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Thank you for joining our live webinar today.
We will begin shortly.  Please standby. Today’s audio will be broadcast through the internet.  Please be sure to turn 

up the volume on your speakers.

Please type any questions or comments in the Q&A window.
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material or product.  

Questions related to specific materials, methods, and services will be addressed at the conclusion of this 
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It is often said that "steel is an inherently ductile material," and yet this statement fails to explain how steel occasionally behaves in a 
brittle manner. Most texts include both yield and tensile strengths in the listing of mechanical properties, but sometimes steel fails 
with no sign of yielding before fracture. Structural engineers designing structures to resist earthquake loading rely on ductile behavior 
to absorb seismically-induced loads, and yet brittle fractures have been observed after earthquakes. These apparent paradoxes can be 
understood when the role of shear stresses and ductility is properly understood. Notches and constraint, known to be problematic
when ductility is desired, can also be explained in terms of shear stresses. Designing structural systems to enable the development of 
shear stresses is essential if ductility is desired. This presentation will give insight into how ductility can be achieved and provide some 
insight into how Mohr's Circle can be used to easily explain ductility.

AISC Live Webinars

Course Description 

• From the references provided in the presentation, describe ductility.

• Describe how notches and constraint can be problematic when ductility is desired.

• Explain how designing structural systems to enable the development of shear stresses is 
essential.

• Demonstrate how Mohr's Circle can be used to easily explain ductility.

AISC Live Webinars

Learning Objectives – Submitted for AIA CE Credit

Duane K. Miller, PE, ScD, The Lincoln Electric Company
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Ductility: Another View

Outline

• A Wrong View

• A Corrected View

• The View of Physics

• Application of the Correct View

• Introduction
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• Ductility: used 69 times

• Ductile: used 10 times

• Neither term defined in the 
glossary

9

• Ductility: used 87 times

• Ductile: used 193 times

• None of these terms are 
defined in the glossary

• Ductilities: used 2 times

10

• Inelastic: used 374 times

• Not defined in the glossary

11

• Steel: used 2740 times

• Concrete: used 470 times

• Ratio: 5.8:1

• Why? Steel >> Concrete

12
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• Welding: used 236 times

• Bolting: used 41 times

• Ratio: 5.8:1

• Why? Welding >> Bolting

13

GLOSARY

Percent elongation

Measure of ductility, 

determined in a tensile test as 

the maximum elongation of the 

gage length divided by the 

original gage length expressed 

as a percentage.

14

COMMENTARY GLOSSARY

Brittle fracture. 

Abrupt cleavage with little or no 

prior ductile deformation.

15

GLOSSARY

Ductile limit state

Ductile limit states include member and 

connection yielding, bearing deformation at bolt 

holes, as well as buckling of members that conform 

to the seismic compactness limitations of Table D1.1. 

Rupture of a member or of a connection, or buckling 

of a connection element, is not a ductile limit state.
16
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Ductility—Permanent deformation before fracture; 

measured as elongation or reduction in areas.

Elements of Material Science and Engineering: Van Vlack

17

The engineering fracture strain is one measure of 

ductility. 

Mechanical Behavior of Materials: Dowling

Another measure of ductility is the percent reduction 

in area, called %RA…. 

18

Mechanical Metallurgy: Dieter

Fractures can be classified into two general 

categories, ductile and brittle. A ductile fracture is 

characterized by appreciable plastic deformation 

prior to and during the propagation of the crack. An 

appreciable amount of gross deformation is usually 

present at the fracture surfaces. 

19

Ductility: Another View

Outline

Ductility: Might have different meanings

• Introduction

20
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Ductility

“Steel is an inherently ductile material.”

25 26

Ductility: Another View

Outline

• A Wrong View

Ductility is a material property, ductile material 
always leads to ductile performance.

• Introduction

27

Ductility: Another View

Outline

• A Wrong View

• A Corrected View

• The View of Physics

• Application of the Correct View

• Introduction

28
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Omer W. Blodgett
1917-2017

29

Globe Shipbuilding, Duluth Minnesota

30

One of ten V4-M-AV1 ocean-going tugs.

31

One of eight S2-S2-AQ1 Frigates

32
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One of eleven C1-M-AV1 Cargo Vessels

33 34

Original Crack in Plating

48% Elongation

35

Strength of Metals Under 

Combined Stresses

Maxwell Gensamer
1941

36
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Maxwell Gensamer

“This is an important concept and 

needs to be emphasized: no shear 

stress, no plastic deformation or 

flow.”

37

Christian Otto Mohr
1835 – 1918

Mohr’s Circles

38

T e n s i l e
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sxsy

tx-y
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sxsy

tx-y

42

sxsy

tx-y

43

sxsz

tx-z

44
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sxsz

tx-z
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sxsz

tx-z
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sxsz

tx-z

47
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50

sysz

ty-z

51

sxsy, sz
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3 Circles
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STRENGTH OF METALS UNDER COMBINED STRESSES

“So, if smax. (the normal stress) first reaches the 

critical value for cohesive failure, the metal will be 

brittle (behave in a brittle fashion); whereas if tmax. 

(the shear stress ) first reaches the critical value for 

plastic deformation, the metal will deform, that is, 

behave in a ductile fashion.

70

sy, sz Fy Fu
sx

critical value for 
cohesive failure

71

STRENGTH OF METALS UNDER COMBINED STRESSES

“So, if smax. (the normal stress) first reaches the 

critical value for cohesive failure, the metal will be 

brittle (behave in a brittle fashion); whereas if tmax. 

(the shear stress ) first reaches the critical value for 

plastic deformation, the metal will deform, that is, 

behave in a ductile fashion.

72
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critical value for 
plastic deformation

sy, sz Fy Fu
sx

73

STRENGTH OF METALS UNDER COMBINED STRESSES

“It is well known that a metal may be ductile under 

one set of conditions and brittle under another. 

Ductility and brittleness, then are properties that must 

be considered as referring to some particular set of 

testing or service conditions.”

74

Ductility: Another View

Outline

• A Wrong View

• A Corrected View

• Introduction

Ductility is function of the testing or service 
conditions.

75

Strength of Metals Under 

Combined Stresses

Maxwell Gensamer
1941

76
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Through-Thickness Strength 

and Ductility of Column 

Flanges in Moment 

Connections

Robert Dexter

Minerva Melendrez

July 1999

77

Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

78

Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

79

Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

80
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Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

….Grade 50 and Grade 65 column sections.

The through-thickness strength exceeded 690 MPa .

81

Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

This result can be explained by the existence of triaxial 

constraint of the column flange material, which creates 

hydrostatic tension stresses, raising the apparent 

through-thickness strength.

82

Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

These tee-tests show that the through-thickness tensile 

strength of constrained column flange material in a beam-

to-column joint exceeds the minimum specified ultimate 

strength of Grade 50 or Grade 65 beam flanges.

83

Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

The yield strength in the uniaxial through-thickness 

tensile specimens can be as low as 90 percent of the 

yield strength in the longitudinal direction. The 

reduction in area in this direction can be as low as 13 

percent, compared to typical values of 70 percent. 

84
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Through-Thickness Strength and Ductility of Column Flanges in Moment Connections

This low ductility is not a significant problem, because 

the through thickness strength exceeds the force and 

stress levels that could be produced by beam flanges. 

If the column flange does not yield in the through-

thickness direction, there is no significant demand for 

ductility in the through-thickness direction.
85

TRIAXIALITY AND FRACTURE OF STEEL MOMENT CONNECTIONS

Journal of Structural Engineering, 2000, 126(10): 1131-1139 86

TRIAXIALITY AND FRACTURE OF STEEL MOMENT CONNECTIONS

Journal of Structural Engineering, 2000, 126(10): 1131-1139

As triaxiality increases, the propensity for fracture 
increases.

87

TRIAXIALITY AND FRACTURE OF STEEL MOMENT CONNECTIONS

Journal of Structural Engineering, 2000, 126(10): 1131-1139

Classic engineering models of fracture and modern 
microscale models of fracture mechanisms explicitly 

consider the role of triaxiality.

88
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TRIAXIALITY AND FRACTURE OF STEEL MOMENT CONNECTIONS

Journal of Structural Engineering, 2000, 126(10): 1131-1139

Nonetheless, triaxiality is generally not directly 
considered by structural engineers.

89

TRIAXIALITY AND FRACTURE OF STEEL MOMENT CONNECTIONS

90

TRIAXIALITY AND FRACTURE OF STEEL MOMENT CONNECTIONS

91

TRIAXIALITY AND FRACTURE OF STEEL MOMENT CONNECTIONS

92
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• A Wrong View

• A Corrected View

• Introduction

Ductility is function of the testing or service 
conditions.

93

Ductility: Another View

Outline

• A Wrong View

• A Corrected View

• The View of Physics

• Application of the Correct View

• Introduction
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Dislocations
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Body Centered Cubic (BCC)
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Body Centered Cubic (BCC)

Atomic Packing
145

Body Centered Cubic (BCC)

146

Body Centered Cubic (BCC)

147

Body Centered Cubic (BCC)
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Body Centered Cubic (BCC)

149

Body Centered Cubic (BCC)

150

Body Centered Cubic (BCC)
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Body Centered Cubic (BCC)
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Body Centered Cubic (BCC)

153

Body Centered Cubic (BCC)

154

Body Centered Cubic (BCC)
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Body Centered Cubic (BCC)

45o45o
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Outline

• A Wrong View

• A Corrected View

• The View of Physics

• Introduction

Lennard Jones Potential, Atomic Interactions, 
Dislocations, Atomic Packing 

157

Ductility: Another View

Outline

• A Wrong View

• A Corrected View

• The View of Physics

• Application of the Correct View

• Introduction
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STRENGTH OF METALS UNDER COMBINED STRESSES

“It is well known that a metal may be ductile under 

one set of conditions and brittle under another. 

Ductility and brittleness, then are properties that must 

be considered as referring to some particular set of 

testing or service conditions.”

159

AISC 341-16 Seismic Provisions

Structural steel systems in seismic regions are generally 

expected to dissipate seismic input energy through 

controlled inelastic deformations of the structure. The 

Provisions supplement the Specification for such 

applications. The seismic design loads specified in the 

building codes have been developed considering the 

energy dissipation generated during inelastic response.

Commentary A1 Scope

160
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How to Achieve Controlled Inelastic Deformations

161

Ductile Material

Cracked Structure

162

How to Achieve Controlled Inelastic Deformations

• Select a ductile material

163

Ductile Design of                 
Steel Structures

Bruneau
Uang

Whittaker

1998

164
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Ductile Design of Steel Structures

Preface

“Many practicing engineers have wrongly believed 

for years that the ductile nature of the structural steel 

material directly translates into inherently ductile 

structures.”

Correct view: the ductile nature of steel does not 
directly translate into a ductile structure.

165 166

Ductile Material Ductile Structure

Correct view: the ductile nature of steel does not 
directly translate into a ductile structure.

Ductile Design of Steel Structures

Chapter 1 Introduction

“However, there are many situations in which an 

explicit approach to the design of ductile steel 

structures is necessary because the inherent 

material ductility alone is not sufficient to provide the 

desired ultimate performance.”

167

How to Achieve Controlled Inelastic Deformations

• Select a ductile material

• Avoid conditions that prompt brittle fracture

(triaxial stress, constraint, notches, low 
temperatures, high strain rates)

168
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Ductile Design of Steel Structures

Chapter 1 Introduction

“To achieve this ductile response, one must 

recognize and avoid conditions that may lead to 

brittle failures and adopt appropriate design 

strategies to allow for stable and reliable hysteretic 

energy-dissipation mechanisms. This sort of thinking 

is relatively new in structural engineering.”

169

Barsom and Rolfe: Fatigue and Fracture Control in Structures                        

Most structural materials exhibit considerable strain 

(deformation) before reaching the tensile or ultimate 

strength….However, under conditions of low 

temperature, rapid loading and/or high constraint 

(e.g., when the principle stresses s1, s2, and s3 are  

essentially equal), even ductile materials may not 

exhibit any deformation before fracture.

170

STEEL CONSTRUCTION MANUAL  15th Edition

A triaxial state-of-stress can also result from 

uniaxial loading when notches or geometric 

discontinuities are present. A triaxial state-of-stress 

will cause the yield stress of the material to increase 

above it nominal value, resulting in brittle fracture by 

cleavage, rather than ductile shear deformations. 

page 2-38

171

How to Achieve Controlled Inelastic Deformations

• Select a ductile material

• Avoid conditions that prompt brittle fracture

(triaxial stress, constraint, notches, low 
temperatures, high strain rates)

• Encourage shear stresses

172



44

AISC Live Webinar
April 12, 2022

Ductility: Another View

© Copyright 2022
American Institute of Steel Construction

173 174

175 176



45

AISC Live Webinar
April 12, 2022

Ductility: Another View

© Copyright 2022
American Institute of Steel Construction

177 178
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Region of potential ductility
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Region of limited ductility
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209 210

Another need for ductility: welding depends on it.

211

L

L + DL

Fy = 50 ksi [350 MPa]

50 kips

DL = PL
AE

DL = 50(10)
1(30E3)

= 0.016 in (0.16 %)

212



54

AISC Live Webinar
April 12, 2022

Ductility: Another View

© Copyright 2022
American Institute of Steel Construction

L

L + DL

70 oF [20 oC]

DL = L(DT)Cexp = 0.18 in (1.8 %)

2795 oF [1535 oC]

DL = 10(2795 - 70)(6.6E-6) 

213

Fy = 50 ksi [350 MPa] 50 kips

2795 oF [1535 oC]

0.016 in (0.16 %)

0.18 in (1.8 %)

Thermal elongation = 10X yield point elongation

214

L + DL

215

L

216
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225

How to Achieve Controlled Inelastic Deformations

• Select a ductile material

• Avoid conditions that prompt brittle fracture

(triaxial stress, constraint, notches, low 
temperatures, high strain rates)

• Encourage shear stresses

• Applied shear stress > critical shear strength

Demand > Resistance

226

227

ASTM A36A
S

T
M
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5

7
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 5
0 Strong column, weak beam

228

Strong column, weak beam

ASTM A36A
S

T
M

 A
5

7
2

 G
r

 5
0

Fy-min = 36 ksi

Fu-min = 65 ksi

Fy-max = none
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Strong column, weak beam

ASTM A992A
S

T
M

 A
9

9
2

Fy-min = 50 ksi

Fy-max = 65 ksi

Fy/Fu = 0.85 max

Fu-min = 65 ksi

How to Achieve Controlled Inelastic Deformations

• Select a ductile material

• Avoid conditions that prompt brittle fracture

(triaxial stress, constraint, notches, low 
temperatures, high strain rates)

• Encourage shear stresses

• Applied shear stress > critical shear strength

230

sy, sz

tx-y, tx-z

Fy Fu

sx

Shear strength

231

How to Achieve Controlled Inelastic Deformations

• Select a ductile material

• Avoid conditions that prompt brittle fracture

(triaxial stress, constraint, notches, low 
temperatures, high strain rates)

• Encourage shear stresses

• Applied shear stress > critical shear strength

• Ensure enough material is present to create 
meaningful displacements

232
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233

3 in. [75 mm]

12 in.  [300 mm]

0.2 in. [5 mm] thick

234

approximately 
2.5 in. [64 mm]

235

approximately 
0.2 in. [5 mm]

236
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12 in.  [300 mm]

237

12 in.  [300 mm]

13.5 in.  [340 mm]
238

12 in.  [300 mm]

239

12 in.  [300 mm]

12.4 in.  [315 mm]
240
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241

13.5/12 = 12.5%

12.4/12 = 3.3%

242

approximately 
2.5 in. [64 mm]

243

approximately 
3.5 in. [90 mm]

244
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approximately 
0.2 in. [5 mm]

245

approximately 
0.3 in. [7 mm]

246

13.5/12 = 12.5%

12.4/12 = 3.3%

247

1.0

1.0

Fy = 35.0 Ksi [242 MPa]

45o

248
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0.8

1.0

Fy = 35.9 Ksi [248 MPa]

51o

249

0.6

1.0

Fy = 39.7 Ksi [274 MPa]

59o

250

0.4

1.0

Fy = 50.7 Ksi [350 MPa]

68o

251

0.2

1.0

Fy = 91.0 Ksi [628 MPa]

79o

252
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Width Length Angle
Yield 

Stress 
(ksi)

Yield 
Stress
(MPa)

1.0

1.0 45o 35.0 242

0.8 51o 35.9 248

0.6 59o 39.7 274

0.4 68o 50.7 350

0.2 79o 91.0 628
253

35

sxsy

tx-y

tcritical
45o

1.0 35 254

35.9

sxsy

tx-y

tcritical 47o

0.8 35.9 255

39.7

sxsy

tx-y

tcritical 52o

0.6 39.7 256
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50.7

sxsy

tx-y

tcritical
62o

0.4 50.7 257

91.0

sxsy

tx-y

tcritical
77o

0.2 91.0 258

Width Length Angle
Yield 

Stress 
(ksi)

Yield 
Stress
(MPa)

1.0

1.0 45o 35.0 242

0.8 51o 35.9 248

0.6 59o 39.7 274

0.4 68o 50.7 350

0.2 79o 91.0 628

Angle-
graphic

al

45o

47o

52o

62o

77o

%

0

8

13

10

2
259

Welded Connections–

A Primer for Engineers

AISC Design Guide 21, 2nd Edition

260
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Chapter 15: Problems and Fixes

15.5 Fixing Members That Are Cut Short

261

Chapter 15: Problems and Fixes

15.5 Fixing Members That Are Cut Short

Gap > 1 – 2 in. [25 – 50 mm]

Buttering may be a good solution

262

Chapter 15: Problems and Fixes

15.5 Fixing Members That Are Cut Short

Gap = 3 in. [75 mm]

W30 X 99

10.4 in.
[264 mm]

263

Chapter 15: Problems and Fixes

15.5 Fixing Members That Are Cut Short

Insert = 3 in. [75 mm]

W30 X 99

10.4 in.
[264 mm]

264
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Chapter 15: Problems and Fixes

15.5 Fixing Members That Are Cut Short

Insert = 3 in. [75 mm]

W30 X 99

10.4 in.
[264 mm]

265

Chapter 15: Problems and Fixes

15.5 Fixing Members That Are Cut Short

Insert = flange width, not 
less than 12 in. [300 mm]

W30 X 99

10.4 in.
[264 mm]

266

Chapter 15: Problems and Fixes

15.5 Fixing Members That Are Cut Short

The additional material between the two parallel 
welds accommodates weld shrinkage strains.

267

How to Achieve Controlled Inelastic Deformations

• Select a ductile material

• Avoid conditions that prompt brittle fracture

(triaxial stress, constraint, notches, low 
temperatures, high strain rates)

• Encourage shear stresses

• Applied shear stress > critical shear strength

• Ensure enough material is present to create 
meaningful displacements

• Ensure movement is in a meaningful direction
268
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269 270

ANSI/AISC 358-16
An American National 

Standard

Prequalified 
Connections for 

Special and 
Intermediate Steel 

Moment Frames for 
Seismic Applications

271 272

The Pre-Northridge Moment 
Connection

Not prequalified in ASIC 358
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Bolted End Plate Moment Connection

AISC 358-16 Prequalified Connections

273

Reduced Beam Section (RBS) Moment 
Connection

AISC 358-16 Prequalified Connections

274

Bolted Unstiffened and Stiffened Extended End-
Plate moment connections   (BUUEP, BSEEP)

AISC 358-16 Prequalified Connections

275

Bolted Flange Plate (BFP) Moment 
Connection

AISC 358-16 Prequalified Connections

276
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Welded Unreinforced Flange-Welded Web  
(WUF-W) Moment Connection

AISC 358-16 Prequalified Connections

277

Kaiser Bolted Bracket (KBB) Moment Connection

AISC 358-16 Prequalified Connections

278

279

CONXTECH ® CONXLTM Moment Connection

AISC 358-16 Prequalified Connections

280

SidePlate® Moment Connection

AISC 358-16 Prequalified Connections
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281

SidePlate® Moment Connection

AISC 358-16 Prequalified Connections

282

Reduced Beam Section End Plate

Flange Plate WUF-W
282

Kaiser Bracket
Connextech

SidePlate 283

Ductility: Another View

Outline

• A Wrong View

• A Corrected View

• The View of Physics

• Application of the Correct View

• Introduction
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AISC | Questions?

285

• Reporting attendance is not necessary.

• Certificates will be issued based on AISC’s attendance record.

• You will be receiving certificates via email from registration@aisc.org.

CEU / PDH Certificates

For those participating at their own connection…

• Main registrant will report attendance via an online form.  (The link will be 
provided in an email from registration@aisc.org.)

• Username:  Same as AISC website username.

• Password:  Same as AISC website password.

• Once attendance has been reported, each group member will be receiving 
certificates via email from registration@aisc.org.

CEU / PDH Certificates

For those participating at one connection with a group…

AISC | Thank you


