu, and Vu) is determined in this fashion, the force-based 
design procedures outlined in Chapter 4 (for exposed base 
plate connections) and Chapter 5 (for embedded base con-
nections) may be followed; these are not repeated here. In 
terms of construction, too, strong-base details are identical 
to those shown in Chapter 4 (see Figure 4-21) or Chapter 5 
(see Figure 5-1). However, some specific considerations are 
emphasized:

•	 The AISC Seismic Provisions list specific weld require-
ments for column base connections (pertaining to welds 
between the column and the base plate); these depend on 
the specific type of SFRS used.

•	 Axial forces must include consideration of overstrength 
seismic load in both directions (resulting in effective 
tensile and compressive axial forces in the base connec-
tion). This is important for two reasons: (1) net tension 
in the base connection triggers additional weld require-
ments (e.g., designation as demand critical welds) in some 
SFRS, as well as strength requirements for axial tension, 
and (2)  lower compressive force in the connection may 
result in the more critical design condition for both the 
anchor rod as well as the base plate.
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•	 For embedded base connections, the procedures outlined 
in Chapter 5 may be followed directly.

6.4.2	 Weak-Base Design for Seismic Conditions

Weak-base design implies that the base connection will 
accommodate plastic rotations, while the column will 
remain elastic. Following previous discussion, only exposed 
base plate type connections may be used for this type of 
design. Based on experimental as well as analytical research 
summarized earlier, a reliable mode of accommodating 
these plastic deformations is through cyclic yielding of 
the anchor rods, while the base plate remains elastic. Base 
plate yielding (especially on the tension side of the connec-
tion) is undesirable because it results in kinking of the plate 
under the column weld, raising the likelihood of fracture. 
To achieve ductile behavior through anchor rod yielding, the 
following behavioral assumptions, and design and detailing 
considerations are used (see Example 6.4-1 for application):

1.	 Sufficient axial deformation capacity of the rod should 
be ensured. A recommended detail is the upset thread 
(UT) detail such as the one shown in Figure 6-1. Refer-
ring to the figure, the UT anchor rods in which the 
threads are milled to a smooth shank providing a des-
ignated stretch length Lstretch over which the diameter 
is reduced to dreduced, such that inelastic deformations 
may be concentrated over this length (Hassan and Kan-
vinde, 2023). The shank is frictionally isolated from the 
footing using polyethylene tape. The material grades 
may be ASTM F1554 Grade 36, 55, or 105. UT details 
entail additional fabrication cost and also decrease the 

strength of the rod over the reduced diameter, neces-
sitating that other details (which are demonstrated to 
have adequate deformation capacity) may be specified 
as well. These may include, for example, welded chairs 
on top of the base plate to extend the rod length (see 
Soules et al., 2016).

2.	 It is assumed that the rectangular stress block (RSB) 
method outlined previously for force-based design 
(Chapter 4) provides appropriate characterization of 
internal stresses and forces in the connection.

3.	 It is further assumed that the applied loads result in the 
“large-moment” condition requiring engagement of the 
anchor rod. It is highly unlikely that the moment due 
to seismic loading is not large enough to cause uplift 
of the base plate; in this case, there will be no inelastic 
action in the base connection.

4.	 Under the applied axial load, Pu, and moment, Mu, the 
base plate plan dimensions are first sized using the 
method provided in Section 4.3.7.

5.	 The RSB method is used to determine the anchor rod 
force under the applied loads. The anchor rod is then 
sized (i.e., the diameter of the threaded section and the 
reduced diameter dreduced) are chosen such that (a) the 
tensile yield strength of the reduced section is greater 
than the computed anchor force, and (b)  the tensile 
yield strength of the reduced section is lower than the 
tensile strength of the unreduced, threaded section 
of the rod. This ensures that yielding occurs over the 
stretch length, rather than in the threaded region of the 
rod.

Fig. 6-1.  Upset thread detail for weak-base seismic design.
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6.	 The base plate is checked for two flexural limit states: 
(a) on the compression side of the connection due to the 
development of the bearing stresses in the footing as 
per the procedure outlined in Section 4.3.7 and (b) on 
the tension side of the connection due to the downward 
bending induced by the fully yielded and strain hard-
ened anchor rods.

7.	 Additional detailing considerations include the 
following:

•	 Ensuring that the stretch length of the rods is equal 
to at least half the distance between the sets of rods 
on either side of the connection—that is, Lstretch ≥ ƒ, 
where ƒ is illustrated in Figure 4-18. This ensures 
that the deformations are distributed over a sufficient 
length, thereby controlling the strains in this region, 
regardless of the anchor length provisions outlined 
in ACI 318, Section 17.10.5.3 (Hassan et al., 2022).

•	 A smooth transition utilizing fillets between the 
reduced section and the threaded section to mitigate 
sharp corners.

•	 Application of polyethylene tape to the reduced 
shank to minimize friction.

•	 A shear lug (designed using Section 4.3.3) must be 
provided to transfer shear. Shear transfer through 

anchor rod bearing or friction may introduce addi-
tional strains in the anchors, compromising their 
ductility.

•	 A leveling nut should be included under the base 
plate (along with a washer plate), even if shim stacks 
are used to level the plate. This nut enables transfer 
of compressive force into the anchors.

•	 Sufficient cover should be provided to prevent 
punching shear failure of the concrete below the 
anchors. However, experiments indicate that such 
failure is not detrimental to the overall response of 
the connection.

Based on the aforementioned considerations, a design 
example is now presented. The example is presented only in 
LRFD format because it is expected that weak-base seismic 
design will very possibly favor the LRFD approach. The UT 
detail shown herein is not the only means by which ductil-
ity may be achieved in the base connections; other solutions 
may include increasing the stretch length by using chairs on 
the top surface of the base plate (Soules et al., 2016). None-
theless, demonstrating the effectiveness of such details may 
be challenging because there are no prequalification stan-
dards for ductile column base connections similar to ANSI/
AISC 358.

EXAMPLE 6.4-1—�Weak-Base Design of a Base Plate Connection with Ductile Anchor Rods

Design a base plate consistent with AISC Seismic Provisions Section D2.6 using the given material properties, member size, and 
loading.

Given:

The following loads are given, and correspond to the overstrength (i.e., Ω0) factor.

Column axial compressive force, Pu = 376 kips
Shear force, Vu = 50 kips
Design moment, Mu = 3,600 kip-in.

Bending is about the strong axis for a W12×96 wide-flange column. Assume that the ratio of the footing to base plate area is 
equal to 4. The base plate is ASTM A572/A572M Grade 50 material, and the compressive strength, ƒ ′c, of the concrete is 4 ksi. 
Use ASTM F1554, Grade 55 anchor rods.

Solution:

From AISC Manual Table 1-1, the geometric properties are as follows:

W12×96
Column
d	 = 12.7 in.
bf	= 12.2 in.
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From AISC Manual Tables 2-5 and 2-6, the material properties are as follows:

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

Anchor rods
ASTM F1554 Grade 55
Fy	= 55 ksi
Fu	= 75 ksi

The base plate dimension N × B should be large enough for the installation of four anchor rods, as required by OSHA. Select 
dimensions 3 in. larger than the column outside dimensions.

N > d + 2 3.00 in.( ) = 18.7 in.

N > bf + 2 3.00 in.( ) = 18.2 in.

Try N = 20.0 in. and B = 20.0 in.

Assume that the anchor rod edge distance is 2 in. Therefore,

f = N

2
2 in. 

= 20.0 in.

2
2 in. 

= 8.00 in. 

−

−

Determine e and ecrit; check the inequality in Equation 4-53 to determine if this is a large or small moment case. For this, first 
estimate fp(max):

fp(max) = 0.85 fcc( ) A2

A1

= 0.65 0.85( ) 4 ksi( ) 4

= 4.42 ksi

ϕ ′

�

(from Eq. 4-2)

qmax = fp(max)B

= 4.42 ksi( ) 20.0 in.( )
= 88.4 kip/in. �

(4-37)

The eccentricity may be calculated as:

e = Mu

Pu

= 3,600 kip-in.

376 kips

= 9.57 in. �

(from Eq. 4-39)

ecrit = N

2

Pu
2qmax

= 20.0 in.

2

376 kips

2( ) 88.4 kip/in.( )
= 7.87 in.

−

−

�

(from Eq. 4-40)
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Because e > ecrit,

1.	 Determine bearing length, Y, and tension in the anchor rod group, Tu.

Y = f + N

2
± f + N

2

2 2Pu e + f( )
qmax

= 8.00 in. + 20.0 in.

2
± 8.00 in. + 20.0 in.

2

2 2 376 kips( ) 9.57 in. + 8.00 in.( )
88.4 kip/in.

= 18.0 in. ±13.2 in.

= 4.80 in.

−

−⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

⎛
⎝

⎛
⎝

⎞
⎠

⎞
⎠

�

(from Eq. 4-58)

	

Tu = qmaxY Pu

= 88.4 kips/in.( ) 4.80 in.( ) 376 kips

= 48.3 kips

−

−

�

(from Eq. 4-55)

2.	 Determine anchor rod size, stretch length, and embedment.

From previous calculations, Tu = 48.3 kips. Referring to discussion in Section 6.4.2, for ductile anchors using the UT 
detail, the summation of the cross-sectional area of the reduced diameters of the anchors may be calculated as:

Tu n tFyanchor Areducedϕ≤

where n is the number of rods on each side of the connection, and Areduced is the cross-sectional area of the UT region—
see Figure 6-1. If three rods are used on either side of the connection, then n = 3, and:

Areduced
Tu

n tFyanchor
48.3 kips

3( ) 0.9( ) 55 ksi( )
0.325 in.2≥

≥

≥
ϕ

This implies a minimum diameter in the UT region dreduced > 0.644 in. Specify dreduced = 0.750 in. It is important to note 
here that because the anchors are expected to be fully yielded, the unequal distribution of anchor forces (as discussed 
previously in Section 4.3.8) is not of concern here. The fully yielded and strain hardened strength of this anchor (assum-
ing ASTM F1554 Grade 55) may be determined as:

Treduced = dreduced
2

4
Fuanchor

= 0.750 in.( )2

4
75 ksi( )

= 33.1 kips

π

π

This is the maximum force associated with fully yielding and strain hardening of the anchor over its stretch length. Con-
sequently, the threaded region of the anchor must have strength that can resist this force. Based on Table 4-1, the design 
strength of 1-in.-diameter ASTM F1554 Grade 55 anchor rods is 34.1 kips. The recommended hole size for this rod is 
1d in., and the minimum washer thickness is a in. (following recommendations in Table 4-3 in this Guide). It is relevant 
to make two points here:

•	 This diameter ensures that the threaded region of the rod (with strength 34.1 kips) will be able to sustain the yielding 
and strain hardening of the reduced region of the rods.

•	 The Rt factor (which accounts for the ratio between the expected and specified ultimate strength) is not used here 
because it is assumed that it is present in both (UT as well as threaded) regions of the rod, which are of identical 
material.
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Referring to Figure 6-1, a minimum stretch length Lstretch ≥ ƒ must be provided to distribute strains. Thus, a minimum 
Lstretch = 8.00 in. should be specified. Including the end threaded regions, the total embedment of the rod may be selected 
as href = 24.0 in. The concrete limit states, as well as the base plate, should be designed for the fully yielded rods and 
incorporate the possible difference between the expected and specified ultimate strength, using the Rt factor. Assuming 
an Rt value of 1.2 (based on ACI 318):

RtTreduced = 1.2( ) 33.1 kips( )
= 39.7 kips

Referring to Table 4-2, the pullout strength for a 1-in.-diameter anchor (assuming heavy hex heads and nuts) is 33.6 
kips, which is lower than the RtTreduced, which is 39.7 kips. Consequently, washer plates must be provided at the lower 
end. Provide 2-in.-square washer plates and check various limit states using ACI 318, Chapter 17. For headed anchors 
and including the 0.75 pullout seismic reduction factor per ACI 318, Section 17.10.5.4(c), the pullout strength may be 
determined as:

0.75 Npn = 0.75 c,PAbrg8 fc( )ϕϕ ψ ′

in which the bearing area Abrg is:

Abrg = 2.00 in.( )2 1.00 in.( )2

4

= 3.21 in.2

π
−

0.75 Npn = 0.75 c,PAbrg8 fc( )

= 0.75( ) 0.70( ) 1.0( ) 3.21 in.2( ) 8( ) 4 ksi( )
= 53.9 kips > 39.7 kips

ϕϕ ψ ′

Therefore, the rods are not susceptible to pullout failure. The concrete breakout strength for the anchor group is deter-
mined according to ACI 318, Section 17.6.2. In the CCD method, the concrete cone is considered to form at a slope of 
1.5 to 1 as discussed in Section 4.3.2.2 of this Design Guide. If the outside rods are placed 16.0 in. apart (s = 16.0 in.), 
the plan area of the failure cone is given by:

ANc = 2 1.5hef( ) 2 1.5hef( ) + s

= 2 1.5( ) 24.0 in.( ) 2 1.5( ) 24.0 in.( ) +16.0 in.[ ]
= 6,340 in.2

⎡⎣ ⎤⎦

The plan area of the failure cone for a single rod is:

ANco = 9hef
2

= 9 24.0 in.( )2

= 5,180 in.2 �

(ACI 318, Eq. 17.6.2.1.4)

Because 11.0 in. ≤ hef ≤ 25.0 in., ACI 318, Equation 17.6.2.2.3 applies. Use λa = 1.0 for normal weight concrete:

Nb = 16 a fc hef
5 3

= 16 1.0( ) 4,000 psi 24.0 in.( )5 3 1 kip

1,000 lbf

= 202 kips

λ ′

⎛
⎝

⎞
⎠

�

(ACI 318, Eq. 17.6.2.2.3)

For a tension load applied concentrically with the anchor rod group, ψec,N = 1.0 per ACI 318, Section 17.6.2.3.
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Because all edges are located more than 1.5hef from any anchor rod, ψed,N = 1.0 per ACI 318, Section 17.6.2.4.

In accordance with ACI 318, Section 17.10.5.4, and because no analysis was performed to confirm that the concrete will 
remain uncracked, ψc,N = 1.0 per ACI 318, Section 17.6.2.5.

For cast-in anchors, ψcp,N = 1.0 per ACI 318, Section 17.6.2.6.

The resulting tension breakout nominal capacity is then given by ACI 318, Section 17.6.2.1, as:

Ncbg =
ANc
ANco

ec,N ed ,N c,N cp,NNb

= 6,340 in.2

5,180 in.2
1.0( ) 1.0( ) 1.0( ) 1.0( ) 202 kips( )

= 247 kips

ψ ψ ψ ψ

⎛
⎝⎜

⎞
⎠⎟

�

(ACI 318, Eq. 17.6.2.1b)

Because supplementary reinforcement is not provided to restrain the concrete breakout cone, ϕ = 0.70. The capacity 
must be further reduced by the 0.75 seismic reduction factor per ACI 318, Section 17.10.5.4(b). The resulting available 
concrete breakout strength of the anchor group in tension is given by:

0.75 Ncbg = 0.75 0.70( ) 247 kips( )
= 130 kips

ϕ

The required strength to confirm that the nonductile concrete breakout limit state will not govern is:

Nu = 3 RtTreduced( )
= 3 1.2( ) 33.1 kips( )
= 119 kip < 130 kips o.k.

Provide three 1-in.-diameter ASTM F1554 Grade 55 anchor rods, located 2.00 in. from the edge of the plate. Provide a 
minimum stretch length Lstretch = 8.00 in., with a reduced diameter dreduced = 0.750 in. and a total embedment depth hef = 
24.0 in

Because there are no adjacent concrete edges, sideface blowout is not applicable. Other limit states indicated in ACI 318, 
Chapter 17 (e.g., steel strength in shear or breakout in shear), are not applicable.

3.	 Determine the plate thickness.

Following research by Gomez et al. (2010) and others, as well as the AISC Seismic Provisions Commentary, only the 
tension side interface is checked for flexural yielding. This assumes that base plate flexural yielding on the bearing inter-
face will not affect overall performance in a significant manner. Three anchor rods are provided on the tension interface, 
indicating that a single straight yield line will form parallel to the column flange. The bending length associated with 
plate flexure per Equation 4-61 is x = 2.10 in. Therefore,

tp(req) = 2.11
Tux

BFy

= 2.11
119 kips( ) 2.10 in.( )

20.0 in.( ) 50 ksi( )
= 1.05 in. �

(4-62a)

Provide a 14-in.-thick ASTM A572/A572M Grade 50 base plate.

4.	 Design the welds.

All welds in the base connection are considered demand critical as defined in the AISC Seismic Provisions. For the 
column flange-to-base plate welds, provide CJP groove welds following the detailing guidelines in the AISC Seismic 
Provisions, specifically, “Where columns are welded to base plates with groove welds, weld tabs and weld backing shall 
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be removed, except that weld backing located on the inside of flanges and weld backing on the web of I-shaped sections 
need not be removed if backing is attached to the column base plate with a continuous c in. (8 mm) fillet weld. Fillet 
welds of backing to the inside of column flanges are prohibited. Weld backing located on the inside of HSS and box-
section columns need not be removed.”

The welds between the web and the base plate may be designed for the shear. The effective length of the weld available 
on both sides of the web, excluding the “k” region is:

le = d 2kdes

= 12.7 in. 2 1.50 in.( )
= 9.70 in.

−
−

The weld size in sixteenths of an inch (for E70 weld material) is:

Dreq = Vu

1.392 2le( )

= 50.0 kips

1.392 kip/in.( ) 2( ) 9.70 in.( )
= 1.85 sixteenths �

(from AISC Manual Eq. 8-2a)

Provide a minimum weld size of 4 in. required for the 0.550-in.-thick web of the W12×96.

5.	 Design the shear lug.

Referring to the preceding discussion, when anchor rods are used as the yielding element in a weak base, a shear lug is 
required to transfer the shear force into the footing. The design of the shear lug (i.e., shear lug dimensions, embedment, 
edge distance, and welds) will depend on the dimensions of the footing. The procedure outlined in Chapter 4, Section 
4.3.3, may be used for this purpose. If shear is transferred through the lug, then it is important to check the design for the 
additional moment due to the shear on the base connection. Assuming the shear lug protrudes 3.00 in. from the bottom of 
the base plate, and the grout layer is 1.00 in. thick, the resulting lever arm is 2.00 in. This results in an additional moment 
of 100 kip-in. applied to the base plate, such that the total moment is:

Mutotal
	= Mu + Mshear−lug

	 = 3,600 kip-in + (50.0 kips)(1.00 in. + 2.00 in./2)
	 = 3,700 kip-in.

The anchor diameter is checked against this updated value of moment, resulting in a requirement that dreduced ≥ 0.687 in. 
This is still lower than the specified dreduced = 0.750 in. Thus, the design does not need to be revised.

6.5	 SEISMIC DESIGN OF BRACED FRAME BASE PLATE CONNECTIONS

The seismic design of base connections in braced frames has received minimal attention in research. Moreover, a braced frame 
base connection in seismic situations is typically designed as a strong base connection. Astaneh-Asl (2008) provides some addi-
tional guidance regarding such design, although it is not based on research. For the purposes of this Guide, the design procedure 
outlined in Chapter 4 for exposed base plate connections in braced frames may be used for seismic design as well.
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Appendix A 
Special Considerations for Double-Nut Joints, 
Pretension Joints, and Special Structures

A.1	 DESIGN REQUIREMENTS

Anchor rods are sometimes used in special applications that 
require special design details, such as anchor rods designed 
without a grout base (double-nut anchor rods), anchor rods 
in sleeves, pretensioned applications, and special moment 
bases or anchor rod chairs.

Double-nut anchor rods are different from building col-
umn anchor rods that may use a setting nut but are not 
designed for compression in the completed structure. 
Double-nut joints are very stiff and reliable for transmitting 
moment to the foundation. Because tall pole-type structures 
are nonredundant and are subject to fatigue due to wind flut-
ter, special inspection and tightening procedures should be 
used. Studies have shown that pretension in the rod between 
the two nuts improves fatigue strength and assures good load 
distribution among the anchor rods (Frank, 1980; Kaczin-
ski et al., 1996). The base plates of light and sign standards 
are not grouted after erection, and the rod carries all the 
structural load. The anchor rods must be designed for ten-
sion, compression, and shear, and the foundation must be 
designed to receive these loads from the anchor rods.

Machinery bases and certain columns may require very 
close alignment of the anchor rods. Oversized sleeves can be 
used when setting the rods to provide substantial flexibility 
in the rod so that it can be adjusted to fit the machinery base. 
The anchorage at the bottom of the rod must be designed to 
span the sleeve and develop the required bearing on the con-
crete unless the sleeves are grouted and designed to transfer 
the forces to the concrete.

Often machinery, process equipment, and certain build-
ing columns may be subject to vibration or cyclical loads, 
which may in turn subject the anchor rod to fatigue. Pre-
tensioning the rod can improve its fatigue life, but anchor 
rods can effectively be pretensioned only against steel. Even 
when tensioning a 55 ksi rod with a length of 24 in., it only 
takes concrete creep/shrinkage of 0.050 in. to relieve all of 
the pretension. Thus, it is recommended, when it is neces-
sary to pretension an anchor rod, that a steel sleeve be used 
that is adequate to transfer the anchor rod pretension from 
the anchor plate to the base plate. See Figure A-1.

Large mill building columns that must be set accurately 
and have large moments at the base can be designed using an 
anchor rod chair detail as shown in Figure A-2. The advan-
tage of this type of detail is that the base plate can be set in 
advance using large, oversized holes. The use of the fillet 
welded anchor rod chair avoids having to use a CJP groove 

weld between the column base and the heavy base plate. If 
the column and base plate are over 2 in. thick, using a CJP 
weld detail would require special material toughness. The 
use of the anchor rod chair has the added advantage that the 
extended anchor rod length will allow easier adjustment to 
meet the holes in the anchor rod chair cap plate.

A.1.1	 Compression Limit State for Anchor Rods

With the typical short length involved, the nominal steel 
compressive strength for anchor rods in double-nut moment 
joints is the product of its yield stress and the gross area. 
Yielding could initiate at lower load levels on the reduced 
area of the threads, but it is assumed that the consequences 
of this yielding would be relatively minor. The available 
strength, ϕcRc or Rc/Ωc, is determined with:

	 Rc = FyAg� (A-1)

	 c = 0.90ϕ �

	 c = 1.67Ω �

where
Ag	= �gross area based on the nominal diameter of the 

anchor rod for cut threads or the pitch diameter for 
rolled threads, in.2

Fy	= �specified minimum yield stress, ksi

Rc	= �nominal steel compressive strength of an anchor 
rod, kips

Typically, the clear distance under the base plate should 
not exceed 2.50 in. In general, if the clear distance between 
the bottom of the bottom leveling nut and the top of concrete 
is greater than four rod diameters, buckling of the anchor rod 
should be considered using the column design criteria in the 
AISC Specification.

Headed anchor rods transfer the compressive force to the 
concrete by bearing of the head, and deformed bars transfer 
the compressive force to the concrete along their length. The 
compressive strength of the anchor rod due to concrete fail-
ure should be calculated using ACI 318 criteria.

A.1.2	 Tensile Fatigue Limit State for Anchor Rods

Column base connections subject to more than 20,000 
repeated applications of axial tension and/or flexure must 
be designed for fatigue. When the maximum fatigue stress 
range is less than the threshold fatigue stress range per AISC 
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Fig. A-1.  Anchor rods with sleeves.

Fig. A-2.  Column moment base using an anchor rod chair.
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Specification Appendix 3, 7 ksi anchor rods need not be fur-
ther checked for fatigue.

Four-anchor-rod joints are of low cost and suitable 
for small sign, signal, and light supports, as well as other  
miscellaneous structures. In other cases, although only four 
anchor rods may be required for strength, there should ide-
ally be at least six and preferably eight anchor rods in a joint 
in a nonredundant structure subject to fatigue.

There is a trend toward using fewer very large anchor rods 
in high-demand, dynamically loaded structures. When there 
are eight anchor rods in a joint, and the first one fails from 
fatigue, the stress range on the neighboring rods increases 
only about 25%. These rods would then be expected to last 
an additional 35 to 50% of the time it took to fail the first 
rod, assuming the loading remains approximately constant. 
This gives the column base plate connection some measure 
of redundancy, even if the structure is nonredundant. Fatigue 
of anchor rod joints with only four rods will fail completely 
only a short time after the first rod failure.

For circular patterns of six or more double-nut anchor 
rods, testing has shown that the thickness of the base plate 
must at least equal or exceed the diameter of the anchor rods 
and that the bending in the anchor rod is negligible when the 
distance between the bottom of the leveling nut and the top 
of the concrete is less than the anchor rod diameter (Kaczin-
ski et al., 1996). However, tests on four-anchor-rod patterns 
show that neither of these simple rules is sufficient when 
determining the proper base plate thickness and the bending 
in the anchor rods.

In column base plate connections subject to fatigue, the 
anchor rod will fail before the concrete fatigue strength is 
reached. Therefore, it is not necessary to consider the fatigue 
strength of the concrete (Dexter and Ricker, 2002).

Corrosion protection is particularly important for 
fatigue-critical anchor rods because corrosion pitting can 
degrade the fatigue resistance. It is generally accepted 
that galvanizing does not decrease the fatigue strength 
significantly.

Stresses in anchor rods for fatigue analysis should be 
based on elastic distribution of service loads. The tensile 
stress area should be used in the computation of stresses 
in threaded anchors. The stress range should be calculated, 
including the external load range due to repeated live loads 
and any prying action due to those loads. The bending stress 
range should be added to the axial stress range to determine 
the total stress range to check for fatigue.

Based on AISC Specification Appendix 3, the S-N curve 
for galvanized, non-pretensioned anchor rods corresponds to 
detail Category E′; however, the fatigue threshold of 7 ksi is 
much greater than for other Category E′ details. For other 
cases, 7  ksi is the threshold associated with Category  D. 
If the anchor rod in double-nut moment and pretensioned 

joints is properly pretensioned, the S-N curve for infinite life 
increases to Category E; however, the fatigue threshold is 
not significantly increased. When tests were conducted with 
an eccentricity of 1:40, the appropriate category for both 
pretensioned and non-pretensioned anchor rods was Cat-
egory E′. Therefore, for design, it is recommended that Cat-
egory E′ be used with a fatigue threshold of 7 ksi, regardless 
of the pretension. This design would be tolerant of limited 
misalignment up to 1:40. In the AISC Specification, this con-
dition of using Category E′ with a fatigue threshold of 7 ksi 
is represented as Category G.

Because the fatigue resistance of various grades of anchor 
rod is the same, it is not advantageous to use strengths higher 
than 55 ksi in fatigue applications. The fracture toughness of 
higher strength anchor rods is generally somewhat less.

Base plates, nuts, and other components need not be 
checked for fatigue, unless required by the invoking speci-
fication. Axial forces in the anchor rods from tension, com-
pression, and flexure must be considered. For all types of 
joints, the entire force range is assumed to be applied to the 
anchor rods, even if they are pretensioned. Bending of the 
anchor rods need not be considered, with the exception of 
double-nut joints when there are only four anchor rods or 
when the clear distance between the bottom of the level-
ing nut and the concrete exceeds the diameter of the anchor 
rods. In cases where the bending stress range must be calcu-
lated, the minimum bending moment is the shear force in the 
anchor rod multiplied by the distance between the bottom of 
the base plate and the top of concrete. Shear forces may be 
ignored for purposes of calculating the fatigue effect, even if 
they act in combination with the axial forces.

Stress range is defined as the magnitude of the change in 
service stress due to the application or removal of the service 
live load. The entire range of stress must be included, even 
if during part of the cycle the stress is in compression. In 
the case of a load reversal, the stress range in an individual 
anchor rod is computed as the algebraic difference between 
the peak stress due to the live load applied in one direction 
and the peak stress due to the live load applied in the other 
direction. If the base plate thickness is less than the diameter 
of the anchor rods, the applied stress ranges should include 
any additional tension resulting from prying action produced 
by the unfactored live load.

The applied stress range is computed by dividing the 
axial force ranges by the tensile stress area. If bending of the 
anchor rods is included in the analysis, the bending stress 
range must be added to the stress range from the axial forces 
from a consistent load case. The stress range need not be 
amplified by stress concentration factors.

No further evaluation of fatigue resistance is required if 
the stress in the anchor rod remains in compression during 
the entire cycle (including the minimum dead load), or if the 
stress range is less than the threshold stress range, FTH. The 
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maximum applied stress range must not exceed the allow-
able stress range computed as follows:

	
FSR = 1,000

Cf

nSR

0.333

FTH
⎛
⎝⎜

⎞
⎠⎟

≥
�

(Spec. Eq. A-3-1)

where
Cf	 = �constant for stress category, equal to 0.39 for stress 

category G

FSR	 = allowable stress range, ksi

FTH	= �threshold allowable stress range, maximum stress 
range for indefinite design life, equal to 7 ksi for 
stress category G

nSR	 = number of stress range fluctuations in design life

For posts and poles, the base plate thickness can influence 
the fatigue resistance of thin posts. As shown in the follow-
ing, 3 in. is the optimum thickness, but as long as the thick-
ness is greater than 2 in., the fatigue resistance is generally 
adequate.

Finite element analyses illustrate the effect of base plate 
thickness. In the model generated by the authors, the base 
plate thickness varied from 1 to 6  in. Obviously, a 6-in.-
thick base plate is unreasonable for most common applica-
tions but was used to show the effect over a large range of 
thicknesses. The results of the study indicate that increas-
ing the thickness of the base plate can significantly decrease 
the stresses immediately adjacent to the pole-to-base plate 
weld. The reduction in stress is due to the decrease in base 
plate flexibility that occurs as the base plate becomes thicker 

(i.e., greater than 12 in.). As the base plate gets thicker, it 
can more efficiently distribute the stresses from the tower 
to the anchor rods without bending. In thinner base plates, 
the local base plate bending results in significant bending 
moments in the tube wall at the connection. For the 1-in.-
thick base plate, there are stress concentrations at the bend 
lines, which means that the membrane stresses are not well 
distributed around the perimeter, but rather concentrated at 
the bends in the tube. This observation is consistent with 
crack initiation locations observed in cracked towers. How-
ever, with increasing thickness, the base plate becomes less 
flexible, and the influence of the stress concentrations is less 
pronounced.

This finding is consistent with fatigue test data from the 
University of Texas (Koenigs et al., 2003). In these tests, a 
socket joint detail with a 2-in.-thick base plate performed 
much better in fatigue than one with a 12-in.-thick base 
plate.

To assess the relative effect of base plate thickness, longi-
tudinal stresses on the outer surface from the model are com-
pared in Figure A-3 at 1.5 in. above the top of the base plate. 
The stresses were normalized to the stresses extracted from 
the model of the actual “as-built” 14-in.-thick base plate. 
The results of interest are labeled “outer stress @ 1.5  in.” 
The results for the case with “12 in. hole” may be ignored. 
For a base plate 24 in. thick, the outer stress at this location 
decreases to about 65% of what it would be for a 14-in.-thick 
base plate. For a 3-in.-thick base plate, the stress decreases 
further but not much, down to about 60% of what it would be 
for a 14-in.-thick base plate.

Fig. A-3.  Stresses in base plate.
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A.2	 INSTALLATION REQUIREMENTS FOR 
PRETENSIONED JOINTS

Proper installation is usually the responsibility of the con-
tractor. However, the engineer of record, or their representa-
tive, may witness the inspection and testing.

In any anchor-rod installation, there will be some amount 
of misalignment. It is assumed that the tolerances will be 
stated in the invoking specification and that the tolerances 
correspond with the tolerances specified in the AISC Code 
of Standard Practice. For anchor rods subjected to fatigue 
loading, it is also recommended that a tolerance for vertical 
misalignment of anchor rods be specified as less than 1:40. 
Provisions should be made to minimize misalignments and 
to meet required tolerances. The best way to maintain align-
ment is the use of a template. Templates comprised of rings 
with nuts on both sides at two locations along the length of 
the anchor rods are recommended.

Vibratory machine joints and double-nut joints designed 
for Seismic Design Category  D or greater, according to 
ASCE/SEI  7, or designed for fatigue as described herein, 
require pretensioning. Failure to follow the nut-tightening 
procedure can lead to inadequately pretensioned anchor 
rods and associated uneven distribution of loads among the 
contributing anchor rods. Inadequately tightened bolts can 
also lead to fatigue failures and further loosening of the nuts 
under cyclic loading. A less likely outcome of failure to fol-
low the tightening procedure is tightening to the point of 
damage—plastic deformation and stripping of the threads—
which may require removal and replacement.

The starting point for tightening procedures is between 20 
to 30% of the final tension. For anchor rods, this is defined 
as a function of torque, as:

	 Tv = 0.12dbTm� (A-2)

where
Tm	= �minimum installation pretension, kips, given in 

Table A-1

Tv	 = �verification torque, kip-in.

db	 = �nominal body diameter of the anchor rod, in.

Till and Lefke (1994) have shown that a multiplier of 
0.12 in this relationship is adequate for common sizes and 
coatings of anchor rods. Other researchers have suggested a 
value of 0.20 for less-well-lubricated rods.

If an anchor rod has a nut head or the head is fastened with 
nuts, the nut should be prevented from rotation while the 
anchor rod is tightened. This can be achieved with a jam nut 
or another type of locking device. The jam nut will affect the 
ultimate or fatigue strength of the rod.

Very large torques may be required to properly tighten 
anchor rods greater than 1 in. in diameter. A slugging wrench 

or a hydraulic torque wrench is required. For the leveling 
nuts, an open-end slugging wrench may be used.

A.2.1	 Double-Nut Joints

Prior to installation of anchor rods in a double-nut moment 
joint, an anchor-rod rotation capacity test should be per-
formed with at least one anchor rod from each lot. This test 
attempts to recreate the conditions to which the anchor rod 
will be subjected during installation.

After the test and before placing the concrete, anchor rods 
should be secured to a template or other device to avoid 
movement during placing and curing of the concrete that 
may lead to misalignments larger than what may be toler-
ated. The hole pattern in the template should be verified by 
comparing the top template to the base plate to be erected if 
it is on site.

Beveled washers should be used:

1.	 Under the leveling nut if the slope of the bottom face of 
the base plate has a slope greater than 1:20.

2.	 Under the leveling nut if the leveling nut could not be 
brought into firm contact with the base plate.

3.	 Under the top nut if the slope of the top face of the base 
plate has a slope greater than 1:20.

4.	 Under the top nut if the top nut could not be brought 
into firm contact with the base plate.

If a beveled washer is required, the contractor should dis-
assemble the joint, replace nuts adding the beveled washer(s) 
and retighten in a star pattern to the initial condition. Bev-
eled washers can typically accommodate a slope up to 1:6.

Top nuts should be pretensioned. The procedure for pre-
tensioning is a turn-of-nut procedure, although they are 
inspected using torque. Pretensioning the nuts should be 
accomplished in two full tightening cycles following a star 
pattern.

Experience indicates that even properly tightened galva-
nized anchor rods can subsequently become loose, especially 
in the first few days after installation, presumably because of 
creep in the galvanizing. Therefore, a final installation check 
should be made after at least 48 hours using a calibrated 
wrench and 110% of the torque calculated using the torque 
equation. It is expected that properly tightened joints will 
not move even if 110% of the minimum installation torque 
is applied. If a rod assembly cannot achieve the required 
torque, it is very likely that the threads have stripped.

When it is required that the nuts be prevented from loosen-
ing, a jam nut or other suitable device can be used. Any other 
method for preventing nut loosening should be approved by 
the engineer of record. Tack welding the top side of the top 
nut has been used, although this is not consistent with AWS 
D1.1/D1.1M. While tack welding to the unstressed top of 
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the anchor rod is relatively harmless, under no circumstance 
should any nut be tack welded to the washer or the base plate.

Installation sequence

1.	 The torque wrench used for tightening the nuts or final 
torque verification should have a torque indicator that is 
calibrated annually. A certification of such calibration 
should be available to the engineer of record. A torque 
multiplier may be used.

2.	 The verification torque is computed using Equation A-3:

	 Tv = 0.12dbTm� (A-3)

	 where

Tm	= �minimum installation pretension, kips, given 
in Table A-1

db	 = nominal body diameter of the anchor rod, in.

3.	 Prior to placing the anchor rods in the concrete, an 
anchor rod rotation capacity test should be conducted 
with at least one anchor rod from every lot. This test 
should be conducted using the base plate or a plate of 
equivalent grade, thickness, and finish. The plate must 
be restrained against movement from the torque that 
will be applied. The test consists of Steps 11 through 
19 that follow, with the exception of Step 13 (because 
there is only one anchor rod). The nut should be rotated 
to at least the required rotation given in Table  A-2. 

Table A-1.  Minimum Anchor Rod Pretension for Double-Nut Moment Joints

Anchor Rod 
Diameter, 

in.
Rebar 

Designation

Minimum Anchor Rod Pretension Tm, kips

ASTM F1554 Rod 
Grade 36[a]

ASTM F1554 Rod 
Grade 55[b]

ASTM F1554 Rod 
Grade 105[b]

ASTM A615/A615M  
and A706/A706M  
Bars Grade 60[b]

  2 #4 4.00 6.00 11.0 7.00

  s #5 7.00 10.0 17.0 11.0

  w #6 10.0 15.0 25.0 16.0

  d #7 13.0 21.0 35.0 22.0

1 #8 18.0 27.0 45.0 28.0

18 — 22.0 34.0 57.0 —

— #9 — — — 36.0

14 — 28.0 44.0 73.0 —

— #10 — — — 46.0

— #11 — — — 56.0

12 — 41.0 63.0 106 —

— #14 — — — 81.0

1w — 55.0 85.0 143 —

2 — 73.0 113 187 —

24 — 94.0 146 244 —

— #18 — — — 144

22 — 116 180 300 —

2w — 143 222 370 —

3 — 173 269 448 —

34 — 206 319 — —

32 — 242 375 — —

3w — 280 434 — —

4 — 322 499 — —
[a]  Equal to 50% of the specified minimum tensile strength of rods, rounded to the nearest kip.
[b]  Equal to 60% of the specified minimum tensile strength of rods, rounded to the nearest kip.
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After the test, the nuts should be removed and inspected 
for damage to their threads. Then, the anchor rod is 
removed from the test plate and restrained, while the 
nuts should be turned onto the bolts at least one rod 
diameter past the location of the leveling nut and top 
nut in the test, then backed off by one worker using an 
ordinary wrench (without a cheater bar). The threads 
are considered damaged if an unusual effort is required 
to turn the nut. If there is no damage to the anchor rod 
or nut during this test, they may be used in the joint. If 
there is damage to the threads or an inability to attain 
at least the verification torque, the lot of anchor rods 
should be rejected.

4.	 Anchor rods should be secured against relative move-
ment and misalignment.

5.	 A template is required for leveling the leveling nuts. 
The hole pattern in the template should be verified. Any 
deviation between the hole positions outside of the tol-
erances must be reported to the engineer of record. The 
template set (or other device) with anchor rods should 
be secured in its correct position in accordance with the 
contract documents.

6.	 The concrete should be placed and cured.

7.	 If a top template is above the concrete surface, it may 
be removed 24 hr after placing the concrete.

8.	 The exposed part of the anchor rods should be cleaned 
with a wire brush or equivalent and lubricated if 
galvanized.

9.	 The anchor rods should be inspected visually to verify 
that there is no visible damage to the threads and that 
their position, elevation, and projected length from the 
concrete are within the tolerances specified in the con-
tract documents. In the absence of required tolerances, 
the position, elevation, and projected length from the 
concrete should be within the tolerances specified in the 
AISC Code of Standard Practice. If the joint is required 
to be designed for fatigue, the misalignment from verti-
cal should be no more than 1:40. Nuts should be turned 

onto the bolts well past the elevation of the bottom of 
the leveling nut and backed off by a worker using an 
ordinary wrench without a cheater bar. Thread damage 
requiring unusually large effort should be reported to 
the engineer of record.

10.	 If threads of galvanized anchor rods were lubricated 
more than 24 hr before placing the leveling nut or 
have been wet since they were lubricated, the exposed 
threads of the anchor rod should be relubricated. Lev-
eling nuts should be cleaned and threads and bearing 
surfaces lubricated (if galvanized) and placed on the 
anchor rods.

11.	 Leveling nut washers should be placed on the anchor 
rods. Beveled washers should be used if the nut cannot 
be brought into firm contact with the base plate.

12.	 The template should be placed on top of the leveling 
nuts to check the level of the nuts. In some cases, if 
indicated in the contract documents, it is permitted to 
set the base plate at some other angle other than level. 
If this angle exceeds 1:40, beveled washers should be 
used. Verify that the distance between the bottom of the 
bottom leveling nut and the top of concrete is not more 
than one anchor rod diameter (unless specified other-
wise in the contract documents).

13.	 The base plate and structural element to which it is 
attached should be placed.

14.	 Top nut washers should be placed. Beveled washers 
should be used if the nut cannot be brought into firm 
contact with the base plate.

15.	 Threads and bearing surfaces of the top nuts should be 
lubricated, placed, and tightened to 20 to 30% of the 
verification torque following a star pattern.

16.	 Leveling nuts should be tightened to 20 to 30% of the 
verification torque following a star pattern.

17.	 Before further turning the nuts, the reference position 
of the top nut in the initial condition should be marked 
on an intersection between flats with a corresponding 

Table A-2.  Nut Rotation for Turn-of-Nut Pretensioning of  
Unified National Coarse (UNC) Threads

Anchor Rod 
Diameter, in.

Nut Rotation[a],[b],[c]

ASTM F1554 Rod 
Grade 36

ASTM F1554 Grades 55 and 105, A615/A615M  
Grades 60 and 75, and A706/A706M Grade 60

≤12 6 turn 3 turn

>12 1 12 turn 6 turn
[a]  Nut rotation is relative to anchor rod. The tolerance is plus 20°.
[b]  Applicable only to UNC threads.
[c] � Beveled washer should be used if: (a) the nut is not in firm contact with the base plate or (b) the outer face of the 

base plate is sloped more than 1:40.
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reference mark on the base plate at each bolt. Top nuts 
should be turned in increments following a star pattern 
(using at least two full tightening cycles) to the nut rota-
tion specified in Table  A-2 if UNC threads are used. 
If 8UN threads are used, the appropriate nut rotation 
should be shown in the contract documents or specified 
by the engineer of record. After tightening, the nut rota-
tion should be verified.

18.	 A torque wrench should be used to verify that a torque 
at least equal to the verification torque is required to 
additionally tighten the leveling nuts and the top nuts. 
An inability to achieve this torque means it is likely that 
the threads have stripped, and this must be reported to 
the engineer of record.

19.	 After at least 48 hr, the torque wrench should again be 
used to verify that a torque at least equal to 110% of the 
verification torque is required to additionally tighten 
the leveling nuts and the top nuts. For cantilever or 
other nonredundant structures, this verification should 
be made at least 48 hr after erection of the remainder of 
the structure and any heavy attachments to the structure.

20.	 If the joint was designed for Seismic Design Category D 
or greater according to ASCE/SEI  7, or designed for 
fatigue, the nut should be prevented from loosening 
unless a maintenance plan is in place to verify at least 
every 4 yr that a torque equal to at least 110% of the 
verification torque is required to additionally tighten 
the leveling nuts and the top nuts.

A.2.2	 Pretensioned Joints

The installation procedures for pretensioned joints are very 
similar to the first steps for double-nut moment joints, except 
for the inclusion of the sleeve. The sleeve must be cleaned 
and sealed off to prevent inclusion of debris.

Anchor rods are typically tensioned using a centerhole 
ram with access to the nut for retightening. The nut is tight-
ened down while the tension is maintained on the anchor 
rod, and the anchor rod tension is released. It is recognized 
that part of the tension will be lost to relaxation after the ten-
sion is released. Since there are many variations of preten-
sioned joints, the engineer of record should provide specific 
procedures for tightening these joints.

Installation sequence

1.	 The assembly of sleeve and anchor rod should be 
secured in its correct position in accordance with the 
contract documents.

2.	 If a template is used, the hole pattern should be verified 
by comparing the top template to the base plate to be 
erected and any deviation between the hole positions 
outside of the tolerances must be reported to the engi-
neer of record.

3.	 The concrete should be placed and cured.

4.	 If a top template is above the concrete surface, it may 
be removed no sooner than 24 hr after placing the 
concrete.

5.	 The exposed part of the anchor rods should be cleaned 
with a wire brush or equivalent and lubricated.

6.	 The opening of the sleeve should be cleaned of debris 
and sealed off.

7.	 After removal of the template, if any, the anchor rods 
should be inspected visually to verify that there is no 
visible damage to the threads and that their position, 
elevation, and projected length from the concrete are 
within the tolerances specified in the contract docu-
ments. In the absence of required tolerances, the posi-
tion, elevation, and projected length from the concrete 
should be within the tolerances specified in the AISC 
Code of Standard Practice. The nuts should be turned 
onto the bolts at least one rod diameter past the eleva-
tion of the bottom of the base plate and backed off by a 
worker using an ordinary wrench without a cheater bar. 
Any damage resulting in an unusual effort to turn the 
nut should be reported to the engineer of record.

8.	 The base plate and attached structural element, or piece 
of equipment or machinery, should be placed.

9.	 Washers should be placed.

10.	 If threads of anchor rods were lubricated more than 
24 hr before placing the nut or have been wet since they 
were lubricated, the exposed threads of the anchor rod 
should be relubricated. Nuts should be cleaned and the 
threads and bearing surfaces lubricated.

11.	 The pretension and pretensioning method should be 
as specified in the contract documents, along with the 
procedures and requirements for an installation verifi-
cation test, if necessary.

A.3	 INSPECTION AND MAINTENANCE AFTER 
INSTALLATION

Regular inspection and maintenance should be conducted 
for joints that are designed for fatigue. All joints designed 
for Seismic Design Category  D or greater, according to 
ASCE/SEI  7, should also be inspected and maintained as 
follows after a significant seismic event.

1.	 Anchor rod appearance—Draw a diagram of the anchor 
rod pattern and number in a clockwise pattern. Check 
each anchor rod for corrosion, gouges, or cracks. Sus-
pected cracks may be more closely examined using the 
dye-penetrant technique. If there is heavy corrosion 
near the interface with the concrete, there may be more 
severe corrosion hidden below the concrete where the 
pocket around the anchor rod stays wet. Verify that 
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all the anchor rods have top nuts with washers. Lock 
washers should not be used. Galvanized nuts or wash-
ers should not be used with unpainted weathering steel 
because the zinc from the galvanized parts will attempt 
to protect the bare steel. This may result in a weakening 
of the galvanizing, furthering the corrosion of the car-
bon steel (NSBA, 2022). Check for inadequately sized 
washers for oversize holes. If there is no grout pad, 
verify that all the anchor rods have leveling nuts with 
washers. Check for loose nuts, gouges, thread damage, 
or corrosion. Note any anchor rods that are significantly 
misaligned or bent to fit in the base plate hole. Note any 
anchor rods that are not flush with or projecting past 
the nut. If the anchor rod is not projecting past the nut, 
measure the distance from the top of the nut to the top 
of the anchor rod.

2.	 Sounding the anchor rods—Anchor rods may be struck 
by a hammer (a large ball peen hammer is suggested) 
to detect broken rods. Strike the side of the top nut and 
the top of the rod. Good tight anchor rods will all have 
a similar ring. Broken or loose anchor rods will have a 
distinctly different and duller sound.

3.	 Tightness of anchor rod nuts—It should be verified 
that the top nuts still have a sound tack weld (at the 
top of the top nut only) or a jam nut. Tack welds to the 
washer or the base plate are undesirable and should be 
reported. If one of these is not used to prevent loosening 
of the nut, the tightness should be verified by applying 
a torque equal to 110% of the torque computed using 
the torque equation, in accordance with Step 20 of the 
installation procedure for double-nut joints.

	   If one nut in a joint is loose (the tack weld is frac-
tured or the nut does not reach the required torque), it 
should be unscrewed, cleaned, inspected for possible 
thread stripping, lubricated, placed, and brought to the 
initial condition and retightened to the pretension spec-
ified in Table A-1 using the turn-of-nut method.

	   If more than one nut in a joint is loose, the entire 
joint should be disassembled, all the anchor rods visu-
ally inspected, and the joint reassembled with new nuts. 
If more than one nut is loose, the joint may have been 
poorly installed, or fatigue problems may exist. A close 
study of the performance of the joint should be made.

4.	 Ultrasonic test of anchor rods—An ultrasonic test of 
anchor rods need be performed only if:

•	 Welded repairs have been made.

•	 Similar structures subject to similar loading have 
had fatigue problems.

•	 Anchor rods were not adequately designed for 
fatigue in accordance with the AISC Specification.

	 The inspection should include at least:

a.	 Verification that the joint is kept free of debris, 
water, and vegetation.

b.	 Verification that there is no severe corrosion, gouges, 
or cracks.

c.	 Verification that the grout and concrete in the vicin-
ity of the anchor rods is in good condition.

d.	A hammer sound test of anchor rods.

e.	 Verification of the tightness of the nuts. It should be 
verified that the nuts still have a jam nut or other 
locking device, or the tightness should be verified by 
applying 110% of the verification torque.

f.	 Retightening of anchor rods, if needed.

If similar structures subject to similar loading have 
had anchor rod fatigue cracking problems, an ultrasonic 
test of anchor rods should be performed. The top of the 
rod or extension should be ground flush, and the ultra-
sonic test and its interpretation should be in accordance 
with a procedure approved by a qualified engineer.
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Appendix B 
Alternate Methods for Design

B.1	 CONTEXT AND MOTIVATION

This appendix is focused on alternate methods of designing exposed column base plate connections. These alternate methods 
are presented for three specific contexts: (1) design of base plates under flexure and axial compression using the triangular stress 
block method, (2) design of base plates under axial compression considering base flexibility, and (3) design of the base plate 
bearing interface under two-way bending. Experimental data as well as simulations indicate these alternate methods provide 
performance comparable to that produced by the design methods presented in this Guide but may offer either slightly conserva-
tive designs (in the case of the triangular stress block approach) or significantly more economical designs for some cases (in the 
case of the base plate under compression and two-way bending). Each of these is described in detail in the following sections.

B.2	 TRIANGULAR PRESSURE DISTRIBUTION

B.2.1	 Introduction

When a column is subjected to either an eccentricity of axial load or a moment due to base rigidity, a simplifying assumption 
must be made to determine a design pressure on the base plate. Throughout this Design Guide, design procedures and examples 
have been presented using an assumption of a uniform pressure distribution on the base plate that is consistent with procedures 
adopted by ACI. Alternatively, it is permissible to assume a triangular pressure distribution on the base plate.

This alternative does not in and of itself represent an elastic design or an ASD approach to design. Rather, both triangular and 
uniform distributions represent simplifying approximations that are equally applicable for LRFD and ASD applications. The use 
of a triangular pressure distribution, as shown in Figure B-1, will often require slightly thicker base plates and slightly smaller 
anchor rods than the uniform pressure approach because the centroid of the pressure distribution is closer to the cantilevered 
edge of the plate.

	 (a)  Resultant compressive bearing	 (b)  General case	 (c)  Strain distribution 
	 stress under column flange

Fig. B-1.  Triangular stress distribution for axial load plus moment.
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B.2.2	 Determining Required Base Plate Thickness from Required Strength

At times the base plate designer may wish to determine the base pressure separately from determining the required thickness. To 
facilitate this approach, a general format for sizing the base plate thickness based on the flexural moment caused by the pressure 
on the plate surface can be derived by setting the required flexural strength over the width of the base plate equal to the available 
flexural strength and solving for t:

LRFD ASD

	
treq =

4Mu,pl

bBFyϕ �
(B-1a)

where

b = resistance factor in bending

= 0.90

ϕ

	
treq =

4Ma,pl b

BFy

Ω

�
(B-1b)

where

b = safety factor in bending

= 1.67

Ω

The designer may wish to solve directly for the plate thickness based on the applied loads and the geometry of the base condi-
tions. However, an assumption of pressure distribution must be made to determine the moment used in the preceding equations. 
This process is illustrated in the following sections.

B.2.3	 Determination of Required Stress and Effects of Eccentricity

The axial and flexural components of the applied loads are treated separately to determine the resulting stresses between the base 
plate and foundation and are then combined by superposition to calculate the pressure distribution across the plate.

Assuming that the supported column and base plate have coincident centroids:

	
fpa = Pr

A1 �
(B-2)

	
fpb = Mr

Spl �
(B-3)

where
A1	= area of base plate plan dimensions (B × N), in.2

Mr	= applied bending moment, kip-in.

Pr	 = applied axial compressive load, kips

Spl	= section modulus of base plate area with respect to direction of applied moment, in.3

	
= BN 2

6  
for bending of a rectangular plate

Equating fpa = fpb will result in a triangular pressure distribution across the length of the base plate in the direction of the applied 
moment, with the maximum pressure on the compressive side of the moment and zero pressure on the tensile side of the moment. 
This is the theoretical condition where no tension exists on the interface between the base plate and foundation, and any applied 
additional moment at the same axial compressive load will result in tension.

The applied bending moment can be expressed as an axial compressive force applied at a distance from the centroid of the  
column/base plate. This distance, designated as the eccentricity, e, can be determined as:

	
e = Mr

Pr �
(B-4)

The balance point where the base plate pressure changes from zero tension to positive tension can be defined by a relationship 
between the eccentricity and the base plate length or width, as applicable. It was previously indicated that this transition point 
occurs when fpa = fpb. Therefore, assuming the applied moment is parallel to N:
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Pr

A1
=

Mr

Spl �
(B-5)

	

Pr
BN

= Pre

BN 2

6

⎛
⎝⎜

⎞
⎠⎟ �

(B-6)

	
e = N

6 �
(B-7)

This point, where e = N 6, is commonly called the kern of the base plate.

B.2.4	 Design Procedure

Design Procedure for a Small Moment Base

1.	Choose trial base plate sizes (B and N) based on the geometry of the column and anchor rod layout.

2.	Determine plate cantilever dimension, m or n, in the direction of the applied moment (see Figure 4-1).

	
m = N 0.95d

2

−
�

(4-10)

	
n =

B 0.80bf
2

−

�
(4-11)

3.	Determine applied loads, Pr and Mr (Pu and Mu for LRFD, Pa and Ma for ASD) based on ASCE/SEI 7 load combinations.

4.	Determine eccentricity e and ekern.

	
e = Mr

Pr �
(B-8)

	
ekern = N

6 �
(B-9)

	 If e ≤ ekern, this is a small moment base, and no tension exists between the base plate and the foundation. See Figure 
B-2(a).

	 If e > ekern, this is a large moment base and must be designed for tension anchorage per the subsequent large moment 
design procedure [see Figure B-2(b)].

5.	Determine base pressures.

	 Due to axial compression:

	

fp(ax) = Pr
A1

= Pr
BN �

(B-10)

	 Due to applied moment:

	

fp(b) = Mr

Spl

= 6Pre

BN 2
�

(B-11)
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	 Combined pressure:

	

fp(max) = fp(ax) + fp(b)

= Pr

BN
1+ 6e

N
fp avail≤⎛

⎝
⎞
⎠ �

(B-12)

	 where

LRFD ASD

	 fp avail = c 0.85 fcϕ ′� (B-13a)

	
fp avail = 0.85 fc

c

′
Ω �

(B-13b)

	 Additionally, fp avail may be calculated accounting for concrete confinement when A2 > A1.

	 If fp(max) ≥ fp avail, adjust the base plate dimensions.

	

fp(min) = fp(ax) fp(b)

= Pr
BN

1
6e

N
⎛
⎝

⎞
⎠−

−

�

(B-14)

6.	Determine pressure at m distance from fp(max).

	
fp(m) = fp(max) 2 fp(b)

m

N
− ⎛

⎝
⎞
⎠ �

(B-15)

7.	Determine Mpl for bending about critical planes at m and n:

	 Bending of a 1-in.-wide strip of plate about a plane at m, in the direction of the applied moment:

	
Mpl = fp(m)( ) m2

2
+ fp(max) fp(m)( ) m2

3

⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟

−
�

(B-16)

	

6
M Ne
P

= ≤

	

6
Ne >

	 (a)  Small eccentricity—	 (b)  Large eccentricity— 
	 bearing on full plate	 bearing on partial plate

Fig. B-2.  Effect of eccentricity on bearing.
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	 For bending about a plane at m, perpendicular to the applied moment:

	
Mpl = fp(ax)

n2

2

⎛
⎝⎜

⎞
⎠⎟ �

(B-17)

	 The critical moment is the larger of Mpl about the m and n critical planes.

8.	Determine required plate thickness based on the required flexural strength per inch of plate:

LRFD ASD

	
treq =

4Mu pl

bFyϕ �
(B-18a)

where
ϕb = 0.90

	
treq =

4Ma  pl b

Fy

Ω

�
(B-18b)

where
Ωb = 1.67

Design Procedure for a Large Moment Base

When the effective eccentricity is large (greater than ekern), there is a tensile force in the anchor rods due to the moment, as shown 
in Figure B-2(b). To calculate this force, the anchor rod force, T, and the length of bearing, A, must be determined, as shown in 
Figure B-3.

By static equilibrium, the following equations can be derived:

	
Tr + Pr =

fpAB

2 �
(B-19)

	
Pr A′+Mr =

fpAB

2
N ′ A

3
−⎛

⎝
⎞
⎠ �

(B-20)

where
A′ = the distance between the anchor rod and the column center, in.

By summing the moments about the resulting rod force and solving as a quadratic function, the following expression can be 
determined for calculating the bearing distance, A:

	
A =

3N ± 3N( )2 24 Pr A + Mr( )
fpB

2

′′ −

�
(B-21)

The resulting tensile force in the anchor rods is then:

	
Tr =

fpAB

2
Pr−

�
(B-22)

The design procedure is as follows:

1. Determine the available bearing strength, ϕcPp or Pp/Ωc, using AISC Specification Section J8:

	 Pp = 0.85 fcA1 A2 A1 1.7 fcA1′ ′≤ � (Spec. Eq. J8-2)

ϕc = 0.65 (LRFD)

Ωc = 2.31 (ASD)
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2.	Choose trial base plate sizes (B and N) based on geometry of the column and the minimum of four anchor rods requirement.

3.	Determine the length of bearing, A, equal to the smallest positive value from Equation B-21. If the value is reasonable, go 
on to the next step. If it is close to the value of N′, the solution is not practical because this implies that bearing exists in 
the vicinity of the anchor rod. If this were so, the anchor rod could not develop its full tensile strength. It is then necessary 
to return to Step 2 and choose a larger plate size.

4.	Determine the resultant anchor rod force, Tr, from Equation B-22. If it is reasonable, go to the next step. Otherwise return 
to Step 2.

5.	Determine the required flexural strength per in. of plate as the greater of the moment due to the pressure and the moment 
due to tension in the anchor rods. Each is to be determined at the appropriate critical section.

6.	Determine the plate thickness based on the required flexural strength per inch of plate:

LRFD ASD

	
tp =

4Mu  pl

bFyϕ �
(B-23a)

	
tp =

4Ma  pl b

Fy

Ω

�
(B-23b)

2 3
N A−

2 edge
N b−

Fig. B-3.  General definition of variables.
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EXAMPLE B.2-1—��Base Connection for Bending without Anchor Rod Tension (Low Moment), Triangular 
Pressure Distribution�

A base connection for a wide-flange column subject to compression and moment is designed in this example. The ratio of flex-
ure to compression is such that the moment can be resisted without producing tension in the anchor rods. A triangular pressure 
distribution is considered.

Given:

A W12×96 column is subject to an axial dead load of 100 kips and an axial live load equal to 160 kips and moments from the 
dead and live loads equal to 250 kip-in. and 400 kip-in., respectively. Bending is about the strong axis of the column. The ratio of 
the concrete to base plate area is unity. The base plate is ASTM A572/A572M Grade 50 material, and the compressive strength, 
ƒ ′c, of the concrete is 4 ksi.

Solution:

From AISC Manual Table 1-1, the geometric properties are as follows:

W12×96
Column
d	 = 12.7 in.
bf	= 12.2 in.

From AISC Manual Table 2-5, the material properties are as follows:

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

1.	Choose a trial base plate size (B and N) based on geometry of the column and the four-anchor-rod requirement.

	 Try N = 19 in. and B = 19 in.

2.	Determine plate cantilever dimension, m or n, based on the procedure outlined in the previous section.

m = N 0.95d( )
2

= 19 in. 0.95 12.7 in.( )
2

= 3.47 in.

−

−

�

(4-10)

n =
B 0.80bf

2

= 19 in. 0.80 12.2 in.( )
2

= 4.62 in.

−

−

�

(4-11)

3.	From ASCE/SEI 7, Chapter 2, determine the required strength:

LRFD ASD

Pu = 1.2 100 kips( ) +1.6 160 kips( )
= 376 kips

Mu = 1.2 250 kip-in.( ) +1.6 400 kip-in.( )
= 940 kip-in.

Pa = 100 kips +160 kips

= 260 kips

Ma = 250 kip-in. + 400 kip-in.

= 650 kip-in.
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4.	Determine eccentricity e and ekern.

LRFD ASD

	

eu = Mu

Pu

= 940 kip-in.

376 kips

= 2.50 in. �

(B-8)

	

ea = Ma

Pa

= 650 kip-in.

260 kips

= 2.50 in. �

(B-8)

ekern = N

6

= 19 in.

6
= 3.17 in.�

(B-9)

	 Because e = 2.50 in. < ekern = 3.17 in., this is a small moment base, and no tension exists between the base plate and 
foundation.

5.	Determine base pressures for a 1 in. strip of plate.

	 Due to axial compression:

LRFD ASD

	

fpu(ax) = Pu
BN

= 376 kips

19 in.( ) 19 in.( )
= 1.04 ksi �

(B-10)

	

fpa(ax) = Pa
BN

= 260 kips

19 in.( ) 19 in.( )
= 0.720 ksi �

(B-10)

	 Due to applied moment:

LRFD ASD

	

fpu(b) = 6Pueu
BN 2

=
6 376 kips( ) 2.50 in.( )

19 in.( ) 19 in.( )2

= 0.822 ksi �

(from Eq. B-11)

	

fpa(b) = 6Paea
BN 2

=
6 260 kips( ) 2.50 in.( )

19 in.( ) 19 in.( )2

= 0.569 ksi �

(from Eq. B-11)

	 Combined pressure:

LRFD ASD

	

fpu(max) = fpu(ax) + fpu(b)

= 1.04 ksi + 0.822 ksi

= 1.86 ksi �

(B-12)

	

fpu(min) = fpu(ax) fpu(b)

= 1.04 ksi 0.822 ksi

= 0.218 ksi

−
−

�

(B-14)

	

fpa(max) = fpa(ax) + fpa(b)

= 0.720 ksi + 0.569 ksi

= 1.29 ksi �

(B-12)

	

fpa(min) = fpa(ax) fpa(b)

= 0.720 ksi 0.569 ksi

= 0.151 ksi

−
−

�

(B-14)
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	 The maximum available bearing strength is then confirmed by Equation B-13.

LRFD ASD

	

fp avail = 0ϕ .85 fc

= 00.65 .85 4 ksi(( ))
2.31

= 2.21 ksi > 1.86 ksi     o.k.

′

�

(B-13a)

	

fp avail = 0.85 fc

c

= 0.85 4 ksi( )
2.31

= 1.47 ksi > 1.29 ksi     o.k.

′
Ω

�

(B-13b)

6.	Determine pressure at critical bending plane (m distance from fp(max))

LRFD ASD

	

fpu(m) = fpu(max) 2 fpu(b)
m

N

= 1.86 ksi 2 0.822 ksi( ) 3.47 in.

19.0 in.
= 1.56 ksi

−

−

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

�

(B-15)

	

fpa(m) = fpa(max) 2 fpa(b)
m

N

= 1.29 ksi 2 0.569 ksi( ) 3.47 in.

19.0 in.
= 1.08 ksi

⎛
⎝

⎞
⎠

⎛
⎝

⎞
⎠

−

−

�

(B-15)

7.	Determine Mpl for bending about critical planes m and n:

	 Bending of a 1-in.-wide strip of plate about a plane at m, in the direction of the applied moment, is determined using 
Equation B-16:

LRFD ASD

Mu  pl = fpu(m)( ) m2

2
+ fpu(max) fpu(m)( ) m2

3

= 1.56 ksi( ) 3.47 in.( )2

2

+ 1.86 ksi 1.56 ksi( ) 3.47 in.( )2

3
= 10.6 kip-in./in.

−

−

⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟

Ma  pl = fpa(m)( ) m2

2
+ fpa(max) fpa(m)( ) m2

3

= 1.08 ksi( ) 3.47 in.( )2

2

+ 1.29 ksi 1.08 ksi( ) 3.47 in.( )2

3
= 7.34 kip-in./in.

⎛
⎝⎜

⎛
⎝⎜

⎞
⎠⎟

⎞
⎠⎟

−

−

	 Because this is a case of axial loads plus small moments, bending about a plane at n, perpendicular to the applied 
moment, can be determined using the following procedure using the axial load only. Note that for axial loads plus large 
moments, a more refined analysis is required.

LRFD ASD

	

Mu pl = fpu(ax)
n2

2

= 1.04 ksi
4.62 in.( )2

2
= 11.1 kip-in./in.

⎛
⎝⎜

⎞
⎠⎟

�

(B-17)

	

Ma pl = fpa(ax)
n2

2

= 0.720 ksi
4.62 in.( )2

2
= 7.68 kip-in./in.

⎛
⎝⎜

⎞
⎠⎟

�

(B-17)

	 The critical moment is the larger of Mpl about m and n critical planes.

LRFD ASD

Mu crit = 11.1 kip-in./in. Ma crit = 7.68 kip-in./in.



182 / BASE CONNECTION DESIGN / AISC DESIGN GUIDE 1, 3rd EDITION

8.	Determine required plate thickness.

	 Note: Because Mpl is expressed in units of kip-in./in., the plate thickness expressions can be formatted without the plate 
width, B, as such:

LRFD ASD

	

tu req = 4Mu crit

bFy

=
4( ) 11.1 kip-in. in.( )

0.90( ) 50 ksi( )
= 0.993 in.

ϕ

� 	

ta req = 4Ma crit b

Fy

=
4( ) 7.68 kip-in. in.( ) 1.67( )

50 ksi
= 1.01 in.

Ω

�

	 Use a plate 19 in. × 19 in. × 1 in. (LRFD) or 14 in. (ASD).

EXAMPLE B.2-2—��Base Connection for Bending with Anchor Rod Tension (Large Moment), Triangular 
Pressure Distribution

A base connection for a wide-flange column subject to compression and moment is designed in this example. The ratio of flexure 
to compression is such that the moment produces tension in the anchor rods. A triangular pressure distribution is considered.

Given:

A W8×31 column is subject to the loads shown in Figure B-4. The ratio of the concrete to base plate area (A2/A1) is 4.00. Bend-
ing is about the strong axis of the column. The base plate is ASTM A572/A572M Grade 50 material, the anchor rods are ASTM 
F1554 Grade 36, and the compressive strength, ƒ ′c, of the concrete is 3 ksi.

Solution:

From AISC Manual Table 1-1, the geometric properties of the column are as follows:

W8×31
d	 = 8.00 in.
bf	 = 8.00 in.

From AISC Manual Tables 2-5 and 2-6, the material properties are as follows:

Base plate
ASTM A572/A572M Grade 50
Fy	= 50 ksi
Fu	= 65 ksi

Anchor rods
ASTM F1554 Grade 36
Fy	= 36 ksi
Fu	= 58 ksi

� (from Eq. B-18a) � (from Eq. B-18b)
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1.	Determine the available bearing strength.

LRFD ASD

cPp
A1

= c0.85 fc A2 A1 c1.7 fc

= 0.65( ) 0.85( ) 3 ksi( ) 4.00

= 3.32 ksi

0.65( ) 1.7( ) 3 ksi( ) = 3.32 ksi

fpu = 3.32 ksi

≤

≤

′ ′ϕϕ
ϕ Pp

cA1
=

0.85 fc A2 A1

c

1.7 fc

c

= 0.85( ) 3 ksi( ) 4.00

2.31
= 2.21 ksi

1.7( ) 3 ksi( )
2.31

= 2.21 ksi

fpa = 2.21 ksi

ΩΩΩ
′′

≤

≤

2.	Assume a 14 in. × 14 in. base plate. The effective eccentricity is:

LRFD ASD

	 Pu = 90.0 kips

Mu = 720 kip-in.

	

e = Mu

Pu

= 720 kip-in.

90.0 kips

= 8.00 in. �

(B-10)

	 Pa = 60.0 kips

Ma = 480 kip-in.

	

e = Ma

Pa

= 480 kip-in.

60.0 kips

= 8.00 in. �

(B-10)

	 Because e > ekern = N 6 = 2.33 in., anchor rods are required to resist the tensile force. The anchor rods are assumed to be 
1.50 in. from the plate edge.

Fig. B-4.  Design example with large eccentricity.
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3.	Determine the length of bearing using Equation B-21:

LRFD ASD

A =
3N ± 3N( )2 24 PuA + Mu( )

fpu B

2

=

3 12.5 in.( ) ±

3( ) 12.5 in.( )[ ]2

24 90.0 kips( ) 5.50 in.( ) + 720 kip-in.

3.32 ksi( ) 14 in.( )
2

= 4.80 in.

′′ ′−

−

[ ]

⎛

⎝
⎜

⎞

⎠
⎟

⎜ ⎟
⎜ ⎟
⎜ ⎟
⎜ ⎟

⎧
⎨
⎩

⎫
⎬
⎭

A =
3N ± 3N( )2 24 PaA +Ma( )

fpaB

2

=

3 12.5 in.( ) ±

3( ) 12.5 in.( )[ ]
[ ]

2

24 60.0 kips( ) 5.50 in.( ) + 480 kip-in.

2.21 ksi( ) 14 in.( )
2

= 4.80 in.

−

−

⎛

⎝

⎜

⎞

⎠

⎟
⎜ ⎟

⎜ ⎟
⎜ ⎟
⎜ ⎟

⎧
⎨
⎩

⎫
⎬
⎭

′′′

	 In the calculation of A, the minus sign before the radical controls the solution.

4.	Determine the required tensile strength of the anchor rod using Equation B-22, and distribute to the two anchor rods per 
side.

LRFD ASD

	

Tu =
fpuAB

2
Pu

= 3.32 ksi( ) 4.80 in.( ) 14 in.( )
2

90.0 kips

= 21.6 kips

−

−

	

Trod = Tu
2

= 21.6 kips

2
= 10.8 kips

	

Ta =
fpaAB

2
Pa

= 2.21 ksi( ) 4.80 in.( ) 14 in.( )
2

60.0 kips

= 14.3 kips

−

−

	

Trod = Ta
2

= 14.3 kips

2
= 7.15 kips

Fig. B-5.  Critical plate width for anchor rod (tension side).
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5.	Determine the required plate thickness.

	 The moment for this determination is to be taken at the critical plate width. This is determined by assuming that the load 
spreads at 45.0° to a location 0.95d of the column. The width is then taken as twice the distance from the rod to the criti-
cal section for each rod, provided that the critical section does not intersect the edge of the plate.

	 The critical section, as shown in Figure B-5, is at:

m = N 0.95d

2

= 14 in. 0.95( ) 8.00 in.( )
2

= 3.20 in.

−

−

� (4-10)

The required moment strength, Mu pl or Ma pl, for a 1 in. strip of plate, determined from the bearing stress distribution in Fig-
ure B-4, is:

LRFD ASD

	

fpu m( ) = 3.32 ksi( ) 4.80 in. 3.20 in.

4.80 in.
= 1.11 ksi

−⎛
⎝

⎞
⎠

	

Mu pl = 1.11 ksi( ) 3.20 in.( )2

2

+ 3.32 ksi 1.11 ksi( ) 3.20 in.( )2

3
= 13.2 kip-in./in.

−

	

fpa m( ) = 2.21 ksi( ) 4.80 in. 3.20 in.

4.80 in.
= 0.737 ksi

−⎛
⎝

⎞
⎠

	

Ma pl = 0.737 ksi( ) 3.20 in.( )2

2

+ 2.21 ksi 0.737 ksi( ) 3.20 in.( )2

3
= 8.80 kip-in./in.

−

Anchor rods are placed at a 12 in. edge distance. Using the moment arm and effective width per anchor from Figure B-5, the 
required moment strength, Mu pl or Ma pl, for a 1 in. strip of plate due to the tension in the anchor rods is:

LRFD ASD

Mu pl =
10.8 kips( ) 3.20 in. 1.50 in.( )

2 3.20 in. 1.50 in.( )
= 5.40 kip-in./in.

−
−

Ma pl =
7.15 kips( ) 3.20 in. 1.50 in.( )

2 3.20 in. 1.50 in.( )
= 3.58 kip-in./in.

−
−

The required moment strength due to the bearing stress distribution is critical. The required plate thickness is:

LRFD ASD

	

tp =
4Mu pl

bFy

=
4 13.2 kip-in. in.( )

0.90( ) 50 ksi( )
= 1.08 in.

ϕ

�

(B-23a)

	

tp =
4Ma pl b

Fy

=
4 8.80 kip-in. in.( ) 1.67( )

50 ksi
= 1.08 in.

Ω

�

(B-23b)

Use a 14.0 × 14.0 × 14 in. base plate.
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B.3	 DESIGN OF BASE PLATES UNDER AXIAL COMPRESSION CONSIDERING FLEXIBILITY

Chapter 4, Section 4.3.1, presents a design approach for the design of base plates subjected to axial compression. Two limit 
states—concrete bearing and base plate yielding are considered. Of these, the plate yielding limit state corresponds to upward 
bending of the base plate as shown in Figure 4-1. Specifically, the base plate is assumed to yield at the suggested locations of the 
yield lines [Figure 4-1(b)] under the upward bearing pressure. The upward bearing pressure in turn is assumed to be constant, 
which implicitly suggests that the base plate itself is rigid. However, this assumption can result in extremely large moments on 
the base plate yield lines if the base plate has a large footprint (or large in-plane dimensions), resulting in very thick base plates. 
Experimental and simulation data by Steenhuis et al. (2008) and Denavit (2022) suggests this is conservative because a large 
base plate is also flexible, such that the bearing stresses concentrate under the column flanges and webs. This stress distribution 
results in significantly lower moments in the base plate. Under such a situation, the base plate may be designed by assuming it 
to be rigid but with an effective area as shown in Figure B-6. Specifically, the effective area extends a distance c = 1.5tp outside 
the webs and the flanges. The base plate may simply be designed by checking the bearing stresses over this area (termed Aeff; see 
Figure B-6) against the bearing capacity of the footing. The effective area of the rigid base plate (i.e., the distance c) is calibrated 
such that it results in stresses in the base plate equivalent to a flexible base plate; there is no need to independently conduct the 
check for base plate yielding.

Thus, under an applied load Pu, the only design check to be conducted is:

	

Pu
Aeff

fp(max)≤ ϕ
�

(B-24)

where, ϕ = 0.65, and the bearing strength of the footing may be determined as outlined previously in Chapter 4—that is, on the 
full area of a concrete support:

	 fp(max) = 0.85 fc′� (B-25)

When the concrete base is larger than the loaded area on all four sides:

	 fp(max) = 0.85 fc A2 A1 1.7 fc′ ′≤ � (B-26)

Further, if grout is used under the base plate, the grout compressive strength should always be higher than the concrete com-
pressive strength. Because the grout compressive strength is always specified higher than the concrete strength, the concrete 
compressive strength, ƒ ′c, must be used in the preceding equations. It is recommended that the grout strength be specified as two 
times the concrete strength. Lower grout strengths may be justified if the bearing strength of the grout (treated as unconfined) is 
checked against the required strength.

Fig. B-6.  Effective bearing area to account for plate flexibility.
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EXAMPLE B.3-1—�Base Connection for Concentric Axial Compression Load (with Concrete Confinement)

Given:

A W12×96 column bears on a large concrete pedestal (such that concrete is fully confined) as shown in Figure B-7. The minimum 
concrete compressive strength is ƒ ′c = 4 ksi. The base plate is A572/A572M Grade 50 material. The bearing force is Pu = 700 kips.

Solution:

From AISC Manual Table 1-1, the geometric properties of the column are:

W12×96
d	 = 12.7 in.
bf	 = 12.2 in.
tf	 = 0.900 in.
tw	= 0.550 in.

Try a 14-in.-thick base plate.

c = 1.5tp
= (1.5)(1.25 in.) 

= 1.88 in.

A base plate with dimensions 18 in. × 18 in. fully accommodates this effective area on each side (see Figure B-7). The area of the 
shaded portion in Figure B-7 may be readily calculated as Aeff = 178 in.2 As a result, the strength in bearing may be determined as:

ϕPn	= ϕfp(max)Aeff

	 = (0.65)(1.7)(4 ksi)(178 in.2)
	 = 787 kips > 700 kips     o.k.

This is an acceptable design.

Fig. B-7.  Design of base plate under axial compression.
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B.4	 DESIGN OF BASE PLATE BEARING INTERFACE UNDER TWO-WAY BENDING

Two-way bending may often govern the required thickness of base plates under combinations of axial load and applied moment, 
even if the moment is applied in one direction. Two-way bending refers to the bending of the column base plate perpendicular to 
the primary direction of bending. Previous discussion on the topic in this Guide is included in the notes in Section 4.3.7, which 
indicates that “When n is larger than m, the thickness will be governed by n.”

In effect, this sets the effective bearing width of the base plate in out of plane bending, beff, equal to the compression length 
Y [see Figure B-8(a)]. As per research by Haninger and Tong (2014), this is a reasonable assumption when the base plate is 
in compression along its entire length or when Y is large relative to n [Figure B-8(a)]. However, when Y is small relative to n 
[Figure B-8(b)], a greater width of the plate (than Y) is engaged in bending because of two-way bending effects. This effect is 
qualitatively shown in Figure B-8(b). In these situations, disregarding this additional bearing width may be conservative, leading 
to thicker base plates.

For these situations, the following may be used to determine the effective width.

For Y < 2n:

	
beff = Y

2
+ n

�
(B-27)

For Y ≥ 2n:

	 beff = Y � (B-28)

Once the effective width is determined, the plate thickness required to resist two-way bending may be determined as:

	
tp(req) = n

2 fp(max)Y

Fybeffϕ �
(B-29)

where fp(max) is the bearing strength of the footing calculated as discussed in Chapter 4, and ϕ = 0.90 for plate bending.

effb Y=

2Y

2effb Y n= +

	 (a) Effective bending width equal	 (b) Effective bending width with 
	 to bearing length	 two-way bending

Fig. B-8.  Effective width for two-way bending of base plates.
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Appendix C  
Guidance for Simulating Column Base Connections  
in Structural Analysis

C.1	 INTRODUCTION

Referring to Chapter 3, base connections (and, more gener-
ally, the foundation systems) interact structurally with the 
frame, influencing its performance in multiple ways. In a 
vast majority of cases (with the exception of weak-base seis-
mic design), base connections are expected to remain elastic 
under design level loads. In these cases, the main character-
istic of these base connections that interacts with the struc-
ture is the elastic stiffness. In the minority of cases when the 
base connection is expected to yield, post-yield properties of 
the base connection (such as strength degradation and ductil-
ity) become important. In this appendix, the first condition 
is addressed in detail in Section C.2, whereas brief commen-
tary is provided regarding the hysteretic (post-yield) proper-
ties in Section C.3. The focus is on the in-plane rotational 
properties (stiffness and hysteretic) of base connections in 
the context of moment frames or cantilever columns when a 
brace is not present. Other modes of deformation of the base 
connection (i.e., shear and axial) are not considered in this 
appendix. More specifically, this appendix provides guidance 
for estimating the rotational stiffness of base connections 
given the configuration of the base connection. In general, 
it is good practice to represent the rotational stiffness of the 
connection as a flexible spring in all cases. However, when 
such calculation is not feasible from a practical standpoint, 
it is recommended that the structural analysis solutions are 
bound with both fixed and pinned base solutions.

C.2	 ROTATIONAL STIFFNESS MODELS

Base connections are typically designed to remain elas-
tic under design loads. Thus, from a structural simulation 
standpoint, rotational stiffness of these connections is the 
primary characteristic of interest. Figure  C-1(a) schemati-
cally illustrates a typical exposed base connection discussed 
previously along with the supporting footing. Figure C-1(b) 
shows the idealization of the base connection stiffness within 
the context of structural analysis. Referring to these figures, 
it is important to note that the overall flexibility of the base 
connection includes the flexibility of the column to footing 
connection and the flexibility of the footing and foundation 
system itself, including its interaction with the soil.

Each of these subcomponents may be represented as a 
rotational spring with stiffness βconnection and βfooting, respec-
tively. The effective stiffness of the system may be deter-
mined as the series stiffness of the two springs, considering 
that their rotations are additive:

	
base = connection footing

connection + footing

βββ
β β �

(C-1)

The main focus of this appendix is estimating the stiff-
ness βconnection, which reflects the stiffness of the connection 
between the column and the footing, recognizing that the 
stiffness βfooting will be controlled by footing and soil char-
acteristics that are outside the scope of this Guide. Zareian 
and Kanvinde (2013) and Melchers (1992) provide some 

      

	 (a)  Schematic illustration	 (b)  Idealization as spring in series

Fig. C-1.  Deformation at column base.
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guidance on how to estimate this. The stiffness models for 
column base connections depend on the type of base con-
nection. Consequently, this section is divided into three 
subsections, each addressing the three types of connec-
tions—exposed, blockout, and embedded connections.

C.2.1	 Estimation of Rotational Stiffness for Exposed 
Column Base Connections

The method presented in this section may be used to char-
acterize the rotational stiffness of exposed base connections. 
Referring to discussion in Chapter  3 (Section  3.3.1), the 
moment-rotation response of the base connection exhib-
its slight nonlinearity even in the initial stages of loading, 
due to uplift of the base plate and nonlinearity of the con-
crete footing. Consequently, it is expedient to compute a 
secant stiffness of the connection at a predetermined level 
of moment—for example, the design moment Mu, given the 
axial compression Pu. Once this moment is selected, a series 
of steps may be followed to determine the rotational stiffness 
βconnection; the background and validation of this approach 
is presented in Kanvinde et al. (2012), with subsequent 
validation against other datasets in Trautner et al. (2017b) 
and against instrumented buildings in Falborski and Kan-
vinde (2022). Figure C-2 shows the underlying assumptions 
regarding the deformations that are included in the approach 
presented herein.

The process involves the following steps:

1.	Determine if the moment Mu corresponds to a low- or 
high-moment condition as implied in the design process 
outlined previously in Chapter 4. Specifically, the eccen-
tricity may be calculated as:

	
e = Mu

Pu �
(C-2)

	 and compared to the critical value:

	
ecrit = N

2

Pu
2qmax

−
�

(C-3)

	 where the symbols carry their typical meanings as out-
lined in Chapter 4.

2.	If e ≥ ecrit, then the moment corresponds to the high-
eccentricity condition with uplift of the base plate and 
engagement of the anchor rods. This implies that the total 
deformation of the base connection will be due to elonga-
tion of the anchors, in addition to the bending of the base 
plate and compressive deformations of the footing under 
the toe of the base plate; this condition is shown in Fig-
ure C-2. In this case, the rotational stiffness of the base 
connection may be calculated as:

	
connection = Muβ

θ �
(C-4)

	 In the Equation C-4, the rotation, θ, may be determined 
through enforcement of compatibility on the deformations 
in the various components of the connections, as shown in 
Figure C-2. Specifically:

	
=

rod + plate
tension + plate

compression + footing( )
f + N 2( )

ΔΔΔΔ
θ

�
(C-5)

2f N+

Fig. C-2.  Contributors to deformation of exposed base plate connection.
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	 Determination of the four deformation components 
requires estimation of the internal forces in the base con-
nection. This may be accomplished in a straightforward 
manner by using the method outlined in Chapter 4 to cal-
culate two key quantities under the applied combination of 
Mu and Pu—the tension in the anchor rod, T, and the width 
of the bearing interface, Y. Once these are determined, the 
four deformation components may be conveniently esti-
mated as shown in the following. The axial elongation of 
the anchor rod may be determined as:

	
rod = TLrod

ArodErod
Δ

�
(C-6)

	   In Equation C-6, the term Lrod refers to the total length 
of the anchor rod, from the top of the base plate to the top 
of the nut at the bottom anchorage assembly. The terms 
Arod and Erod refer to the gross cross-sectional area and the 
modulus of elasticity of the rod, respectively.

	   The flexural deflection of the plate on the tension side 
of the connection may be determined as:

	
plate
tension = TLtension

3

3Eplate Iplate
+ TLtension

Aplate
shearGplate

Δ
�

(C-7)

	   In Equation C-7 , the term Ltension denotes the cantilever 
bending length of the base plate on the tension side of the 
connection. Specifically,

	
Ltension = f

d

2
−

�
(C-8)

	 where d is the column section depth, such that Ltension is 
the distance between the edge of the column section and 
the centerline of the anchor rods. The term Aplate

shear is the 
effective shear area of the base plate, which may be deter-
mined as:

	
Aplate

shear = 5

6
Btp

⎛
⎝

⎞
⎠ �

(C-9)

	   The 5/6 factor accounts for the effective shear area of 
a rectangular cross section, while B and tp are the base 
plate width (out of plane) and thickness, respectively. The 
term Iplate = Btp

3 12 is the cross-sectional moment of iner-
tia of the plate. The flexural deflection of the plate on the 
compression side of the connection may be determined 
depending on whether the bearing width Y is greater or 
lesser than the plate compression-side flap, m. Thus, two 
equations arise:

	 If Y ≥ m

	
plate
compression = fmax B

m4

8Eplate Iplate
+ m2

2Aplate
shear Gplate

⎛
⎝⎜

⎞
⎠⎟

Δ
�  

� (C-10)

	 If Y < m

	

plate
compression = fmax B

8Eplate Iplate
m4 m Y( )3 3m + Y( )

3

+ fmaxBY

Aplate
shearGplate

m
Y

2

− −

⎛
⎝

⎞
⎠−

⎡

⎣
⎢

⎤

⎦
⎥Δ

�  
� (C-11)

	 Finally, the deformation in the footing may be determined 
as:

	
bearing =

fmax dfooting
Econcrete

Δ
�

(C-12)

	   In Equation C-12, the term dfooting represents the total 
depth of the footing, whereas the elastic modulus of con-
crete may be determined as Econcrete = wc1.5 fc′ , where both 
ƒ ′c and Econcrete are in ksi units, and wc is the weight of con-
crete per unit volume in lb/ft3, where 90 wc 155 lb/ft3≤≤  
(AISC, 2022c). Once these four deformations are deter-
mined, they may be substituted into Equations  C-4 and 
C-5 to calculate the base rotational stiffness.

3.	If e < ecrit, then the moment corresponds to the low-
eccentricity condition, and there is no uplift on the base 
plate. In this situation, the deformations occur only in 
the footing because the anchor rods are not engaged. To 
address this situation, the following relationship is pro-
posed by Kanvinde et al. (2012) to estimate the rotation, 
θ, at the applied moment, Mu. See Kanvinde et al. (2012) 
for a complete physical explanation of this relationship.

	

=
dfooting footing

toe
footing
rod( )

f + N
2

εε −

⎛
⎝

⎞
⎠

θ

�

(C-13)

	   In Equation C-13, the strains footing
toeε  and footing

rodε  repre-
sent the estimated strains under the toe of the base plate 
and the anchor rod (on the side where the applied moment 
produces tension). These may be estimated as follows:

	
footing
toe =

f footing
toe

Econcrete
ε

�
(C-14)
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	 where f footing
toe  may be determined based on the low-

moment condition outlined in Chapter 4, such that:

	
f footing
toe = Pu

2

PuBN 2MuB− �
(C-15)

The strain at the location of the rod may be determined as:

	
footing
rod = footing

toe 1
Mu

Mcrit
−εε

⎛
⎝⎜

⎞
⎠⎟ �

(C-16)

	   In Equation C-16, Mcrit = Puecrit, such that when Mu = 
Mcrit, the strain at the location of the rod footing

rod = 0ε .  
On the other hand, when no moment is applied, 
footing
rod = footing

toeεε —that is, a flat strain profile under the 
plate. Once θ has been determined, it may be used with 
Equation C-4 to determine the rotational stiffness.

	   A tool for convenient calculation of the rotational stiff-
ness for exposed base plate connections, βconnection, is 
available on the AISC website at www.aisc.org/dg1.

It is relevant to note here that the rotational stiffness is 
sensitive to the level of axial compression present in the col-
umn. The axial compression itself may be unknown because 
the analysis to determine it may require representation of 
base rotational stiffness. In this context, two observations are 
presented here:

•	 For simulations that represent seismic loads, the axial 
force under the applicable gravity loading (without seis-
mic effects) may be determined by running the analysis 
assuming a fixed base condition or through tributary load 
analysis. Then, this may be used within the approach out-
lined in the preceding to determine βconnection. If desired, 

iterations may be performed to identify a set of mutually 
consistent βconnection and axial force values, recognizing 
that this may become highly cumbersome for frames with 
multiple columns.

•	 In cases where the estimate of base flexibility is required to 
estimate column effective length and compressive capac-
ity (e.g., Pn = FcrAg), iterative analysis may be performed 
wherein the determined critical load is consistent with the 
rotational stiffness βconnection, which is used to determine 
the effective length.

C.2.2	 Estimation of Rotational Stiffness for Shallowly 
Embedded or Blockout Base Connections

As discussed in Section 3.2.1, blockout connections are used 
when a slab on grade is provided on top of the exposed base 
plate connection. This results in a shallow embedment that 
adds to the stiffness of the connection. In contrast to embed-
ded base connections (discussed in Section C.2.3), shallowly 
embedded connections have a complete exposed base plate 
connection beneath the blockout, independently designed to 
carry loads. The embedment provided by the slab is inciden-
tal. Figure C-3 shows such a connection, identifying the key 
parameters used in stiffness determination.

Richards et al. (2018) provides a detailed analysis of these 
connections and a method to characterize their stiffness. In this 
approach, multiple variants of the stiffness-characterization 
approach are provided, with varying levels of mathematical 
complexity, with a tradeoff between complexity and accu-
racy. In this Guide, the most general (and simplified) version 
of the model is presented; for the more detailed models, the 
reader is referred to Richards et al. (2018) and Tryon (2016). 

Fig. C-3.  Blockout connection with L and D dimensions used for stiffness estimation.
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The base connection stiffness, βconnection, may be determined 
using the following equations. Different equations are pro-
vided for major- and minor-axis bending of the columns.

For major-axis bending of the column:

When L/D ≤ 0.5:

	

connection
2.85

bf
= 174

λβ

�
(C-17a)

When 0.5 < L/D ≤ 2.0:

	

connection
2.85

bf
= 84

L

D
+132

β λ

�
(C-17b)

When L/D > 2.0:

	

connection
2.85

bf
= 300

λβ

�
(C-17c)

For minor-axis bending of the column:

When L/D ≤ 0.5:

	

connection
2.85

d
= 129

β λ
�

(C-18a)

When 0.5 < L/D ≤ 2.0:

	

connection
2.85

d
= 14

L

D
+122

λβ
�

(C-18b)

When L/D > 2.0:

	

connection
2.85

d
= 150

β λ
�

(C-18c)

In these equations, the term L/D generically represents 
the ratio of the embedment, L, to the column depth denoted 
generically as D in the direction of bending. Specifically, D 
may be taken as d, the column depth, for major-axis bend-
ing as shown in Figure  C-3 and bf, the flange width, for 
minor-axis bending. The term λ incorporates the properties 
of the concrete and the column, and may be calculated as:

	
= k

4EI
4λ

�
(C-19)

in Equation C-19, the term EI represents the flexural stiff-
ness in the direction of bending, whereas the term k repre-
sents the bearing stiffness per unit length of the embedment. 
More specifically, the term k may be determined as:

	 k = k0dbearing� (C-20)

in which the modulus of subgrade reaction for normal 
strength concrete may be taken as k0 (which is in the range 

of 300–600 kips/in.3) with a recommended value of 500 
kips/in.3 for normal strength concrete. The bearing width 
may be taken as dbearing = 2bf − tw for major-axis bending, 
and dbearing = d (i.e., the depth of the column) for minor-axis 
bending. The former accounts for bearing of both the flanges 
(see Richards et al., 2018).

A tool for convenient calculation of the rotational stiffness 
βconnection for blockout connections is available on the AISC 
website at www.aisc.org/dg1.

C.2.3	 Estimation of Rotational Stiffness for Embedded 
Base Connections

Embedded base connections are often assumed to be infi-
nitely stiff to provide a fixed base condition. However, 
research indicates that there are numerous modes of defor-
mation within the footing that contribute to the flexibility of 
these connections, such that they cannot be assumed as rigid. 
Torres-Rodas et al. (2017) analyzed the deformations of 
embedded base connections and determined that embedded 
base connections exhibit rotational flexibility due to defor-
mation of the concrete, which results in rigid body motion 
of the embedded portion of the column in addition to defor-
mations of the embedded portion of the column itself; the 
latter include both flexural and shear deformations. A sim-
plified method for the estimation of the rotational stiffness 
of embedded column base connections is not currently avail-
able. Consequently, the reader is directed to the following 
resources (an online spreadsheet-based tool) for convenient 
calculation of the rotational stiffness of embedded base con-
nections. Theoretical background for this tool is provided in 
Torres-Rodas et al. (2017).

A tool for convenient calculation of the rotational stiffness 
βconnection for embedded base plate connections is available 
on the AISC website at www.aisc.org/dg1.

C.3	 COMMENTARY REGARDING HYSTERETIC 
PROPERTIES OF BASE CONNECTIONS

Base connections are expected to yield only in a small minor-
ity of situations when they are designed as weak bases for 
seismic loading. Even in these situations, simulating their 
response may be necessary only in the context of perfor-
mance assessment [e.g., within a FEMA P-695 framework 
(2009)], rather than in the context of design. It is expected 
that given the highly focused nature of such applications 
(rather than routine design or assessment), significant effort 
will be made by the user in selecting appropriate software 
and modeling constructs, calibrating, and then verifying 
the models before use. Consequently, only a high-level 
commentary is provided here. The commentary focuses on 
exposed base plate connections because it is anticipated that 
embedded base connections will not typically be designed 
as weak bases.
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C.3.1	 Physics of Connection Response

Figure  C-4 shows the typical hysteretic response of an 
exposed column base connection, and Figure  C-5 illus-
trates the various phenomena responsible for this hysteretic 
response.

The response shown in Figure  C-5 is representative of 
a large number of base connections tested in the various 
studies mentioned in the introduction. The response of the 
exposed base connection may be deconstructed into six dis-
tinct phases. These phases are demarcated by discrete, visu-
ally observable events (and correspond to sudden changes in 
the load deformation response), rather than processes such 
as concrete spalling, which result in more gradual nonlinear-
ity between these events. The events correspond to one half 
cycle of loading, and they repeat on subsequent half cycles, 
accompanied by deterioration due to concrete spalling and 
residual deformations of the plate and anchor rods. The 
phases are summarized in the following paragraphs.

Phase I: Shown in Figure C-5(a), this corresponds to the 
initial loading response, where the load is carried by stresses 
in the compression bearing block and tension in the anchor 
rods. The plate itself is subjected to bending on both the ten-
sion and compression sides of the connection. The response 
within this phase is slightly nonlinear due to the response of 
the concrete/grout. This continues until either the base plate 
or the anchor rods begin to yield. The plate may yield on the 
tension or compression side of the connection, depending 
upon its design (see Chapter 4). For the purposes of illustra-
tion, here it is assumed that yielding is on the compression 
(bearing) side of the base plate.

Phase II: During this phase [Figure C-5(b)], the element 
(e.g., base plate) that yielded at the end of Phase I continues 
to yield with increasing deformations. The next event is the 
yielding of another region of the connection. For example, if 

the first event is yielding of the base plate on the compres-
sion side (as assumed in Phase I), the second event may cor-
respond to yielding of the anchor rods or yielding of the base 
plate on the tension side.

Phase III: This second yielding event [shown in Fig-
ure C-5(c) as yielding of the anchor rods] creates a mecha-
nism in the base connection, resulting in a yield plateau (or 
an ultimate strength) of the base connection. In general, this 
phase may continue until one of the following two scenar-
ios occurs: (1) sudden loss of strength due to fracture of an 
anchor rod or the base plate weld or (2) unloading and load-
ing in the reverse direction.

Phase IV: Shown in Figure  C-5(d), this corresponds 
to elastic unloading as the base plate and anchor rods are 
relaxed. This continues until the top surface of the base plate 
loses contact with the bottom surface of the nut-washer 
arrangement. At this point, a gap is formed between the base 
plate and the grout due to the inelastic deformations accrued 
during Phases I and II. This occurs when the entire moment 
applied by the base plate may be carried in the base without 
the anchor rods—that is, only due to the prestress effect of 
the axial compressive force (because the plate-grout inter-
face cannot carry tensile stress, which is necessary for car-
rying any base moment). If no axial compression is present, 
then the loss of contact occurs at zero moment.

Phase V: Shown in Figure  C-5(e), once the base plate 
loses contact with the nut-washer (i.e., the anchor rod) it 
continues to move freely downward, as the connection main-
tains a roughly constant moment; an intermediate loading 
plateau that demonstrates a “pinching” behavior. Phase IV 
ends when the base plate makes contact with the grout.

Phase VI: As shown in Figure C-5(f), once the plate con-
tacts the grout, the unloading becomes much more rapid 
because the incremental unloading (negative) moment has 
a much stiffer load path. In combination, Phases IV and V 

Fig. C-4.  Moment rotation response of exposed base plate connection (from Gomez et al., 2010).
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	 (a)  Phase I	 (b)  Phase II

	 	

	 (c)  Phase III	 (d)  Phase IV

	 	

	 (e)  Phase V	 (f)  Phase VI

Fig. C-5.  Physical phenomena controlling response.
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have a recentering effect, such that the residual (or perma-
nent) base rotation at zero moment is fairly low compared to 
the peak rotation.

Similar phases are observed in the reverse loading direc-
tion (and subsequent loading excursions), generating 
the hysteretic response shown in Figure  C-4, which also 
illustrates that the strength, stiffness, and other aspects of 
response (such as the intermediate plateau corresponding to 
Phase IV) show deterioration.

C.3.2	 Simulating Base Connection Hysteretic Response

Based on foregoing discussion, the most convenient way 
to simulate base connection hysteretic response is through 
representation as a uniaxial rotational spring with appropri-
ately calibrated properties. It is noted that different software 
programs parametrize the models in dissimilar ways, so the 
user should exercise discretion in these procedures. Exam-
ples of such calibrations for one specific software program  
(OpenSees; Mazzoni et al., 2007), and a particular model 
(known as the Ibarra Medina Krawinkler model; Ibarra et al., 
2005) are provided in Torres-Rodas et al. (2016), and Falbor-
ski et al. (2020b) provide guidance on parameter selection.
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Appendix D  
Guidance for the Use of Finite Element Analysis for 
Base Plate Analysis and Design, Focused on  
Exposed Column Base Connection Details

D.1	 CONTEXT AND MOTIVATION

This appendix, focused on exposed base plate connections, 
is motivated by the increasing accessibility of finite element 
(FE) simulation software and computational capabilities in 
professional practice. Availability of these resources pro-
vides the opportunity to address situations that are either 
outside the scope of the approaches presented in this Design 
Guide or for which the approaches presented in the Design 
Guide may be challenging to generalize, because they are 
developed with the objective of simplified analysis and 
design. In such cases, using FE simulations may improve the 
accuracy in estimation of internal force distributions in the 
connection, possibly reducing conservatisms implied by the 
approaches presented in this Guide. It is important to distin-
guish here the scope of Appendix D, which focuses on deter-
mining forces within the connection with the objective of 
supporting connection design, as compared to Appendix C, 
which focuses on appropriate representation of the connec-
tion in frame simulations, with the objective of supporting 
frame design.

The base connection design approaches presented in 
Chapter 4 are simplified ones and do not address some effects 
and configurations. Some examples of these are (1)  the 
effect of base plate flexibility on internal force distribution; 
(2) response under high-eccentricity situations, but with low 
magnitude moments, in which response of the footing is pri-
marily elastic—whereas the Chapter 4 approach assumes the 
footing to reach its capacity in these cases; (3) base plates 
with circular or nonconventional column shapes; (4)  base 
plates subjected to biaxial bending and axial force; and 
(5) base plates with multiple rows of anchors (greater than 
2) in the direction of bending.

It is expected that the user of this appendix will have 
familiarity with FE simulation concepts, as well as profi-
ciency with FE simulation software. With this assumption, 
this appendix provides basic, general guidelines and best 
practices for development of FE models. These guidelines 
are software and platform independent.

D.2	 PROBLEM SCOPE AND STATEMENT

The problem statement involves an exposed-type base con-
nection subjected to arbitrary loads, specifically the applied 

axial, moment, and shear forces. The objective is to deter-
mine one or more of the following: (1)  internal force dis-
tribution that will support design of components within the 
base connection—specifically anchor rod forces, base plate 
internal moments, and concrete stresses—and (2) load defor-
mation response, either to determine the ultimate strength 
of the entire connection or to represent the nonlinear load-
deformation response in frame simulations. The emphasis in 
this appendix is on the first. This recognizes that the latter 
involves nonlinear simulation and representation of material 
and nonlinear effects and usually is used within specialized 
contexts (e.g., seismic design with weak bases), requiring 
significant resources for modeling as well as interpreta-
tion of results. For examples of such analysis, the reader is 
referred to Kanvinde et al. (2013).

Figure  D-1 shows an example problem, wherein an 
exposed base plate connection is subjected to axial compres-
sion, a uniaxial moment, and shear. Once defined in this way, 
the aim of the FE simulations is to determine the following:

1.	Anchor rod forces in each of the anchors.

2.	Bending moments in the base plate. It is important to note 
here that given the three-dimensional nature of the prob-
lem and plate flexibility (e.g., due to out-of-plane bend-
ing of the base plate), the bending moments in the plate 
occur about both axes of bending and vary spatially. For 
example, it is possible to define only the bending moment 
per unit width at a particular location and in a particular 
direction.

3.	Bearing stress distribution under the footing to check the 
footing capacity.

D.3	 MODEL CONSTRUCTS

In the context of column base connection simulation, two 
variants of finite element simulation have been used and suc-
cessfully validated against test data:

1.	Conventional continuum finite element (CFE) simulation, 
in which each component of the base connection is simu-
lated with its geometry and material constitutive response. 
This may be implemented in common commercial soft-
ware. The theoretical and numerical basis for CFE simula-
tion is well-established and is the subject of textbooks.
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2.	Component based finite element method (CBFEM), in 
which some components (e.g., the base plate and col-
umns) are represented as continua (similar to the con-
ventional CFE), but some other parts of the connection 
(e.g., anchors and the foundation) are represented through 
equivalent springs whose properties are calibrated based 
on various configurational parameters. This approach has 
been developed by the Wald research group and is imple-
mented in selected commercial software (Sabatka et al., 
2014).

This appendix  focuses on the former—that is, conven-
tional CFE—given that the latter requires specialized soft-
ware and pre-calibrated models for the subcomponents.

D.4	 GEOMETRY, BOUNDARY CONDITIONS, 
AND CONTACT/INTERACTIONS

Geometrical representation of the various components is 
important to appropriately represent their physical proper-
ties while mitigating edge or boundary effects. This section 
addresses basic considerations in simulating the geometry 
of components within base connections. Figures D-2(a) and 
(b) show a full and exploded view of the basic geometrical 
characteristics of a base connection CFE simulation model. 
Referring to this figure, the following suggestions are made 
regarding representation of geometry, boundary conditions, 
and contact/interactions.

D.4.1	 Representation of Geometry of Components

The primary components of the base connection that should 
be modeled include (1) the column, (2) the base plate, (3) the 
grout pad, (4) the concrete footing, and (5) the anchor assem-
blages. If present, the shear lug should also be represented. 
Representation of the actual weld between the column and 
the base plate (or between the base plate and shear key) as a 
physical entity is not essential if the main aim is to size the 
base plate and anchor rods. Specific notes about the repre-
sentation of each component are now provided:

1.	Column. The column cross section should be simulated 
with the nominal dimensions. It is particularly critical to 
appropriately represent the overall depth of the column 
section, d, the flange width, bf, and the thickness of the web 
and flange, tf and tw. However, the fillet radii and curved 
transitions between the web and flange are less critical. 
The primary consideration in simulating the length of the 
column is that the loading applied at the end of the column 
does not create boundary/edge effects that influence the 
stress distribution at the connection. It is recommended 
that the length of the column (above the surface of the 
base plate) be at least five times the depth of the column. 
The static equivalents of the applied loads at the connec-
tion (i.e. P, M, and V), may be applied at this location.

2.	Base plate. The nominal dimensions (width, length, and 
thickness) of the base plate should be modeled. If oversized 

Fig. D-1.  Basic geometry and loading.
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holes with plate washers are used, then the holes should 
be modeled as oversized because plate washer flexibility 
may influence overall response.

3.	Footing dimensions. It is important to use the actual 
dimensions of the footing to represent the effects of elas-
tic confinement. If a large mat foundation is present, then 
the footing should be modeled to a distance L extending 
out from each edge of the base plate, where L is at least  
0.25 × B and N (the plan dimensions of the base plate). 
The depth of the footing should be represented as per 
nominal dimensions.

4.	Grout pad. The grout pad (if present) must be represented 
appropriately with nominal dimensions because it has a 
significant effect on the effective bearing stiffness of the 
footing under the base plate and influences the internal 
stress distribution.

5.	Anchor assemblies. The anchor rods may be represented 
as cylinders, with the diameter equal to the pitch diam-
eter, and the full length of the anchors. It is important to 
represent the full length of the anchor rod to appropriately 
represent their axial stiffness, which has an impact on the 
internal stress distribution. At the bottom, the anchor may 
either be attached to the footing through a constraint, or 
plate washers may be attached to the bottom of the anchor, 
which may then be attached to the footing. At the top of 
the anchor, it is important to simulate the plate washer 
assembly, especially if using oversized holes.

Computational cost may be greatly reduced by utilizing 
symmetry along the web-plane, especially if only uniaxial 
flexure of the connection is being studied; this is shown in 
Figure D-2.

D.4.2	 Application of Boundary Conditions and Loads

All surfaces of the footing, except the top surface, should 
be restrained against motion in all directions. If symmetry 
is utilized, then appropriate symmetry boundary conditions 
should be applied over the symmetry plane. For example, 
in the model shown in Figure D-2 (where web symmetry is 
utilized), all out-of-plane (i.e., normal to the web) displace-
ments should be restrained for all components intersecting 
the symmetry plane, while all in-plane displacements should 
be free. The applied loads (i.e., axial force, moment, and 
shear) should be applied at the top of the column segment, 
which is a minimum of 5 times the column depth as discussed 
previously. It is ideal to apply these as statically equivalent 
distributed tractions (or pressures) on the free (i.e., exposed) 
surface of the column to avoid localized effects due to point 
load application. However, this may become challenging for 
the application of moments due to the stress gradient at the 
cross section. This may be addressed in one of the following 
ways:

1.	Selection of a column length such that the exposed (end) 
of the column is at the point of inflection so that only a 
shear force may be applied.

2.	Superposition of an elastic (triangular) stress distribution 
consistent with the moment on the exposed end of the 
column.

3.	The use of section constraints, if permitted by the soft-
ware, that allow the application of concentrated loads or 
moments at a node, to which the sectional deformations 
are constrained.

	 (a)  Overview	 (b)  Exploded view

Fig. D-2.  Modeled geometry of a base connection.
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D.4.3	 Interactions between Various Components

Different components may interact with each other in vari-
ous ways at the surfaces or interfaces they share (e.g., full 
deformation compatibility or “tie” constraints), or contact 
with tangential and normal properties (e.g., friction or hard 
contact). Table  D-1 and the associated footnotes provides 
some recommendations for how to simulate these interac-
tions within base connections, noting that alternate ways of 
representing these interactions may also be possible. The 
table assumes that (1) a grout pad is present; if this is not the 
case, then the top surface of the footing should be treated as 
the grout pad, and (2) a shear key is not present.

As a further note, the interactions between the footing 
and anchor (the outer surface of the anchor) or the grout and 
the anchor are less important and have only a mild effect 
on internal stress distribution. On the other hand, modeling 
them accurately—for example, with bond-slip, frictional, 
or contact properties—is significantly time consuming and 
requires the calibration of additional properties. However, 
it is shown in experiments that in most cases (with headed 
anchors), the tension anchors separate from the footing due 
to Poisson contraction and then effectively respond as axial 
members in tension and show minimal interaction with the 
surrounding footing, especially for deformations consistent 
with design loads.

D.5	 FINITE ELEMENT TYPES AND MATERIAL 
PROPERTIES

The following considerations are important from the stand-
point of meshing and element selection:

1.	Convenience and ease of mesh generation. This is particu-
larly important for oddly shaped objects and components, 

including anchors, end assemblies, or plate washers with 
holes. Tetrahedral elements usually are the most facile 
from this standpoint, whereas hexahedral (brick) elements 
are more challenging. However, the former needs to be 
used with care, due to possible inaccuracy in simulation 
results.

2.	Element formulation. Elements that are geometrically 
similar (e.g., tetrahedral) may use different formulations 
in terms of interpolation functions as well as special char-
acteristics such as reduced integration to mitigate various 
forms of element locking.

3.	Mesh size. This is important from the standpoint of mesh 
convergence—that is, accuracy of solution.

In terms of general element selection considerations, it is 
recommended to use hexahedral brick elements with qua-
dratic or linear interpolation to the extent possible. In some 
cases, this may become unfeasible, either due to meshing 
difficulty or computational expenses. In these cases, alter-
nate elements may be used—for example, tetrahedral ele-
ments for solid components and shell or plate elements for 
the base plate or web and flanges of the column. However, 
if these alternate elements are used, the following consider-
ations are important:

•	 In the case of tetrahedral elements, quadratic interpola-
tion is greatly preferred. These are commonly available as 
10-node tetrahedral in commercial software.

•	 In the case of using shell or plate elements, it is important 
to note that the element thickness (which is zero) does not 
represent the true thickness of the component (e.g., plate) 
being represented. This may create issues, especially in 
the context of contact.

Table D-1.  Suggested Modeling of Interactions among Various Base Connection Components

Component Column
Base 
Plate Grout Footing

Anchor 
Top

Anchor 
Bottom

Top 
Washer

Column NA Tie NI NI NI NI NI

Base plate NA Note 1 NA NA NA Note 2

Grout NA Tie NI NI NI

Footing NA NI Tie NI

Anchor top NA NI Tie

Anchor bottom NA NI

Top washer NA
Notes:	 1. � A contact interaction should be specified between the base plate and the grout. The normal (i.e., perpendicular to the interface) properties of 

the contact should be specified as a hard contact, whereas the tangential properties should be specified as frictional with friction coefficient, μ 
= 0.45. 

		  2. � If welded plate washers are provided (e.g., to carry shear), then the faying surfaces of the top plate washer and the base plate should be 
provided with a tie constraint. If the plate washers are not welded, then contact properties should be assigned, with hard contact in the normal 
direction, and frictional contact in the tangential direction, with appropriate frictional coefficient based on the condition of the steel surfaces.

		  3. � NI denotes no interaction between components.

		  4. � NA denotes not applicable.
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Note that these considerations are applicable in the context 
of linear elastic analysis; additional issues (e.g., volumetric 
locking) may become important when inelastic analysis is 
conducted. This usually raises a range of other consider-
ations that are outside the scope of this appendix.

The mesh size in each component should be refined to 
achieve convergence to a desired degree—in other words, 
further refinement of the mesh should not result in an unac-
ceptable change in outputs of interest (e.g., anchor forces). 
Some guidelines for initial mesh selection include the fol-
lowing (Figure D-3 shows a sample mesh):

1.	Base plate. A minimum of 10 elements along the width 
and the length of the base plate (i.e., the plan dimensions) 
and at least 2 elements through the thickness (if using 
solid elements).

2.	Column and beam flanges. A minimum of 10 elements 
along the width of the flange or the height of the web 
should be provided. In the longitudinal direction of the 
column, the mesh should be refined in the vicinity of the 
base plate; providing roughly square elements—but it 
may be coarsened away from the base plate.

3.	Anchor rods. A minimum of 4 elements should be pro-
vided in the cross section of the rod. The length of each 
element along the rod should be on the order of the rod 
diameter.

4.	Grout and footing. Element sizes in the grout and footing 
should be on the order of element sizes in the base plate.

An initial mesh may be selected based on the preceding 
guidelines. Then, convergence studies should be conducted 
with a reduced mesh size (e.g., with element sizes smaller 
than those selected in the preceding) to ensure that the results 
are within a convergence tolerance acceptable to the user.

Elastic material properties should be specified for all the 
materials. These may be selected as follows:

1.	For all steel elements (column, base plate, anchor rods, 
and washers):

•	 Modulus of elasticity, Esteel = 29,000 ksi

•	 Poisson’s ratio, ν = 0.3

2.	For the footing concrete and grout:

•	 Econcrete = 57,000 fc′, where both ƒ ′c and Econcrete are in 
psi units.

D.6	 VERIFICATION OF RESULTS

Once the FE simulations have been conducted, it is impor-
tant to verify this process against benchmark experimental 
data. Two types of checks are recommended:

1.	Agreement between the load deformation curve in the 
elastic regime of loading. If response over the inelastic 

	

	 (a)  Overall model with undeformed mesh	

(b) Detail with deformed mesh

(c)  Detail showing anchor rods and mesh

Fig. D-3.  Finite element model illustrating mesh.
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regime is intended to be simulated, then agreement over 
the full load-deformation curve is important.

2.	Agreement between the relationship between the applied 
load and response quantity of interest (e.g., anchor rod 
force) in the elastic phase of loading.

Detailed data and metadata for a set of benchmark experi-
ments is provided on the AISC website at www.aisc.org/dg1.

Additional resources and case studies (including compari-
son between simulated and tested specimens) may be found 
in Kanvinde et al. (2013) and Hassan et al. (2022).

D.7	 INTERPRETATION OF RESULTS

The finite element simulations may be interpreted as gen-
eral surrogates for the rectangular or triangular stress block 
methods—that is, to determine internal force distributions 
within the connections, given the applied loads. The finite 
element simulations usually return or compute point-wise 
stresses (i.e., stresses at each continuum location). Interpre-
tation of these stresses needs additional consideration. This 
is now briefly discussed:

1.	For anchor rods, the stresses in the longitudinal direc-
tion are of interest. However, the anchor rods may show a 
slight degree of bending deformations and, consequently, 
nonuniform stresses through the cross section. It is recom-
mended to use the average longitudinal stress through the 
cross section of the anchor to compute a rod force and 
then compare to the capacity.

2.	For the base plates, the following considerations are 
important.

a.	 If the simulations report only stresses, then the in-plane 
stresses (in the plane of the base plate) should be noted. 
These stresses may be used to determine the moment 
(through integration) at any cross section of the plate, 
which may then be compared to the moment capacity 
of the plate at that cross section. It is recommended 
to not simply compare the stresses to the yield stress 
because this may result in conservatism, given that 
the plate flexural capacity corresponds to the plastic 
moment, not the yield moment.

b.	 The critical orientation of plate flexure may not be 
aligned with the major and minor axis direction. Con-
sequently, it is useful to examine the principal in-plane 
stresses to determine the critical orientation.

c.	 If the simulations report a cross-sectional bending 
moment (less common in the case of continuum ele-
ments but the default in the case of shell elements), 
then the cross-sectional moment may be directly com-
pared to flexural capacity.

3.	There may be locations, especially in the concrete near 
the corners of the base plate, or even within the base plate, 
where the stresses are extremely high due to the pres-
ence of reentrant corners or other sharp discontinuities in 
the geometry. It is important to note that in reality, these 
stresses will be reduced through a combination of (a) local 
crushing or yielding and/or (b) finite radii present at these 
features. As a result, it may be acceptable to cap these 
stresses (for the purposes of comparison to capacities) at 
the crushing strength of the footing or ultimate strength of 
the steel, as applicable.
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