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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
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Today’s audio will be broadcast through the internet.

Alternatively, to hear the audio through the phone, dial 
800-289-0459. Passcode: 316042
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Today’s audio will be broadcast through the internet. 
Alternatively, to hear the audio through the phone, dial 
800-289-0459. Passcode: 316042

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.
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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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Copyright Materials

This presentation is protected by US and International 
Copyright laws.  Reproduction, distribution, display and use of 
the presentation without written permission of AISC is 
prohibited.

© The American Institute of Steel Construction 2018
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Session 1: General Information on Curved Members
June 18, 2018

This session presents general information on curved members including an 
overview to the coming soon AISC Design Guide. The session will introduce the 
attendees to bending geometries, bending processes, and considerations for 
design for bending: curving mechanics, fracture during bending and 
distortion. Additional design considerations, tolerances contract documents 
and more, are also discussed.

Session Description

7

• Identify curve geometries and differences between standard 
bends and specialty bends.

• Identify the various bending processes and the differences 
between cold bending and hot bending.

• Describe curving mechanics when designing for bending.
• Describe fracture and distortion issues during the bending 

operation.

Learning Objectives
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Session 1: General Information on Curved Members
June 18, 2018

Presented by 
Bo Dowswell, P.E., Ph.D.
ARC International, LLC
Birmingham, AL

Design of Curved Members
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Course Outline
• Session 1

– General information on curved members
– June 18

• Session 2
– Design of vertically-curved members
– June 25
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Course Outline
• Session 3

– Design of horizontally-curved members
– July 2

• Session 4
– Design examples
– July 9

10

11

Introduction

General Information on Curved 
Members

Introduction
Vertically-Curved Members
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Photographs courtesy of the AISC Bender/Roller Committee
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Introduction
Vertically-Curved Members
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Photograph courtesy of the AISC Bender/Roller Committee

Introduction
Horizontally-Curved Members
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Photograph courtesy of the AISC Bender/Roller Committee

Introduction
Horizontally-Curved Members
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Photograph courtesy of the AISC Bender/Roller Committee

Introduction
Horizontally-Curved Members
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Photograph courtesy of the AISC Bender/Roller Committee
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Session Description

General Information on Curved 
Members

Session Description
• Overview of AISC Design 

Guide 33
• Curving steel members

– Curve geometries
– Bending processes

18

Session Description
• Design for bending

– Curving mechanics
– Fracture during the bending operation
– Distortion from the bending operation

19 20

Overview of Design 
Guide 33

General Information on Curved 
Members
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Design Guide Overview
Purpose of Design Guide 33
• Design guidance

– Vertically-curved members
– Horizontally-curved members
– Connections

21

Design Guide Overview
• Practical information

– Fabrication
– Detailing

22

Design Guide Overview
Contents of Design Guide 33
• Chapter 1: Introduction

– Typical applications of curved members

• Chapter 2: Curving Steel Members
– Bending geometries and processes

23

Design Guide Overview
Contents of Design Guide 33
• Chapter 3: Design for Bending

– Preventing fracture and distortion during the 
bending operation

• Chapter 4: Fabrication and Detailing
– Tolerances, fabrication and detailing

24
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Design Guide Overview
• Chapter 5: General Design Issues

– Material properties, contract documents, etc.

• Chapter 6: Vertically-Curved Members
• Chapter 7: Horizontally-Curved Members

25

Design Guide Overview
• Chapter 8: Design Examples
• Glossary 
• List of bender-roller companies

26

27

Curving Steel Members

Curve Geometries

General Information on Curved 
Members

Curve Geometries
• Standard Bends
• Specialty Bends

– Off-Axis, Compound, Reverse-Compound, Multi-
Axis, Variable-Radius, Spiral

28
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Curving Steel Members

Curve Geometries

Standard Bends

General Information on Curved 
Members

Curve Geometries
Standard Bends
• Single-radius curvature

30

Photographs courtesy of the AISC Bender/Roller Committee

Curve Geometries
Standard Bends
• Bending about a principal or geometric axis

– Hard way: bending about the strong axis
– Easy way: bending about the weak axis

31

Curve Geometries

32
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Curve Geometries Curve Geometries

Curve Geometries Curve Geometries
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Curving Steel Members

Curve Geometries

Specialty Bends

General Information on Curved 
Members

Curve Geometries
Off-Axis Bends
• Bending about a non-principal or non-

geometric axis
• AKA conical rolling
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Curve Geometries
Off-Axis Bends
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Photographs courtesy of the AISC Bender/Roller Committee

Curve Geometries
Off-Axis Bends
• Canopies
• Roofs

40

Photograph courtesy of the AISC Bender/Roller Committee
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Curve Geometries
Compound Bends
• Two or more arcs in the 

same plane
• No reversal of curvature

41

Curve Geometries
Compound Bends
• Can be fabricated with 

a straight segment 
between tangent points
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Curve Geometries
Reverse-Compound Bends
• Compound bend with 

reversal of curvature
• AKA S-curve

43

Curve Geometries
Reverse-Compound Bends

44

Photographs courtesy of the AISC Bender/Roller Committee
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Curve Geometries
Compound and Reverse-Compound Bends
• Canopies
• Roofs
• Architectural features
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Curve Geometries
Reverse-Compound Bends
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Photographs courtesy of the AISC Bender/Roller Committee

Curve Geometries
Multi-Axis bends
• Curvature about more than one axis
• AKA multi-plane bending
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Curve Geometries
Multi-Axis bends
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Photographs courtesy of the AISC Bender/Roller Committee
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Curve Geometries
Variable-Radius Bends
• Any non-circular bend
• AKA multi-radius bends
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Curve Geometries
Variable-Radius Bends: Parabolic
• Parabolic arches are efficient for resisting 

uniform gravity loads
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Curve Geometries
Variable-Radius Bends: Parabolic
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Photographs courtesy of the AISC Bender/Roller Committee

Curve Geometries
Variable-Radius Bends: Elliptical
• Elliptical bends can be required where a 

curved plane interfaces with a skewed plane

52
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Curve Geometries
Variable-Radius Bends: Elliptical

53

Photographs courtesy of the AISC Bender/Roller Committee

Curve Geometries
Spiral Bends
• Helical curve
• AKA sloped rolling or 

pitched rolling
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Photograph courtesy of the AISC Bender/Roller Committee

Curve Geometries
Spiral Bends
• Spiral stairs
• Art sculptures
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Photographs courtesy of the AISC Bender/Roller Committee

56

Curving Steel Members

Bending Processes

General Information on Curved 
Members
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Bending Processes
• Cold bending

– Room temperature
– Usually more economical than hot bending

• Hot Bending
– Heating lowers the material yield strength
– Smaller forces required by the bending machine 

57

Bending Processes
• Pyramid roll bending
• Incremental step bending
• Induction bending
• Other processes

58

Photograph courtesy of the AISC Bender/Roller Committee

Bending Processes
Pyramid Roll Bending 
• Member is repeatedly passed 

through a set of rolls
• Cold-bending method

59

Bending Processes
Pyramid Roll Bending

60

Photograph courtesy of the AISC Bender/Roller Committee
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Bending Processes
Pyramid Roll Bending
• Supplementary rolls

– Tension force applied to the 
tension flange

– Control web distortion

61

Bending Processes
Pyramid Roll Bending
• Contoured rolls

– Provide support during 
the bending operation
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Photograph courtesy of the AISC Bender/Roller Committee

Bending Processes
Pyramid Roll Bending
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Photograph courtesy of the AISC Bender/Roller Committee

Bending Processes
Pyramid Roll Bending
• Special rolls 

– Stabilize cross-sectional 
elements

– Reduce distortion

64

Photograph courtesy of the AISC Bender/Roller Committee
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Bending Processes
Pyramid Roll Bending

65

Photograph courtesy of the AISC Bender/Roller Committee

Bending Processes
Incremental Step Bending 
• Forces applied at several 

discrete locations along 
the member length

• Cold-bending method
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Photograph courtesy of the AISC Bender/Roller Committee

Bending Processes
Induction Bending
• Hot-Bending Method
• Electric induction coil 

heats a narrow band 
around the member 
circumference

67

Photograph courtesy of the AISC Bender/Roller Committee

Bending Processes
Induction Bending
• After heating, the 

member is curved by 
force

68

Photograph courtesy of the AISC Bender/Roller Committee
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Bending Processes
Induction Bending
• Equal thickness elements 

= uniform heating

69

Photograph courtesy of the AISC Bender/Roller Committee

Bending Processes
Induction Bending
• Usually costs more than cold-bending
• Capable of small-radius bends with low cross-

sectional distortion
• With proper control of the essential variables, 

material properties can be enhanced
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Bending Processes
Induction Bending
• Heavy shapes

– Hollow shapes with wall thicknesses up to 6 in. 
have been successfully bent

71

Bending Processes
• Each bending method has advantages and 

disadvantages
• The capabilities of each bender/roller can vary 

significantly
• Involve a bender/roller early in the design 

process

72
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Design for Bending

General Information on Curved 
Members

Design for Bending
What is the Minimum Cold-Bending Radius?

Rule of Thumb?

74

Rigid Guidelines Are Not Available
• Minimum radius is dependent on:

– Bending axis
– Shape of the cross-section
– Slenderness of the cross-sectional elements
(continued)
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Design for Bending
– Bending method and equipment
– Level of acceptable cross-sectional distortion
– Level of acceptable cold-working of the material

76

Design for Bending



20

AISC Night School
June 18, 2018

Design of Curved Members / Façade Attachments
Session 1: General Information on Curved Members

Copyright © 2018
American Institute of Steel Construction

• Bending requirements should be discussed 
with the bender-roller who will provide the 
service

• A list of bender-rollers is on the AISC website 
at www.aisc.org/membership/bender-roller-
committee/
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Design for Bending Design for Bending
Behavior During the Bending Operation
• Curving mechanics
• Fracture
• Cross-sectional distortion

78

79

Design for Bending

Curving Mechanics

General Information on Curved 
Members

Curving Mechanics
• Inelastic strain → permanent curvature

80
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Curving Mechanics
• Low curvature →

yield plateau
• High curvature →

strain hardening

81

Curving Mechanics
Maximum strain:

R = centroidal radius of curvature
yo = distance from neutral axis to the outermost fiber

82

max =ε oy
R

Curving Mechanics
For symmetric members:

D = member depth in the plane of curvature

83

max =ε
2
D
R

Curving Mechanics
The maximum strain can be defined as a 

multiple of the yield strain

εmax = αεy

α = strain ratio
εy = yield strain, = Fy/E

84
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Curving Mechanics
For α > 12, precautions may be necessary to 

ensure quality of the curved member 
(Bjorhovde, 2006).

85

Bjorhovde, R. (2006), “Cold Bending of Wide-Flange Shapes for Construction,” Engineering
Journal, AISC, Vol. 43, No. 4, pp. 271–286.

Description α
R/Db

(Fy = 50 ksi)
97% of Mp for W-Shape bent the hard way 2.0 145
97% of Mp for W-Shape bent the easy way 3.5 83.1
Strain hardening (Fy = 50 ksi) 8.7 33.3
Conservative limit 12 24.2
ε = 3% (Fy = 50 ksi) 17 16.7
ε = 5% (Fy = 50 ksi) 29 10.0
bFor members that are symmetric about the axis of curvature

Curving Mechanics

87

Design for Bending

Fracture During the 
Bending Operation

General Information on Curved 
Members

Fracture
Risk Increased By:
• High α
• Low ductility

88
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Fracture
Ductility is Decreased By:
• Holes
• Cuts
• Copes
• Welded fittings

89

Fracture
Tension Flange Bolt Holes
• Holes formed before bending

– Beam line = economical
– Acceptable at large-radius bends

90

Fracture
Tension Flange Bolt Holes
• Holes formed after bending

– Manual fabrication = expensive
– Necessary at small-radius bends

91

Fracture
Tension Flange Bolt Holes
• Two limit states

– Fracture
– Excessive hole elongation

92
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Fracture
Tension Flange Bolt Holes
• Suggested limit if holes are formed before 

bending: FuAfn ≥ 1.1FyAfg

Afg = gross area of the tension flange
Afn = net area of the tension flange

93 94

Design for Bending

Distortion from the 
Bending Operation

General Information on Curved 
Members

Distortion
• A deviation from the original cross-sectional 

shape
• Occurs in every bent member to some degree
• A single half-wave or a series of wrinkles along 

the entire bend length
• AKA waving or wrinkling

95

Distortion
Causes
• Flexural compression

– Flange local buckling
– Web local buckling

• Shear
– Web shear buckling

96
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Distortion
Causes
• Contact forces from the bending machine

– Web crippling
(continued)

97

Distortion

98

– Flange bending

Distortion
Causes
• Radial forces

– Flange bending
– Web buckling

99

Affected By:
• Bending radius
• Cross-sectional shape of the member
• Cross-sectional dimensions of the member
• Bending axis

100

Distortion
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Affected By:
• Bending method/techniques
• Level of initial geometric imperfections
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Distortion
Affected By:
• Cross-sectional support 

(special rolls)

102

Distortion

Photograph courtesy of the AISC Bender/Roller Committee

Affected By:
• Cross-sectional support 

(supplementary rolls)

103

Distortion

Photograph courtesy of the AISC Bender/Roller Committee

Affected By:
• Cross-sectional support 

(mandrel or other support)

104

Distortion

Photograph courtesy of Larry Kloiber
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Square and Rectangular HSS
• Concave compression flange
• Outward bowing of web

105

Distortion
Square and Rectangular HSS

106

Distortion

−= 1ρw
b B

B

=ρ f
e
D

Square and Rectangular HSS

107

Distortion

Photograph courtesy of Larry Kloiber

Square and Rectangular HSS

108

Distortion

Pyramid roll bending with no mandrel
(REF: CIDECT Report 11C-88/14E)
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Round HSS
• Ovalization

Dn = nominal outside diameter

109

Distortion

−=ρ max min

n

D D
D

Local buckling resistance ≈
distortion resistance

• Lower b/t = less distortion

110

Distortion

• Round elements  perform better than 
rectangular elements

111

Distortion
• Stiffened elements  perform better than 

unstiffened elements

112

Distortion
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• The bending operation often requires a lower 
b/t than required for strength under service 
loads

113

Distortion
• Compact elements per AISC Specification

Section B4.1: λ ≤ λp
− Medium-radius bends
− Sufficient for a minimum of α = 4
− Usually sufficient for α = 9
− α can be much higher for restrained elements

114

Distortion

• Highly-ductile elements per AISC Seismic 
Provisions Section D1.1b: λ ≤ λhd
− Small-radius bends
− Bender/roller may suggest more stringent width-

to-thickness ratios

115

Distortion

116

Question time
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Go to www.aisc.org and sign in.

Night School Resources for 8-session 
package Registrants
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128

Thank You
Please give us your feedback!

Survey at conclusion of webinar.


