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(ﬁ?gh’r School

Today’s live webinar will begin shortly. Please stand by.

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:

(866)-519-2796
Passcode: 254072

: Smarter.
: Stronger.
: Steel.

AlA 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-AlA 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. : Smarter.

: Stronger.
: Steel.
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(ﬁ?gh’r School

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 2019

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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Course Description

21.3 Welded Connection Details
October 29, 2019

This session will address welded connection details. The session begins with a
review of types of joints. Topics such as weld backing, weld tabs and weld

access holes will be explained. Various weld types including CJP and PJP groove
welds, fillet welds and plug welds will be addressed. The session concludes

with a discussion on weld metal strength.
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AISC

C

Night School

Learning Objectives

|dentify various welded joints.
ldentify when weld back must be removed and when it can be left in-place.

List characteristics of prequalified CJP groove weld details.
List characteristics of prequalified PJP groove weld details.

9““"“"%% : Smarter.
é@g : Stronger.

e : Steel.

AISC

Night School

Night School 21 Course Schedule

C

10/15/2019 2. Principles of Welded Connections
10/29/2019 3. Welded Connection Details

y“‘"”“'g : Smarter.
i@s : Stronger.

e Steel,
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Night School 21
Welded Connections --
A Primer for Engineers

Session 3: Welded Connection Details
October 29, 2019

Duane K. Miller, PE, ScD
Manager of Engineering Services and Welding
Design Consultant

é‘mn‘a'tg Smarter.
5 i Stronger.
- g

e : Steel.

WELDED CONECTION BASICS

Chapter 3: Welded Connection Basics R e

3.1 Joints

3.2 Weld Types—General

3.3 Complete-Joint-Penetration Groove Welds
3.4 Partial-Joint-Penetration Groove Welds
3.5 Fillet Welds

3.6 Plug/Slot Welds

3.7 Puddle Welds

10
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WELDED CONECTION BASICS

Chapter 3: Welded Connection Basics

3.8 Interaction of Joint Types and Weld Types
3.9 Selection of Weld Types

3.10 Required Filler Metal Strength

3.11 Determining Weld Strength

3.12 Specific Requirements for Various Joints
3.13 Weld Symbols

11

DETAILS OF WELDED CONNECTIONS

Chapter 4: Details of Welded Connections

4.1 Principles of Connection Design
4.2 Welded Connection Details

4.3 Specific Welded Connections
4.4 Special Welds

12
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WELDED CONNECTION DETAILS

Outline

+ Joints

» CJP Groove Welds
* PJP Groove Welds
+ Fillet Welds

* Plug and Slot Welds
» Tack Welds

+ Weld Metal Strength

13

WELDED CONNECTION DETAILS

Outline

mm) . Joints
+ CJP Groove Welds
+ PJP Groove Welds
+ Fillet Welds
* Plug and Slot Welds
+ Tack Welds
+ Weld Metal Strength

14
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BUTT JOINTS

Butt Joint — same width, same thickness S

15

BUTT JOINTS

Butt Joint — same width, same thickness o

16
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BUTT JOINTS

Butt Joint — different widths, same thickness = e

17

BUTT JOINTS

Butt Joint — different widths, same thickness LI o

18
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BUTT JOINTS

One piece of steel T e

— — — — — —
— — — — — — —
————— — — — — — — — — — — —

19

AWS D1.1: 2015 Structural Welding Code — Steel

Butt Joint — different widths =

2.5

/1 .0 22°

=) =)

i

2.17.1.2 Provide transition for cyclically loaded members with
width changes.

20
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BUTT JOINTS

Butt Joint — different widths, same thickness

21

BUTT JOINTS

Butt Joint — different thicknesses T o

=)

22
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AWS D1.1: 2015 Structural Welding Code — Steel

Butt Joint — different thicknesses __=
25

S |10

>

2

5 ey
=

o

2.17.1.1 Provide transition for cyclically loaded members with
thickness changes.

23

(g

)

Xt 7

BUTT JOINTS

Secondary stresses due to eccentricity.

24
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BUTT JOINTS

Web restricts rotation due to secondary stresses.

2

=
&
NN

25

BUTT JOINTS

Secondary Stresses

No Secondary Stresses

3
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CORNER JOINTS

2

=

27

o

CORNER JOINTS

Equipment?

Personnel?

Confined Space?

im 28

e

© Copyright 2019
American Institute of Steel Construction

14



AISC Night School
October 29, 2019

CORNER JOINTS

Welded Connections — A Primer for Engineers
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29

CORNER JOINTS

Lamellar Tearing

30
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AWS D1.1: 2015 Structural Welding Code — Steel

2.7.3 Base Metal Through-Thickness Loading i

T- and corner joints whose function is to transmit stress normal to the
surface of a connected part, especially when the base metal thickness of
the branch member or the required weld size is 3/4” [20 mm] or greater,
shall be given special attention during design, base metal selection and
detailing. Joint details which minimize stress intensity on the base metal
subject to stress in the through-thickness direction shall be used where
practical. Specifying weld sizes larger than necessary to transmit

calculated stress shall be avoided.

31

CORNER JOINTS

Preferred Detail: ‘ |
Bevel the member in which lamellar ‘

tearing is expected

32
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Preferred Detail:
Use PJP, if the design permits (less
shrinkage stress)

33

LAP JOINTS

Lap

34
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AISC 360-16 Specification J2.2b

J2.2b(f)

(f) In lap joints, the minimum amount of lap shall be five times the

thickness of the thinner part joined, but not less than 1 in. (25 mm).

|
- o
<—5tmin.4’|

not < 1in. [25 mm]

Also addressed in AWS D1.1:2015 clause 2.9.1.2

LAP JOINTS

(g

®

S

36
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AISC 360-16 Specification J2.2b

Lap Joints

= o

1 -

Lap joints joining plates or bars subjected to axial stress that utilize
transverse fillet welds only shall be fillet welded along the end of both
lapped parts, except where the deflection of the lapped parts is sufficiently
restrained to prevent opening of the joint under maximum loading.

Also addressed in AWS D1.1:2015 clause 2.9.1.2

LAP JOINTS

(g

R
® :

S
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Plug or slot weld Acceptable

LAP JOINTS

¢

' ‘
—

Acceptable

==

Mechanical Support
39

‘=

alone in lap joints of end

If longitudinal fillet welds are used

connections of flat bar or plate

AWS D1.1:2015 clause 2.9.2

Lap Joints

erpendicular distance
between them.

rs, the length of each fillet
shall be no less than the

© Copyright 2019
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41

42
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2 : 1 ratio

Lengt

< Width = 1

44
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AISC 360-10 SPECIFICATION

J2.2b:

....If longitudinal fillet welds are used alone in end connections of
flat-bar tension members, the length of each fillet weld shall be not
less than the perpendicular distance between them. For the effect
of longitudinal fillet weld length in end connections upon the

effective area of the connected member, see Section D3....

45

AISC 360-16 Specification for Structural Steel Buildings

GLOSSARY

Shear lag. Nonuniform tensile stress distribution in a member or

connecting element in the vicinity of a connection.

Effective net area. Net area modified to account for the effect of

shear lag.

46
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AISC 360-16 Specification for Structural Steel Buildings

COMMENTARY

Shear lag is a concept used to account for the uneven stress
distribution in connected members when some but not all of their

elements (flange, web, leg, etc.) are connected.

2

5 ey
=

o

47

AISC 360-16 Specification for Structural Steel Buildings

D3. EFFECTIVE NET AREA

The gross area, A, and net area, A,, of tension members shall be
determined in accordance with the provisions of Section B4.3.

The effective net area of tension members shall be determined as
A =AU (D3-1)
where U, the shear lag factor, is determined as shown in Table D3.1.

For open cross sections such as W, M, S, C, or HP shapes, WTs, STs,
and single and double angles, the shear lag factor, U, need not be less
than the ratio of the gross area of the connected element(s) to the
- member gross area. This provision does not apply to closed sections,
qm such as HSS sections, nor to plates.

Xt 7

48
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AISC 360-16 Specification for Structural Steel Buildings
TABLE D3.1
Shear Lag Factors for Conections to Tension Members

TABLE D3.1 =
Shear Lag Factors for Connections
ionlension

~N

casa] Description of Elsment ‘Shear Lag Factor, U1
s e
oo |

i

8 examples il =

T o bad B U= 10w

P, o, rress i s e

S el R Y oy
6 welded examples =

Fiaund 55 wih & shgi concard:
st plata rgh sk i b HES.

AISC 360-16 Specification for Structural Steel Buildings

TABLE D3.1
Shear Lag Factors for Connections
to Tension Members

Case Description of Element Shear Lag Factor, U Example
1 | All tension members where the tension load is trans-
mitted directly to each of the cross-sectional elements U=1.0 -

by fasteners or welds (except as in Cases 4, 5 and 6).

2 | All tension members, except HSS, where the
tension load is transmitted to some but not all of
the cross-sectional elements by fasteners or by
longitudinal welds in combination with transverse
welds. Alternatively, Case 7 is permitted for W,
M, S and HP shapes. (For angles, Case 8 is
permitted to be used.)

GATI
W so

S
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AISC 360-16 Specification for Structural Steel Buildings

TABLE D3.1
Shear Lag Factors for Connections to Tension Members

Case Description of Element Shear Lag Factor, U Example

1 | All tension members where the tension load is trans-
mitted directly to each of the cross-sectional elements U=1.0 -
by fasteners or welds (except as in Cases 4, 5 and 6).

All tension members where the tension load is transmitted directly to each of the

cross-sectional elements by fasteners or welds (except as in Cases 4, 5 and 6).

Uu=1.0

51

All tension members where the tension load is transmitted directly to each of the
cross-sectional elements by welds
h #
h ﬁ
h ﬁ
— X —>
h ﬁ
h ﬁ
h ﬁ
h ﬁ
h ﬁ
h ﬁ
h ﬁ
h ﬁ
G —
h ﬁ
= X —>
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All tension members where the tension load is transmittedo each of the

cross-sectional elements by welds

AISC 360-16 Specification for Structural Steel Buildings
TABLE D3.1
Shear Lag Factors for Connections to Tension Members

Case Desctiption of Element Shear Lag Factor, U Example
4lal | Plates, angles, channels with welds at heels, tees, Iy
and W-shapes with connected elements, where ‘ J |
the tension load is transmitted by longitudinal 32 X Plate or
welds only. See Case 2 for definition of x. U= 5 1-7| |w| = connected -
3/°+ W2 element

Plates, angles, channels with welds at heels, tees, and W-shapes with
connected elements, where the tension load is transmitted by longitudinal

» Welds only. See Case 2 for definition of x.

54
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American Institute of Steel Construction

27



AISC Night School Welded Connections — A Primer for Engineers
October 29, 2019 Session 3: Welded Connection Details

Plates, angles, channels with welds at heels, tees, and W-shapes with
connected elements, where the tension load is transmitted by longitudinal

welds only.

55

Plates, angles, channels with welds at heels, tees, and W-shapes with
connected elements, where the tension load is transmitted by longitudinal

welds only.

56

© Copyright 2019
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Plates, angles, channels with welds at heels, tees, and W-shapes with
connected elements, where the tension load is transmitted by longitudinal

welds only.

57

Plates, angles, channels with welds at heels, tees, and W-shapes with
connected elements, where the tension load is transmitted by longitudinal

welds only.

58
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Plates, angles, channels with welds at heels, te?a?d and W-shapes with
connected elements, where the tension load is transmitted by-lengitudinal

59

I, +1,

60
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X = eccentricity of connection, in. (mm)

, _
UzL(']_L) - i+l
(312+w?2) / 2
X — |l
i
<_ = ) i
|
|
|
|
G
- B —————
—
61
Let/, =1,
32 X I, +1
= (1-—) = 112
(3/2+w?) / 2
1 I1

A

62
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Letl, =1, and I = 2w x=t/2
3/2 X I, +]
Us——— (1-—) [= 1 —2
(3/12+w?2) / 2

S

| |
= {u— —)

I I2 1

= ——— a

63

U=0.87

Letl,=1l,=4, w=2,and t=1/2

- VL o fith
(3/2+w?) / 2

! 4 |
| |

— (a— —)

- ——— .

x=t2=1/4

64
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AISC 360-16 Specification for Structural Steel Buildings

D3. EFFECTIVE NET AREA

The gross area, A, and net area, A,, of tension members shall be
determined in accordance with the provisions of Section B4.3.

The effective net area of tension members shall be determined as

A =AU A,=0.87A, (D3-1)

where U, the shear lag factor, is determined as shown in Table D3.1.

For open cross sections such as W, M, S, C, or HP shapes, WTs, STs,
and single and double angles, the shear lag factor, U, need not be less
than the ratio of the gross area of the connected element(s) to the
member gross area. This provision does not apply to closed sections,

am such as HSS sections, nor to plates.

65

5 ey
=

s

LAP JOINTS

Note:

While shear lag has been covered as part of lap

joint details, the concept of shear lag applies to

more than lap joints. /

Shear lag applies to end loaded connections.

Shear lag doe not account for eccentricity.

(g

@™ .

S
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AISC 360-16 Specification for Structural Steel Buildings

Commentary
D3 EFFECTIVE NET AREA

For any given profile and configuration of connected elements, X is
the perpendicular distance from the connection plane, or face of

the member, to the centroid of the member section resisting the

connection force, as shown in Figure C-D3.1.

67

(g

)

Xt 7

AISC 360-16 Specification for Structural Steel Buildings

Commentary Figure C-D3.1
Determination of x for U

B Treatas a WT

68
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AISC 360-16 Specification for Structural Steel Buildings

Commentary Figure C-D3.1
Determination of x for U

=

—1.

2

5 ey
=

o

69

AISC 360-16 Specification for Structural Steel Buildings
Commentary Figure C-D3.1
Determination of x for U

x|

(g

)

Xt 7

70
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AISC 360-16 Specification for Structural Steel Buildings

TABLE D3.1

Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

Shear Lag Factors for Connections to Tension Members

<=

L

x4

71

iz

)

3

AISC 360-16 Specification for Structural Steel Buildings

TABLE D3.1

Shear Lag Factors for Connections to Tension Members

=

72
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AISC 360-16 Specification for Structural Steel Buildings

TABLE D3.1
Shear Lag Factors for Connections to Tension Members

(@@

AISC 360-16 Specification for Structural Steel Buildings
TABLE D3.1
Shear Lag Factors for Connections to Tension Members

b

(g

@™ ”

Xt 7
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AISC 360-16 Specification for Structural Steel Buildings

TABLE D3.1
Shear Lag Factors for Connections to Tension Members

75

iz

)

3

AISC 360-16 Specification for Structural Steel Buildings

TABLE D3.1
Shear Lag Factors for Connections to Tension Members

76
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Outline

+ Joints

mmm) - CJP Groove Welds
* PJP Groove Welds
+ Fillet Welds
* Plug and Slot Welds
» Tack Welds
+ Weld Metal Strength

Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

77

CJP GROOVE WELDS

Weld Throat Dimension (t,)

Thickness (t)

—— Reinforcement

-

Weld Throat (t,) —

78
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=

CJP GROOVE WELDS

Complete-Joint-Penetration Groove Weld (CJP)

Two thicknesses

+

79

(g

®

S

CJP GROOVE WELDS

Complete-Joint-Penetration Groove Weld (CJP)

Single sided

e

80
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CJP GROOVE WELDS

Complete-Joint-Penetration Groove Weld (CJP)

Double sided

[ S

i" 'r'l'.'\ " :
gneer: gy

81

CJP GROOVE WELDS

Complete-Joint-Penetration Groove Weld (CJP)

S

Corner Joint

S

82
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CJP GROOVE WELDS

Complete-Joint-Penetration Groove Weld (CJP) e

j/p

Tee (T) joint

83

CJP GROOVE WELDS

AWS D1.1 Prequalified CJP Groove Weld Details

* An essential part of a prequalified Welding Procedure Specification
(WPS)

* Incorporates geometric features conducive to consistent through
thickness fusion and overall weld quality

* Includes root conditions that encourage fusion and proper width-to-depth
profiles to discourage solidification cracking

* In some cases, but not all, reflects welding economics

84
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AWS D1.1: 2015 Structural Welding Code — Steel

Square Groove Weld: CJP

Square-groove weld (1)

T-joint (T) N
Corner joint (C) i__ N
BACKGOUGE
J i F
To =
. Groove Preparation
Base Metal Thickness
(U = unlimited) Tolerances
Allowed Gas
Welding Joint As Detailed As Fit-Up Welding | Shielding
Process | Designation T T, | RootOpening | (see3.13.1) | (see3.13.1) Positions | for FCAW | Notes
T
SMAW TC-L1b 1/4 max. U R= ?1 +1/16, =0 +1/16, -1/8 All — deg
GMAW Not
FCAW TC-L1-GF 3/8 max. U R=0to01/8 +1/16, -0 +1/16,-1/8 All required a,dg
SAW TC-L1-S 3/8 max. U R=0 =0 +1/16, -0 F — d, g

85

AWS D1.1: 2015 Structural Welding Code — Steel

Single V Groove Weld: CJP

Single-V-groove weld (2) Tolerances
Butt joint (B)
As Detailed As Fit-Up
(see 3.13.1) (see 3.13.1)
R=+1/16,-0 +1/4, -1/16
o =+10°, -0° +10°, =5°
Base Metal Thickness
. . (U = unlimited) Groove Preparation Allowed Gas
Welding Joint Welding Shielding
Process | Designation T Ts Root Opening Groove Angle Positions | for FCAW | Notes
R=1/4 o =45° All —_ e
SMAW B-U2a U — R=23/8 o =30° F,V,OH — ej
R=1/2 o =20° F,V, OH — ej
R =3/16 o = 30° F, V, OH Required a, |
GMAW — -
FCAW B-U2a-GF §) —_ R=38 o =30 F, V, OH Not req. a,j
R=1/4 o = 45° F, V, OH Not req. a, |
SAW B-L2a-S 2 max. — R=1/4 o = 30° F — j
SAW B-U2-8 U — R =5/8 o =20° F — j

86
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AWS D1.1: 2015 Structural Welding Code — Steel

Single V Groove Weld: CJP

Single-V-groove weld (2) Tolerances
Corner joint (C)
- As Detailed As Fit-Up
o (see 3.13.1) (see 3.13.1)
\Y‘ R=+1/16,-0 +1/4, -1/16
e o =+10° —0° +10°, -5°
W‘ ¥
i ¥
LR
T2
Base Metal Thickness
i . (U = unlimited) Groove Preparation Allowed Gas
Welding Joint Welding Shielding
Process | Designation T T, Root Opening Groove Angle Positions | for FCAW | Notes
R=1/4 o =45° All — ej
SMAW C-U2a u U R=23/8 o = 30° F,V, OH — e,j
R=1/2 o =20° F, V, OH — e,
R=3/16 o= 30° F, V,OH Required a
GMAW " -
FCAW C-U2a-GF u U R=3/8 o =30 F V, OH Not req. a,j
R=1/4 o = 45° F, V, OH Not reg. a, |
SAW C-L2a-S 2 max. U R=1/4 o = 30° F — j
SAW C-U2-8 U U R=5/8 o =20° F —_ j

87

AWS D1.1: 2015 Structural Welding Code — Steel

Single V Groove Weld: CJP

Single-V-groove weld (2)

Butt joint (B)

£ BAGKGOUGE
Xt
W
J L "
R
R Groove Preparation
Base Metal Thickness
(U = unlimited) . Tolerances
Root Opening Allowed Gas
Welding Joint Root Face As Detailed As Fit-Up Welding Shielding
Process | Designation T T, | Groove Angle | (see3.13.1) | (see 3.13.1) Positions | for FCAW | Notes
R=0to 1/8 +1/16, -0 +1/16, -1/8
SMAW B-U2 u - f=0to01/8 +1/16, =0 Not limited All - d,e,j
o =60° +10°,-0° +10°, -5°
R=0to 1/8 +1/16, -0 +1/16, -1/8
‘ég:vv\:'l B-U2-GF U — f=0to1/8 +1/16, -0 Not limited All re Nu(i):ed a,d,j
o =60° +10°,-0° +10°, =5° q
R=0
Over 1/2to 1 — f=1/4max.
o= 60°
R=0 R=zx0 +1/16, -0
SAW B-L2c-8 Qver1to1-1/2| — f=1/2max. f=+0, - +1/16 F — d,j
o= 60° o=+10° -0° +10°, -5°
R=0
Over1-12t02| — f=5/8max.
o= 60°

88
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AWS D1.1: 2015 Structural Welding Code — Steel

Double V Groove Weld: CJP

Double-V-groove weld (3) Tolerances
Butt joint (B)
As Detailed As Fit-Up
3.13.1 3.13.1
BACKGOUGE (see3.131)] (see )
R =0 +1/4, -0
f=x0 +1/16,-0
o=+10°,-0° +10°, =5°
Spacer [ sAaw +0 +1/16,-0
' Pacer I'smaw | =0 +1/8, -0
o
Base Metal Thickness
(U = unlimited) Groove Preparation
Allowed Gas
Welding Joint Groove Welding Shielding
Process | Designation T, T Root Opening Root Face Angle Positions for FCAW | Notes
U R=14 f=0t01/8 o =45° All — -
SMAW B-U3a Spacer= — R=3/8 f=0t01/8 o =230° F V, OH — e]
1/8xR R=1/2 f=0to1/8 | a=20° F.V, OH —
U
SAW B-U3a-S Spacer = — R=5/8 f=0to1/4 a=20° F — d.h,j
1/4 x R

89

AWS D1.1: 2015 Structural Welding Code — Steel

Double V Groove Weld: CJP
Double-V-groove weld (3) For B-U3c-S only
Butt joint (B) N 5
BACKGOUGE !
Over to
2 2-1/2 1-3/8
2-1/2 3 1-3/4
3 3-5/8 2-1/8
3-5/8 4 2-3/8
4 4-3/4 2-3/4
4-3/4 5-1/2 3-1/4
5-1/2 6-1/4 3-3/4
For Ty >6-1/4o0rT,<2
S,=2/3(T, - 1/4)
. Groove Preparation
Base Metal Thickness
(U = unlimited) X Tolerances
Root Opening Allowed Gas
Welding Joint Root Face As Detailed As Fit-Up Welding Shielding
Process | Designation T, T, | Groove Angle | (see 3.13.1) | (see3.13.1) Positions | for FCAW | Notes
SMAW B-U3b R=0to1/8 +1/16, -0 +1/16, -1/8 All — deh,j
GMAW U — f=0to1/8 +1/16, -0 Not limited Not .
FoAw | BU3GF o= p = 60° 0P, —0° 0%, —5° Al required | & &N
R=0 +1/16, -0 +1/16, -0
f=1/4 min. +1/4, -0 +1/4, -0 .
SAW B-U3c-S U — | a-p-60° +10° —0° +10° —5° F - d.h,j
To find Sy see table above: S, =T, — (S, +f)
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AWS D1.1: 2015 Structural Welding Code — Steel

Single Bevel Groove Weld: CJP B

Single-bevel-groove weld (4) Tolerances
Butt joint (B)
As Detailed As Fit-Up
(see 3.13.1) (see 3.13.1)
R=+1/18,-0 +1/4, -1/16
o =+10° —0° +10°, =5°
I
Base Metal Thickness
i i (U = unlimited) Groove Preparation Allowed Gas
Welding Joint Welding | Shielding
Process | Designation T, T, Root Opening Groove Angle Positions | for FCAW | Notes
R=1/4 o =45° All — c.ej
SMAW B-U4: U —_
2 R=3/8 o =30° Al — c e
GMAW R =23/16 o =30° All Required | a ¢,]j
FCAW B-Uda-GF U - R=1/4 o =45° All Not req. acj
R=3/8 o =30° F, H Not req. a,c,j
R=23/8 o =30°
SAW B-U4a-S U — F — L
& R=1/4 = 45° &)

91

AWS D1.1: 2015 Structural Welding Code — Steel

Double Bevel Groove Weld: CJP __M

Double-bevel-groove weld (5)
T-joint (T)
Corner joint (C)

BACKGOUGE

. Groove Preparation
Base Metal Thickness
(U = unlimited) . Tolerances
Root Opening Allowed Gas
Welding Joint Root Face As Detailed As Fit-Up Welding Shielding
Process | Designation Ty T, | Groove Angle | (see3.13.1) | (see 3.13.1) Positions | for FCAW | Notes
de g
SMAW | TC-USb u U | R=0to18 | +1/16,-0 | +1/16,-1/8 Al - W5
GVAW f=0to1/8 +1/16, -0 Not limited Not 2 .d.g
— 45° ° _g° ° 5o .d, g,
FCAW TC-U5-GF U U o =45 +10°, =0 +10°, -5 All required hj k
R=0 +0 +1/16, -0 d h
SAW TC-U5-8 U U f=1/4max. +0, -3/18 +1/16 F — gk : 92
o= 60° +10°, =0° +10°, =5° )
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AWS D1.1: 2015 Structural Welding Code — Steel

e— =
Single U Groove Weld: CJP =
Single-U-groove weld (6) Tolerances
Butt joint (B) M - -
Corner joint (C) o> As Detailed As Fit-Up
(see 3.13.1) (see 3.13.1)
2@%’25 R=+116,-0 | +1/16,-1/8
o =+10° =0° +10°, =5°
f==x1/16 Not Limited
r=+1/8, -0 +1/8, -0
@ Ti
L f
R
T2
Base Metal Thickness
(U = unlimited) Groove Preparation
Allowed Gas
Welding Joint Groove Root Bevel Welding | Shielding
Process | Designation T, T, |Root Opening| Angle Face Radius Positions | for FCAW | Notes
B-US u _ R=0to1/8 | ua=45°" f=1/8 r=1/4 All - dej
SMAW R=0to1/8 | a=20° f=1/8 r=1/4 F, OH — dej
C-UB U U R=0to1/8 | a=45" f=1/8 r=1/4 All — degj
R=0to1/8 | a=20° f=1/8 r=1/4 F, OH — d e g
GMAW B-U6-GF U — R=0to1/8 | =20 f=1/8 r=1/4 All Not req. a dj
FCAW C-UB-GF U U R=0to1/8 o =20° f=1/8 r=1/4 All Notreq. | a,d, g.] 93

AWS D1.1: 2015 Structural Welding Code — Steel

] =
Double U Groove Weld: CJP =
Double-U-groove weld (7) Tolerances
Butt joint (B)
o As Detailed As Fit-Up
( BACKGOUGE |  (see 3.13.1) (see 3.13.1)
r T For B-U7 and B-U7-GF
) : r R=+1/16, -0 +1/16, -1/8
Ky 7
oL o =+10° -0° +10°, =5°
i f=+1/16,-0 Not Limited
¢ D PRI r=+1/4,-0 +1/16
For B-U7-S
IR
R=+0 +1/16, -0
“ 0= +10°, 07 +10°, -5°
f=+0,-1/4 +1/18
r=+1/4, -0 +1/16
Base Metal Thickness
(U = unlimited) Groove Preparation
Allowed Gas
Welding Joint Root Groove Root Bevel Welding Shielding
Process | Designation T, T, Opening Angle Face Radius Positions | for FCAW | Notes
R=0to1/8 o =45° f=1/8 r=1/4 All — d, e h,j
SMAW B-U7 U -
R=0to1/8 | a=20° f=1/8 r=1/4 F, OH — d eh,j
GMAW e _ 7 e B B Not .
FCAW B-U7-GF U R=0to1/8 | a=20 f=1/8 r=1/4 All required a, djh
f=1/4 :
SAW B-U7-S U — R=0 a=20° | r=1/4 F — d, h, j 94
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CJP GROOVE WELDS: V versus U

Single V: 1” plate, 45° included angle, 1/4” root opening

L]

Single U: 17 plate, 20° included angle, 1/4” radius, 1/8” root face*

95

CJP GROOVE WELDS: V versus U

Single V: 1” plate, 45° included angle, 1/4” root opening
L]

Single U: 1” plate, 20° included angle, 1/4” radius, 1/8” root face*

*plus backgouging

96
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CJP GROOVE WELDS: V versus U

97

CJP GROOVE WELDS: V versus U

(I

)

Xt 7
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Session 3: Welded Connection Details

CJP GROOVE WELDS: V versus U

Advantages

* Only two planar cuts * Less weld metal in thicker
* All one-sided welding materials; much less in
« Accommodates variable thick material
root opening, included » Easy to make root pass
angles » Grooves can be
* No backgouging required accurately machined

* No machining, special

» Grooves can be cut with

gouging required automatic air-arc gouging

99

CJP GROOVE WELDS: V versus U

Advantages

* Only two planar cuts d metal in thicker
All one-sided welding aterials; much less in

thick material
Easy to make root pass
Grooves can be

accurately machined
Grooves can be cut with

gouging required automatic air-arc gouging

100
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Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

CJP GROOVE WELDS: SELECTION OF GROOVE TYPE

The selection of which groove weld type is used (square, vee, bevel, U, J,—

etc.) is typically best left up to the group responsible for welding. Many
factors that influence the selection of the optimal groove type are unknown
to the designer, such as what welding process will be used, what position
the welding will be done in, whether the part can be rotated or not, etc.

101

(I

)

e

CJP GROOVE WELDS

Open Root

With Backing

102
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CJP GROOVE WELDS: BACKING

A

]

Corner

I:’ Tee

103

CJP GROOVE WELDS: BACKING

Backing materials for steel applications:
+ Steel
» Copper
» Ceramic
TR
i@} 104
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CJP GROOVE WELDS: BACKING

Steel backing:

* Permanent (unless deliberately removed)
* May be called “fusible” backing

* Becomes part of the weldment

» May introduce notches (depending on the joint type and direction of
loading)

* Removal is expensive
* Most common form of backing

2

5 ey
=

105

o

CJP GROOVE WELDS: STEEL BACKING

106
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CJP GROOVE WELDS: STEEL BACKING

/

107

CJP GROOVE WELDS: STEEL BACKING
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CJP GROOVE WELDS: STEEL BACKING

Not permitted for seismic, bottom flange Q

CJP GROOVE WELDS: STEEL BACKING

Remove backing by grinding or gouging

110
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CJP GROOVE WELDS: STEEL BACKING

Gouge root

111

CJP GROOVE WELDS: STEEL BACKING

Fill gouged root and apply a contouring fillet
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Session 3: Welded Connection Details

CJP GROOVE WELDS: STEEL BACKING

Eliminates stress raiser in the root

CJP GROOVE WELDS: BACKING

Copper backing:

* Nonfusible

When properly used, can be easily removed and reused

If melted, can add copper into the weld metal, which in turn can lead to
solidification cracking

WPSs must be qualified by test (i.e., are not prequalified)

iz

)

e

114
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CJP GROOVE WELDS: COPPER BACKING

/

115

CJP GROOVE WELDS: COPPER BACKING

/

116
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CJP GROOVE WELDS: COPPER BACKING

/

\\\\\\\\\\\\\\\\\\\\\

The introduction of copper into the weld may cause cracking.

117

CJP GROOVE WELDS: BACKING

Ceramic backing:

Nonfusible—easily removed

Is not electrically conductive which can interfere with welding

Ceramic is used one time; materials can be expensive
WPSs must be qualified by test (i.e., are not prequalified)

(I

@

Xt 7
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CJP GROOVE WELDS: CERAMIC BACKING

/

119

CJP GROOVE WELDS: CERAMIC BACKING

/

120
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CJP GROOVE WELDS: CERAMIC BACKING

/

121

CJP GROOVE WELDS: CERAMIC BACKING
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CJP GROOVE WELDS: CERAMIC BACKING

/

\\\\\\\\\\

ﬂ The arc cannot be established on non-conductive ceramic

123

AWS D1.1: 2015 Structural Welding Code — Steel

CJP Groove Weld Types

Prequalified versus Qualified by Test

)

e

124
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AWS D1.1:2015 Prequalified Joints

One sided, with steel backing .

Steel

AT
125

=

o

AWS D1.1:2015 Prequalified Joints

Two sided, with backgouging S

(I

im 126

e
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AWS D1.1:2015 Prequalified Joints

Two sided, with backgouging e

128
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AWS D1.1:2015 Prequalified Joints

One sided, open root __ =

2

5 ey
=

129
s

AWS D1.1:2015 Prequalified Joints

One sided, open root __Na

Proper root conditions (root
opening, included angle

(g

™

Xt 7
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AWS D1.1:2015 Prequalified Joints

2

5 ey
=

o

One sided, open root __=

Excessive root opening
leads to melt-through

131

AWS D1.1:2015 Prequalified Joints

(g

)

Xt 7

One sided, open root e

Tight root opening leads to
incomplete fusion

132
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AWS D1.1:2015 Prequalified Joints

Two sided, without backgouging B

2

=

133
s

AWS D1.1:2015 Prequalified Joints

Two sided, without backgouging N

(I

im 134

e
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AWS D1.1:2015 Prequalified Joints

Two sided, without backgouging B

2

=

135
s

AWS D1.1:2015 Prequalified Joints

Two sided, without backgouging N

(I

im 136

e
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AWS D1.1:2015 Prequalified Joints

Two sided, without backgouging B

2

=

137
s

AWS D1.1:2015 Prequalified Joints

Two sided, without backgouging N

iz

im 138

e
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CJP GROOVE WELDS: BACKING

Backing materials for steel applications: 2 e

+ Steel 4mmmm Prequalified by AWS D1.1
» Copper

. Require qualification testing by AWS D1.1
» Ceramic

139

WELDED CONNECTION DETAILS

Outline

+ Joints

+ CJP Groove Welds
mmm) - PJP Groove Welds

+ Fillet Welds

* Plug and Slot Welds

+ Tack Welds

+ Weld Metal Strength

140
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PJP GROOVE WELDS

Partial Joint Penetration Groove Weld (PJP) e

Single sided PJP in butt joint

v -

141

PJP GROOVE WELDS

Partial Joint Penetration Groove Weld (PJP)

Double sided PJP in butt joint

142
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PJP GROOVE WELDS

Single sided PJP in corner joint

Partial Joint Penetration Groove Weld (PJP) £ g

PJP GROOVE WELDS

Partial Joint Penetration Groove Weld (PJP)

Double sided PJP in tee (T) joint

jﬁ;

144
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Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

PJP GROOVE WELDS

145

PJP GROOVE WELDS

(I

)

e

Unfused root creates a
crack-like notch

146
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PJP GROOVE WELDS

Unacceptable: straining about root

=

147

PJP GROOVE WELDS

Acceptable: no straining about root

1/1

(g

®

S

148
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PJP GROOVE WELDS

General characteristics of PJP groove welds

* Throat < plate thickness

» Connection designer must determine throat

i" 'r'l'.'\ " :
gneer: gy

149

PJP GROOVE WELDS

— Thickness (t) — Weld Throat (t,)

N SR

150
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PJP GROOVE WELDS

General characteristics of PJP groove welds Cares
* Throat < plate thickness

» Connection designer must determine throat
+ “E” dimension (effective throat)

+ “S” dimension (depth of bevel)

151

PJP GROOVE WELDS

oL s S = depth of

\( I bevel

a = included angle

/\ 152
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PJP GROOVE WELDS

S = depth of
bevel

o = included angle

E = effective throat

Y

PJP GROOVE WELDS

S = depth of
bevel

o = included angle

E = effective throat

Y

154
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PJP GROOVE WELDS

S = depth of
bevel

Y

155

PJP GROOVE WELDS

S = depth of
bevel

a
4\

Ol reduced in an attempt to

save weld metal

Y

156
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PJP GROOVE WELDS

S = depth of
bevel

e

Fusion to the weld is not
achieved

157

PJP GROOVE WELDS

When fusion is not
achieved to root, S # E

158
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AISC 360-16 Specification for Structural Steel Buildings

TABLE J2.1
Effective Throat of Partial-Joint-Penetration Groove Welds
®=
Welding Position
F (flat),
H (horizontal), Groove Type
V (vertical), (AWS D1.1/D1.1M,
Welding Process OH (overhead) Figure 3.3) Effective Throat
Shielded metal arc (SMAW) J or U groove
Gas metal arc (GMAW) All
Flux cored arc (FCAW) 60° V
depth of groove
J or U groove
Submerged arc (SAW) F
60° bevel or V
Gas metal arc (GMAW) R
Flux cored arc (FCAW) FH 45° bevel depth of groove
Shielded metal arc (SMAW) All depth of groove
P Gas metal arc (GMAW) V. OH 45° bevel minus /s in.
i@% Flux cored arc (FCAW) ' (3 mm) 159
NV

AWS D1.1: 2015 Structural Welding Code — Steel

Figure 3.2
- ——
Single-bevel-groove weld (4) —
Butt joint (B)
Tjoint (T)
Corner joint (C)
—
. Groove Preparation
Base Metal Thickness
(U = unlimited) . Tolerances
Root Opening Allowed
Welding Joint Root Face As Detailed As Fit-Up Welding | | Weld Size
Process | Designation T, T, | Groove Angle | (see 3.12.3) (see 3.12.3) Positions (E) otes
R=0 +1/16, -0 +1/8, -1/16 e f
SMAW BTC-P4 u u f=1/8 min. +U -0 +1/16 All S-1/8 K
o= 45" +10°, -0° +10°, 5% i
R=0 +1/16, -0 +1/8,-1/16 F,.H S
Eg:\\g BTC-P4.GF tamin. | U | f=18min. U -0 £1/18 Von o 1 b ob
o=45° +10°, —0° +10°, -5° ’ - P
R=0 +0 +1/16, -0 diagi
SAW TC-P4-S 716 min. U f=1/4 min. +U, -0 +1/16 F S ‘kg‘ b
o= 60° +10°, —0° +10°, —5°
160
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Figure 3.2
—
Single-bevel-groove weld (4) —
Butt joint (B)
T-joint (T) S(E) R
Corner joint (C) @ i_u
-7
; - * v
i s |
1 i T
H 1]
1 '
'--,'"‘ f
L
Groove Preparation
Base Metal Thickness
(U = unlimited) Tolerances
Root Opening Allowed
Welding Joint Root Face As Detailed As Fit-Up Welding | Weld Size
Process | Designation T, T, | Groove Angle | (see 3.12.3) (see 3.12.3) Positions (E) Notes
R=0 +1/16, -0 +1/8,-1/16 be.f
SMAW BIC.P4 U v f=1/8min U -0 +1/18 All S-1/8 Nk
o= 45° +10°, —0° +10°, -5° N
R=0 +1/16, -0 +1/8, -1/16 F, H S
Ey::vv BTC-P4-GF 1/4 min. U f=1/8 min. +U -0 *1/16 o S_1/ 3 ;
0= 45° +10°, -0° +10°, -5° Vi OH -8 i
R=0 +0 +1/16, -0 >
\cau I~ oac 4 1 PRI 1 o c < o, 19,0,
= 60% +10°, -0° +10°, =5% k
161

AWS D1.1: 2015 Structural Welding Code — Steel

S(E) ||R\ -
1o
e
s |
T4
¥
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PJP GROOVE WELDS

General characteristics of PJP groove welds B g

* Throat < plate thickness

» Connection designer must determine throat

+ “E” dimension (effective throat)

+ “S” dimension (depth of bevel)

» The Connection Designer (the Engineer) specifies the E dimension

* The Shop (the detailer) determines the required S dimension

AWS D1.1: 2015 Structural Welding Code — Steel

Coming in the future:

General characteristics of PJP groove welds e

Throat < plate thickness

Connection designer must determine throat

| S dimension Size

*| D dimension Depth

The Connection Designer (the Engineer) specifies the E dimension

The Shop (the detailer) determines the required S dimension

164
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! \
-..«'\.-l .I:_
L’TQ"" - R

Note: the sequence on symbol doesn’t change.

PJP GROOVE WELDS

Minimum sizes of PJP groove welds

+ AISC Table J2.3
+ AWS D1.1 Table 3.5

166
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TABLE J2.3

Minimum Effective Throat of Partial-Joint-Penetration Groove Welds

Material Thickness of

Thinner Part Joined, in. (mm)

Minimum Effective
Throat,@! in. (mm)

To /4 (6) inclusive
Over /4 (6) to /2 (13)
Over '/2 (13) to %4 (19)
Over 3/4 (19) to 1'/2 (38)
Over 1'/2 (38) to 2'/4 (57)
Over 2'/4 (57) to 6 (150)
Over 6 (150)

/8 (3)
/16 (5)

1/4 (6)
5/16 (8)
5/8 (10)
/2 (13)
5/s (16)

[l See Table J2.1.

16

PJP GROOVE WELDS

+ AISC Table J2.3
+ AWS D1.1 Table 3.5

and weld size

®

S

Minimum sizes of PJP groove welds

* Has nothing to do with design

» Deals with ensuring adequate heat input for fusion and fabrication-
related cracking resistance

» Helps achieve some reasonable proportionality between plate thickness

* These are minimum weld sizes; larger welds can be used

168
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PJP GROOVE WELDS

—9

¢ T D
S & .
Flare V

-
Flare Bevel L

169

PJP GROOVE WELDS

L

Throat (t,,)

-

t,=(5/16) R
(illustrative only)

The weld throat is a
function of the radius

Radius (R)

170
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TABLE J2.2
Effective Throat of Flare Groove Welds
Welding Process Flare-Bevel Flare-Vee
SMAW FCAW-S 5/16 R 5/8 R
GMAW FCAW-G 5/8 R 3/4 R
SAW 5/16 R 12 R

171

(g

®

S

PJP GROOVE WELDS

ASTM limits: R < 3t

R=5

& =4

Typical: R=2.51

( R=2.5t1% R

£

|

172
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PJP GROOVE WELDS

underfill

S |7 N

PJP GROOVE WELDS

Reduced distortion

174
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PJP GROOVE WELDS

Reduced cost

AWS D1.1: 2015 Structural Welding Code — Steel

] =
Single V Groove Weld: PJP =
Single-V-groove weld (2)
Butt joint (B)
Corner joint (C)
Groove Preparation
Base Metal Thickness
(U = unlimited) Tolerances
Root Opening Allowed
Welding Joint Root Face As Detailed As Fit-Up Welding | Weld Size
Process | Designation T, T, | Groove Angle | (see 3.12.3) (see 3.12.3) Positions (E) Notes
R=0 +1/16, -0 +1/8, -1/16
SMAaw BC-P2 1/4 min. u f=1/32 min. +U, -0 +1/16 Al S b, e fj
o = 60° +10°, —0° +10%, -5°
R=0 +1/16, -0 +1/8, 116
E?}A:\,‘;,VV BC-P2-GF 1/4 min. u f=1/8 min. +U, -0 +1/16 All S a, b fj
o= 60° +10°, —0° +10°, -5°
R=0 +0 +1/16, -0
SAW BC-P2-S 7/16 min. U f=1/4 min. +U, -0 +1/16 F s b1
o= 60° +10°, —0° +10°, =5° 176
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|
Double V Groove Weld: PJP =
Double-V-groove weld (3)
Butt joint (B)
Groove Preparation
Base Metal Thickness
U= I ted Tolerances
(U = unlimited) Root Opening ran Allowed Total
Welding Joint Root Face As Detailed As Fit-Up Welding | Weld Size
Process | Designation T, T, | Groove Angle | (see 3.12.3) | (see3.12.3) | Positions | (E1+E) | Notes
R=0 +1/16, -0 +1/8, -1/16
SMAW B-P3 1/2 min. — f=1/8 min. +U, -0 +1/16 All S1+8: | &fij
o= 60° +10°, —0° +10°, -5°
R=0 +1/16, -0 +1/8, -1/16
E(":”:VV: B-P3-GF 1/2 min. — | f=1@min +U, ~0 =118 Al Sy+S: | ahi]
o= 60° +10°, 0° +10°, =5°
R=0 =0 +1/16, -0
SAW B-P3-S 3/4 min. — f = 1/4 min. +U, -0 +1/16 F S, +5, £,
o= 60° +10°, —0° +10°, —5° 177

AWS D1.1: 2015 Structural Welding Code — Steel

] =
Single Bevel Groove Weld: PJP =
Single-bevel-groove weld (4)
Butt joint (B)
Tjoint (T) S(E)
Carner joint (C) o i_u
. > bz
[ |
i - + v
i s |
1 T
! L]
1 RN f
L*TEJ =R
Groove Preparation
Base Metal Thickness
(U = unlimited) Tolerances
Root Opening Allowed
Welding Joint Root Face As Detailed As Fit-Up Welding | Weld Size
Process | Designation T T, | Groove Angle | (see 3.12.3) (see 3.12.3) Positions (E) Notes
R=0 +1/18, -0 +1/8,-1/16 boet
SMAW BTC-P4 u u f=1/8 min. +U -0 +1/18 All S5-1/8 o K
o= 45° +10°, —0° +10°, -5° 9l
R=0 +1/16, -0 +1/8,-1/16 F. H S
E(’.\:n:\.’v\:{ BTC-P4-GF 1/4 min. u f=1/8 min. +U -0 +1/16 V. OH S—1/8 a, h‘:(‘
o= 45° +10°, —0° +10°, -5° ! - 9.J:
R=0 +0 +1/16, -0 bfai
SAW TC-P4-§ 7/16 min. u f=1/4 min. +U, -0 +1/16 F S ! ‘Kg‘ !
o= 60° +10°,—0° +10°, -5° 178
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Single U Groove Weld: PJP

Single-U-groove weld (6)
Butt joint (B)
Corner joint (C)

Groove Preparation
Base Metal Thickness
(U = unlimited) Root Opening Tolerances
Root Face Allowed
Welding Joint Bevel Radius As Detailed As Fit-Up Welding | Weld Size
Process | Designation T, T, | Groove Angle | (see 3.12.3) (see 3.12.3) Positions (E) Notes
R=0 +1/16, -0 +1/8, -1/16
f=1/32 min. +U, -0 +1/16
SMAW BC-P6 1/4 min. u r=1/4 #1174, -0 1116 All s b,e fj
o= 45° +10°, -0° +10°, -5°
R=0 +1/16, -0 +1/8,-1/16
GMAW f=1/8 min. +U, -0 +1/16 .
FCAW BC-P6-GF 1/4 min. U (= 1/4 +1/4, -0 1116 All S a b fj
a=20° +10°, —0° +10°, -5°
R=0 +0 +1/186, -0
f=1/4 min. +U, -0 +1/16
SAW BC-P6-S 7/16 min. u f=1/4 +1/4, -0 +1/16 F s b fj
a=20° +10°, -0° +10°, -5°

179

AWS D1.1: 2015 Structural Welding Code — Steel

Flare Bevel Groove Weld: PJP

Flare-bevel-groove weld (10)

Butt joint (B}
T-joint (T}
Corner jeint (C)
. Groove Preparation
Base Metal Thickness
(U = unlimited) Tolerances
Reot Opening Allowed
Welding Joint Root Face As Detailed As Fit-Up Welding |Weld Size
Process | Designaticn T, T, T, Bend Radius | (see 3.12.3) | (see 3.12.3) | Pocsitions (E) Notes
ShAw s . i= ;:E?nm +1/16, =0 +1/8, —=1/16
- 1 - B +U, -0 +U, -1/18
Feaws | ETCRI0 | T 3T, Al 5161 | e gl
r= —= min. U, -0 +, -0
A=0
+1/16, -0 £1/8, -1/16
GMAW 3/16 T, | f=318min U, -0 U, -1/16 a il
Foaw-G | BTCPIOGR| T u | 3T, Al 581 >
r=—- min. U, -0 U, -0
A=0
=0 +1/18, -0
12 1/2 f= 1/2 min. 00 U -1/18
SAW BRI0-S | ol WA | aT, g g F 5161 | g l.m
r=—- min. U, -0 U, -0

180
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] =
Flare V Groove Weld: PJP =
.
Flare-V-groove weld (11)
Butt joint (B
joint (8) =)
4 '
2 N\ s
T2 3 t T
f
~llr
Groove Preparation
Base Metal Thickness
(U = unlimited) Tolerances
Root Opening Allowed
Welding Joint Root Face As Detailed As Fit-Up Welding | Weld Size
Process | Designation T, Tz Bend Radius | (see 3.12.3) | (see3.12.3) | Positions (E} Notes
R=0 ; ; ;
f= 316 min. +1/16, 0 +1/8, -1/18
Smaw B-P11 316 min. | T, min. 3T +U, -0 +U, -1/16 Al sy | &hLm
FCAW-S 1 n
r= T min. +U, -0 +U, -0
R=0
f=3/16 min. +1/16, -0 +1/8, -1/18 .
GMAW | 5.p11.GF | 36 min. | T, min. aT U, -0 U, -1/16 Al yar |2ELM
FCAW-G 1 n
r= T min. +U, -0 U, -0
A=0
f=1/2 min. =0 +1/16, -0
SAW B-P11-5 1/2 min. T, min. 3T +U, -0 +U, -1/16 F V2zr j-l.m.n
r= T‘ min. U, -0 U, -0
181

WELDED CONNECTION DETAILS

Outline

+ Joints

+ CJP Groove Welds

+ PJP Groove Welds
mmm) . Fillet Welds

* Plug and Slot Welds

+ Tack Welds

+ Weld Metal Strength

182
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=

183
s

AISC 360-16 Specification for Structural Steel Buildings

J2.2 Fillet Welds @

2a. Effective Area

The effective area of a fillet welds shall be the effective length multiplied by
the effective throat. The effective throat of a fillet we shall be the shortest
distance from the root to the face of the diagrammatic weld.

(I

iﬁm} 184

e
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FILLET WELDS

/ Throat (t,,)

FILLET WELDS

®

S

Minimum sizes of fillet welds

186
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AISC 360-16 Specification for Structural Steel Buildings

J2.2 Fillet Welds @5

2b. Limitations

Fillet welds shall meet the following limitations:

(a) The minimum size of fillet welds shall be not less than the size required
to transmit calculated forces, nor the size as shown in Table J2.4.
These provisions do not apply to fillet weld reinforcements of PJP or

CJP groove welds.

ﬁ"“""’%
i@i 187
EY

AISC 360-16 Specification for Structural Steel Buildings

TABLE J2.4
Minimum Size of Fillet Welds pree
Material Thickness of Thinner | Minimum Size of Fillet Weld,

Part Joined, in. (mm) in. (mm)

To 1/4 (6), inclusive 1/8 (3)

Over 1/4 (6) to 1/2 (13) 3/16 (5)

Over 1/2 (13) to 3/4 (19) 1/4 (6)

Over 3/4 (19) 5/16 (8)
im 188
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FILLET WELDS

Minimum sizes of fillet welds B
+ AISC Table J2.4
« AWS D1.1 Table 5.7

* Has nothing to do with design

+ Deals with ensuring adequate heat input for fusion and fabrication-
related cracking resistance

» Helps achieve some reasonable proportionality between plate thickness
and weld size

* These are minimum weld sizes; larger welds can be used

ST
5@% 189

Fillet Welds

Maximum sizes of fillet welds T g

190
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AISC 360-16 Specification for Structural Steel Buildings

J2.2 Fillet Welds @5

2b. Limitations
Fillet welds shall meet the following limitations:
(b) The maximum size of fillet welds of connected parts shall be:
(1) Along edges of material less than 1/4 in. (6 mm) thick, not
greater than the thickness of the material.

Also addressed in AWS D1.1:2015 clause 2.4.2.9

AISC 360-16 Specification for Structural Steel Buildings

Maximum Fillet Weld Size

t<%in. [6 mm]

l

| ‘ W

(b)  The maximum size of fillet welds of connected parts shall be:

(1)  Along edges of material less than 1/4 in. (6 mm) thick, not
greater than the thickness of the material.

(g

im 192

S
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AISC 360-16 Specification for Structural Steel Buildings

Maximum Fillet Weld Size

t<%in. [6 mm]
l Can’t do this ~

ﬂ ‘W

(b)  The maximum size of fillet welds of connected parts shall be:

(1)  Along edges of material less than 1/4 in. (6 mm) thick, not
greater than the thickness of the material.

193

(g

)

Xt 7

AISC 360-16 Specification for Structural Steel Buildings

J2.2 Fillet Welds

2b. Limitations
Fillet welds shall meet the following limitations:
(b) The maximum size of fillet welds of connected parts shall be:

(2) Along edges of material 1/4 in. (6 mm) or more in thickness; not
greater than the thickness of the material minus 1/16 in. (2 mm),
unless the weld is especially designed on the design drawing to be
built out to obtain full-throat thickness. |n the as-welded condition,
the distance between the edge of the base metal and the toe of the
weld is permitted to be less than 1/16 in. (2 mm), provided the
weld size is clearly verifiable.

194
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AISC 360-16 Specification for Structural Steel Buildings

Maximum Fillet Weld Size
t>1/4” [6 mm]

l

|
T

1/16” [2 mm] min.

(2)  Along edges of material 1/4 in. (6 mm) or more in thickness;
not greater than the thickness of the material minus 1/16 in.
(2 mm), unless the weld is especially designed on the design
drawing to be built out to obtain full-throat thickness.

=

FILLET WELDS

®

S

© Copyright 2019
American Institute of Steel Construction 98



AISC Night School
October 29, 2019

Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

FILLET WELDS

i" 'r'l'.'\ " :
gneer: gy

1/16 in [2 mm]

FILLET WELDS

1/16 in [2 mm]—{~
}

b L 1/16 in [2 mm]

(g

®

S

198

© Copyright 2019
American Institute of Steel Construction

99



AISC Night School
October 29, 2019

Ift,=t,
then w = 1.4t

andw >1t-1/16"

()

Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

FILLET WELDS

Maximum Fillet Weld Size
Does Not Apply

2

5 ey
=

o

199

AISC 360-16 Specification for Structural Steel Buildings

2b. Limitations

)

Xt 7

J2.2 Fillet Welds

Fillet welds shall meet the following limitations:
(b) The maximum size of fillet welds of connected parts shall be:
(2) Along edges of material 1/4 in. (6 mm) or more in thickness; not
greater than the thickness of the material minus 1/16 in. (2 mm),
unless the weld is especially designed on the design drawing to be
built out to obtain full-throat thickness. In the as-welded condition,
the distance between the edge of the base metal and the toe of the
weld is permitted to be less than 1/16 in. (2 mm), provided the
= weld size is clearly verifiable.

200
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Maximum Fillet Weld Size
t>1/4in [6 mm] 1/32 in. o=

| | ok

1

In the as-welded condition, the distance between the edge of
the base metal and the toe of the weld is permitted to be less
than 1/16 in. (2 mm), provided the weld size is clearly

verifiable.
AT
201

5 ey
=

s

FILLET WELDS

Minimum length of fillet welds

(g

im 202

S
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AISC 360-16 Specification 2.2b

Minimum Fillet Weld Length

(@@

(c) The minimum effective length of fillet welds designed on the basis of
strength shall be not less than four times the nominal weld size, or else
the size of the weld shall be taken to exceed one-quarter of its length.
For the effect of longitudinal fillet weld length in end connections upon
the effective area of the connected member, see Section D3.

Also addressed in AWS D1.1:2015 clause 2.4.2.3

FILLET WELDS

Ifw=1/4in[6 mm],
then L., = 1in[24 mm]

Length (L)

_____ /— Leg Size (W)

© Copyright 2019
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FILLET WELDS

Or...ifw=1/2" (12 mm) and
L=1.5" (40 mm),
then w,,;,, = 3/8” (10 mm)

Length (L)

_________ /L Leg Size (W)

AISC 360-16 Specification 2.2b

Intermittent Fillet Welds

(e) Intermittent fillet welds are permitted to be used to transfer calculated
stress across a joint or faying surfaces and to join components of built-
up members. The length of any segment of intermittent fillet welding
shall be not less than four times the weld size, with a minimum of 1-1/2
in. (38 mm).

Also addressed in AWS D1.1:2015 clause 2.4.2.4
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L, =1.5" [38 mm] and L, =4w

Leg Size (®)

@ @@
Z Length (L) /

L., = 1.5 inch [40 mm] and Spacing <12t or 6 in [150 mm]

/

Thickness t

Spacing — 7
Leg Size (®)

(@ @
Z Length (L)/
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Buckling of web \ H

AN

e — \ — — —

210
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AISC 360-16 Specification 2.2b

Maximum length of end-loaded fillet welds

2

5@2 211

AISC 360-16 Specification for Structural Steel Buildings

s

J2.2 Fillet Welds @

2b. Limitations
(d) The effective length of fillet welds shall be determined as follows:
(1) For end-loaded fillet welds with a length up to 100 times the weld
size, it is permitted to take the effective length equal to the actual
length.

Addressed in AWS D1.1:2015 clause 2.4.2.5
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AISC 360-16 Specification 2.2b

Maximum length of end-loaded fillet welds =

If length < 100 w, then | gecive = lactual

length “I" ————

LI

m 213

s

Ty

AISC 360-16 Specification for Structural Steel Buildings

J2.2 Fillet Welds @

2b. Limitations
(d) The effective length of fillet welds shall be determined as follows:

(2) When the length of the end-loaded fillet weld exceeds 100 times
the weld size, the effective length shall be determined by
multiplying the actual length by the reduction factor, b, determined
as follows:

B=1.2-0.002(/w) < 1.0
where

| = actual length of the end-loaded weld, in. (mm)
o w = size of weld leg, in. (mm)

im 214

S
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AISC 360-16 Specification for Structural Steel Buildings

Maximum length of end-loaded fillet welds

If length > 300 w, then | goqive = 180 W

length “I”

ﬁ"“""’%
i@i 215
EY

FILLET WELDS
Maximum length of end-loaded fillet welds

200w %—ﬁ
180w

150w

100w

50w

Effective Length “l soctive”

0 50w 100w 150w 200w 250w 300w 350w

iﬁﬁ‘i Actual Length  “I .., 216

1)
S

© Copyright 2019
American Institute of Steel Construction 108



AISC Night School Welded Connections — A Primer for Engineers
October 29, 2019 Session 3: Welded Connection Details

FILLET WELDS
Maximum length of fillet welds

T

Weld Size w 100 w 180 w

3/16” 19”7 34”

1/4” 25” 45"

5/16” 31” 56”

3/8” 38” 68”

1/2” 50” 90”

3/4” 75” 135”

_ 1” 100” 180"

ST
f@% 217

FILLET WELDS

T-Joints

Fillet Welds in S

218
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FILLET WELDS

219

FILLET WELDS

Greater

thickness

®

S

220
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AWS D1.1: 2015 Structural Welding Code — Steel

2.3.4 Weld Size and Length

For fillet welds and skewed T-joints, the following shall be provided on the
contract documents.
(1) For fillet welds between parts with surfaces meeting at an angle
between 80° and 100°, contract documents shall specify the
fillet weld leg size.

| &

221

AWS D1.1: 2015 Structural Welding Code — Steel

Specify fillet weld leg size (w) within these limits:
80° <Y <100°

— \
¥ <100°
= ¥ > 80°

/Vfﬁ\

¥ > 80°

)
Ry

222
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AWS D1.1: 2015 Structural Welding Code — Steel

| &

2.3.4 Weld Size and Length.

For fillet welds and skewed T-joints, the following shall be provided on the
contract documents.

(2) For welds between parts with the surfaces meeting at an angle
less than 80° or greater than 100°, the contract documents
shall specify the effective throat.

223

AWS D1.1: 2015 Structural Welding Code — Steel

Specify effective throat (t,,_.«) within these limits: —
for ¥ >100° and ¥ < 80°

/——> /—-b
Y >100° ¥ >100°

lI’<§O° \’L ‘P<§0°
o

w-eff
t

w-eff

w-eff w-eff

224
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AWS D1.1: 2015 Structural Welding Code — Steel

| @

2.3.5.2 Fillet Welds and Welds in Skewed T-Joints.

The following shall be provided on the shop drawings:
(1) For fillet welds between parts with surfaces meeting at an angle
between 80° and 100°, shop drawings shall specify the fillet

weld leg size,

225

AWS D1.1: 2015 Structural Welding Code — Steel

2.3.5.2 Fillet Welds and Welds in Skewed T-Joints.

The following shall be provided on the shop drawings:

(2) For welds between parts with surfaces meeting at an angle less
than 80° or greater than 100°, the shop drawings hall show the
detailed arrangement of welds and required leg size to account
for effects of joint geometry and, where appropriate, the Z-loss
reduction for the process to be used and the angle,

226
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AWS D1.1: 2015 Structural Welding Code — Steel

] =
Table 2.2
Z Loss Dimension (Nontubular) (see 2.4.3.3)
Position of Welding—V or OH Position of Weldinge—H or F
Dihedral Angle 3 Process Z (in) Z (mm) Process Z (in) Z (mm)
SMAW 1/8 3 SMAW 1/8 3
FCAW-S 1/8 3 FCAW-S 0 0
o = 450
60°>W 245 FCAW-G 1/8 3 FCAW-G 0 0
GMAW N/A N/A GMAW 0 0
SMAW 1/4 6 SMAW 1/4 6
FCAW-S 1/4 6 FCAW-S 1/8 3
450 > 20
457> W =230 FCAW-G 3/8 10 FCAW-G 174 6
GMAW N/A N/A GMAW 1/4 6
227

Table 2.2
Z Loss Dimension (Nontubular) (see 2.4.3.3)

Position of Welding—Y or OH Position of Welding—H or
Dihedral Angle ¥ Process Z(in) Z (mm) Process Z (in) Z (mm)
SMAW s 3 SMAW s
’ FCAW-S 18 3 FCAW-S 0
007> W 243 FCAW-G 18 3 FCAW-G 0
GMAW N/A N/A GMAW 0
SMAW 4 6 SMAW 14
) FCAW-S n 6 FCAW-S U8
457> W 230 FCAW-G 38 10 FCAW-G 174
GMAW N/A N/A GMAW 14

PoTing
i
5 15 228
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FILLET WELDS

Fillet weld termination .
+ AISC J2.2b User Note
+ AWS D1.1:2015 clause 2.9.3

229

AWS D1.1: 2015 Structural Welding Code — Steel

2.9.3 Fillet Weld Terminations __=

2.9.3.1 General.

Fillet weld terminations may extend to the ends or sides of parts or may be
stopped short or may have end returns

230
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Extending to the End

Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

231

FILLET WELDS

Stopped short

232
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FILLET WELDS

End return (boxing) L g

AWS D1.1: 2015 Structural Welding Code — Steel

2.9.3 Fillet Weld Terminations __=

2.9.3.1 General.

Fillet weld terminations may extend to the ends or sides of parts or may be
stopped short or may have end returns except as limited by the following
cases:

234
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AWS D1.1: 2015 Structural Welding Code — Steel

2.9.3.2 Lap Joints Subject to Tension.

In lap joints in which one part extends beyond the edge or side of a part
subject to calculated tensile stress, fillet welds shall terminate not less than
the size of the weld from the start of the extension (see Figure 2.6).

Holdback
Holdback

236
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AWS D1.1: 2015 Structural Welding Code — Steel

2.9.3.3 Maximum End Return Length.

Welded joints shall be arranged to allow the flexibility assumed in the
connection design. If the outstanding legs of connection base metal are
attached with end returned welds, the length of the end return shall not
exceed four times the nominal size of the weld (see Figure 2.7 for
examples of flexible connections).

237

Y

Mote: W = nominal size of the weld. 538
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AWS D1.1: 2015 Structural Welding Code — Steel

2.9.3.4 Transverse Stiffener Welds.

Except where the ends of stiffeners are welded to the flange, fillet welds
joining transverse stiffeners to girder webs shall start or terminate not less
than four times nor more than six times the thickness of the web from the
web toe of the web-to-flange welds.

_ Per AISC 360-16 User Note: This applies when t,, < %” (18 mm). _

Exception to general practice

t,

-»

240
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&
i
\1L1Y,

Cracking can occur in shipping

M
N~
@[@E

241

7
{
iy

Does not apply when stiffeners are welded to flanges

@@;
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AWS D1.1: 2015 Structural Welding Code — Steel

2.9.3.5 Opposite Sides of a Common Plane.

Fillet welds on the opposite sides of a common plane shall be interrupted at
the corner common to both welds (see Figure 2.8)

243

DO NOT TIE WELDS
TOGETHER HERE —

244
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AISC 360-16 Specification for Structural Steel Buildings

J2.2 Fillet Welds o=
2b. Limitations
(g) Fillet weld terminations should be detailed in a manner that does not
result in a notch in the base metal subject to applied tension loads.
Components shall not be connected by welds where the weld would
prevent the deformation required to provide assumed design
conditions.

User Note: Fillet weld terminations be detailed in a manner that does not result in a notch

in the base metal transverse to applied tension loads that can occur as a result of normal
fabrication. An accepted practice to avoid notches in base metal is to stop fillet welds

short of the edge of the base metal by a length approximately equal to the size of the weld.

In most welds, the effect of stopping short can be neglected in strength calculations. 247

AWS D1.1: 2015 Structural Welding Code — Steel

2.3.4 Weld Size and Length. __=
Contract design drawings shall specify the effective weld length....

End returns and hold-backs for fillet welds, if required by design, shall be
indicated on the contract documents.

248
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WELDED CONNECTION DETAILS

Outline
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Session 3: Welded Connection Details

Joints

CJP Groove Welds
PJP Groove Welds
Fillet Welds

Plug and Slot Welds
Tack Welds

Weld Metal Strength

249

PLUG AND SLOT WELDS

Used in lap joints

Usually used with other welds

Not good for cyclically loaded structures
Intended to transmit shear (not tension)
Implications for tab-and-slot construction

Restricted in quenched and tempered steels

250
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AWS D1.1: 2015 Structural Welding Code — Steel

T
Table 2.3
Allowable Stresses (see 2.6.4 and 2.16.1)
Type of Applied Stress Allowable Stress Required Filler Metal Strength Level

( Plug and Slot Welds |

e

~

Shear parallel to the faying surface on | 0.30 X classification tensile strength of filler metal || Filler metal with a strength level
the effective area’ equal to or less than matching filler

metal may be used

Shear parallel to the faying surfaces on the effective area’.

251

AWS D1.1: 2015 Structural Welding Code — Steel

2.4.5 Plug and Slot Welds -

2.4.5.3 Effective Area.

The effective area shall be the nominal area of the hole or slot in the plane
of the faying surface.

252

© Copyright 2019

American Institute of Steel Construction

126



AISC Night School
October 29, 2019

Welded Connections — A Primer for Engineers
Session 3: Welded Connection Details

PLUG AND SLOT WELDS

Effective Area

Area = mtd?/4

PLUG AND SLOT WELDS

Acceptable

H
H
"

|

]

(@) (@) o O

Unacceptable

I EEIEEY)

)

.

2222222222
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AWS D1.1: 2015 Structural Welding Code — Steel

2.4.5.1 Diameter and Width Limitations.

The minimum diameter of the hole or the width of slot in which a plug or
slot weld is to be deposited shall be no less than the thickness of the part in
which it is made plus 5/16 in [8 mm]. The maximum diameter of the hole or
width of slot shall not exceed the minimum diameter plus 1/8 in [3mm] or 2-
1/4 time the thickness of the part, whichever is greater.

255

PLUG AND SLOT WELDS

Hole diameter (d)

' Aiin = t + 5/16” [8 mm] S —
diameter (d) —1 — d = greater of d_ +1/8” [3mm]
or2.25t,

256
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ty

PLUG AND SLOT WELDS

i" 'r'l'.'\ " :
gneer: gy

257

t

PLUG AND SLOT WELDS

d=t,+5/16 in.

258
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PLUG AND SLOT WELDS

Prohibition on Quenched and Tempered Steels

WELDED CONNECTION DETAILS

Outline

Joints

CJP Groove Welds
PJP Groove Welds
Fillet Welds

Plug and Slot Welds
Tack Welds

Weld Metal Strength

260
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AWS STANDARD WELDING TERMS & DEFINITIONS (A3.0-2010)

tack weld.

A weld made to hold parts of a weldment in proper alignment until the final

welds are made.

2

=
@
N
2

o

TACK WELDS

Tack welds attaching backing change stress distribution.

i@ 262

e
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TACK WELDS

Tack welds attaching backing change stress distribution.

2

=

263
s

TACK WELDS

Tack welding in the joint

i@ 264

e
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Tack welding in the joint

2

=
&
NN

265

TACK WELDS

Tack welding in the joint

iz

)

3
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TACK WELDS

Tack welding outside the joint

2

=

267
s

TACK WELDS

Tack welding outside the joint

iz

im 268
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TACK WELDS

Tack welding outside the joint e e

N

TACK WELDS

Tack welding outside the joint S o

A

>
\

/

= =
s /
> =
N /
[

a4

—_—
D%
z

——
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Tack welds on backing and fatigue

T

s

o

TACK WELDS

If cyclically loaded, tack welds to
backing are Category E.

)

e

272
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TACK WELDS

2

=

o

If cyclically loaded, continuous

welds are Category B.

273

(I

)

e

AWS D1.1: 2015 Structural Welding Code — Steel

5.17 Tack Welds and Construction Aid Welds

5.17.1 General Requirements

(1) Tack welds and construction aid welds shall be made with a
qualified or prequalified WPS and by qualified personnel.

(2) Tack welds that are not incorporated in final welds, and
construction aid welds that are not removed, shall meet visual
inspection requirements before a member is accepted.

Make tack weld like other welds

274
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AWS D1.1: 2015 Structural Welding Code — Steel

| @

5.17 Tack Welds and Construction Aid Welds

5.17.2 Exclusions.
Tack welds and construction aid welds are permitted except that:

(1) Intension zones of cyclically loaded structures, there shall be no
tack welds not incorporated into the final weld except as permitted
by 2.17.2, nor construction aid welds. Locations more than 1/6 of
the depth of the web from tension flanges of beams or girders are
considered outside the tension zone.

Be careful with tack weld when loading is cyclic and seismic

275

AWS D1.1: 2015 Structural Welding Code — Steel

5.17 Tack Welds and Construction Aid Welds

5.17.2 Exclusions.
Tack welds and construction aid welds are permitted except that:

(2) On members made of quenched and tempered steel with
specified yield strength greater than 70 ksi [485 MPa], tack welds
outside the final weld and construction aid welds shall require the
approval of the Engineer.

Be careful with tack weld when steel is Q&T

276
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=

Joints

CJP Groove Welds
PJP Groove Welds
Fillet Welds

Plug and Slot Welds
Tack Welds

Weld Metal Strength
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277

+ Matching

* Undermatching

+ Overmatching

WELD METAL STRENGTH

278
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WELD METAL STRENGTH

Matching Strength e

Only required for CJP in tension

OK for all welds

Usually used for groove welds

+ Compares minimum specified tensile strength values
(F,/F ratios = different)

WELD METAL STRENGTH

Undermatching Strength

» Typical applications are fillets, PJPs on higher strength steel

* More fabrication crack resistant

280
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AISC 360-16 Specification for Structural Steel Buildings

TABLE J2.5

Allowable Strength of Welded

Joints

TABLE J2.5
Available Strength of Welded Joints,
ksi (MPa)

Nominal | Effective
Stress | Area

Lead Type and (Fuanw o0 | gy or Required Filler
Direction Aclative | Pertinent Frel Aud) Meta| Srength
o Weld Axin Metal | cand 5 | kai (HPa) |in2 jmm) Level

COMPLETE-JOINT-PENET RaTICN GROOVE WELDS

Wakhing Mer melal shall
b2 usod. For T- and

Tension Strangth of the jeirt is contraled cornar jeinis wHh backing
Normalbo weld mis the basa matal latt in plsca, nokzh foush
Aller matal 15 required.
52 Sactian Je.6,
Filer metal wih 2
Comprassicn Strangth ol the jantis contralad ?ﬁ‘;’;‘m‘:“"ﬁ
Homalts wald s by the baze matal loss han matching
Miar matal s pemitiad
Tomsbonor | Tension or comprassion in parks jined paralal| | FSTmEuin 2
cempreazion 1o wakd need not bs conziderad in dssign n,,;’f‘mmﬂ;’,,@
Faralkio wal axis of welds jeining the parts. Mlor matal bs penmitiod.
Shear Eirangih of he fark 1z zontralad Matching i metal
T s b o

FARTIAL JCANT-PENETRATICN GRCCNE WELDE INCLUDING FLARE V-GROCVE
AND FLARE BEVEL GROOVE WELDE

0= 075

Torkn = | a-zm F“ fated
Harmal to wokd axs 4030
weid [ 27080 | opor |seerzta
Comprasakn
Calumn ko bas plats
o s Freas sings pesdnct oo oraisred
Pt on of Wekds jining the Fa
Section J1.411)
Camprestion §- 050
Connacilon: oF =2 |asia it et Fller mstal wih @
mambor: desined ancigih el cqual
2 tear ctnar han 4= 050
coumnz an deserbed| W | gy | DR | Sseita) B FLTE
n Scctlon J1.412) o
pammimza.
Comprsssion Ease ;'_':: F Sl
Connactkns nat e
Tinished-o-bear -
weid [ 27000 | 000Fon |See k2 ta
Tarakcn of Tentcn o COMErestion I pans oinad paralkl
omprasskn o a wakdred 1ol b considerad I design
Faralolta wekd aks of welds faning tha paris.
Eaze | Gwemed by J4
' wor | #7078 g pomny [seeszma
Q=200

281

AISC 360-16 Specification for Structural Steel Buildings

TABLE J2.5

Allowable Strength of Welded

Joints

TABLE J2.5 (continued)
Available Strength of Welded Joints,
ksi (MPa)

Nomiral | Effective
Stress Mrea
Load Type and (Funw o | (Aswor | Required Filler
Dirsction Relative | Pertinent Ful | Awd Metal Strength
1o Weld Axis Metal | oand s | kei (WPa) [in? fmm) Level

FILLET WELDE INCLUCING FILLETS IN HOLES AND SLOTS AMD SKEWED T_I0INTE.

Ease Govemed by J4
ehaar §- 07 Fillsr matal wih
Weld 75 | osomot | seesez | sirengin tevet squal
=200 9
aor last,
Tension of Tentcn of compreselon i parts oined paralkd matching filer mtal
compresson 10 8 ok reed ol bs conskdarsd h dalgn s parmited.
Farakolto wekd axls f wekds Joining the parts.
PLLIG AND SLOT WELDS
Ehear Ease Guovermed by 4 Filer matal wih o
Farael to faying rengin kst squal
zurface an the. g=075 0 or ket than
surtacs o the. weld | 0700 | 089y [Sees2z|  matching e metal
aiective area I3 parmbted.
Far machng wad mlal 505 AWE DI.1/C1 1M, Sackon 33
Fillsr matal wih a stsngth kvl o ] than m; s pamitisd.
e e et s e o
o & 1 coreem. in
ap rd the weld shal £ deekgnad using ha Bk e o
th matadd s , whars & = 060, (1= 1.8 g
= Allanatudy, tha rovelzns of St 2.4s) i pomitidproyad h detmatin cay ol ha
Vst Wik g s condnod Eactions J2 A i 1] ra 3pecil ppiwains o Sectien 12 41
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AISC 360-16 Specification for Structural Steel Buildings

Mamal to weld axiz

by the bass metal

TABLE J2.5
Available Strength of Welded Joints,
ksi (MPa)
Mominal | Effective
Stress Area
Load Type ancd (Fnam or | (Agmor Required Filler
Direction Relative | Pertinent Fow) Awe) Metal Strength
to Weld Axis Metal tand &2 | ksi (MPa) |in.2 (mm?) Level BI®]
COMPLETE-JOINT-PENETRATION GROOVE WELDS
Matching filler metal shall
e usad. For T- and

Tension Strength of the joint is contrallec comer joints with backing

laft in place, notch tough
filler metal is required.
See Section J2.6.

Compression
Marmal to weld axis

Strength of the joint is controlled
by the bass metal

Filler matal with a
strangth lavel equal to
or one strength level
less than rmatching
fillar metal is parmittad.

Tension ar
comprassion
Parallal to weld axis

of welds joining the parts.

Tension or compression in parts joined parallel
to a weld need not be considered in design

Filler matal with a
strangth lavel equal to
ar less than matching

fillar metal is parmittad.

Shear

Strength of the joint is contralled

by the base matal

Matching filler metal
shall be used

AISC 360-16 Specification for Structural Steel Buildings

Complete-Joint-Penetration Groove Welds

COMPLETE-JOINT-PENETRATION GROOVE WELDS

< Tension \

Normal to weld axis '

by the base metal

Strength of the joint is controlled

Matching filler metal shall
be used. For T- and
comer joints with backing
left in place, notch tough
filler metal is required.
See Section J2.6.

Compression
Naormal to weld axis

by the base metal

Strength of the joint is controlled

Filler metal with a
strength level equal to
or one strength level
less than matching
filler metal is permitted.

Tension or
compression
Parallel to weld axis

of welds joining the parts.

Tension or compression in parts joined parallel
to a weld need not be considered in design

Filler metal with a
strength level equal to
or less than matching
filler metal is permitted.

Shear

Strength of the joint is controlled

by the base metal

Matching filler metal
shall be used.™

284
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WELD METAL STRENGTH

CJP Groove Weld

Tension normal (perpendicular) to the weld axis

AISC 360-16 Specification for Structural Steel Buildings

Complete-Joint-Penetration Groove Welds

COMPLETE-JOINT-PENETRATION GROOVE WELDS

(

(Matching filler metal shall
N___be used. For T- and _/

Tension " Strength of the joint is controlled comer joints with backing
Normal to weld axis by the base metal left in place, notch tough
N— filler metal is required.
See Section J2.6.
Filler metal with a
Compression Strength of the joint is controlled strength level equal to

Naormal to weld axis

by the base metal

or one strength level
less than matching
filler metal is permitted.

Tension or
compression
Parallel to weld axis

Tension or compression in parts joined parallel
to a weld need not be considered in design
of welds joining the parts.

Filler metal with a
strength level equal to
or less than matching

filler metal is permitted.

Shear

Strength of the joint is controlled
by the base metal

Matching filler metal
shall be used.™
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AISC 360-16 Specification for Structural Steel Buildings

Complete-Joint-Penetration Groove Welds

COMPLETE-JOINT-PENETRATION GROOVE WELDS
Matching filler metal shall
be used. For T- and
Tension Strength of the joint is controlled comer joints with backing
Normal to weld axis by the base metal left in place, notch tough
filler metal is required.
See Section J2.6.
Filler metal with a
/_\Com - L strength level equal to
pression Strength of the joint is controlled
< Normal to weld axis ’ by the base metal or one strength Igvel
N / less than matching
filler metal is permitted.
. . Lo . Filler metal with a
Tension or Tension or compression in pqns |0|n_ed pa_rallel strength level equal to
compression to a weld need not be considered in design or less than matching
Parallel to weld axis of welds joining the parts. filler metal is permitted.
Shear Strength of the joint is controlled Matching filler metal
by the base metal shall be used.F!

WELD METAL STRENGTH

CJP Groove Weld
Compression normal (perpendicular) to the weld axis

AT
i@% 288
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Complete-Joint-Penetration Groove Welds

COMPLETE-JOINT-PENETRATION GROOVE WELDS

Tension

Normal to weld axis

Strength of the joint is controlled
by the base metal

Matching filler metal shall
be used. For T- and
comer joints with backing
left in place, notch tough
filler metal is required.
See Section J2.6.

Normal to weld axis

<’ Compression
N

)

Strength of the joint is controlled
by the base metal

(" Filler metal witha  \

strength level equal to

or one strength level
less than matching

\ filler metal is permitted. y,

Tension or
compression

Parallel to weld axis

Tension or compression in parts joined parallel
to a weld need not be considered in design
of welds joining the parts.

Filler metal with a
strength level equal to
or less than matching
filler metal is permitted.

Shear

Strength of the joint is controlled
by the base metal

Matching filler metal

shall be used.F!

AISC 360-16 Specification for Structural Steel Buildings

Complete-Joint-Penetration Groove Welds

COMPLETE-JOINT-PENETRATION GROOVE WELDS

Tension

Normal to weld axis

Strength of the joint is controlled
by the base metal

Matching filler metal shall
be used. For T- and
comer joints with backing
left in place, notch tough
filler metal is required.
See Section J2.6.

Compression

Naormal to weld axis

Strength of the joint is controlled
by the base metal

Filler metal with a
strength level equal to
or one strength level
less than matching
filler metal is permitted.

compression

o

/ Tension or \
\ Parallel to weld axis A

Tension or compression in parts joined parallel
to a weld need not be considered in design
of welds joining the parts.

Filler metal with a
strength level equal to
or less than matching

filler metal is permitted.

Shear

Strength of the joint is controlled
by the base metal

Matching filler metal
shall be used.™
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WELD METAL STRENGTH

CJP Groove Weld
Tension parallel to the weld axis

O

3

WELD METAL STRENGTH

CJP Groove Weld
Compression parallel to the weld axis

1
Ay L
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Complete-Joint-Penetration Groove Welds
@=
COMPLETE-JOINT-PENETRATION GROOVE WELDS
Matching filler metal shall
be used. For T- and
Tension Strength of the joint is controlled comer joints with backing
Normal to weld axis by the base metal left in place, notch tough
filler metal is required.
See Section J2.6.
Filler metal with a
. L strength level equal to
Compression Strength of the joint is controlled
Normal to weld axis by the base metal or one strength Igvel
less than matching
filler metal is permitted.
7 - - N
q Tension or \ Tension or compression in parts joined parallel str'(:elrlllglrhnrg:gll \gnﬂa?t o
< compression ’ to a weld need not be considered in design or less than ma?ching
\ Parallel to weld axis A of welds joining the parts. L filler metal is permitted. )
Shear Strength of the joint is controlled Matching filler metal
by the base metal shall be used.F!
293

AISC 360-16 Specification for Structural Steel Buildings

Complete-Joint-Penetration Groove Welds

COMPLETE-JOINT-PENETRATION GROOVE WELDS
Matching filler metal shall
be used. For T- and
Tension Strength of the joint is controlled comer joints with backing
Normal to weld axis by the base metal left in place, notch tough
filler metal is required.
See Section J2.6.

Filler metal with a
strength level equal to

Compression Strength of the joint is controlled
Normal to weld axis by the base metal or one strength Igvel
less than matching
filler metal is permitted.
Tension or Tension or compression in parts joined parallel str';rlllglrhnrs:f:ll \:“Ea?t o
compression to a weld need not be considered in design or less than ma?ching
Parallel to weld axis of welds joining the parts. filler metal is permitted.
@ Shear \’ Strength of the joint is controlled Matching filler metal
L ) by the base metal shall be used.Fl
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WELD METAL STRENGTH

2

=

e

CJP Groove Weld
Shear

295

WELD METAL STRENGTH

iz

)

e

CJP Groove Weld
Shear
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Complete-Joint-Penetration Groove Welds

COMPLETE-JOINT-PENETRATION GROOVE WELDS

Normal to weld axis

Tension

Strength of the joint is controlled
by the base metal

Matching filler metal shall
be used. For T- and
comer joints with backing
left in place, notch tough
filler metal is required.
See Section J2.6.

Normal to weld axis

Compression

Strength of the joint is controlled
by the base metal

Filler metal with a
strength level equal to
or one strength level
less than matching
filler metal is permitted.

Tension or Tension or compression in parts joined parallel
compression to a weld need not be considered in design
Parallel to weld axis

of welds joining the parts.

Filler metal with a
strength level equal to
or less than matching
filler metal is permitted.

7

N

Shear \’ Strength of the joint is controlled
by the base metal

/

Matching filler metal
shall be used.F!

AISC 360-16 Specification for Structural Steel Buildings

Partial-Joint-Penetration Groove Welds

PARTIAL-ICINT-FENETRATION GROCWVE WELDS INCLUDING FLARE V-GROOVE

AND FLARE BEVEL GROOVE WELDS

Tenzion
Momnal to weld axis

N

$=075
Base G200 Fu Sas J4
weld | $=0% | 080Fen | Seal2ta

Compression
Column to basa plata
and colurmn splices

Comprassive stress nead not be considerad
in design of welds joining the pars.

designed par
Section J1.4{1)
Compression =090
Connactions of Base =167 Fy Ses 4
members designed
to bear other than =080
columne as described Weld G_1ee 060Foge | See J2.1a
in Section J1.4{2)
=090
Compression Basza :.;_ 167 Fy Sea J4
Connactions not —
finished-to-bear weld | b= ﬂ"ge% 0.00Fee | See J2.1a
Tensgion or Tension or comprassion in pars joined parallsl
compression to a wald nead not be considered in design
Parallal to weld axis of welds joining the pars.
Bass Governad by J4
Shaar
=075
\ ) Weld G- 2.00 ‘ 060Fexy | Ses J2.1a

Filler metal with a
strength level equal
to or less than
matching filler metal
i pammittad,
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Fillet Welds

FILLET WELDS INCLUDING FILLETS IN HOLES AND SLOTS AND SKEWED T—JOINTS

\Parallel to weld ax@

of welds joining the parts.

-z "\ Base Governed by J4
Shear —
©=0.75 ]
[ Weld Q=200 0.80Fgxx™ | See J2.2a
Tension or Tension or compression in parts joined parallel
compression to a weld need not be considered in design

\

Filler metal with a \
strength level equal
to or less than
matching filler metal

is permitted. )

299

AISC 360-16 Specification for Structural Steel Buildings

Plug and Slot Welds
1 1
PLUG AND SLOT WELDS
" shear Y Base Govemed by J4 Filler metal witha
Parallel to faying strength level equal
surface on the &= 0.75 to or less than
surface on the Weld =200 | 960Fexx | SeeJ2.3a|  matching filler metal

effective area Y

is permitted. W,

O

Xt 7
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TABLE J2.5

Available Strength of Welded Joints,

ksi (MPa)

Lead Type and
Direction Aclative
o Weld Axin

Tension
Homalto wald wis

Nominal | Effective

COMPLETE~OINT-FENET RATION GROOWVE WELDS
‘Wakhing Mler melal shall
be

Strangh of the jant is contralad
by the base matal

\__cesSsctionuzs

Required Filler
Wetnl Strength
Lol M

wiod. For T- and
cornr foiniz with bazking
et In pace, noteh fough
ik makal 13 raquired.

Filer matal with &

compreszhn
Faralli o woMl axks

Matching filler metal required. T S N

Com Strangh ol the jairk is controlad

= ona strengih keval

Homaltz wald avis by the basa matal et P matiting
Miar matal s pemitiad

Filer matal with a

o a wakd nacd nat b corziderad in dssign
of weldk jeining the parts.

strangth kvl sl
orleza than maiching
filor matal bs permitiad

Shaar

Srengih ol the art v contted Wiathing Mher matar
oy oo bass menl i b sos 1

FARTILLJCINT PENETFATICN GRCCNE WELDS INCLUDRG FLARE V-GROCVE
D FLARE BEVEL GROOVE WELDS
v-07E
Torkn = | a-zm F“ fated
Harmal to wokd axs 4030
woir | 27030 | o.eor |seeszta
Comprasakn
of":':"bb':E:‘ Camprassive sirss need ot be corakersd
m"“um' i Indasign of welds foining the parts.
Section J1.411)
Camprestion §- 050
Ea 5 s
Connacilon: oF ® |-t ! = Fller mstal wih @
mambor: desined ancigih el cqual
2 tear ctnar han 4= 020
coumnz an deserbed| W | gy | DR | Sseita) B FLTE
n Scctlon J1.412) o
pammimza.
— 050
Camprassion I e A Bea
Connactkns nat e
Tinished-o-bear -
weid | 2700 | 009Ro |seeszm
Tarakcn of Tentcn o COMErestion I pans oinad paralkl
omprasskn o a wakdred 1ol b considerad I design
Faralolta wekd aks of welds faning tha paris.
Eaze | Gwemed by J4
' wor | #7078 g pomny [seeszma
Q=200
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TABLE J2.5

Available Strength of Welded Joints,

ksi (MPa)

Laad Type and
Dirsction Relative
1o Weld Axia

Nominal | Effsctive

COMPLETE-JOINT-PENETRATION GROOVE W

Homalts wald ws.

Strength al the jantis contralad
gty i bans metal

ELCS
Makhing fler malal shall
used. For T- and

Required Filler

Comprasskn
Homalts wald wis

Strangth ol the jurkis conbalad
by the basa matal

filor matal ke pormitiad

One strength level less than p—

compreszion
Faralici o wak axis

Tansion or compreasion in parts jeined paralal
o 0 wald nucd ot b= conziderad in design
of weldk jcining the parts.

Fikor matal wilh @
strangth el squal o
orluza than malching
Mor matal ks pemitiod

matching is permitted.

FARTIAL-JCINT PENETRETION GROCWE WELDE INGLUDNG
|

‘Etrengih of th foirk s coatroled
Eass mtal

Matching fler metal
shall be used ¥

LARE V-GROCVE

Hormal o wald axls

FLARE BEVEL GROCVE WELDE
v- 07

R il F Sl
9= 050

weid | 27090 | 060fnn [See szt

Comprozakn
Calumn 15 bass plata
and zolamn oplkces

Compressive sluss need et be conakened
In dosign of wekds foining the parts,

Filler matal wih a

‘strength kevel squal

matching fler metal
I pommtsd.

Seaigned
Section J1.411)
Comprestion =030
Canneciins of B% | a-1a e Sea M
membars dezinad
to bear cthar than pu00
coumnzas descrked| WO | g ygg | 00 | SEeszta
I Seclion 1 412}
Campression P 5 Sca st
Connactins net e
Tirished to-Eear war | 27020 | nomo |scerma
Termin o TenCn O COmpreStion N FANs foined paraiil

Paralolbo wokd ads.

0 @ wakd reed nol s conskdened I design
of wekds Janing tha pars.

shsar

e | Gwared by

0.60Fy | See k2 1a

0= 075
we [10F

302
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Undermatching is permitted.

TABLE J2.5
Available Strength of Welded Joints,
ksi (MPa)

Nominal | Effective

Lead Type and (Fuanw o0 | gy or Required Filler
Direction Aclative | Pertinent Frel Aud) Meta| Srength
o Weld Axin Metal | cand 5 | kai (HPa) |in2 jmm) Level

COMPLETE-JOINT-PENET RaTICN GROOVE WELDS

Wakhing Mer melal shall
b2 usod. For T- and

Tension Strangth of the jeirt is contraled cornar jeinis wHh backing
Normalbo weld mis the basa matal latt in plsca, nokzh foush
Aller matal 15 required.
52 Sactian Je.6,
Filer metal wih 2
Compreeskn Strangth ol the jantis contralad ?ﬁ‘;’;‘m‘:“"ﬁ
Homalts wald wis by the baze matal g than matdhing
fler metal ks
Tomskonor | Tension or comprassion in parks jined paralal [ | ST metaiuih
cempreazion 1o wakd need not bs conziderad in dssign n,,;’f‘mmﬂ;’,,@
Faralkio wal axis of welds jeining the parts. Mlor matal bs penmitiod.
Shear Eirangih of he fark 1z zontralad arEnin REer Tt
T s b o

FARTIAL JCANT-PENETRATICN GRCCNE WELDE INCLUDING FLARE V-GROCVE
AND FLARE BEVEL GROOVE WELDE

e ) R 3

Torkn =200 =
Hormal i wald axis 9= 050
wed | 47980 | oeorcn |sesszta
Compresaion
Calumn 2 bass plata
s o e i nosdrat oo cerakorse
pitlnl Jon ci Wk fining i pa
Section J1.4(1)
Tanpression (YL
Cannactizns of B2 ) aeta ¥ 3ea —
mstal wih a
members designad e
o tear ctnar inan 0=080 | g N oo ittt
wekd B0Fcx a
“:gz‘n‘nrgg)‘“ a=1s matching fller metal
s parmitea.
3= 050
Cangrassion L g 5 T
Connctins et T
Tirished-to-bear -
weit | 37050 | osro |seerzta
Termin of Tendon o compreation n parts foined paralia
omprazskn o 8 wakdneed 1o bs conzidersd i dasign
Famialts ekl ais of wekds faining the parts.
Eaze | Gwemed by J4
' wor | #70 gpomny [ seeuzral\ y,
a-200

303
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Undermatching is permitted.

TABLE J2.5 (continued)
Available Strength of Welded Joints,
ksi (MPa)

Nominal | Effective

Load Type and (Funw o | (Aswor | Required Filler
Dirsction Relative | Pertinent Ful | Awd Metal Strength
1o Weld Axis Metal | oand s | kei (WPa) [in? fmm) Level

FILLET WELDE INCLUCANG FILLETS IN HOLES AND SLOTS AMD SKEWED T_I0INTE.

Easa Govemed by J4
Enear o Fller matal wih o
wekd 75 | osomot | seeszz | strengin tevet equal
=200 bt
0 ar lese
Tention or Tentlcn of comprastlon n parts fined paralkel matching filer mtal
comprassion 10 8 Wk need not b considerad h dasign s parmited.
Faratelto wekd axls o wekds Jolning tha parts.
FLUG AMD 5LOT WELDS.
Shear Easa Govered by 14 Filer matal wih o
Faratol o faying e ngIn kevat cqual
urtacs an the g=075 0 or ket than
surtaca on the weid | 2700 | 080y |Seeczm|  matching fhier matal
aiaciiva arca Is parmitcd.

:FO(MMWNHMM{W!WE 1.1/01.1M, Seolion 3.3
Filker matal wih aswength kvel one el than m s pammitied.
o e e e
ind e hicknees of

the maatl as , Whars & = 061, L= 1.5 on
 allaiabvaly 1he provizins of Sacton 14(3) ar parmihzd previdad the dalomaiin comy otha
reeiper Pl ety i) J!f&] and {7} arw spacial applications of %m'}um
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AWS D1.1: 2015 Structural Welding Code — Steel

Table 2.3

Table 2.3
Allowable Stresses (see 2.6.4 and 2.16.1)

Type of Applied Stress

Required Filler Metal Strengih Level

Fillet Welds

WELDED CONNECTION DETAILS

Outline

+ Joints

+ CJP Groove Welds
+ PJP Groove Welds
+ Fillet Welds

* Plug and Slot Welds
+ Tack Welds

+ Weld Metal Strength

306
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Thank youl!

@ : Smarter.
. ) : Stronger.
AISC | Questions? 52’  Steel.

Individual Session Registrants

PDH Certificates

* 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!

GATIR) | Smarter.
: Stronger.
ame”  Steel.

AMERICLY
@
X mm“‘&
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Individual Session Registrants

PDH Certificates

* Reporting site (URL will be provided in the forthcoming email).
e Username: Same as AISC website username.

* Password: Same as AISC website password.

SR ;| Smarter.
é@; : Stronger.
e’ | Steel.

8-Session Registrants

PDH Certificates

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

GATIR) | Smarter.
é@; : Stronger.
e : Steel.
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8-Session Registrants

Access to the quiz

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

Quiz and attendance records

Posted Thursday 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.
* PDHs — If you watch a recorded session, you must pass quiz for PDHs.
* REINFORCEMENT — Reinforce what you learn tonight. Get more out of the course.

Note: If you attend the live presentation, you do not have to take the quizzes 2 Smarter.
to receive PDHs : Stronger.
: Steel.

8-Session Registrants

Access to the recording

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

PDHs via recording

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

: Smarter.
: Stronger.
: Steel.
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8-Session Registrants
Night School Resources

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

@“‘"““*yg : Smarter.
é@g : Stronger.

e : Steel.

8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

Login

DON'T HAVE AN ACCOUNT?

e R—— A : Smarter.
PASSWORD e = i@é Stl‘onger.
s [ seasrennow | awe” : Steel.
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8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

IN THIS SECTION MyAlSC
Edit Profile
MY PROFILE
Mylopminads Update your contact and address information.
My Pending Quizzes
My Events
Order History MY PURCHASED DOWNLOADS

Course History Access articles and documents that you have purchased.

VIEW DOWNLOADS

MY COURSE RESOURCES

: Smarter.
: Stronger.
: Steel.

View online resources for Night School ajd Live Webinar package registrations.

VIEW RESOURCES

8-Session Registrants

Night School Resources

EDUCATION PUBLICATIONS NASCC: THE STEEL STEEL SOLUTIONS AWARDS AND TECHNICAL
CONFERENCE CENTER COMPETITIONS RESOURCES

AISC > MYAISC > COURSE RESOURCES

Course Resources

Start Date
1/30/2017 7:00:00 PM
6/5/2017 7:00:00 PM

: Smarter.
: Stronger.
: Steel.

INS 14 8-Session Package-Night School 14 - of Stability
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8-Session Registrants

Night School Resources

Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

@“‘"““*yg : Smarter.
é@g : Stronger.

e : Steel.

8-Session Registrants
Night School Resources
* Weekly “quiz and recording” email.

* Weekly updates of the master quiz and attendance record, found at
www.aisc.org/nightschool21. Scroll down to Quiz and Attendance records.

* Updated on Thursday mornings.

f“‘"”“'g : Smarter.
i@s : Stronger.

e : Steel.
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8-Session Registrants
Night School Resources

¢ \Webinar connection information

* Reminder email sent out Tuesday mornings

e Links to handouts also found here

@"‘"““*yg : Smarter.
é@g : Stronger.

e : Steel.

AISC | Thank you

f“‘"”“'g : Smarter.
i@s : Stronger.

e Steel,
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