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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

AISC Live Webinars

There’s always a solution in Steel

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

Thank you.

Need Help? 
Call ReadyTalk Support: 800.843.9166

Today’s audio will be broadcast through the 
internet.

Alternatively, to hear the audio through the phone, 
dial 800-954-0649.
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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.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
(800) 954-0649

Conference ID: 21783629

For additional support, please press *0 and you will be 
connected to a live operator.

AISC Live Webinars

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 2015

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any
specific application without competent professional examination and verification by a licensed
professional engineer. Anyone making use of this information assumes all liability arising from such
use.
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Welded Connections – The Good, the Bad, and the Ugly
December 3, 2015

It has been said that "the devil is in the details," and welded connections are 
no different. Subtle changes can affect the performance, quality, and cost of 
welded connections. Engineers, detailers, fabricators, and erectors will all 
benefit from this practical webinar that will present preferred practices for 
quality, dependable, cost-effective welded connections. Topics include:
• Details of butt, corner, and lap joints
• When and why width or thickness transitions are required in joints
• Details of groove welds, fillet welds, and plug welds
• Economy of PJP groove welds versus fillet welds
• The influence of left-in-place steel backing on statically, cyclically and 

seismically loaded connections
• Many other "details on details"

Course Description
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• Gain an understanding of principles that make for good welded 
connections

• Identify weld configurations that provide proper load path 
• Identify weld geometries that do not induce undesirable loads 

such as stress raisers or bending on welds
• Determine simple, economical and safe welds for joints

Learning Objectives

8

Welded Connections:
The Good, The Bad, and The Ugly

Presented by 
Duane Miller, Sc.D., P.E.
Manager of Engineering Services and Welding 
Design Consultant at The Lincoln Electric 
Company
Cleveland, OH
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WELDED CONNECTIONS:
The Good, the Bad and the Ugly

9

WELDED CONNECTION
Good, Bad or Ugly?

What makes a

10
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good
adjective   \’gud\

: of high quality

: of somewhat high but not excellent quality

: correct or proper 

11

bad
adjective   \’bad\

: low or poor in quality

: not correct or proper

: not pleasant, pleasing, or enjoyable 

12
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ugly
adjective   \’   - gle\

: unpleasant to look at: not pretty or attractive

: unpleasant to hear

: offensive or disgusting 

e

13

good
adjective   \’gud\

: of high quality

: of somewhat high but not excellent quality

: correct or proper 

14
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WELDED CONNECTION
correct or proper?

What makes a

15

Principles of Connection Design

PRINCIPLES OF WELDED CONNECTION DESIGN

• Twelve principles that make for good welded 

connections  

• Examples of good and bad welded connections

OUTLINE

UGLY WELDED CONNECTIONS

16
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WELDED CONNECTIONS:
The Good, the Bad and the Ugly

17

Principles of Connection Design

A correct and proper welded connection

1

is strong enough to transfer all the applied 
loads through the connection.

Correct and proper = strong enough

(but not stronger than necessary)

18
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CJP

Official Definition:

A groove weld in which weld metal 

extends through the joint thickness.

19

CJP

Unofficial Definitions:

• A weld specified when loads are unknown.

• A weld specified for really important connections.

• A weld specified when NDT is desired.

• A weld specified when no one wants to calculate 
weld size.

• A weld specified J.I.C. (just in case)

20
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Principles of Connection Design

A correct and proper welded connection

1

is strong enough to transfer all the applied 
loads through the connection.

21

Principles of Connection Design

A correct and proper welded connection

2

has a clear and direct load path.

“Provide a path so a transverse 
force can enter that part of the 

member (section) that lies parallel to 
the force.”

Omer W. Blodgett

22
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A correct and proper welded connection

has a clear and direct load path.

“The force goes to the stiff part.”

William “Bill” A. Milek

Principles of Connection Design
2

23
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47

Principles of Connection Design

A correct and proper welded connection

2

has a clear and direct load path.

48
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Principles of Connection Design

A correct and proper welded connection

3

places welds in regions of low stress.

Corollary:
When possible, pass major loads 
through steel, not through welds

49
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M
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M

Fatigue 
Category E, E’

High Moment 
Area

53

M

Fatigue Category E, E’

Lower Moment 
Area

54
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Principles of Connection Design

A correct and proper welded connection

3

places welds in regions of low stress.

55

Principles of Connection Design

A correct and proper welded connection

4

does not introduce stress raisers.

REMINDER:
Stress raisers are only stress raiser if 
there is a tensile stress component  
perpendicular to the stress raiser.

56
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AWS D1.1:2010 Structural Welding Code--Steel

5.10.2 Full-Length Backing.

Except as permitted below, steel backing shall be 

made continuous for the full length of the weld. All 

joints in the steel backing shall be CJP groove 

weld butt joints meeting all the requirements of 

Clause 5 of this code.

68
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69

AWS D1.1:2010 Structural Welding Code--Steel

5.10.2 Full-Length Backing.

Except as permitted below, steel backing shall be 

made continuous for the full length of the weld. All 

joints in the steel backing shall be CJP groove 

weld butt joints meeting all the requirements of 

Clause 5 of this code.

70
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AWS D1.1:2010 Structural Welding Code--Steel

5.10.2 Full-Length Backing (cont’d) 

For statically loaded applications, backing for 

welds to the ends of closed sections, such as 

hollow structural sections (HSS), are permitted to 

be made from one or two pieces with unspliced 

discontinuities where all of the following conditions 

are met:

71

Principles of Connection Design

A correct and proper welded connection

4

does not introduce stress raisers.

72
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Principles of Connection Design

A correct and proper welded connection

5

is not constrained.

73
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Ductility

“Steel is an inherently ductile material.”

78

Earthquake Protection

Andrew Coburn
Robin Spence

2002
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79

Steel is an inherently ductile material, and is thus 
very suitable for building in earthquake areas.16

16Although welded joints can be a source of weakness and 
have resulted in some failures in recent earthquakes.

80

Safe Rooms and Shelters

Protecting People Against 
Terrorist Attacks

FEMA 453
May 2006
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81

Steel in an inherently ductile material  that is capable of 
sustaining large deformations; however, the every efficient 
thin-flanged sections make the conventional frame 
construction vulnerable to localized damage.

Steel in an inherently ductile material

82

US Army Corps of Engineers
Technical Instructions

Structural Design Criteria 
for Buildings

1999
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83

Structural steel in an inherently ductile material.  The ductility 
of steel structures is achieved by designing connections to 
avoid tearing or fracture and by ensuring an adequate path 
for loads to travel across the connection.

Structural steel in an inherently ductile material.

84

Ductile Design of                 
Steel Structures

Bruneau
Uang

Whittaker

1998
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85

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.”

86

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.”
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87

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.”

88

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 1, 2, and 3 are  

essentially equal), even ductile materials may not 

exhibit any deformation before fracture.
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L

L + L

E
Lσ

=AE
PL

  = ΔL

y = 50 ksi [350 MPa]

y = 50 ksi [350 MPa]

[0.17%] in 0.017=30X10
50 (10 )  = 3

50 Ksi

350 MPa

89

L

L + L

)(C t )Δ( L  = ΔL exp

)10 x (6.6 70 ) - (2795 10  = -6

[1.8%] in0.18 =

2795oF [1535oC]

70oF [20oC]
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0.17% =ΔL

50 ksi

y = 50 ksi [350 MPa]

350 MPa

1.8% =ΔL

2795oF [1535oC]

Thermal expansion is approximately 10X yield elongation.

91
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95

Principles of Connection Design

A correct and proper welded connection

5

is not constrained.

96



AISC Live Webinar
December 3, 2015

Weld Details – Good, Bad, and Ugly

49

Copyright © 2015
American Institute of Steel Construction

Principles of Connection Design

A correct and proper welded connection

6

does not subject the weld to bending.

97

98
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100
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Principles of Connection Design

A correct and proper welded connection

6

does not subject the weld to bending.

101

Principles of Connection Design

A correct and proper welded connection

7

protects the toes and roots of the welds.

“Watch your toes 
and

remember your roots.”

102
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103
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Principles of Connection Design

A correct and proper welded connection

7

protects the toes and roots of the welds.

109

Principles of Connection Design

A correct and proper welded connection

8

has a clearly defined throat.

“A nothin’ weld ain’t worth nothin’ ”

110
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nothin’ weld:

A weld that looks like what you wanted, but it ain’t.

111

CJP

112
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nothin’ weld:
113

nothin’ weld:

114
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Principles of Connection Design

A correct and proper welded connection

8

has a clearly defined throat.

115

Principles of Connection Design

A correct and proper welded connection

9

recognizes material properties.

“Respect material properties.”

116
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117

Report No. SAC/BD-97/01               Barsom and Korvink

Through-Thickness Properties               
of Structural Steels

118

Transverse or  
“y” direction (T) 

Through-thickness 
or “z” direction (TT) 
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do = original diameter

Ao =  do
2/4

df = final diameter

x100A
A-A

=R.A.
o

fo

Af =  df
2/4
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128

Report No. SAC/BD-97/01               Barsom and Korvink

Through-Thickness Properties               
of Structural Steels

A conservative through-thickness ultimate strength 

value can be derived from the longitudinal values 

and is give by the relationship of Fu(TT) = 0.8 Fu(L). 

Similarly, a conservative through thickness tensile 

yield strength value can be derived from the 

longitudinal values and is given y the relationship 

Fy(TT) = 0.9 Fy(L).
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131

Report No. SAC/BD-97/01               Barsom and Korvink

Through-Thickness Properties               
of Structural Steels

Generally, a minimum twenty percent (20%) 

reduction-of-area value has been used as a good 

measure of lamellar tearing resistance7,12. However, 

lamellar tearing behavior of steel products is 

determined by a complex interaction among factors 

related to material properties, detailing, welding 

procedure, fabrication and design.

Principles of Connection Design

A correct and proper welded connection

10

is easy, economical, and safe to fabricate and erect.

132
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Principles of Connection Design

A correct and proper welded connection

10

is easy, economical, and safe to fabricate and erect.

135

Principles of Connection Design

A correct and proper welded connection

11

recognizes commercial realities.

136
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ASTM A6 Tolerances

137

T’ 

For W over 12 in, T + T’ < 5/16” [8 mm]

ASTM A6 Tolerances

T 

138
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ASTM A6 Tolerances

T’ 

T 

For W over 12 in, T + T’ < 5/16” [8 mm] 139

Distortion

Angular Distortion

140
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AWS D1.1:2010 Structural Welding Code--Steel

 (in) < W/100 or 1/ 4 in [6 mm], whichever it greater

141

ASTM A500 Tolerances

For outside diameters (O.D.) > 2 in [50 mm]

< + 0.75% O.D.

Specified 
Outside 

Diameter
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ASTM A500 Tolerances

< + 0.15 in [3.8 mm]

20 in
[500 mm]

For outside diameters (O.D.) > 2 in [50 mm]
143

AWS D1.1:2010 Structural Welding Code--Steel

5.22.3.1 Girth Weld Alignment (Tubular).

.…Radial offset of abutting edges of girth weld 

seams shall not exceed 0.2t (where t is the 

thickness of the thinner member) and the maximum 

allowable shall be 1/4 in  [6 mm], provided that any 

offset exceeding 1/8 in [3 mm] is welded from both 

sides…..

Let t = 1/2 in [12 mm], then 0.2t = 0.10 in [2.4 mm]

144
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ASTM A500 Tolerance
< + 0.15 in [3.8 mm]

AWS D1.1 Tolerance
< + 0.10 in [2.4 mm]

145

ASTM A500 Tolerance
< + 0.08 in [1.9 mm]

AWS D1.1 Tolerance
< + 0.10 in [2.4 mm]

146
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Principles of Connection Design

A correct and proper welded connection

11

recognizes commercial realities.

147

Principles of Connection Design

A correct and proper welded connection

12

is aesthetically pleasing.

Reminder: 
“Beauty is in the eye of the beholder.”

Reminder 2: 
Sometimes, pretty doesn’t really matter.

148
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Principles of Connection Design

A correct and proper welded connection

12

is aesthetically pleasing.

“Form follows function.”

149

Form ever follows 
function. 

Architectural PhilosophyArchitectural Philosophy

Louis Henry Sullivan

Architect
1856 – 1924

Louis Henry Sullivan

Architect
1856 – 1924 150
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It is the pervading law of all things organic and inorganic, 

Of all things physical and metaphysical, 

Of all things human, and all things super-human, 

Of all true manifestations of the head, 

Of the heart, of the soul, 

That the life is recognizable in its expression, 

That form ever follows function. This is the law.

Louis Henry Sullivan

151

Ideal
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Reality

153

Pretty Close to Ideal

(at least in DKM’s mind)

154
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Not even close

155

Not even close
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Not even close

157

Not even close
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159

160

Principles of Connection Design

An aesthetically pleasing connection is: 

12

welded, not bolted.
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161

Principles of Connection Design

An aesthetically pleasing welded connection is: 

12

directly welded.
• no gusset plates
• no flange plates

162

Principles of Connection Design

An aesthetically pleasing welded connection is: 

12

left in the as-welded condition
• not ground
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163

164
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165
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167

168
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169

170
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171

Modern Steel Construction
February 2015

Sylvie Boulanger
Collin Hughes

172

LARGE STEEL TRUSSES are continually being 

pushed to span further, support larger loads and be 

more aesthetically appealing. The challenge is to 

develop efficient, cost-effective and eye-catching

designs through a collaborative effort between 

engineers, fabricators and erectors.

WORKING WITH LARGE TRUSSES 
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173

WORKING WITH LARGE TRUSSES 

Splices. Some of the most critical items to 

collaborate on when working with large trusses are 

splice locations and types. The preferred number of 

splices (field or shop) on any truss is generally going 

to be zero. But as these are large trusses it is 

usually not feasible.

174

WORKING WITH LARGE TRUSSES 

It is often the preference of steel fabricators to weld 

splices together in the shop, whereas erectors tend 

to prefer bolted splice connections. However, when 

handling large trusses with large loads it is often 

impractical, even impossible, to transfer the loads 

through a bolted connection, so field-welded 

connections must be used. Field welded splices 

should be avoided as much as possible, especially 

when the connection is difficult to reach.
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175Photo courtesy of Supermétal

176

Modern Steel Construction
February 2015

Sylvie Boulanger
Collin Hughes
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177

A correct and proper welded connection

1. is strong enough to transfer all the applied loads 
2. has a clear and direct load path
3. places welds in regions of low stress
4. does not introduce stress raisers
5. is not constrained 
6. does not subject the weld to bending
7. protects the toes and roots of the welds
8. has a clearly defined throat
9. recognizes material properties

10.  is easy, economical, and safe to fabricate and erect
11.  recognizes commercial realities
12.  is aesthetically pleasing

Principles of Connection Design

178
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WELDED CONNECTIONS:
The Good, the Bad and the Ugly

179

ugly
adjective   \’   - gle\

: unpleasant to look at: not pretty or attractive

: unpleasant to hear

: offensive or disgusting 

e
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WELDED CONNECTIONS
that are offensive or disgusting

3 S’s
Simple 
Serious 

Silly 

181
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183

T’ = 5/16 in [8 mm] 

T = 5/16 in [8 mm] 

For W over 12 in
184
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185

186



AISC Live Webinar
December 3, 2015

Weld Details – Good, Bad, and Ugly

94

Copyright © 2015
American Institute of Steel Construction

187
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W30 X 90
tw = 1/2 in, tf = 5/8 in

1 in doubler on one side
1-1/2 in gusset

189

W30 X 90
tw = 1/2 in, tf = 5/8 in

1 in doubler on one side
1-1/2 in gusset

190
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191

192
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W30 X 90
tw = 1/2 in, tf = 5/8 in

1 in doubler on one side
1-1/2 in gusset

Heavier

No Doubler

No Stiffeners

195
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5 in [125 mm] dia. rod

3-1/2 in [90 mm] plate

CJP with 1/4 in fillet

197
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199
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LEFT END USER INPUT LOADS:
AXIAL: 24.5(T) O.O(C) KIPS

RIGHT END USER INPUT LOADS:
AXIAL: 24.5(T) O.O(C) KIPS :

203

LEFT END USER INPUT LOADS:
AXIAL: 24.5(T) O.O(C) KIPS

RIGHT END USER INPUT LOADS:
AXIAL: 24.5(T) O.O(C) KIPS :

Rod:
F = 24.5/(52/4) = 1.25 ksi

CJP Welds:
F = 24.5/(2 X 3.5 X 15) = 0.23 ksi

Minimum Sized Fillet Welds :
F = 24.5/(4 X (5/16) X 0.707 X 15) = 1.84 ksi

Capacity of Minimum Sized Fillet Welds :
F = 4 X (5/16) X 0.707 X 15 X 0.30 X 70) = 278 kips

Load/Capacity of Minimum Sized Fillet Welds :
= 278 kips/24.5 kips = 11X

204
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CJP Weld Weight:

Volume = 4 at (1.752/2) X 15 = 91.8 in3

Weight = 91.8 x 0.283 = 26.0 lbs

5/16 in Fillet Weld Weight:

Volume = 4 at (5/16)2/2) X 15 = 0.83 in3

Weight = 0.83 x 0.283 = 0.032 lbs

Fillet weld option required 96.8% less weld metal!

205
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207207

208208
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209209

210210
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211211

212212
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213213

214214
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217217

WELDED CONNECTIONS
that are offensive or disgusting

3 S’s
Simple 
Serious 

Silly 

218
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Those who cannot remember 
the past are condemned to 

repeat it. 

HistoryHistory

George Santayana

Philosopher, Essayist
1863 – 1952

George Santayana

Philosopher, Essayist
1863 – 1952 219

Those who cannot remember 
the past are condemned to 

repeat it. 

HistoryHistory

George Santayana

Philosopher, Essayist
1863 – 1952

George Santayana

Philosopher, Essayist
1863 – 1952 220
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El Paso Performing Arts Center
July 1972

(43 years ago)

221
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223
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Compression Ring

138 feet
42 m

225

4.6 feet 
[1.4 m]

2 feet 
[0.6 m]

2.5 – 3 inch 
[60-75 mm]

226
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1 inch [25 mm]

CJP

227

1 inch [25 mm]

CJP
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1” [25 mm]

3”          
[75 mm]

Lamellar Tearing

229
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231
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Principles of Connection Design

A correct and proper welded connection

9

recognizes material properties.

235

Principles of Connection Design

A correct and proper welded connection

5

is not constrained.

236



AISC Live Webinar
December 3, 2015

Weld Details – Good, Bad, and Ugly

119

Copyright © 2015
American Institute of Steel Construction

Principles of Connection Design

A correct and proper welded connection

1

is strong enough to transfer all the applied 
loads through the connection.

237

Engineering Journal
Third Quarter 1973
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AWS D1.1:2010 Structural Welding Code--Steel

Prequalified Joint Details 241

3/8” [9 mm]

TC-U4a-GF

1” [25 mm]

3”          
[75 mm]

30o

Is the joint detail 
prequalified?

Yes.

242
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AWS D1.1:2010 Structural Welding Code--Steel

1.4.1 Engineer’s Responsibilities

The Engineer shall be responsible for the 
development of the contract documents that govern 
products or structural assemblies produced under 
this code. The Engineer may add to, delete from or 
otherwise modify, the requirements of this code to 
meet the requirements of a specific structure. All 
requirements that modify this code shall be 
incorporated into the contract documents. The 
Engineer shall determine the suitability of all joint 
details to be used in a welded structure.

243

AWS D1.1:2010 Structural Welding Code--Steel

2.3.5.4 Prequalified Detail Dimensions

The joint details described in 3.12 (PJP)  and 3.13 
(CJP) have repeatedly demonstrated their adequacy 
in providing the conditions and clearances 
necessary for depositing and fusing sound weld 
metal to base metal. However, the use of these 
details shall not be interpreted as implying 
consideration of the effects of welding processes on 
base metal beyond the fusion boundary nor the 
suitability of the joint detail for a given application.

244
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Those who cannot remember 
the past are condemned to 

repeat it. 

HistoryHistory

George Santayana

Philosopher, Essayist
1863 – 1952

George Santayana

Philosopher, Essayist
1863 – 1952 245
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249

Commentary on Highly Restrained Welded Connections

1. Select electrodes which deposit weld metal with
the lowest yield strength adequate to carry 
design loads.

2. Design connections to minimize accumulation 
and concentration of strains resulting from weld 
metal contraction in localized areas.

3. Where possible, arrange connections so as to
avoid welded joints which induce thru-
thickness strains due to weld shrinkage.

4. Make connections with welds having the 
minimum throat dimension required to carry the 
stresses and having a minimum practical volume 
of weld metal.
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Commentary on Highly Restrained Welded Connections

5. Design corner joints with proper consideration
of edge preparation.

6. Consideration of the use of soft wire cushions 
or other means to permit contraction of weld 
metal….

7. Whenever practical, completely weld 
subassemblies prior to final assembly of the 
connection.

8. Do not arbitrarily use prequalified joints 
without considering restraints provided by the 
complete connection assembly.

251

Commentary on Highly Restrained Welded Connections

9. The designer should fully research and 
utilize available experience and knowledge on 
specific design details that might be potential 
sources of lamellar tearing.

10. Do not use larger welds than are necessary
to transfer calculated forces.

11. Do not specify stiffeners when they are not 
required by design calculations.

12. Before making repairs to highly restrained 
connections, determine whether the repair will 
be more detrimental than the original cause for 
repair.
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Commentary on Highly Restrained Welded Connections

13. The designer should selectively specify 
ultrasonic inspection after fabrication and/or 
erection of those specific highly restrained welded 
connections critical to structural integrity that he 
considers to be subject to lamellar tearing.

253
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WELDED CONNECTIONS
that are offensive or disgusting

3 S’s
Simple 
Serious 

Silly 
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259

Thank you, to all my friends who helped with examples.

Sylvie Boulanger, Supermétal
Joel Chandler, Owens Steel

Charlie Carter, AISC
Bob Disque, AISC (retired)

Jim Fisher, CSD
Larry Kloiber, LeJeune Steel

Ron Meng, Banker Steel
Bob Shaw, SSTC
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WELDED CONNECTIONS:
The Good, the Bad and the Ugly
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CEU/PDH Certificates
Within 2 business days…

• 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!

Individual Webinar Registrants

CEU/PDH Certificates
Within 2 business days…

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

• Username:  Same as AISC website username.
• Password:  Same as AISC website password.

Individual Webinar Registrants
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263

Thank You

Please give us your feedback!
Survey at conclusion of webinar.


