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Thank you for joining our live webinar today.
We will begin shortly.  Please standby.

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166

Connection Design

Tips, Tricks, and Lessons Learned

Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial 
866-519-2796. Passcode: 324420
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Today’s audio will be broadcast through the internet. 

Alternatively, to hear the audio through the phone, dial 
866-519-2796. Passcode: 324420

Today’s live webinar will begin shortly.  
Please standby.

As a reminder, all lines have been muted.  Please type any 
questions or comments through the Chat feature on the 
left portion of your screen.

AIA Credit

AISC is a Registered Provider with The American Institute of Architects Continuing 
Education Systems (AIA/CES).  Credit(s) earned on completion of this program will be 
reported to AIA/CES for AIA members.  Certificates of Completion for both AIA 
members and non-AIA members are available upon request.

This program is registered with AIA/CES for continuing professional education.  As such, 
it does not include content that may be deemed or construed to be an approval or 
endorsement by the AIA of any material of construction or any method or manner of 
handling, using, distributing, or dealing in any material or product.  

Questions related to specific materials, methods, and services will be addressed at the 
conclusion of this presentation.
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laws.  Reproduction, distribution, display and use of the 
presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2019

Session Description
19.6 The Chevron Effect
March 18, 2019
V- and inverted V-type braced frames are common brace configurations. Generally referred 
to as chevron systems, the configuration requires braces to frame to braced frame beams 
away from the beam-column joint. Typically, the effects of the brace forces on the beam and 
the impact on the beam end connections are overlooked. Standard practice in connection 
design is to assume that the joint is isolated from the frame, and to assume that the impact 
of the brace forces on the beam is isolated to the connection region. If the algebraic sum of 
the vertical components of the braces forces is zero, this assumption is generally valid. 
However, connection designers rarely deal with a zero summation of vertical force 
components. When the summation of the vertical components of the brace forces is non-
zero, the location of the work point along the length of the beam and the span of the beam 
can significantly impact how beam shear and moment is distributed along the span of the 
beam, especially in the region of the connection. This is referred to as the chevron effect.

This webinar presents discussion on how brace forces are distributed 
through a chevron connection, and explores the impact of the brace 
forces on the design of the beam . Formulas are presented which 
allow the designer to determine if the Chevron Effect will impact the 
beam design.
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Learning Objectives

• Describe the chevron effect and its influence on the internal forces and 
moments in the beam of a braced frame.

• List the historic analysis methods that engineers use at chevron bracing 
connections, and explain how they might lead to underestimating the load 
effects on the beam in a braced frame.

• Identify the forces and their locations in the free body diagram associated 
with the symbiotic method.

• Explain how engineers might be able to estimate the chevron effect prior to 
designing the full chevron connection.

Night School 19
Connection Design:
Tips, Tricks, and Lessons Learned
Session 6:  The Chevron Effect
March 18, 2019

William A. Thornton, PhD, PE, NAE
Corporate Consultant to Cives Engineering Corporation
Alpharetta, GA
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The Chevron Effect

9

This  presentation is based on two papers  which
define the ‘chevron effect’ and  ‘paradigm shift’ of the title.

These are:

The Chevron Effect and the Analysis of Chevron Beams – A 
Paradigm Shift (2017)

Patrick J. Fortney and William A. Thornton
AISC Engineering Journal, Vol. 54, 4th Qtr., pp. 263- 296

The Chevron Effect – Not an Isolated Problem (2015)
Patrick J. Fortney and William A. Thornton

AISC Engineering Journal, Vol. 52, 2nd Qtr., pp. 125-163

Presented by William Thornton

The Chevron Effect
A Paradigm Shift

10
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The Chevron Effect

• What is it?

• Why is it important?

• What are the historic methods to design chevron 
beams and chevron brace connections?

• Are there ways to determine the chevron effect 
apriori?

11

The Chevron Effect

• What is it?
• It is the shear and bending moment generated in the frame beam 

adjacent to the chevron gusset plate. 

0SHEAR

0BENDING

Vmax

Mmax

12
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The Chevron Effect
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The Chevron Effect

• Why is it important?
• Because it can increase the shear and bending moment in the 

beam adjacent to the gusset. This can produce stresses that exceed 
the code specified shear and bending stresses in the beam. This 
may cause a need for expensive web doublers and flange cover 
plates.   

14
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• What are the historic methods to design chevron 
beams and chevron brace connections?

• For the connection designer, the isolated method (IM). This 
isolates the connection from the rest of the beam and considers 
only what happens in the connection region of the beam.

• It also considers the loads on the beam/gusset interface (interface 
a-a) to be concentrated at the gusset quarter points rather than 
being distributed. 

The Chevron Effect

15

The Chevron Effect

• What are the historic methods to design chevron 
beams and chevron brace connections?

• For the beam or main frame designer – The Net Vertical Force 
(NVF) method. This is also called the Pab/L method.

• This method considers what happens in the beam outside of the 
connection, but ignores what happens in the gusset region of the 
beam. The beam designer does not know the gusset size and 
therefore can not determine what happens here.

16
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The Chevron Effect

• Are there ways to determine the chevron effect 
apriori?

• Yes. 

• Methods will be presented that will allow designers to determine 
if a beam needs to be larger to accommodate the chevron effect 
shear or the chevron effect moment.

17

The Chevron Effect

First, some preliminaries.

• Statics

• Free Body Diagrams

• Sign Convention

18
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The Chevron Effect

19

Sign Convention

• The sign convention is important for all equations in this 
presentation, especially for the Design Aid equations.

20
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  1 2 1 2( ) ( ) ( ) ( )t t b bT
V V V V V    

The (Vi)t and (Vi)b are positive up; (SV)T is positive up.

Sign Convention For Beam Forces

21

With Moment, Ma-a With Equivalent Couple, 2Ma-a /Lg
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• Forces Acting on Section a-a also act on the adjacent beam flange 
(in the opposite direction)

Free Body Diagrams

22
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Statically Determinate Chevron Gusset Forces

  

(b) forces and moment on section a-a (c) equivalent forces on section a-a 
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Free Body Diagrams
• Note that all these 

free body diagrams 
use concentrated 
forces and moments 
on the cut sections 
a-a and b-b. These 
will be usually 
converted to 
statically equivalent 
distributed forces 
for eventual design.

• The IM method uses 
these forces as-is.
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(b) forces and moment on section a-a (c) equivalent forces on section a-a 

  

(d) forces on left half of gusset (e) forces on right half of gusset 
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Connection Force Distributions
Top Braces

• A similar set of equations can be written for braces framing to the 
top of the beam

25

Interface Forces

Top and Bottom Forces Net Forces at Beam Neutral Axis

• Note that these diagrams assume Lg is the same top and bottom, and that the vertical 
edges of the gussets are aligned. This is not necessary but simplifies the calculations.

Transition of Forces from Beam Flanges to Beam Neutral Axis

= q

26
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Transition of Forces from Beam Flange to Beam Neutral Axis
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These are Reasonable Interface Force Distributions

This interface force distribution, derived from the original concentrated forces, is 
supported by nonlinear Finite Element Analysis. See Williams, G.C. (1986), Steel 
Connection Designs Based on Inelastic Finite Element Analysis, Ph.D. Dissertation, 
University of Arizona (Ralph Richard: Advisor).
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These are Reasonable Interface Force Distributions

The Chevron Effect

But these distributed force distributions are an assumption. This assumption is 
the only one made thus far. All of the forces themselves follow from a statically 
determinate free body analysis. There are no assumptions made in the free body 
analysis. 

28
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How is the Joint Modeled

There are Two Possible Load

Cases

29
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How is the Joint Modeled
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(V)T = 0 Case
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If the S(V)T =0, what is the demand on the beam using the NVF method?
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If the S(V)T=0, what is the demand on the beam?
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The beam is designed for an axial load only? Yes, per the NVF method.

(V)T = 0
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(V)T ≠ 0 Case
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(V)T ≠ 0
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How is the Joint Modeled
• This is the NVF or Pab/L method.

(V)T ≠ 0

(V)T = 0 

• It has been called the  net 
vertical force (NVF) method 
or the Pab/L method.

• This is the typical method 
used by EORs to size beams 
in chevron frames.
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How is the Joint Modeled
• This is the NVF or Pab/L method

(V)T ≠ 0

(V)T = 0 

• This is the typical method 
used by EORs to size beams 
in chevron frames

For this course we will use 

the NVF terminology.
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The IM Approach

How is the Joint Modeled

• This is the typical method used by 
Connection Designers to evaluate beam 
shear and moment. It uses the original 
concentrated forces at the gusset ¼ 
points and ignores the moment due to 
(H1+H2) acting at eb from the beam 
neutral axis. 

43

The “Symbiotic” Method (SM)

• This is no more and no less than what you learned in 
engineering school, once you know the loads on the 
beam. Previous slides have shown how to get these loads. 
You need to know the gusset length, Lg, to get the beam 
loads, and that is the hang-up. Neither the NVF nor the 
IM are correct and reliable methods for design.
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The “Symbiotic” Method (SM)

The Symbiotic Method Differential Equations

The “q” is probably not something you have seen 
before. It makes for unusual moment diagrams.

dV
w

dx


dM
V q

dx
 

45

Shear and Bending Moment 
Differential Equations and Sign Convention
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It is important to 

recognize that, 

even when 

(V)T=0, beam 

shear and moment 

exist in the 

connection 

region!

Refer to Fortney, P. J.,  and W.A. Thornton (2015), “The CHEVRON EFFECT- Not 

an Isolated Problem,” Engineering Journal, AISC, Vol.52, 2nd Qtr., pp.125- 163

Lg
2

Lg
2

Lg

eb

0SHEAR

0BENDING

V    =max

2M a-a

Lg

M    =max
M a-a

8

M    =max
M a-a

8

Lg
4

Shear/Moment from
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the Chevron Effect

wp
aa

These are the true (SM) shear 
and bending moment 
diagrams in the connection 
region, not the IM values. 

The Chevron Effect
q
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SM and IM distributions in the connection 
region for the (SV)T = 0 load case
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So the question begging to be asked is,

SHEAR: How do NVF and IM compare to SM ?

MOMENT: How do NVF and IM compare to SM?

NVF IM

EORs’ Approach Compared to Connection 
Designer’s Approach And The Symbiotic Method

49

Example 1

Fortney/ Thornton 2017 Chevron Effect Paper

Some Examples
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An example from Fortney/ Thornton (2017 AISC Journal Paper)

51

 
(a) uniformly distributed beam loading 

 
(b) statically equivalent net beam loading 
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9.78 k/in
3.41 k/in
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An example of Interface Force Distributions, Buckling Case

An example from Fortney/ Thornton (2017)

= q
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(a) uniformly distributed beam loading 

 
(b) statically equivalent net beam loading 

5.28 k/in

9.78 k/in
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= q
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Beam Shear and Bending for Beam Shown in Previous Slide
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Beam shear and bending significantly underestimated using  

NVF method!
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NVF and Symbiotic Methods Compared
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Beam Shear and Bending for Beam Shown in Previous Slide
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The isolated method and the symbiotic method give the same shear, 

and the isolated method over-estimates the moment.
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Example 2

Fortney/ Thornton 2015 Chevron Effect Paper
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Example 2 – Fortney/Thornton (2015 Journal Paper)

• Consider the geometry and loading shown. Generate the shear 
and bending moment diagrams. This is the SM solution.
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Symbiotic Method (SM) Shear and Bending Moment Diagrams
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Isolated Method (IM) Shear and Bending Moment Diagrams

in

59

28.8

Net Vertical Force Method (NVF) Shear and Bending Moment Diagrams
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Symbiotic Method (SM)
NVF Method
Isolated Method (IM)

128
47

119

429
447
175

Maximum Shear (kips)    Maximum Moment(kip-ft.)

Beam shear and Bending Moment 
Comparison of the SM, NVF and IM

61

47 0.367

128 1
NVF

SM

V

V
 

447 1.04

429 1
NVF

SM

M

M
 

For the beam shown above , from previous slides:

The NVF underestimates the shear and overestimates the moment.

Beam shear and Bending Moment 
NVF and SM Compared
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119 0.93

128 1
IM

SM

V

V
 

The IM underestimates both the shear and the moment.

Beam shear and Bending Moment 
IM and SM Compared

For the beam shown above , from previous slides:

175 0.408

429 1
IM

SM

M

M
 
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Three methods for the analysis and design of Chevron beams have
been presented:

1. The Isolated Method (IM),this is the connection designers’ approach. It considers only the effects local 
to the connection. It uses statically equivalent concentrated forces at gusset quarter points. It ignores the 
moment caused by moving the beam flange shears to the beam neutral axis.

2. The Net Vertical Force Method (NVF), this is the beam designers’ approach. This considers global 
effects but ignores effects local to the connection.

3. The Symbiotic Method (SM)-This method is the “Paradigm Shift” of the presentation title. It includes 
both local and global effects.

The Chevron Effect – A Paradigm Shift

Summary and Conclusion
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The “Symbiotic” Method 
(SM)

• This is no more and no less than what you learned in 
engineering school, once you know the loads on the 
beam. Previous slides have shown how to get these 
loads. BUT, you need to know the gusset length, Lg, to 
get the beam loads, and that is one hang-up for the 
beam (mainframe) designer. Another is that an 
estimate of  the beam depth is necessary to determine 
the Chevron Effect. Neither the NVF nor the IM are 
correct and reliable methods for design.

65

The SM is presented here as the “gold standard.” It includes both local and global effects 
and involves only one assumption-that involving the distribution of forces on section a-a. 
This assumption has been validated by inelastic finite analysis performed at the University 
of Arizona.

Summary and Conclusions
The Chevron Effect – A Paradigm Shift

Discussion of the results thus far:
• The NVF method especially under-estimates the beam shear.

• The IM method can over or under estimate the beam moment. It 
gives a reasonable estimate for the beam shear.

• Neither of the above methods can be relied upon to produce 
reliable results. 

66



AISC Night School
March 18, 2019

Connection Design:  Tips, Tricks, and Lessons Learned
Session 6:  The Chevron Effect

34

Copyright © 2019
American Institute of Steel Construction

How can we use these methods
(IM, NVF, SM) 

to 
facilitate the design of 

Chevron Beams?

67

Design Aids for Beam Designers And 
Connection Designers
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• These are from the 2015 Fortney/ Thornton paper:

Approximate Gusset Length, Lg,app ( Lg,app and L in same units)

Approximate Beam Depth, eb

eb,app (in inches) = 0.75(span of the beam in feet)

These approximations are ratios averaged from twenty different chevron brace 
connections taken from real connections designed by the authors over several 
years. The twenty different chevron connections were taken from a mix of 
different types of projects with varying types of braces, bevels, and brace forces.

, where beam span
6

g app

L
L L a b   

Rules of Thumb for Design 
Accounting for Connection Geometry

69

Evaluating the Chevron Effect
An excerpt from the 2017 Fortney/Thornton paper
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• The connection designer knows the beam depth and can 
determine a gusset length once the brace to gusset connections 
are known.

• An equivalent gusset length Lg,eq can be calculated which 
gives a relationship between the SM moment and the NVF 
moment

Connection Designers’ Aid
for Maximum Moment

71

• If Lg > Lg,eq, then MSM < MNVF

NVF is conservative

• If Lg < Lg,eq, then MSM > MNVF

NVF is unconservative

Connection Designers’ Aid
for Maximum Moment
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Connection Designers’ Aid
for Maximum Moment

From Fortney/Thornton, 2017

73

Some Notation:

MT = (Ma-a)t +(Ma-a)b 

= summation of the moments acting on the top and bottom gusset  
sections a-a (positive clockwise)

(SV)T = summation of the brace forces acting on the beam (positive up)

b = distance from work-point to right end of beam

Δ = horizontal misalignment between the work point and centroid of the 
gusset-to-beam interface

Connection Designers’ Aid
for Maximum Moment
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When D = 0, Lg,eq reduces to:

This is a good reason to take D=0.

Connection Designers’ Aid
for Maximum Moment

75

b/L = 0.5 (w.p. at center of beam)

Δ=0 (gussets symmetric about the w.p.)

Connection Designers’ Aid
for Maximum Moment

Example 1 – Fortney/Thornton (2017)

• Since 221 inches > 54 inches, the NVF 
method is unconservative.
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5.28 k/in

9.78 k/in
3.41 k/in

+/-7.82 k/in

w.p.
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"
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.8
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2.80 k/in

+/-4.22 k/in

Beam Loading at Chevron Connection 
(from Slides 52 and 53)

�� = 4.22
�

��
+ 7.82
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��
2′ − 3" 2′ − 3"

= 8777 kip-inches

�� � = 2.80
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��
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�

��
4′ − 6" = -32.9 kips

��,�� =
8777

−32.9

0.5 − 0.5

0.5 − 0.5� = 221 inches
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MSM = 3593 kip-inches 

&

MNVF = 2772 kip-inches

Connection Designers’ Aid
for Maximum Moment

• Remember that (from Slide 54):

• So the Lg,eq formula predicts the correct result.
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Beam Designers’ Aid for Maximum Moment

• The beam designer is trying to determine a beam size. The 
designer knows the brace forces and therefore knows (SV)T. 

But the designer doesn’t know Lg and eb yet. These can be 
estimated from the “Rules of Thumb” given. Given these, 
the designer wants to know if the chevron effect will 
increase the NVF moment. An equivalent vertical load, 
(SV)T,eq can be calculated which gives a relationship 

between the SM moment and the NVF moment.
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• If   , then MSM >MNVF

The NVF method is unconservative

• If                          , then MSM <MNVF

The NVF method is conservative

,( ) ( )T eq TV V  

,( ) ( )T eq TV V  

Beam Designers’ Aid for Maximum Moment

79

Beam Designers’ Aid for Maximum Moment

From Fortney/Thornton, 2017
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Some More Notation:

q = the distributed moment at the beam’s neutral axis due to the 
shear forces at the beam flanges, i.e., the brace force horizontal 
components

  b
t b

g

e
q H H

L
   

Beam Designers’ Aid for Maximum Moment

• This is positive when clockwise on the beam.
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Beam Designers’ Aid for Maximum Moment

When D=0, formula for (SV)T,eq , reduces to: 

Again, take D = 0 if possible.
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Example 1 again (Fortney/Thornton, 2017)

Using: Lg =54 inches

(SV)T = -32.9 kips

Beam Designers’ Aid for Maximum Moment

83

�� �,�� = 163
0.5 − 0.5

0.5 − 0.5� = -135 kips

� = 5.28
�

��
54�� − −9.78

�

��
54��

10.8��

54��

� = 285 − −531 10.8 54⁄ = 163 kip-inches/inch

5.28 k/in

9.78 k/in
3.41 k/in

+/-7.82 k/in

w.p.

10
.8

"
10

.8
"

2.80 k/in

+/-4.22 k/in

Beam Loading at Chevron Connection 
(from Slides 52 and 53)

• Note that (SV)T and (SV)T, eq will always have the same sign. 

Since 135 > 32.9, MSM > MNVF.

• the NVF method is unconservative.

Beam Designers’ Aid for Maximum Moment
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Beam Designers’ Aid for Maximum Moment

MSM = 3593 kip-inches 

&

MNVF = 2772 kip-inches

• Remember that (from Slide 54):

• So the (SV)T, eq formula predicts the correct result.
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• Exact solution for maximum shear:

• Remember that:

• This formula can be derived from Equation 33 of the 
Fortney/Thornton 2017 AISC Journal article. 

( ) (0.5 )IM T
SM

V L V L b
V

L

  


2 T
IM

g

M
V

L


Beam and Connection Designers
Design Aid for Shear
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Beam and Connection Designers
Design Aid for Shear

• Exact solution for maximum shear:

• Remember that:

• The only appearance of Lg in this formula is in VIM. Neither MT

nor (SV)T depend on Lg.

( ) (0.5 )IM T
SM

V L V L b
V

L

  


2 T
IM

g

M
V

L

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Beam and Connection Designers
Design Aid for Shear

Example 1

• This is the exact maximum beam shear.

88

From Slide 76:

MT = 8777 kip-inches

Lg = 54 inches

(ΣV)T = -32.9 kips

From Slide  51:

L = 28 feet

b = 14 feet

��� = 2�� ��⁄ = 325 kips

��� =
325 28 − −32.9 14 − 14

28
= 325 kips
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Beam and Connection Designers
Design Aid for Shear

89

Example 2

• This is the exact maximum beam shear.

Similarly (Refer to Slides 57-59):

VIM = 119 kips

(ΣV)T = -75.8 kips

L = 25 feet

b = 9.5 feet

��� =
119 25 − −75.8 12.5 − 9.5

25
= 128 kips

Beam and Connection Designers
Design Aid for Shear

• So, if an Lg is known (Connection Designer) or 
approximated, Lg = L/6  (Beam Designer), the beam true 
maximum shear, VSM ,can be calculated fairly easily.
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1. The NVF method especially under-estimates the beam shear.

2. The IM method can over- or under-estimate the beam moment.

3. Neither of the above methods can be relied upon to produce reliable 
results. 

4. The SM method is the correct method to determine the shear and                                
bending moment anywhere in the beam.  

5. Design Aids for chevron connections are introduced to facilitate the 
use of the SM method by both beam designers and connection 
designers.

Summary and Conclusions
The Chevron Effect – A Paradigm Shift
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This  presentation has been  based on two papers  which
define the ‘chevron effect’ and  ‘paradigm shift’ of the title.

These are:

The Chevron Effect and the Analysis of Chevron Beams – A 
Paradigm Shift (2017)

Patrick J. Fortney and William A. Thornton
AISC Engineering Journal, Vol. 54, 4th Qtr., pp. 263- 296

The Chevron Effect – Not an Isolated Problem (2015)
Patrick J. Fortney and William A. Thornton

AISC Engineering Journal, Vol. 52, 2nd Qtr., pp. 125-163

Summary and Conclusions
The Chevron Effect – A Paradigm Shift
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For development of the design aids and the complete free 
body diagrams, refer to the two papers upon which this 

night school session is based.

The Chevron Effect and the Analysis of Chevron Beams – A 
Paradigm Shift (2017)

Patrick J. Fortney and William A. Thornton
AISC Engineering Journal, Vol. 54, 4th Qtr., pp. 263- 296

The Chevron Effect – Not an Isolated Problem (2015)
Patrick J. Fortney and William A. Thornton

AISC Engineering Journal, Vol. 52, 2nd Qtr., pp. 125-163
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Single Session Registrants

• You will receive an email on how to report attendance from: 
registration@aisc.org.

• Be on the lookout:  Check your spam filter!  Check your junk folder!

• Completely fill out online form.  Don’t forget to check the boxes next to each 
attendee’s name!

CEU / PDH Certificates

Single Session Registrants

• Reporting site (URL will be provided in the forthcoming email).

• Username:  Same as AISC website username.

• Password:  Same as AISC website password.

CEU / PDH Certificates
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8-Session Registrants

One certificate will be issued at the conclusion of all 8 sessions.

CEU / PDH Certificates

8-Session Registrants

Access to the quiz
Information for accessing the quiz will be emailed to you by Wednesday.  It will contain a link to access the 
quiz.  EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

Quiz and attendance records
Posted Tuesday mornings.  www.aisc.org.nightschool – Click on Current Course Details.

Reasons for quiz
• EEU – You must take all quizzes and the final exam to receive EEU.
• CEUs/PDHs – If you watch a recorded session, you must pass quiz for CEUs/PDHs.
• REINFORCEMENT – Reinforce what you learned tonight.  Get more out of the course.

Note:  If you attend the live presentation, you do not have to take the quizzes to receive CEUs/PDHs.
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8-Session Registrants

Access to the recording
Information for accessing the recording will be emailed to you by Wednesday.  The recording will be available 
for three weeks.  (For 8-session registrants only.)  EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

CEUs / PDHs via recording
If you watch a recorded session, you must take and pass the quiz for CEUs/PDHs.

8-Session Registrants

Find all your handouts, quizzes and quiz scores, recording access, and 
attendance information all in one place!

Night School Resources
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8-Session Registrants

Go to www.aisc.org and sign in.

Night School Resources

8-Session Registrants

Go to www.aisc.org and sign in.

Night School Resources
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8-Session Registrants

Night School Resources

8-Session Registrants

Night School Resources
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8-Session Registrants

• Weekly “quiz and recording” email.

• Weekly updates of the master quiz and attendance record, found at 
www.aisc.org/nightschool19.  Scroll down to Quiz and Attendance records.

• Updated on Tuesday mornings.

Night School Resources

8-Session Registrants

• Webinar connection information

• Found in your registration confirmation / receipt

• Reminder email sent out Monday mornings

• Links to handouts also found there

Night School Resources
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AISC | Thank you


