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Design of RBS Connections for Special Moment Frames 

by Kevin S. Moore and Joyce Y. Feng 

This publication provides guidance into the design of reduced beam section (RBS) steel special moment 
frame (SMF) connections. Many connection types are available for use in the design of steel moment 
resisting frames, but only a few connections are established as robust options for maintaining vertical 
load carrying capacity when subjected to large rotational demands. The RBS is currently the only 
nonproprietary connection type preapproved for use in SMF structures.  

The American Institute of Steel Construction (AISC) has recently released Prequalified Connections for 
Special and Intermediate Steel Moment Frames for Seismic Applications (ANSI/AISC 358, 2005), a national 
standard for the design of the RBS connection type. This document provides guidance to the engineer 
in the design of this connection, including the consideration of bracing different conditions required by 
the AISC’s Seismic Provisions for Structural Steel Buildings (ANSI/AISC 341, 2005). 
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Notations  
_________________________________________________________________________ 

 
The standard uses the following symbols in addition to some of the standard terms and symbols defined in 
the AISC Specification for Structural Steel Buildings (ANSI/AISC 360, 2005) and the AISC Seismic 
Provisions for Structural Steel Buildings (ANSI/AISC 341, 2005). 
 
Ag Gross cross-sectional area of member, in.2 (mm2) 
Apb  Contact areas between the continuity plate and the column flanges that have  

attached beam flanges, in.2 (mm2) 
Aw  Areas of beam web, in.2 (mm2) 
Apw  Contact areas between the continuity plate and the column web, in.2 (mm2) 
Cbb Moment diagram modification factor for full bracing condition 
Cd Buckling shape factor 
Cpr  Factor to account for peak connection strength, including strain hardening, local 

restraint, additional reinforcement, and other connection conditions, as given in 
Equation 2.4.3-2 (ANSI/AISC 358, 2005) 

Cv Web shear coefficient 
DL Dead load 
Dmin Minimum required fillet weld size, in. (mm) 
E Elastic modulus, ksi (MPa) 
Eqn Equation 
Fbr  Brace force for calculation of brace stiffness, kips (N) 
Ff  Flange force (from the force couple developed from Mf), kips (N) 
Ffu  Ultimate flange force, kips (N) 
Fsu Ultimate stiffener force, kips (N) 
Fu  Ultimate yield stress of the steel section, ksi (MPa) 
Fv  Nominal shear strength of bolts, ksi (MPa) 
Fy  Specified minimum yield stress of the steel section, ksi (MPa) 
Fyb  Specified minimum yield stress of the beam flange, ksi (MPa) 
Fyc  Specified minimum yield stress of the column flange, ksi (MPa) 
Ibrace Brace element moment of inertia for bracing calculations, in.4 (mm4) 
Ieff Effective moment of inertia for bracing calculations, in. (mm) 
Iyc Lateral moment of inertia for compression flange, in. (mm) 
Iyt Lateral moment of inertia for tension flange, in. (mm) 
L Distance between the centers of adjacent columns along a moment beam, in. (mm) 
LL Live load 
L’  Distance between the centers of the reduced beam section, in. (mm) 
Lb   Unbraced length of the moment beam, in. (mm) 
Lbr   Maximum brace spacing distance, in. (mm) 
Lo   Length of beam between the centerline of the columns, in. (mm) 
Lbrace   Length of brace, in. (mm) 
Lpbm   Length of perpendicular bracing beam, in. (mm) 
Mcf  Column flange flexural strength, kip-in. (N-mm) 
Mf  Maximum moment expected at face of column, kip-in. (N-mm) 
Mgravity Beam moment resulting from 1.2DL + f1LL + 0.2SL, kip-in. (N-mm) 
Mgvity Beam moment resulting from 1.2DL + f1LL + 0.2SL, kip-in. (N-mm) 
Mn Nominal moment strength, kip-in. (N-mm) 
Mpc Plastic moment of column based on expected yield stress, kip-in. (N-mm) 
Mpe Plastic moment of beam based on expected yield stress, kip-in. (N-mm) 
Mr Required flexural strength, kip-in. (N-mm) 
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Mpr Probable maximum moment at plastic hinge, kip-in. (N-mm) 
Mu Maximum moment in beam (for bracing), kip-in. (N-mm) 
Mv Moment in beam because of vertical loads, kip-in. (N-mm) 
Pbr Beam bracing force, kip (N) 
Puc Ultimate axial force in column, kip (N) 
R Radius of reduced beam section (RBS) cut, in. (mm) 
Rct-cf  Required strength of the continuity plate at the projected bearing surface (column flange), kips (N) 
Rct-cw  Required strength of the continuity plate at the projected bearing surface (column web), kips (N) 
Rn  Required force for stiffener design, kips (N) 
Ru  Panel zone design shear, kips (N) 
Rv  Panel zone shear strength, kips (N) 
Ry  Ratio of expected yield stress to specified minimum yield stress Fy, as specified in 

the AISC Seismic Provisions (ANSI/AISC 341, 2005) 
Ryb  Ratio of expected yield stress to specified minimum yield stress Fy, for a beam 
Ryc  Ratio of expected yield stress to specified minimum yield stress Fy, for a column 
Sh  Distance from the center of a column to the center of plastic hinge, in. (mm) 
Sxbrace Section modulus of bracing beam, in.3 (mm3) 
VD  Beam shear force at the center of the RBS caused by dead load, kips (N) 
VL  Beam shear force at the center of the RBS caused by live load, kips (N) 
Vgravity  Beam shear force resulting from 1.2DL + f1LL + 0.2SL, kips (N) 
Vnw  Design shear force at the continuity plate to column web interface, kips (N) 
Vn  Nominal shear strength, kips (N) 
Vp  Beam shear force at the center of the RBS section, kips (N) 
Vpr  Beam shear force at the center of the RBS caused by plastic moment capacity of the beam at the center of 

the RBS, kips (N) 
VRBS  Larger of the two values of shear force at the center of the reduced beam section at 

each end of a beam, kips (N) 
V’RBS  Smaller of the two values of shear force at the center of the reduced beam section at 

each end of a beam, kips (N) 
Vu  Required shear strength of beam and beam web-to-column connection, kips (N) 
Vp  Shear force at the center of the RBS, kips (N) 
Wpb-flange Width of the continuity plate in contact with the column flanges, in.2 (mm2)  
Zx  Plastic section modulus of a member, in.3 (mm3) 
Zb, Zxb  Plastic section modulus of a beam, in.3 (mm3) 
Zxc  Plastic section modulus of a column, in.3 (mm3) 
Ze  Effective plastic modulus of a section (or connection) at the location of a plastic 

hinge, in.3 (mm3)  
ZRBS Plastic section modulus at the center of the reduced beam section, in.3 (mm3) 
a  Horizontal distance between a column flange and the start of an RBS cut, in. (mm) 
b  Length of an RBS cut, in. (mm) 
bbf  Width of beam flange, in. (mm) 
bcf  Width of column flange, in. (mm) 
bcont-pl Width of the continuity plate (face of column web column to edge of column flanges), in.2 (mm2) 
bstiff  Width of stiffener plate, in. (mm) 
c  Depth of cut at the center of the reduced beam section, in. (mm) 
db Beam depth, in. (mm)  
dc Column depth, in. (mm) 
dp Panel zone depth, measured from center of beam top flange to beam bottom flange, in. (mm) 
dz Panel zone depth between continuity plates, in. (mm) 
f1  Load factor determined by the applicable building code for live loads but not less  

than 0.5 
ho  Height of braced element/beam, in. (mm) 
hst  Height of stiffener, in. (mm) 
k  Distance for column detailing per AISC Steel Construction Manual design tables, in. (mm) 
k  Stiffness of bracing element, kip/in. (N/mm) 
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k1  Distance for column detailing per AISC Steel Construction Manual design tables, in. (mm) 
kc  Distance from outer face of a column flange to web toe of fillet (design value) or 

fillet weld, in. (mm) 
n Number of braces 
ryb Radius of gyration (beam), in. (mm) 
sh  Distance from the face of a column to a plastic hinge, in. (mm) 
t  Distance from the neutral bending axis to the tension flange centroid, in. (mm) 
tbf  Thickness of beam flange, in. (mm) 
tbw  Thickness of beam web, in. (mm) 
tcf  Width of column flange, in. (mm) 
tcf  Minimum required thickness of column flange when no continuity plates are provided, in. (mm) 
tcw  Thickness of column web, in. (mm) 
tcont-pl Thickness of the continuity plate in contact with the column flanges, in.2 (mm2)  
tdouble-pl  Thickness of doubler plates, in. (mm) 
tstiff  Thickness of stiffener plate, in. (mm) 
tzl  Minimum panel zone thickness required by ANSI/AISC 341 (2005), in. (mm) 
w  Uniform beam gravity load, kips per linear ft (N per linear mm) 
wDL  Factored uniform beam dead load, kips per linear ft (N per linear mm) 
wLL  Factored uniform beam live load, kips per linear ft (N per linear mm) 
wu  Factored uniform beam gravity load, kips per linear ft (N per linear mm) 
wz Panel zone width between continuity plates, in. (mm) 
βb Bending stiffness of brace element, kip/in. (N/mm) 
βbr Discreet brace stiffness, kip/in. (N/mm) 
βg Stiffness of adjacent girders, kip/in. (N/mm) 
βsec Secant stiffness of brace connection/stiffeners, kip/in. (N/mm) 
βT Torsional brace stiffness, kip/in. (N/mm) 
Δrbe Displacement of relative brace element, in. (mm) 
φ  Resistance factor  
φd  Resistance factor for ductile limit states 
φn  Resistance factor for nonductile limit states 
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1. Introduction 
 
 
 
1.1 Introduction 
 

Seismic building code provisions are based on two principal axioms: (1) provision of sufficient 
strength and stiffness in each element and the system as a whole to provide acceptable 
performance when subjected to ground shaking and (2) adequate detailing to achieve the 
required strength and stiffness. For connection design of steel special moment frame building 
systems complying with AISC Seismic Provisions for Structural Steel Buildings (ANSI/AISC 
341, 2005), the designer must use substantiating experimental test data (Appendix S of 
ANSI/AISC 341 [2005]) or a preapproved connection type, typically present in the standard 
AISC Prequalified Connections for Special and Intermediate Steel Moment Frames for Seismic 
Applications (ANSI/AISC 358, 2005). The connections described in the standard have been 
prequalified (per Appendix P of ANSI/AISC 341 [2005]) for use in special and intermediate 
steel moment frames without the need for additional testing, therefore explicitly complying with 
Appendix S of ANSI/AISC 341 (2005). ANSI/AISC 358 (2005) currently contains design and 
detailing requirements for three types of moment-resisting connections: reduced beam section 
(RBS) connections, unstiffened extended end plate (UEP) connections, and stiffened extended 
end plate (SEP) connections.  

The design of the reduced beam section connection is discussed and presented herein. 

 

1.2 Description of SMF 
 

Structural design for large seismic events must explicitly consider the effects of response beyond 
the elastic range. The special moment frame (SMF) steel building system is designed such that 
the connections between the frame beams and columns absorb substantial energy through 
extensive rotational deformation, which is a major contributor to the displacement ductility 
capacity of the system.  

Furthermore, an SMF lateral force resisting system is often preferred by building owners and 
architects due to the unobstructed program spaces afforded throughout the building.   

After the discovery of brittle fractures in steel moment frame connections in the 1994 Northridge 
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earthquake, structural engineers have three options for designing steel moment resisting frames: 

• Conduct laboratory-based destructive tests acceptable to the building official (per 
Appendix S of ANSI/AISC 341 [2005]). 

• Use prequalified column-to-beam connections per Appendix P (per ANSI/AISC 341 
[2005]). 

• Use patented connections that meet Appendix P and Appendix S requirements (per 
ANSI/AISC 341 [2005]).  

The SAC Steel Project produced a common philosophy to design the SMF connection 
(particularly beam flange to column flange welds, which is an area of inherent variability and 
nonductility) such that the connection weld metal would remain elastic, thus forcing inelastic 
deformation of the beam connection to occur away from this highly restrained area.   

 

1.3 Description of RBS 
 

The fully restrained reduced beam section connection is recognized as a prequalified beam-
column connection for use in a structural steel SMF. The removal of beam material at a short 
distance away from the column flange creates a “weak” area in the beam providing a reliable 
location for inelastic strain demand adequately distant from brittle weld metal. To create a 
predictable “weak” area, selective beam flange material is removed adjacent to the beam-column 
connection. The partial removal of beam flange reduces the cross-sectional area and moment 
capacity of the beam. Because of the moment gradient characteristic of SMF behavior, the beam 
plastic hinge forms within the reduced beam section (by design). The RBS connection obviates 
the addition of strengthening plates and special welding requirements to resist the expected 
moment capacity, Mpe, of the beam—typical of many post-Northridge moment connections.  

The shape, size, and location of the RBS have an effect on the connection demand and 
performance. Various shapes have been tested and used in new construction. The prequalified 
RBS connection utilizes circular radius cuts in both the top and bottom flanges of the beam to 
reduce the flange area over a length of the beam near the ends of the beam span. Welds of beam 
flanges to column flanges are complete joint penetration groove welds per requirements of AWS 
D1.1 (2004), AWS D1.8 (2005), and ANSI/AISC 358 (2005). No reinforcement, other than weld 
metal, is used to join the flanges of the beam to the column. Web joints for SMF RBS 
connections are also constructed with complete penetration groove welds. 
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2. Summary of Research Findings, 
Limitations, and Requirements 

 
 

2.1 Summary of Research Findings 
 

Numerous experimental testing programs and analytical studies indicate that the RBS connection 
provides excellent energy dissipation and significant rotation capacity, two primary 
characteristics associated with “good” SMF seismic performance.   

Most of the tested RBS connection assemblies have utilized beam spans of approximately 25 feet 
and beam depths ranging from W30 to W36. Beam span-to-depth ratios were typically in the 
range of eight to ten based on this data. Available RBS test data indicate that beam-connection 
assemblies, when designed and constructed according to the limits and procedures of AWS D1.1 
(2004), AWS D1.8 (2005), and ANSI/AISC 358 (2005), have consistently developed rotational 
capacities of at least 0.04 radian under cyclic loading following pseudodynamic testing 
protocols. Tests show that yielding is generally concentrated within the reduced section of the 
beam. Peak strength of specimens is usually achieved at an interstory drift angle of 0.02 radian to 
0.03 radian. Specimen strength gradually reduces due to local and lateral torsional buckling of 
the beam. Ultimate failure generally occurs at an interstory drift angle of 0.05 to 0.07 radian, 
typically because of low cycle fatigue fracture initiated by local flange buckling within the RBS. 

 

2.2 Beam Limitations 
 

The heaviest beam size for any tested RBS specimen is W36 × 300 as reported in FEMA-355D 
(2000). There is no evidence that modest deviations from the maximum tested specimen would 
result in considerably different performance. ANSI/AISC 358 (2005) limits maximum flange 
thickness for the connection to 1¾ inches, which is approximately 4% thicker than the flange of 
a W36 × 300.   

ANSI/AISC 358 (2005), Section 5.3.1 outlines the following for the beam design: 

• The beams shall be rolled wide-flange or built-up I-shape members. 
• The maximum depth is that of a W36 section. 
• The maximum weight is 300 lbs/ft. 
• The clear span-to-depth ratio for SMF is 7 or greater.   
• The width-to-thickness ratio for the beam flange can be calculated at a point 

located at the two-thirds point of the RBS cut.   
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• RBS connections that support a concrete structural slab and meeting requirements 
of ANSI/AISC 358 (2005) Section 5.3.1 are not required to have a supplemental 
brace at the RBS.  

• If no floor slab is present, then a supplemental brace is required at the RBS. The 
brace should not be connected within the reduced section (protected zone; see 
Figure 3-1), but just outside (within db / 2) of the end of the radius cut, farthest 
from the face of the column. 

 

2.3 Column Limitations 
 

Almost all RBS connection test specimens have been fabricated with the beam flange welded to 
the column flange (that is, strong-axis connections). The limited amount of weak-axis testing has 
shown acceptable performance. However, ANSI/AISC 358 (2005) limits the prequalification to 
strong-axis connections only. 

In FEMA-350 (2000, RBS connections were prequalified only for W12 and W14 columns. In 
ANSI/AISC 358 (2005), the prequalification of RBS connections is extended to include W36 
columns. This extension of column size limit is primarily based on published research (Ricles et 
al. 2004). Research results indicate that adequate performance can be achieved with deep 
columns when a composite slab is present at the top of the frame beam or when adequate lateral 
bracing is provided for the beam and/or column in the absence of a slab.  

ANSI/AISC 358 (2005) includes similar limits to column depths of cruciform columns. For 
built-up box columns, the deepest column tested in publicly available literature was 24 inches. 
Therefore, the limiting depth of built-up box columns for prequalified RBS connections is 24 
inches. Limits on the width-thickness ratios for the walls of built-up box columns are specified in 
Section 2.3.2b(3) of AISC Specification for Structural Steel Buildings (ANSI/AISC 360, 2005). 
RBS connections are also prequalified for use with boxed wide-flange columns. When moment 
connections are made only to the flanges of the wide-flange portion of the boxed wide flange, the 
column may be up to W36 in depth. 

 

2.4 Panel Zone Limitations 
 

The minimum panel zone strength specified in Section 9.3a of the AISC Seismic Provisions 
(ANSI/AISC 341, 2005) is required for prequalified RBS connections. This requirement differs 
from recommendations presented in the FEMA-350 (2000). 
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2.5 Beam Flange to Column Flange Weld  
 

Complete joint penetration groove welds joining the beam flanges to the column flanges are 
required to be made by the self-shielded flux cored arc welding process (FCAW-S) using 
electrodes with a minimum specified Charpy V-Notch (CVN) toughness. Three different 
electrode designations have commonly been used in successfully qualifying RBS connection 
tests: E71T-8, E70TG-K2, and E70T-6. Prequalified RBS connections do not require specific 
access-hole geometry, nor should special geometry be used to affect the SMF connection design. 
However, as a minimum, access holes must conform to the requirements of Figure C-J1.2 of the 
AISC specification (ANSI/AISC 360, 2005). 

 

2.6 Beam Web to Column Connection  
 

ANSI/AISC 358 (2005) requires a welded web connection (a complete joint penetration [CJP] 
weld) for RBS connections in structural steel SMF.  In this welded connection, the beam web is 
welded directly to the column flange using a complete joint penetration groove weld. Bolted web 
connections are acceptable for use only in intermediate moment frames (IMFs). 

 

2.7 Drift Requirement 
 

Design story drift shall be calculated considering the softening effect of the RBS in the elastic 
frame response. The design story drift, calculated using the reduced frame stiffness, shall comply 
with limits specified in the applicable building code. For flange reductions up to 50% of the 
beam width, the effective elastic drifts calculated on gross beam cross section parameters may 
increase by 10% (1.1 * Δm). Linear interpolation may be used for lesser values of beam width 
reduction. More rigorous analyses may determine a greater stiffness, resulting in reduced 
calculated elastic frame drifts. 
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3. RBS Design Procedure for SMF  
 

The design procedure and subsequent numerical example is limited to the examination of a 
representative reduced beam section (RBS) connection in a structural steel special moment frame 
(SMF) system. Gravity design and lateral design of the framing systems are not presented herein. 
Methods for frame design can be found in many textbooks, reference manuals, the SEAOC 
Seismic Design Manual (2006) and AISC Seismic Design Manual (2006). This design procedure 
may refer to intermediate moment frame (IMF) systems, but this design procedure is not 
intended for use in the design of an IMF system (but the results generated following this design 
procedure will also provide an adequate connection design for an IMF). 

This RBS design procedure follows the requirements of ANSI/AISC 358 (2005), ANSI/AISC 
341 (2005), and ANSI/AISC 360 (2005).   

 

Step 1: Choose plastic hinge configuration and location 

The intent of the reduced beam section is to move the plastic hinge region away from the weld 
between the beam flange and column flange (Figure 3-1). This is accomplished by reducing the 
beam’s actual plastic moment by removing part of the beam flange. This reduced section creates 
a weaker location where yielding and plastic hinge formation are expected to occur. 

 

 

 

 

 

 

 

 

 

 

 
(Figure from ANSI/AISC 358 [2005]) 

 
Figure 3-1: RBS Geometry   
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a) ANSI/AISC 358 (2005), Section 5.8, prescribes limitations for the dimensions of the 
radius cut for the reduced beam section as follows: 

 bfbf bab 75.05.0 ≤≤   (ANSI/AISC 358 [2005], 5.8-1)
 bb dbd 85.065.0 ≤≤   (ANSI/AISC 358 [2005], 5.8-2) 
 bfbf bcb 25.01.0 ≤≤  (ANSI/AISC 358 [2005], 5.8-3) 

b) The radius of the flange cut can be calculated as follows: 

 

   

c) The plastic hinge may be assumed to occur at the center of the curved cut a distance Sh 
away: 

  

d) The distance between plastic hinges are: 

  )(2' ho SLL −=  

The length between the plastic hinges 'L  (Figure 3-2) is used to determine the demands at the 
critical sections for the connection analysis. 

 

 

 

 

 

 
 

                                                    
Figure 3-2: Plastic Hinge Locations 

 

Step 2: Determine plastic section modulus at the reduced beam section 

The plastic section modulus at the center of the reduced beam section is a function of the initial 
plastic section modulus of the beam minus the portion removed and is calculated as follows: 

 ( ) RBSbfbbfxbe ZtdctZZ =−−= 2   (ANSI/AISC 358 [2005], Equation 5.8-4) 
 

0 
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Step 3: Determine probable maximum moment at the reduced beam section 

The probable plastic moment at the center of the reduced beam section Mpr is calculated as: 

 eyyprpr ZFRCM =     (ANSI/AISC 358 [2005], 2.4.3-1, 5.8-5) 

The factor prC  is an estimation of the maximum connection strength expected, including strain 

hardening, local restraint, additional reinforcement, and other connection conditions.  

 2.1
2

≤
+

=
y

uy
pr F

FF
C      (ANSI/AISC 358 [2005], 2.4.3-2) 

The value for Mpr must be such that the projected moment demand at the face of the column, Mf, 
is less than the expected strength of the full beam section; this condition is verified in Step 7. 

 

Step 4: Compute the shear force at the center of each RBS 
 

The shear force is calculated at the center of the reduced beam sections located near each end of 
the beam. ANSI/AISC 358 (2005) Section 5.8 requires that this shear force be determined by a 
free body diagram of the portion of the beam between the centers of the reduced beam sections, 
which assumes that the moment at the center of each RBS is Mpr. The free body diagram also 
includes the gravity loads acting on the beam based on the following load combination: 1.2DL + 
f1LL + 0.2SL (where f1 = 0.5). Figure 3-3 represents a theoretical free body diagram for beam 
shear.   
 

 
 
 
 
 
 
 
 
 
                         

Figure 3-3: Beam Equilibrium under the  
Probable Plastic Moment Mpr 

 

The equation used to calculate the shear force at the center of the reduced beam section follows: 

 ( ) ( ) ( )prLLDLRBS VVVV ++= 5.02.1       

Where the shear due to the plastic moment capacity of the RBS is given by the following:  

 
'

2
L
M

V pr
pr =   



“Design of RBS Connections for Special Moment Frames” © Kevin S. Moore & Joyce Y. Feng, 2007, All rights reserved.   15 

Note that this shear can be positive or negative in respect to the gravity load. Therefore, the shear 
forces at the center of the RBS can be calculated as follows: 
 
 ( ) ( ) ( )prLLDLRBS VVVV ++=∴ 5.02.1    = VRBS  (positive sense) 

 
     And ( ) ( ) ( )prLLDLRBS VVVV −+= 5.02.1    = V’RBS  (negative sense) 

Step 4 (Figure 3-3) considers a beam with a uniformly distributed gravity load. For gravity load 
conditions other than a uniform load, appropriate adjustments should be made to the free body 
diagram and to the equations above. In addition, the equations included in Step 4 assume that 
plastic hinges will form within the RBS at each end of the beam. If the gravity load on the beam 
is very large, the plastic hinge may move relative to the center of the RBS.   

 

Step 5: Compute the probable maximum moment at the face of the column 

The moment at the face of the column is computed as: 
  
 hRBSprf sVMM +=     (ANSI/AISC 358 [2005], Equation 5.8-6) 
 Where 2/bash +=  

In this example (as in many typical applications) the moment due to the gravity load applied 
between the plastic hinge and the face of the column flange is negligible (much less than 0.5% of 
Mpr); therefore, the moment due to gravity may be omitted from the connection design with 
negligible consequences.  

 Check 
2

)( 2
hu

gravity
swM =  kip-in. << 0.5% of Mf   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3-4: Free Body Diagram between Center of RBS and Face of Column 
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Step 6: Compute the expected plastic moment of the beam 

Mpe, the expected plastic moment of the beam, is based on the expected yield stress of the beam 
material and is computed as follows: 
 
  ybybxbpe FRZM =  (ANSI/AISC 358 [2005], Equation 5.8-7) 

 

Step 7: Check that Mf does not exceed φdMpe 
 

Check the moment at the face of the column, Mf, against the plastic moment of the beam, φdMpe, 
from Step 6, as follows: 
 
  0.1/ ≤pedf MM φ      (ANSI/AISC 358 [2005], Equaton 5.8-8) 

 
Per ANSI/AISC 358 (2005), pedf MM φ/ should be in the range of 85% to 100% of Mpe.   

If Mf exceeds φdMpe:  

a) Increase the depth of cut at the reduced beam section “c”, not to exceed 25% of bf  

 (Figure 3-1); 

b) and/or decrease the values of a and b; 

c) and/or select a different beam. 

For ductile limit states, as in the reduced beam section connection, the resistance factor per 
ANSI/AISC 358 (2005) may be taken as 1.0:  

  0.1=dφ  

 

Step 8: Determine the required shear strength 
 

Determine the required shear strength of the beam and beam web to column connection from the 
following equation: 
 

 gravity
pr

u V
L
M

V +=
'

2
    (ANSI/AISC 358 [2005], Equation 5.8-9) 

 
       RBSgravitypr VVV =+=      (Shear at the RBS) 
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Prior to checking the design bending and shear strengths of the member, SMF beams must be 
checked for stability and proportions per ANSI/AISC 358 (2005), Section 5.3, with references to 
ANSI/AISC 341 (2005), Section 9.8, which limits the width-thickness ratios for elements subject 
to compression forces. Calculations for these checks are not included in this procedure or in the 
following numerical example, as the equations are available in AISC Commentary (ANSI/AISC 
341, 2005).  

The design shear strength of the beam is checked in accordance with ANSI/AISC 360 (2005), 
Chapter G: 
 
 ybwb FEtd /45.2/ <     (ANSI/AISC 341 [2005], Table I-8-1) 

 vwyn CAFV 6.0=∴     (ANSI/AISC 360 [2005], G2-1) 

  Where 0.1=vC    (ANSI/AISC 360 [2005], G2-2) 

 

Step 9: Design the beam web to column connection 
 
ANSI/AISC 358 (2005), Section 5.6, indicates that the strength of the beam web to column 
connection strength must be greater than the ultimate design shear value determined with 
Equation 5.8-9 (see Step 8). In addition, the following description identifies the only allowable 
detailing for the beam web to column connection in SMF systems: 

For SMF systems, the beam web shall be connected to the column flange using a CJP 
groove weld extending between weld access holes. The single plate shear connection 
shall be permitted to be used as backing for the CJP groove weld. The thickness of the 
plate shall be at least 3/8 in. (10 mm). Weld tabs are not required at the ends of the CJP 
groove weld at the beam web. Bolt holes in the beam web for the purpose of erection are 
permitted. 
 

Because the beam web to column connection is made with a complete joint penetration (CJP) 
groove weld, the shear capacity of the weld is greater than or equal to the shear capacity of the 
beam assuming standard weld access holes per ANSI/AISC 360 (2005), Section J. For SMF 
systems, no further checks are required to verify the adequacy of this connection.  

Note that for IMF systems, ANSI/AISC 358 (2005) permits the use of a bolted single plate shear 
connection to connect the beam web to the column flange.  In the case of the IMF, the 
connection will have to be checked for the shear demand calculated in Step 8. 
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Step 10: Check continuity plate requirements 

 
Per ANSI/AISC 358 (2005), Chapter 2, Section 2.4.4: 

When the beam flange connects to the flange of a wide-flange or built-up I-shaped 
column having a thickness that satisfies Equations 2.4.4-1 and 2.4.4-2, continuity plates 
need not be provided: 

 

2)-2.4.4 [2005], 358 (ANSI/AISC                                                                       
6

1)-2.4.4 [2005], 358 (ANSI/AISC 8.14.0

bf
cf

ycyc

ybyb
bfbfcf

b
t

RF
RF

tbt

≥

≥
 

 

Where continuity plates are required, ANSI/AISC 358 (2005), Section 2.4.4a, says that the 
thickness of the plates is determined as follows: 

a) For one-sided (exterior) connections, continuity plate thickness shall be at least one- 
 half of the thickness of the beam flange. 
b) For two-sided (interior) connections, the continuity plate thickness shall be at least  
 equal to the thicker of the two beam flanges on either side of the column. 

Continuity plates shall also conform to the requirements of Section J of ANSI/AISC 360 (2005), 
which prescribes certain requirements for detailing and sizing of the continuity plates. 
ANSI/AISC 358 (2005), Section 3.6, indicates the following detailing provisions for the welding 
of the continuity plates: 

 
Along the web, the corner clip shall be detailed so that the clip extends a distance of at 
least 1-1/2 in. (38 mm) beyond the published “k” detail dimension for the rolled shape. 
Along the flange, the plate shall be clipped to avoid interference with the radius of the 
rolled shape and shall be detailed so that the clip does not exceed a distance of 1/2 in. (12 
mm) beyond the published “k1” detail dimension. The clip shall be detailed to facilitate 
suitable weld terminations for both the flange weld and the web weld. When a curved 
clip is used, it shall have a minimum radius of 1/2 in. (12 mm). 

 

Using these requirements, in conjunction with the requirements of AWS D1.8 (2005), the 
projected contact area between the edge of the continuity plate and the column flange is 
calculated as follows: 

plcontflangepbpb tWA −− =  

.)25.0"1(" inkbW colplcontflangepb +−= −−  
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The continuity plate width (Wpb – flange) can be determined using the following equation: 

.)25.0"1(" inkbW colplcontflangepb +−= −−   

 

The maximum contact area between the continuity plate and the column web is: 

For: plcontflangepbpb tWA −− =  

     

The continuity plate thickness can be determined using requirements of ANSI/AISC 358 (2005) 
Section 2.4.4c (thickness of the thinnest beam flange framing into a column flange). In addition 
to the size of the continuity plate, the attachment/welding of the continuity plate shall meet the 
criteria established in ANSI/AISC 358 (2005), Section 2.4.4b, and AWS D1.8 (2005) (for weld 
quality). 

Per ANSI/AISC 358 (2005), Section 2.4.4b, continuity plates shall be welded to column flanges 
with CJP groove welds, so no design calculations are required for this portion of the connection. 
However, the connection between the continuity plate and column web should be calculated to 
determine an appropriate weld for this connection.  

Continuity plates shall be welded to column webs using groove welds or fillet welds. The 
required strength of the sum of the welded joints of the continuity plates to the column web shall 
be the smallest of the following: 

a) The sum of the design strengths in tension of the contact areas of the continuity plates to 
the column flanges that have attached beam flanges. (The tension strength of the 
continuity plate is limited by the connection strength between the edge of the continuity 
plate and the inside face of the column flange.) 

b) The design strength in shear of the contact area of the plate with the column web. 

c) The design strength in shear of the column panel zone. 

d) The sum of the expected yield strengths of the beam flanges transmitting force to the 
continuity plates. 

The maximum contact area between the continuity plate and the column web is: 

 .)]5.1(22[ inktdtA cfcplcontpw +−−= −   per continuity plate 

 

The following calculations identify the controlling design strength for the continuity plate to 
column web welds: 

 
a) ∑ pby AFφ       (ANSI/AISC 358 [2005], 2.4.4b (a)) 
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b) pwynwv AFV )6.0(φφ =     (ANSI/AISC 358 [2005], 2.4.4b (b)) 

 
c) vRφ  Panel Zone Shear strength (See Step 11 and ANSI/AISC 358 [2005], 2.4.4b (c)) 

 

d) ∑ − bfb

ped

td
Mφ

     (ANSI/AISC 358 [2005], 2.4.4b (d)) 

 

The smallest of a) through d) above is used to design the welds between the continuity plate and 
the column web. 

The minimum required double-sided fillet weld size (if used) per continuity plate is calculated as 
follows: 

.)]5.1(22.)[/392.1(2min inktdink
RD

cfc

cwct

+−−
= −   

 

Dmin can also be used to size a partial joint penetration (PJP) groove weld when continuity plate 
thickness is adequately larger than Dmin. 

 

Step 11: Check column panel zone 
 
The panel zone strength is calculated per ANSI/AISC 341 (2005), Section 9.3. The free body 
diagram is shown in Figure 3-5. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 

Figure 3-5: Panel Zone Forces 
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cfcp tdd −=   

hRBSprf sVMM ±=        (From Step 5) 

 
p

f
fu d

M
FR ∑==  

The panel zone shear strength is determined from ANSI/AISC 341 (2005), Section 9.3a, which 
refers to ANSI/AISC 360 (2005), Section J10.6: 

 ⎥
⎦

⎤
⎢
⎣

⎡
+=

wcb

cfcf
wcycv tdd

tb
tdFR

23
16.0φφ    (ANSI/AISC 360 [2005], J10-11) 

where: 

 0.1=φ  per ANSI/AISC 341 (2005), Section 9.3a 
 tw = tcw+tdouble-pl 
 
If uR  is < vRφ , doubler plates are required. 
 
The minimum panel zone thickness zt  is also checked per ANSI/AISC 341 (2005), Section 9.3b: 

 ( ) 90/zzz wdt +≥      (ANSI/AISC 341 [2005], 9-2) 
where: 

 dz = panel zone depth between continuity plates 
 wz = panel zone width between column flanges 

  

When doubler plates are used in lieu of increasing the column size, compliance with ANSI/AISC 
341 (2005), Section 9.3c is required.  

 

Step 12: Check column beam moment ratio 

 
ANSI/AISC 358 (2005), Section 5.4, references ANSI/AISC 341 (2005), Sections 9.3 and 10.3 
for SMF and IMP systems, respectively, and requires that all SMF connections satisfy the 
following: 

 0.1*/* >∑∑ pbpc MM  (ANSI/AISC 341 [2005], 9-3) 

The axial load on the column must be taken into account when determining the flexural strength 
of the column at the beam centerline.  

 )]/([* gucycxcpc APFZM −= ∑∑  

 )1.1(* vRBSybybc MZFRM += ∑∑  
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 where ))('( hRBSRBSv SVVM +=∑  

The beam-column strength ratios (or strong column weak beam) must be satisfied. 

 

Step 13: Check lateral bracing of columns 
 

Per ANSI/AISC 358 (2005), Section 5.3.2, lateral bracing of columns shall conform to Section 
9.7 (or 10.7) for SMF (or IMF) in the AISC seismic provisions (ANSI/AISC 341, 2005) to 
prevent the SMF column members from experiencing lateral torsional buckling. Section 9.7a of 
ANSI/AISC 341 (2005) allows the use of a strong column weak beam ratio ΣMpc*/ΣMpb* 
(SCWB—determined in Step 12) greater than 2.0 to show that a column remains elastic outside 
of the panel zone at restrained beam to column connections. If the SCWB is greater than 2.0, 
Section 9.7a requires that the column flanges be braced at the level of the beam top flanges only 
(typically provided by a floor slab system).  

In cases where the SCWB is less than 2.0, column flanges must be braced at both beam flanges. 
At the beam top flange, the concrete slab effectively provides bracing for the column flange. The 
column flanges therefore need to be laterally braced at the moment beam bottom flange only. 

ANSI/AISC 341 (2005), Section 9.7a, indicates that the column flange brace, when provided, 
must have strength equal to 2% of the available beam flange strength. 

 bfbfybbr tbFP 02.0=  

 

Step 14: Check beam lateral bracing requirements 

 
At prM , the bottom flange of the frame beam will tend to move laterally (lateral torsional 

buckling behavior). ANSI/AISC 360 (2005), Appendix 6.3, indicates that lateral stability of 
frame beams may be provided by lateral bracing, or torsional bracing, or a combination of the 
two.  

Attachment of lateral bracing to the frame beam at the plastic hinges is located at a distance no 
greater than db / 2 beyond the end of the reduced beam section farthest from the face of the 
column (per ANSI/AISC 358 (2005), Section 5.3.1).  ANSI/AISC 358 (2005), Section 5.3.1.7, 
provides an exception for beams supporting a concrete structural slab that is connected between 
the protected zones with welded shear connectors spaced at a maximum of 12 inches on center. 
For beams supporting a concrete structural slab, the beam is not required to have supplemental 
top and bottom flange bracing at the RBS. The protected zone is defined to be the region of the 
beam between the face of the column and the end of the reduced beam section cut farthest from 
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the face of the column. In these cases, brace spacing is determined per ANSI/AISC 341 (2005), 
Section 9.8.  

Exploration of beam bracing is presented in three cases: Case A uses a lateral brace to provide 
lateral stability to the frame beam, Case B uses a torsional brace, and Case C considers bracing a 
flying beam condition. 

For lateral stability of the frame beam, ANSI/AISC 358 (2005), Section 5.3.1(7), which 
references ANSI/AISC 341 (2005) Section 9.8, gives a maximum brace spacing, Lbr, which is 
defined as follows: 

 

 
yb

yb
br F

Er
L

086.0
=   

Case A: Nodal bracing provided by angle to adjacent parallel gravity beam—lateral brace 

 

 

 

 

 
Figure 3-6: Case A—Beam Lateral Bracing 

 

Case A describes a lateral bracing element, such as an angle connected between the bottom 
flange of the moment frame beam to the top flange of an adjacent gravity beam. 

ANSI/AISC 341 (2005), C9.8, indicates that if lateral braces are provided adjacent to the plastic 
hinges, they should provide a design strength of at least 6% of the expected internal force 
associated with the plastic moment capacity of the beam flange at the plastic hinge location. This 
value can be used to design bracing elements located along the length of the beam. The 
minimum required force is 2% of the expected internal force associated with the plastic moment 
capacity of the beam flange. If an RBS connection detail is used, the reduced flange width may 
be considered in calculation of the bracing force. 

o

dpr
br h

CM
P 02.0=     (ANSI/AISC 360 [2005], A-6-7) 

o

dpr
br h

CM
P 06.0= (for conditions where beam not supporting slab)  

(ANSI/AISC 341 [2005] Section 9.8) 
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The length of the brace is assumed to be measured from the centerline of the moment frame 
beam to the centerline of the adjacent gravity beam or end of bracing element. The bracing 
element, with consideration to unbraced length, shall be designed to resist this bracing force. 

ANSI/AISC 341 (2005), Appendix 6, also requires a minimum stiffness for the bracing element. 
The required brace stiffness is calculated as a direct horizontal stiffness using the following 
equation: 

ob

dr
br hL

CM
φ

β 10
=     (ANSI/AISC 360 [2005], A-6-8) 

where: 

φ = 0.75 
Mr = Mpr 
Cd = 1.0 for single curvature; 2.0 for reverse curvature; Cd = 2.0 only applies to the brace 

closest to the inflection point 
ho = db – tbf  
Lb = unbraced length of the moment beam (between points of lateral bracing) 

 

The stiffness of the bracing element can be calculated as: 
 

 )(cos2 θ
brace

g

L
EA

k =  

k  must be > brβ  

 

Case B: Nodal bracing provided by perpendicular beam—torsional brace 

 

 

 

 

 

 
 
 

Figure 3-7: Case B—Beam Torsional Bracing 

 

Case B presents the perpendicular bracing beam as a torsional brace. Therefore the perpendicular 
beam must be designed with adequate torsional strength and stiffness. Note that the 
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perpendicular beam may also be designed as a lateral brace (presented in Case A).  The lateral 
and torsional demands are transmitted to the bracing beam through a full depth stiffener, to 
prevent warping and fully brace the moment beam cross section.  The bracing beam is then 
designed to resist the applied moment. 

Derivations for the torsional strength and stiffness requirements can be found in papers by Yura 
and Helwig (1999) and Yura (2001) and are summarized in ANSI/AISC 360 (2005), Appendix 
6. The following are the governing equations: 

 

  
bbb

pbmr
br LnC

LM
M

024.0
=  (ANSI/AISC 360 [2005], A-6-9) 

  

⎟⎟
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⎞
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bT   (ANSI/AISC 360 [2005], A-6-10) 
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2
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φ

β =   (ANSI/AISC 360 [2005], A-6-11) 
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33

sec
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bfb

btttd
td

Eβ    (ANSI/AISC 360 [2005], A-6-12) 

Where: 

 φ = 0.75 
   pbmL = length of the perpendicular bracing beam 
   bL = length of moment beam between points of torsional bracing 
   prr MM =  (of SMF beam) 

yI  = out of plane moment of inertia  
 n = number of nodal brace points in span 

 bC  = moment diagram modification factor for the full bracing condition  

  (or effectively braced beam per ANSI/AISC 360 [2005], Chapter F) 
 

Case C: Relative bracing (flying beam condition)—brace along length of frame beam 

Case C is provided as an illustration for conditions requiring lateral bracing of the frame beam 
along the length of the beam (between the reduced beam sections) by the use of a brace element 
parallel to the length of the beam. Case C illustrates a condition where a perpendicular beam or a 
brace cannot be attached to an adjacent gravity frame beam. An example would be a frame beam 
at an elevator shaft at the exterior edge of the structure. In this condition, the brace parallel to the 
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beam is defined as a relative brace. In Case C, a combination of lateral bracing and torsional 
bracing is used to provide lateral stability of the SMF frame beam. 

The relative brace may be considered as a nodal brace with forces transferred from the SMF 
frame beam into the relative brace through discrete connection points. Since the connection 
between the relative brace and the moment beam must be strong and stiff enough to engage the 
relative brace, the connection design is based on demands for a nodal brace (for the SMF beam) 
using equations for torsional bracing of the SMF beam per methods shown in Case B. The 
relative brace is then designed considering the relative brace equations in ANSI/AISC 360 
(2005), Appendix 6. 

In the case of the beam lateral/torsional connection, restraint against rotation about the beam in 
the longitudinal axis is considered so AISC equation A-6-7 applies.    

 
o

dr
br h

CMP 02.0=  (ANSI/AISC 360 [2005], A-6-7) 

Where Cd = 1.0 for single curvature, 2.0 for double curvature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-8: Case C—Beam Relative Bracing 
 
 

Back-calculating brβ , from ANSI/AISC 360 (2005), A-6-8, with the common factor of 
o

dr

h
CM ,  

)50(10
br

b
br P

Lφ
β = . Lb, in this case, is the unbraced length of the relative brace. Set brβ = rbrbrP Δ/  



“Design of RBS Connections for Special Moment Frames” © Kevin S. Moore & Joyce Y. Feng, 2007, All rights reserved.   27 

to estimate a required stiffness for the connection between the frame beam and the relative brace 
element. 

To check the adequacy of the relative brace: 

 
o

dr
br h

CMP 008.0=   (ANSI/AISC 360 [2005], A-6-5) 

 
ob

dr
br hL

CM
φ

β 4
=  (ANSI/AISC 360 [2005], A-6-6) 

This calculation is further illustrated in the numerical design example. 
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4. RBS Numerical Design Example 
Background information for the following numerical design example is presented in Sections 4.1 
and 4.2. This information is provided as content for the RBS connection design only. 

4.1 Description of Design Example Project 
 

a) Governing Building Code: 2006 International Building Code (ICC 2006) 
b) Telecommunications Building (Essential)—Importance Factor, I = 1.5  
c) Lateral Force Resisting System—Special Moment Resisting Frame, R = 8 
d) Soil Profile Type = Sd (default value) 
e) Maximum considered earthquake (MCE) spectral response acceleration  

(5% damped, site class B)  
SS = 1.5g  @ T = 0.2 sec Figure 1615 (3) 

 S1 = 0.6g  @ T = 1.0 sec Figure 1615 (4) 
Sources of MCE spectral response accelerations: 
 IBC (2006) — Maps presented in Figure 1613.5(1) through Figure 1613.5(14) 
 ASCE 7 (2005) — Figure  22-1 through Figure 22-14 
 USGS website - www.usgs.gov  
 

4.2 Description of Design Example Building 

a) Building description:   

8-bay by 8-bay, rectangular in plan 
Centerline spans of 28 feet 
5-story structure above grade (no basement, no mezzanines, no penthouse) 
Typical floor heights of 15 feet and 16 feet at the first floor  
4-bay moment frames on all four perimeter sides of the building 
No interior moment frames  

b) Modeling assumptions:  

Pinned base  
Centerline model with panel zone set to 0% 
Maximum allowable ~ 90% of code allowable (see drift discussion in Section 2.7) 

c) Loading:  

Dead and live loads modeled as uniform area loads 
Activated self-weight for members 
Curtain walls modeled as perimeter line loads 

d) Factored gravity loads on beam:  

wu = 1.2(wDL) + 0.5(wLL) = 2 k/ft 
Vgravity = 1.2(VDL) + 0.5(VLL ) = 28 kips 

e) Beam and column sizes: 
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With consideration to strength and drift limitations, strong column/weak beam and panel 
zone strength criteria, the following beam and column sizes at the first-story level were 
selected at one of the perimeter moment frames for this design example. The selected 
sizes illustrate the various calculations outlined in the design procedure. A more cost-
effective design might utilize a larger column to avoid the need for continuity plates and 
doubler plates. 
 
Beam:  W36 × 282 
  A992 
  Fyb = 50 ksi 
Column:  W36 × 395 
  A992 
  Fyc = 50 ksi 

f) Section properties: 

W36 × 282 
  db  =    37.1 in. 
  bbf  =    16.6 in. 
  tbf  =   1.57 in. 
  tbw  =   0.885 in. 
  Zxb  =      1,190.0 in.3 

  rby  =   3.8 in. 
  Iby  =      1,200.0 in.4 
 
W36 × 395 
  dc  =    38.4 in. 
  bcf  =    16.8 in. 
  tcf  =   2.2 in. 
  tcw  =   1.22 in. 
  Zxc  =      1,710.0 in.3 
  Ag  =         116.0 in.2 
 

4.3 Connection Design 

As noted previously, this numerical example considers only the RBS connection design. Gravity 
design and lateral design of the steel moment frame itself is not presented herein.  

 
Step 1: Choose plastic hinge configuration and location 
 
a) Per ANSI/AISC 358 (2005), Section 5.8: 

 ( ) 3.86.165.05.0 ==bfb  in. 

 
 ( ) 5.126.1675.075.0 ==bfb  in. 
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 0.10Use =∴ a  in.  and, 
 
 ( ) 1.241.3765.065.0 ==bd  in. 
 
 ( ) 5.311.3785.085.0 ==bd  in. 
 
 0.28Use =∴ b  in. 

With a 45% reduction in the flange area: 

 
( ) 74.3
2

6.1645.0
2

45.0 ==⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= bfb

c  in. 

 ∴ Use c = 3.75 in. cut, [3.75 in. / 16.6 in.] = 0.226bf < 0.25bf      OK 

b) Determine the radius of the flange cut: 

 ( )
( ) 28

75.38
0.2875.34

8
4 2222

=
+

=
+

=
c

bcR  in.      

c) Determine distance to RBS: 

 ( ) ( ) 2.432/280.102/4.382/2/ =++=++= badS ch  in. 

d) Determine distance between plastic hinges: 

 0.28=oL ft 

 ( ) 8.2012/2.43228  =−=∴ L'  ft 

 

Step 2: Determine plastic section modulus at the reduced beam section 
 
 ( ) RBSbfbbfxbe ZtdctZZ =−−= 2   (ANSI/AISC 358 [2005], Equation 5.8-4) 

   ( ) ( )[ ] 6.77157.11.3757.1)75.3(2190,1 =−−= in3 

 
 
Step 3: Determine probable maximum moment at the reduced beam section 
 
 2.115.1

)50(2
6550

2
≤=

+
=

+
=

ksi
ksiksi

Fy
FuFyCpr   (ANSI/AISC 358 [2005], 2.4.3-2) 

 
( ) ( ) 829,48772)50)(1.1(15.1 === eybyprpr ZFRCM  kip-in.  

 (ANSI/AISC 358 [2005], 2.4.3-1, 5.8-5) 
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Step 4: Compute the shear force at the center of each RBS 
 
Shear due to the prM :   

( )
( ) 391

8.2012
829,482

'
2

===
L
M

V pr
pr  kips 

 
Shear at the reduced beam sections:   

  ( )prgravityRBS VVV ±=        

( ) ( ) 285.02.1 =+= LLDLgravity VVV  kips 

  ( ) 41939128 =+=∴ RBSV  kips  (positive sense)   controls the design 

 
           And ( ) 36339128 −=−+=RBSV  kips     (negative sense) 

 
 
Step 5: Compute the probable maximum moment at the face of the column 
 

The moment at the face of the column is: 
  
 hRBSprf sVMM +=     (ANSI/AISC 358 [2005], Equation 5.8-6) 
 

 ( ) 885,582
2810419829,48 =++=fM  kip-in.   (positive sense)  controls the design 

 ( ) 518,572
2810363806,48' −=+−+−=fM  kip-in.   (negative sense) 

  

Check: 

 0.48)2/2810(
/12

)/2()2/1()()2/1( 22 =+==
ftin
ftkipswM hugravity  kip-in. <<0.5% of fM  

       
 
Step 6: Compute the expected plastic moment of the beam 
 
 450,65)50)(1.1)(190,1( === ybyxbpe FRZM  kip-in.   

(ANSI/AISC 358 [2005], Equation 5.8-7) 
 
 
Step 7: Check that Mf does not exceed φdMpe 
 

Check the value of Mf against φdMpe as follows: 
 
 0.19.0)450,65(0.1/885,58/ <==pedf MM φ   OK   

(ANSI/AISC 358 [2005], Equation 5.8-8) 
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The results of Steps 2 through 7 indicate that no change is required for the dimensions of the 
reduced beam section assumed in Step 1. The following calculations determine the adequacy of 
the frame beam and the frame column within the connection. 

 
Step 8: Determine the required shear strength 
 

The demand at the RBS was determined in Step 4: 

 gravity
pr

u V
L
M

V +=
'

2
419==+= RBSgravitypr VVV kips   

(ANSI/AISC 358 [2005], Equation 5.8-9) 
        

The design shear strength of the beam is checked in accordance with ANSI/AISC 360 (2005), 
Chapter G: 
 

0.5950/000,2945.29.41/ =<=bwb td  (ANSI/AISC 341 [2005], Table I-8-1) 

 9856.0 ==∴ vwybn CAFV kips    (ANSI/AISC 360 [2005], G2-1) 

  Where 0.1=vC     (ANSI/AISC 360 [2005], G2-3) 

Therefore, the beam is adequate to resist the shear demand at any location along the beam length.   

 
Step 9: Design the beam web to column connection  
 
The beam web to column connection is made with a complete joint penetration (CJP) groove 
weld. Therefore, shear capacity of the weld is greater than or equal to the shear capacity of the 
beam. No additional checks are required to verify the adequacy of this connection based on the 
results of Step 8.   

 
Step 10: Check continuity plate requirements 
 

Check whether continuity plates are required: 

74.2
)1.1)(50(
)1.1)(50()57.1)(6.16)(8.1(4.08.14.0 ==≥

ycyc

ybyb
bfbfcf RF

RF
tbt  in.   

 (ANSI/AISC 358 [2005], 2.4.4-1) 
 

77.2
6

=≥ bf
cf

b
t in.  (ANSI/AISC 358 [2005], 2.4.4-2) 
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For the W36 × 395 column: 

74.2.2.2 <= intcf in and 77.2  in. 

required are plates Continuity∴  

 

Using the requirements outlined in the design procedure, the thickness of the continuity plate (tbf) 
should be greater than the thickness of the thinnest beam flange (if more than one beam frames 
into a column. Therefore, the projected contact area between the continuity plate and the column 
flange is calculated as:  

plcontflangepbpb tWA −− = *   

  8.7
2

22.18.16
2

=
−

=
−

=−
cwcf

plcont

tb
b in. 

  73.5)25.08125.1(8.7.)25.0"1(" =+−=+−= −− inkbW colplcontflangepb in. 

  bfplcont tt =≥=− in.57.1in.625.1  

 
31.9 = ∴ pbA in2 

The maximum contact area between the continuity plate and the column web is: 

 2.39)]5.144.3(2)2.2(24.38[625.1.)]5.1(22[ =+−−=+−−= − inktdtA cfcplcontpw in.2 

 

The four controlling cases described in the design procedure are as follows: 
 
a) 838)31.9)(50)(9.0)(2( ==∑ pby AFφ kips  (ANSI/AISC 358 [2005], 2.4.4b (a)) 

 
b) 176,1)2.39)(50)(6.0)(0.1()6.0( === pwynwv AFV φφ  kips  

(ANSI/AISC 358 [2005], 2.4.4b (b)) 
 

c)
)(k331,3

),(k603,1
doublerR

doublernoR

v

v

=
=

φ
φ

 (See Step 11 and ANSI/AISC 358 [2005], 2.4.4b (c)) 

 

d) 684,3
57.11.37

)450,65(0.12 =⎟
⎠
⎞

⎜
⎝
⎛

−
=

−∑
bfb

ped

td
Mφ

 kips (ANSI/AISC 358 [2005], 2.4.4b (d)) 

 

The smallest value is 838 kips, which will be used to design the welds between the continuity 
plate and the column web. 

The minimum required double-sided fillet weld size to develop 838 kips is as follows: 
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Dmin =
Rct−cw

2(1.392k /in.)[dc − 2tcf − 2(k +1.5in.)]

=
838kips

2(1.392k /in.)[24.1in.]
=12.5(1/16th weld) ≅ 0.78in.

  

Where: 392.116/)707.0)(70)(6.0(75.0 == ksiRweldφ  kip/in.             

 

Use double-sided 7/16-inch fillet welds to connect the continuity plates to the column web. It 
will likely be more economical to use a partial joint penetration (PJP) weld that develops the 
strength of the plate or a CJP groove weld between the continuity plate and the column web—
this can be established by the fabricator. 

 
Step 11: Check column panel zone 
 

5.3557.11.37 =−=−= bfbp tdd  in. 

885,58=fM  kip-in. or 518,57=fM  kip-in.               (See Step 5) 

 279,3
5.35

518,57885,58
=

+
== ∑

p

f
u d

M
R  kips 

 

The panel zone shear strength: 

 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+=

wcb

cfcf
wcycv tdd

tb
tdFR

23
16.0φφ    (ANSI/AISC 360 [2005], J10-11) 

 ( ) ( ) ( ) ( )
( ) ( ) ( ) uR<=⎥

⎦

⎤
⎢
⎣

⎡
+= 603,1

22.14.381.37
2.2)8.16(3122.14.3850)6.0(0.1

2

   

 ∴Doubler plates are required. 
 

where: 

 0.1=φ  per ANSI/AISC 341 (2005), Section 9.3a 
 tw = tcw+tdoubler-pl 

 

Therefore, the W36 × 395 column panel zone strength (without doubler plates) is not adequate 
for the W36 × 282 beam.   
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The minimum panel zone thickness zt  is also checked per ANSI/AISC 341 (2005), Section 9.3b: 

 ( ) 90/zzz wdt +≥      (ANSI/AISC 341 [2005], 9-2) 
where: 

 dz = panel zone depth between continuity plates = dp 
 wz = panel zone width between column flanges = dcf-2*tcf 
 22.1=zt in. for W36 × 395(assume thickness of plate = thickness of column web) 
 22.1=zt  in. ( )[ ] 77.090)2.2(24.38)5.35( =−+≥ in.    OK 

 

Using ANSI/AISC 360 (2005}, equation J10-11, and solving for tw, we can determine tdoubler-pl: 

  46.1
)4.38)(50(6.0

1.37
)2.2)(8.16(3)50(6.03279

6.0

3
6.0

22

=−
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

=−
−

=− cwcw
cyc

b

cfcf
ycu

pldoubler tt
dF

d
tb

FR
t

φ

φ
in. 

Using symmetric doubler plates (one on each side of the column web, each with a thickness of 
3/4 inch) calculate vRφ =3,331 kips uR> . Detailing requirements for doubler plates are found in 

ANSI/AISC 341(2005), Section 9.3c.  Note that doubler plates are expensive and difficult to 
install. A more cost-efficient option may be to increase the column member size, providing a 
thicker column web. However, the strength required for this section necessitates an extremely 
heavy column (W36 × 800). The engineer should consult a fabricator before changing from 
doubler plates to a heavier column or a column with higher Fy. 

 
Step 12: Check column beam moment ratio 

Check: 

 0.1*/* >∑∑ pbpc MM  (ANSI/AISC 341 [2005], 9-3) 

The axial load on the column is taken from the computer model: Puc = 142 kips 

 )]/([* gucycxcpc APFZM −= ∑∑  

                     813,166)
116
14250)(710,1(2 =−=  kip/in.2 

 )(* vRBSybyprbc MZFRCM += ∑∑  

                     390,131782,33)6.771)(50)(1.1)(15.1(2 =+=  kip/in.2 

  where ))('( hRBSRBSv SVVM +=∑  

                     782,33)2.43)(363419( =+=  kip-in. 

 0.127.1390,131/813,166*/* >==∴ ∑∑ pbpc MM  OK 
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Step 13:  Evaluate lateral bracing of columns 
 

From Step 12 of this design example: 

 0.227.1*

*

<=
Σ
Σ

pb

pc

M
M

  

 ∴Lateral bracing of the column flanges is required. 
 

Satisfying the conditions outlined in the design procedure, the column flanges need to be 
laterally braced at the moment beam bottom flange only.   

This bracing may be provided by perpendicular beams connected to full-depth stiffeners and 
column continuity plates. This requires that the perpendicular beams framing into the column 
have the same depth as the frame beams.  

Another option to prevent warping or twisting of the column flange is to connect a single point 
brace at the frame beam bottom flange location. At the other end, the point brace may be 
connected to the top flange of the perpendicular beam or the slab interface (Figure 4-1).  The 
design of the angle shown in Figure 4-1 is similar to the design of the lateral brace for the 
moment beam (Step 14).  In most cases, the size of the angle used for column bracing will be the 
same size as the angle used for lateral bracing of the moment beam (for ease of fabrication and 
erection). 

 

 

 

 

 

 

 

 

 
Figure 4-1: Column Bracing Detail 

 
 
Step 14: Check beam lateral bracing requirements 
 
All three cases discussed in the design procedure for lateral bracing follow below. 
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For Cases A, B, and C, determine maximum unbraced length per ANSI/AISC 341 (2005), 9.8: 

8.15.190
50

)000,29.)(8.3(086.0086.0
==== in

ksi
ksiin

F
Er

L
yb

by
br ft  

 
Place minimum bracing at third points: 33.93/28 ==bL ft on center. 

(Beam supports concrete structural slab per exception ANSI/AISC 341 [2005], 9.8.) 

Case A: Nodal bracing with an angle near the plastic hinge location 

For lateral brace strength requirement at the hinge location: 

)2/(2
02.0

bfb

dr
br td

CMP
−

= 55
)57.11.37(
)0.2(982,4802.0 =

−
= kips 

 

The length of the brace is assumed to be measured from the centerline of the W36 × 282 to the 
centerline of the adjacent gravity beam. Assuming a 12 foot, 6 inch beam spacing, the length of 
the brace is: 

 9.12.5.154)()5.12( 22 ==+= indftL bbrace ft 

 

From the AISC Steel Construction Manual, 13th edition (AISC 2005), we will try an L6x6x7/8 
designed as an eccentrically loaded single angle with Ag = 9.75 in.2 and an unbraced length of 
12.9 ft. The axial capacity of this element, per Table 4-11 is: 

 554.60 =>= un RkipsRφ  kips 

The required stiffness is: 

ob

du
br hL

CM
φ

β
10

= 327
)5.35)(12*33.9(75.0

)0.2)(829,48(10
== k/in.    

The brace stiffness can be calculated as: 
 

 )(cos2 θ
brace

g

L
EA

k =  

 

 
  
θ = tan−1 38.4in.

12.9 ft(12in./ ft)
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ =13.94 o  

 

 716,1)4.14(cos
.5.154

)000,29(.75.9 2
2

== o

in
ksiink  k/in. 

k > βbr OK  
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L6x6x7/8 kickers at 9.33 feet on center are adequate to brace the beam bottom flange. The kicker 
angles should be connected to beams (SMF and adjacent gravity framing) with fillet welds to 
stiffener plates between the beam flange and beam web. 

Case B: Nodal bracing with a perpendicular beam 

The lateral brace requirements for bL , brP , and brβ  are identical to Case A.  

a) Check for required torsional bracing: 

1) 758,1)/(024.0 == bbbpbmrbr LnCLMM  kip-in. 

  Where  28=pbmL ft (336 in.)  

   33.9=bL ft (112 in.)  

    829,48== prr MM  kip-in. 

   200,1=yI  in.4 

       2=n  

      0.1=bbC  (Conservative to use 1.0) 

    Sxbrace = Mbr /(0.9Fy) = 1,758/(0.9(50ksi)) = 39.0 in.3  

2) 833,36
)0.11200000,292(75.0

)829,48)(336(4.2
)(

4.2 2

2

2

=
⋅⋅⋅

==
bby

rpbm
T CnEI

ML
φ

β kip-in./rad 

3) 
⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+

−

−
=

1212
)(5.1

3.3
33

sec
stiffstiffbwbfb

bfb

btttd
td

Eβ  

 ⎥
⎦

⎤
⎢
⎣

⎡ ⋅
+

⋅−⋅
⎟
⎠
⎞

⎜
⎝
⎛

−
=

12
)86.7()375.0(

12
)885.0()57.11.37(5.1

57.11.37
000,293.3

33

secβ  

βsec = 165,49  kip-in./rad 

For 86.72/)( =−= bwbfstiff tbb in.  

For 375.0=stifft in (reasonable assumption—iterate if required) 

4) 845,146

165,49
833,361

833,36

1
sec

=
⎟
⎠

⎞
⎜
⎝

⎛ −
=

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−

=

β
β

ββ
T

T
bT kip-in./rad 

Using a W16 × 31 beam as the bracing beam: 2.47=xbraceS  in.3 and 375=braceI  in.4 
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 For the W16 × 31 beam: 196,1946
==

brace

brace
b L

EIβ  kip-in./rad > 146,845 kip-in./rad OK 

 Design weld for connection of beam to stiffeners: 

  758,1=brM  kip-in. 

 From the AISC Steel Construction Manual, 13th edition (AISC 2005), Table 8-8 

Use a = 1.0 and k = 0.4: 

  C = 1.44,  Pu = Mbr/l = 1,758/13.63 = 129 kips 

  )16(8.8
63.130.144.175.0

129

1
min th

lCC
PD u =

⋅⋅⋅
==

φ
 

 

 

 

 

 

 

 

 

 
Figure 4-2: Free Body Diagram for Weld Between Beam and Plate  

 

 Therefore, a 5/8-inch fillet weld is required for the connection of the stiffeners to the 
beam, which will require the use of a plate with thickness 11/16 inch or greater—therefore 
a ¾-inch plate is required. However, the web and flange thickness of the W16 × 31 are 1/4 
inch and 7/16 inch, respectively, not a recommended thickness for a 5/8-inch fillet weld 
based on heat input. A more efficient option could be to use a deeper bracing beam, 
lengthening the l dimension and reducing the minimum weld size and associated plate 
thickness. A W21 will allow a weld length of approximately 18 inches, resulting in a 5/16-
inch fillet weld, which is more appropriate for the contemplated conditions (3/8-inch 
plate). Confirm an appropriate direction with the fabricator. 
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Case C: Relative bracing (flying beam condition) 

Determine the brace force and stiffness if considered a nodal brace (for connection design): 

57.11.37
0.2829,4802.0

)2/(2
02.002.0

−
⋅⋅

=
−

==
bfb

dr

o

dr
br td

CM
h

CMP  = 55 kips  

109)55)(50(
)(75.0

10)50(10
===

b
br

b
br L

P
Lφ

β kip-in./rad   for Lb=28 ft   

 

A welded plate connection will provide adequate strength and stiffness (Figure 4-3). The plate 
thickness, weld design, and associated details should be confirmed using ANSI/AISC 360 
(2005). A sample connection detail is presented in Figure 4-3. 

 

 

 

 

 
 
 
 

Figure 4-3: HSS to Beam Connection Schematic Detail 

To design the relative brace: 

 22
57.11.37

0.2829,48008.0008.0 =
−

⋅
==

o

dr
br h

CMP kips  

 6.43
)57.11.37(33675.0

0.2829,4844
=

−⋅⋅
⋅⋅

==
ob

dr
br hL

CM
φ

β  kip-in./rad  

At point of bracing: rbrbrbr P Δ= /β   

Solve for rbrΔ : 504.0≤Δ rbr  in.  (Use this value to determine the required beam size.) 
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Try HSS18 × 18 × 1/2 bracing beam, connected to a W36 beam with a stiffener plate connection 
at third points (Figure 4-4).  This HSS is connected to the gravity beams perpendicular to the 
moment beam with knife plates (pin connection).  Various connection details will work for this 
condition as the fixity at the end of the HSS is not accounted for in this calculation. 

 

 
 
 
 
 
 
 
 

Try Figure 4-4: HSS Model for Bracing Element 

 

Model the condition above using an HSS18 × 18 × 1/2, 43.0=Δ rbr in. at the point of bracing.  OK
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Figure 4-5: Schematic “General” Reduced Beam Section Connection Detail  
(No Doubler Plate Shown) 
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5. Detailing Considerations 
 

The fabrication and construction detailing requirements in ANSI/AISC 341 (2005) and 
ANSI/AISC 358 (2005) for reduced beam section (RBS) connections are summarized below. 
 

• The RBS cut should be made by thermal cutting.  
• The finished cut should have a maximum surface roughness of 500 microinches, 

avoiding nicks, gouges, and other discontinuities.   
• All corners should be rounded to minimize notch effects, and cut edges should be 

ground in the direction of the flange length. 
• Gouges and notches that occur in the thermally cut RBS surface may be repaired 

by grinding. If a sharp notch exists, the area shall be inspected by the Magnetic 
Particle Testing (MT) method after grinding to ensure that the entire depth of 
notch has been removed.  

• Gouges and notches that exceed 1/4 inch in depth but that do not exceed 1/2 inch 
in depth may be repaired by welding. Notches and gouges exceeding 1/2 inch in 
depth shall be repaired only with a method approved by the engineer of record. 

• Bolt holes in beam webs, as permitted in ANSI/AISC 358 (2005), shall be 
permitted.   

• Welded shear studs should be omitted within the protected zone if a concrete fill 
over composite metal deck is present. 

• Parameters for prequalified welded joints are presented in ANSI/AISC 358 
(2005), Chapter 3.   

• Requirements for backing and weld tabs are described in ANSI/AISC 358 (2005), 
Chapter 3.   

 
In addition, ANSI/AISC 341 (2005), AWS D1.1 (2004), and AWS D1.8 (2005) dictate certain 
parameters associated with detailing of plates, stiffeners, welds, and fabricated elements. 
Specific details, processes, and materials related to weld access holes, weld preparation, and 
fabrication aids should strictly adhere to dimensions, requirements, and conditions as published 
in AISC standards and AWS standards. Specific details can be developed by the designer or 
referenced for use by the fabricator. In any case, it is important to ensure that specific connection 
characteristics adhere to published values.  
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6. Quality Assurance and Quality 
Control 

 

Quality assurance and quality control requirements are outlined in ANSI/AISC 358 (2005), 
Section 3.7, referring to ANSI/AISC 341 (2005), Appendix Q, and AWS D1.8 (2005), much of 
which supplants the recommendations and requirements promulgated in the AISC standards as 
related to welding. The designer should utilize these guidelines to ensure the proper selection 
and handling of materials and shop and field fabrication of the RBS connections. 
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