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Welding Short Course

« Welding Processes Overview

[ ntroduction to Welded
Connections

* Determining Weld Size
* Principles of Design

* Distortion

« Cost Reduction Ideas

AISC
Specification

2005




AWS D1.1/D1.1M:2006
An American National Standard

m
m
Structural

Welding Code--
Steel

AWS D1.1
Structural
Welding

Code--Steel

AWS D1.3/D1.3M:XXXX
An American National Standard

AWS D1.3
Structural
Welding
Code—Sheet
Steel

m
m
Structural

Welding Code—
Sheet Steel




AASHTO/AWS
D1.5 Bridge
Welding Code

AASHTO/AWS D1.5/D1.5M:2002
An American National Standard

m
m
Bridge
Welding Code

AWS D1.6
Structural
Welding

Code—
Stainless Steel

AWS D1.6/D1.6M:XXXX
An American National Standard

m
m
Structural

Welding Code—
Stainless Steel




AWS D1.8
Seismic
Welding

Supplement

AWS D1.8/D1.8M:2005
An American National Standard

Seismic
Welding
Supplement

FEMA 353

+ | amd Quality Assurance

» | Guidelines for Steel

* [ Moment-Frame Construction
[ for Seismic Applications
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AISC DESIGN GUIDES

Arc
Welding Processes




Fusion vs. Penetration

REQUIREMENTS FOR FUSION:
1. Atomic Closeness

2. Atomic Cleanliness




SHIELDING OF MOLTEN
PUDDLE

« Shield from nitrogen, oxygen
« Shield with slags
 Displace atmospher e with gasses

Arc Welding Processes

Shielded Metal Arc (SMAW)
Flux Cored Arc (FCAW)
GasMetal Arc (GMAW)
Submerged Arc (SAW)

Gas Tungsten Arc (GTAW)




Shielded Metal Arc (SMAW)

Electrode
Extruded j
B

covering

Gaseous shield

Molten pool
Arc stream

Slag
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AWS Numbering System

E/7018

Electrode |

Tensile Strength (ksi)

Position

Type of coating & current
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Flux Cored Arc Welding
(FCAW)

l
l-l
T

A . ~
¥ 9 3 ¥

FCAW: twotypes

Gas Shielded
Self Shielded
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Shielding gas
& IN
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FT IO

’0’:’:’0’# R
\— Molten wald metal
Shiciding Gas
Ragulator
4 Wire Feater :
='a Eloctrode
Supply
4
Powar Sourcs P
Walding Gun “':ﬂl',“gf"
v
C—1
Workploce
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Current conductor ——»

Salt-shisided
cored wire

Insulsted gulde

Contact tip

Work

- Molten wald metal
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Gas Metal Arc Welding (GMAW)

Solid wire electrode
Current conductor /

Travel -~ Shielding gas
V
———

Gas nozzle
Solidified weld metal ArC /

Wire guide and contact tube

Shielding gas

Base metal

L'Molten weld metal

15



To Power Supply

~ Contact Tube

Electrode
~ Solidified Slag

Direction
of
Travel
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GTAW

GTAW Torch Nozzle

Tungsten Electrode

Weld Bead

2y, /Shielding Gas Flow

Filler Rod

$
| o

Base Metal

- Shielding Gas

G

GTAW Torch

Arc

Base Metal Tungsten Electrode

Ground Cable/

Welding Cable

Power Supply
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LOW HYDROGEN
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Table 3.1

Prequalified Base Metal—Filler Metal Combinations for Matching Strength’- £ (see 3.3)

Steel Specification Requirements

Filler Metal Requirements

G
0 PomSengh  Rage Ams
u Electrode
P Steel Specification’:? ki MPa ki MPa Process Specification’ Electrode Classification !
ASTM A 36 3 250 5880 400-550 SMAW As.1 E60XX, ETOXX
ASTMAS3  ASS 35 240 60min 415 min
ASTMA 106  Grade B 3 240 G0min 415 min ASSP ET0XX-X
ASTMA 131  GradesA,B,CS,D,DS,E 34 235 5871 400-490
ASTMA 139 Grade B 35 241 60min 414 min SAW AS17 FEXX-EXXX, FEXX-ECXXX,
ASTMA381  Grade Y35 35 240 60min 415 min FTXX-EXXX. FTXCECKXX
ASTMA SO0 Grade A 3 28 4Smin 310min -
Grade B 42 290 SBmin 400 min AS23 FTXX-EXXX-XX,
ASTM A 501 3% 250 SEmin 400 min FIXX-ECXXX-XX
ASTMA 516 Grade 55 3 205 5575 380-515
Grade 60 32 220 608D 415-550
GMAW A5.18 ERT0S-X, ETOC-XC,
ASTMASM  Gradel 30 G085 415586 S
Grade 11 » 05 5580 380-550 -GS suffix are excloded)
I ASTM A 529 42 290 6085 415-585 -
ASTM A ST0  Grade 30 30 25 49min 340 min AS.28% ERTOS-XXX. ET0C-XXX
Grade 33 3 250 S2min 360 min
Grade 36 36 250 S3min 365 min
Grade 40 # 275 SSmin 380min FCAW AS20 ;Wx_ri gﬂg
. Grrade 45 45 310 G0min 415 min El with the -2,
2M, -3, -10, =13, - 14X,
ASTMA T3 Grade 65 35 240 65-T7 450-530 20d -GS suffix are
Grade 58 320 20 5871 400-490 excluded)
ASTMAT09  Grade 36° 36 250 S58-8D 400-550
API 5L Grade B k1] 240 &0 415 AS295 EB6XTX-X, E6XT-XM,
Grade X42 2 % 0 45 ETXTX-X, ETXTX-XM
ABS Grades A, B, D, CS, DS 58-T1 400490
Grade EY 58-71 400490
*ASTM A S70 Girade 50 has been delesed from Group | snd added 1o Group 11
{continued)
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Process Selection/Application

Typically best left to Contractor

SAW: long, big, automatic

FCAW-g: semiauto in shop

FCAW-s. semiautoin field

SMAW: small, miscellaneous,
repair, tacking

GMAW: semiautoin shop

| ntr oduction to Welded
Connections

26



Joints

Butt Joint

27



Tee Joint

Corner Joint

28



Lap Joint

Edge Joint

29






Weld Types

WELD TYPES

« GROOVE WELDS
—Complete Joint Penetration (CJP)
—Partial Joint Penetration (PJP)

* FILLET WELDS
« PLUG/SLOT

31



CJP Groove Wdd in Butt Joint

PJP Groove Weld in Butt Joint

T

32



Fillet Weldsin a Tee Joint

Plug Weld in Lap Joint

33



Slot Weld in Lap Joint

34



Groove Welds

Groove Welds

» Applied to butt, tee, corner

joints

« CJP =full strength
* PJP = partial strength

« Tension vs. compression vs.

shear

35



CJP Groove Welds

36



CJP Groove Weld Terminology
Included
\( Angle 7
<> <>

Backing ——

— «—— Root Opening

CJP Groove Weld Terminology

Heat Affected Zone (HAZ)
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CJP Groove Weld Terminology

r Reinfor cement

-

CJP Groove Weld Terminology
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CJP Groove Welds
« Throat = plate thickness

* No design calcsfor static

« Same strength, regardless of
joint details

» Leavejoint detailsup to
Fabricator

« Use “matching strength” weld
metal

Groove Weld Types

39



Groove Weld Types:.

Square Edge

Groove Weld Types:

Bevel Groove

/
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Groove Weld Types:.

Vee Groove

A /

Groove Weld Types.

J-Groove
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Groove Weld Types:.

U-Groove

Groove Weld Types.

Flare Bevel Groove

>
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Groove Weld Types:.

Flare Bevel Groove

Groove Weld Types.

Flare Vee Groove
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Groove Weld Types:.

Flare Vee Groove

@

Groove Weld Types:.

Single versus Double

44



Groove Weld Types:.

Single Bevel Groove

/

Groove Weld Types:

Double Bevel Groove

<
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Groove Weld Types:.

Single Vee Groove

A /

Groove Weld Types:

Double Vee Groove

p<
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Groove Weld Type and

Joint Type

Bevel Groovein Butt Joint

47



Bevel Groovein Corner Joint

Bevel Groovein Tee Joint

48



Bevel Groovein Tee Joint

Vee Groovein Tee Joint

\
_—
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Weld Backing

Weld Backing

/

50



Weld Backing

/

Weld Backing

.

51



Weld Backing Types:
Steel
«Copper

«Caeramic

Steel Backing:
Per manent
Part of Weldment

Notch Effects

52



Weld Backing

/

Weld Backing

53



Weld Backing

Weld Backing

54



Principle:

There are no secondary
membersin welded
construction.

Weld Backing

-

/ﬂ
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Weld Backing

Weld Backing

56



Weld Backing

Weld Backing

57



Copper Backing:
Removable
Electrically Conductive

Metallurgical Effects

Weld Backing
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Weld Backing

Weld Backing
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Weld Backing

Weld Backing
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Weld Backing

%

Ceramic Backing:
Removable

Electrically Non-conductive
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Weld Backing

/

Weld Backing

B
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Weld Backing

Weld Backing
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Weld Backing

/

Weld Backing

64



Weld Backing

/

Weld Backing

/
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Weld Backing

Weld Backing

66



Groove Weld Types.

Single versus Double

One sided, with steel backing

L~

67



Two sided, with backgouging

<

Two sided, with backgouging

4

68



Two sided, with backgouging

2

Two sided, with backgouging

-
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Two sided, with backgouging

70



PJP Groove Welds

PJP Groove Weld

T

71



PJP Groove Weld

72



PJP Groove Weld Terminology

Included7
Angle | .

epth of preparation

s ‘ -

RootTFace
’

Root Opening

PJP Groove Weld Terminology

TR = At

73



PJP Groove Weld Terminology

PJP Groove Welds

» Throat < plate thickness
e Must deter mine throat
e “E” vs. “S" dimension

74



PJP GrooveWeld: Evs. S

a/b

<

n,

PJP GrooveWeld: Evs. S

-

n,
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PJP GrooveWeld: Evs. S

~ s

n

Il =

E

|

PJP GrooveWeld: Evs. S

a’—'

<

n,
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PJP GrooveWeld: Evs. S

<

n,

PJP GrooveWeld: Evs. S

=

n,
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PJP GrooveWeld: Evs. S

i
%ﬁjs
—

n

TABLE J 2.1
Effective Throat of Partial Joint Penetration Groove Welds
Welding Welding Groove Tvoe Effective
Process Position ypP Throat “E”
SMAW All J of U Groove
GMAW, FCAW All 60°V
Jor U Groove E=S
SAW F
60° Bevel or V
GMAW. FCAW F,H 45° Bevel
SMAW All 450 Bevel
E=S-1/8"
GMAW, FCAW V, OH 450 Bevel
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PJP Groove Welds

» Throat < platethickness

* Must determine throat

«“E” vs.“S” dimension

* Engineer specify “E”

* Leave“S’ up toshop

» Could use “matching” or
“under matching’

Minimum Sized PJP Groove Welds

79



TABLE J2.3

Minimum Effective Throat Thickness of Partial Joint
Penetration Groove Welds

Minimum Thicknessof | Minimum Effective Throat
Thinner Part Joined Thickness

To ¥4 inclusive 1/8”
Over ¥4’ to 2" 3/16”
Over V2" to 34 va”
Over ¥’ to1%” 5/16”
Over 12" to2Y4 3/8"
Over 2V4 to6” 12
Over 6" 5/8"
Flare V and Flare Bevel
PJP Groove Welds

80



Groove Weld Types:.

Flare Bevel Groove

/

Groove Weld Types.

Flare Bevel Groove

81



Groove Weld Types:.

Flare Bevel Groove

Groove Weld Types.

Flare Bevel Groove

|

t

l

t=5/16R
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Groove Weld Types:.

Flare Bevel Groove

R

Flare Bevel Groove

=2t

Thickness (t)

|
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Groove Weld Types:.

Flare Bevel Groove

/

Groove Weld Types.

Flare Bevel Groove
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Flare Bevel Groove

-

Groove Weld Types:.

[

t

— A

Flare Bevel Groove

S

Groove Weld Types.

S~

]

.ﬁf_i'_

!
t
1
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Groove Weld Types:.

Flare Bevel Groove

Groove Weld Types.

Flare Bevel Groove
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Groove Weld Types:.

Flare Bevel Groove

1

X

A
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AISC LRFD Table J2.2 (old)

rTrABLE U2 1
Effective T hroat T hickness of
Partial-Joint—FPencetration Groove VWelds

Thoiugea Anoie - Errmctive Throme
Shielded metal arc 3 or U joint
Submoerged arc — Depth of chamre
Sos metal arc Sovel or ¥ joint = so-
Flux-cored arc Bovel or v joint = 60- Dopth of charmfor
Sl = a5 MinGs e i (5 enend

TABLE JU2_2
Effective T hroat T hickness of Flare Groove VWWwWelds

e or wweia [ o= 70 or s=r or =

~n et Yad

T I N v |
S e

(oxcopt mhors circuiting tranafor procose when /< — 1 in. <

TABLE J=2_3

AISC 13" Edition Table J2.2
Effective Wdald Sizes of Flare
Groove Welds

Flar e- Flar e-

Welding Process Beve Vee

SMAW FCAW-S| 516 R | 5/8R

GMAW FCAW-G| 5/8R 34 R

SAW 516 R | 1/2R
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AWSD1.1:2006 Table 2.1
Effective Size of Flare-Groove
Welds Filled Flush

. Flare- | Flare-
Welding Process Beve Vee
SMAW FCAW-S| 5/16 R | 5/8R
GMAW FCAW-G| 58R 3/4R
SAW 5/16 R | 1/2R

Since R = 2 x thickness, then the
throat isasfollowsfor flare-
groove weldsfilled flush

. Flare- | Flare
Welding Process Beve Vee
SMAW FCAW-S| 5/8t 5/4t
GMAW FCAW-G| 5/4t 3/2t

SAW 5/8t 1/1t
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FILLET WELDS

Fillet Weld Terminology

e

92



Fillet Weld Terminology

Fillet Weld Terminology

t = throat /7
t N

2NN

e
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Fillet Weld Terminology

FILLET WELDS

» Applied to tee, corner, lap joints

94



L

FILLET WELDS

» Applied to tee, corner, lap joints
« Specify throat (leg) dimension
 Specify length
« May use matching,

under matching weld metal

95



MINIMUM FILLET WELD
SIZES

MINIMUM FILLET WELD
SIZES

« Has nothing to do with design

« Concern isfor practicality and
welding heat input/cracking
resistance

* | soften the controlling factor for
welds subject to shear

AISC LRFD TableJ2.4
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AlISC TABLE J24
Minimum Size of Fillet Welds
Material Thickness| Minimum Size of
of Thinner Part Fillet Weld
Joined

To Y47, inclusive 1/8”

Over Y4” to /2" 3/16”

Over 2" to %4” 1/4”

Over %4” 5/16”

AWS Table 5.8

Minimum Fillet Weld Sizes (see 5.14)

Base-Metal Thickness (T)*

Minimum Size

of Fillet Weld**
in. mm in. mm
T=<1/4 T=<64 1/8#:%* 3
1/4<T=1/2 64<T=127 3/16 5
12<T=3/4 12.7<T=19.0 1/4 6
3/4<T 19.0<T 5/16 8
AWSD1.1:2000
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Maximum Fillet Weld Size

J2.2b

The maximum size of a fillet weld of
connected parts shall be:

(a) Along edges of material less than %4
in. thick, not greater than the thickness of
the material.

(b) Along edges of materials % in. or
more in thickness, not greater than the
thickness of the material minus 1/16 1n,
unless the weld 1s especially designated
on the drawings to be built out to obtain

full-throat thickness.
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Maximum Fillet Size

Maximum Fillet Size

99



Maximum Fillet Size

e
/

t

Maximum Fillet Size

L 116
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Maximum Fillet Size

L 116

Maximum Fillet
Weld Size Does
Not Apply

101



Fig C-J2.1

Apparent edge Actual edge of '/l‘qsdgglﬁ:gg; h‘;i) /glafe

of plate plate before

welding

~

Apparent weld tual weld
troat -/ s Actual weld throat

is distinguishable

Fig. C-J2.1. Identification of plate edge.

Skewed Tee Joint w/ Fillet Welds
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Skewed Tee Joint w/ Fillet Welds

i

Skewed Tee Joint w/ Fillet Welds

i
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Skewed Tee Joint w/ Fillet Welds

104



AWSD1.12.2.4Weld Sizeand

L ength. (continued) 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.
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2.2.4\Weld Size and Length. (continued)
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.
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Fillet Weld Terminations

AISC J2.2b

AWS DI1.12.8.3

AWSD1.12.24Wed Sizeand Length.

(continued)

End returns and hold-backs for fillet
welds, if required by design, shall be
indicated on the contract documents.
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Figure 2.7—End Return at Flexible
Connections (see 2.8.3.3)

2.8.3 Fillet Weld Terminations

2.8.3.1 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:

108



/W

2.8.3 Fillet Weld Terminations

2.8.3.1 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:
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2.8.3 Fillet Weld Terminations

2.8.3.1 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:
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2.8.3 Fillet Weld Terminations

2.8.3.1 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:
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2.8.3.2 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
NOT LESS THAN
WELD SIZE

&

i
L HOLDBACK NOT
LESS THAN WELD SIZE

Figure 2.6—Termination of Welds

Near Edges Subject to Tension
(see 2.8.3.2)
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2.8.3.3 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).

Figure 2.7—End Return at Flexible
Connections (see 2.8.3.3)
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2.8.3.4 Transver se Stiffener Weds.

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.
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2.8.3.5 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).

TOGETHER HERE =

Figure 2.8—Fillet Welds on Opposite Sides
of a Common Plane (see 2.8.3.5)
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Fillet vs. PIJP Groove Wdd

» Both used in corner, teejoints

Fillet versus PJP Groove Welds

116



Fillet vs. PIJP Groove Wdd

« Both used in corner, teejoints

« PJPsmore“efficient” in use of
weld metal

Fillet versus PJP Groove Welds

Same
volume

Y

40% stronger
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Fillet versus PJP Groove Welds

Same throat

Fillet ver sus PJP Groove Welds

Cost to bevel
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Fillet versus PJP Groove Welds

Rule of

Thumb

Fillet ver sus PJP Groove Welds

Rule of Thumb:

If t<3/4”, usefillets

119



Fillet versus PJP Groove Wdds

Rule of Thumb:

|f t>3/4", use PJPs

Fillet vs. PJP Groove Weld

» Both used in corner, teejoints

« PJPsmore“efficient” in use of
weld metal

 Filletsdon’t requirejoint prep
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Plug and Slot Welds

121
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Plug and Slot Welds

» Applied to lap joints
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Plug and Slot Welds

« Applied tolap joints
« Not often applied in structures

* Restricted in dynamically loaded
structures

» Not a good substitution for
misplaced bolt holes

123



Weld Metal Strength

« Matching
« Undermatching
« Over matching

MATCHING STRENGTH

* Only requirefor CJP in tension

» OK for all welds

« Usually used for groove welds

« Compares minimum specified
values

* Fy/Fu ratios = different

124



UNDERMATCHING
STRENGTH

« Typical application isfillets,
PJPs on higher strength steel

* “Optimized Weld Metal”

« Morecrack resistant

« Weld size often controlled by
minimum size

Matching
Strength

125



Under matching

Strength
© ©
,,6\ "e
& o oG
© O © © O ©

OVERMATCHING
STRENGTH

* Never required in D1.1, AISC

« Naturally occurswith lower
strength steels, alloy electrodes

o |f deliberately considered in
design, may be non-conservative
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0.3 EXXt,

\

0.4F,t,>03EXXt,

If F,/ Fy= 0.75, then

F,> EXX

0.3 EXX Ly e.g., Don’t Overmatch

\
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Table

TABLE J2.5
Design Strength of Welds

Nominal
Types of Weld and Resistance | Strength Filler Metal
Stress [a] Material | Factor¢ | Fauor Fy Requirements [b, c]
Complete-Joint-Penetration Groove Weld
Tension normal to Base 0.90 £ Matching filler metal shall be
effective area used. For CVN requirements
see footnote [d].
Compression normal Base 0.90 Filler metal with a strength
to effective area level equal to or less than
o matching filler metal is per-
Tension or compres- Thitted 15 be used.
sion parallel to axis
of weld
Shear on effective Base 0.90 0.60F,
Weld 0.80 0.60Fg0c
Partial-Joint-Penetration Groove Weld
Compression nor- Base 0.90 F, Filler metal with a strength
mal to effective area level equal to or less than
ol matching filler metal is permit-
‘ension or compres- ted to be used.
sion parallel to axis of
weld [e]
Shear parallel to Base. 1] n
axis of weld Weld 0.75 0.60F e
]
Tension normal to Base 0.90 F,
effective area Weld 0.80 0.60F g
Fillet Welds
Shear on effective Base n n Filler metal with a strength
area Weld 0.75 0.60Fxx[g)| level equal to or less than
Tension or compres- Base 0.90 F, Eg'ﬁ:‘g‘g ﬂgg"‘e“' Lol
sion parallel to axis
of weld [e]
Plug or Slot Welds
Shear parallel to Base n n Filler metal with a strength
faying surfaces (on Weld 0.75 0.60Fcc | level equal to or less than
effective area) matching filler metal is permit-
ted to be used.

[a] For definition of effective area, see Section J2.
[b] For matching filler metal, see Table 3.1, AWS D1.1.
[c] Filler metal one strength level stronger than matching filler metal is permitted.
[d] For T and comer joints with the backing bar left in place during service, filer metal with
‘a classification requiring a minimum Charpy V-notch (CVN) toughness of 20 ftbs. (27
J) @ +40°F 4-C) shall e used. I iler metal without the required toughness is used and
the backing bar is left in place, the joint shall be sized using the resistance factor and
nominal strength for a partiak-joint-penetration weld.
fe) Fmez wems and partiabjoint-penetration groove welds oining component elements of buit-
bers, such as flange-to-web connections, are not required to be designed wi
regard to the tensile or oompresslve suess in these elements parallel to the axis oﬂhe welds.
[f} The design remed by Sections J4 and J5.
g] For alternative design suength r Appsnmx J24.

CJP Groove Wedd

TABLE JU2.5
Design Strength of Welds

Nominal
Types of Weld and Resistance | Strength Filler Motal
Stress [a1 Material actor ¢ Fon or Fu Requirements [b, <1
< Joint- Sroove Wela
Toension normal to Base ©.so ~ Matching fillsr motal shail be
effective area used. For CVN requirements
SSSTooinote [a1.
Compression normal Base ©.s0 ~ Fillor motal with a strength
to effective area level equal to or less tha
matehing fller motal is por-
Toension or compres-—
sion parallel to axis LSS RSO 2
of wela
Shear on offective Base o 50 O.60F~,
are=a weld olso o 60/
Partial-Joint-Penctration Groove Weld
Compression nor- Base [SE=T<Y = Filler metal with a strength
mal to offective area level equal to or less tha
tohin. - Tetar is Parmit—
Toension or compres- AL
sion paraliel to axis of LIS I =
welda [e]
Shear parallel to Base [
axis of weld WwWeid O©.60Fax
BS normal to Base = -
effective area Wwelid ©0.60Fmx
ot wWelds
Shear on offective Base [%3) Fillor metal with a strength
area Wwela ©.60F o [9] r less than
atching filler metal is permit-
Tension or compres- Basce =5
sion parallel to axis SISO L
_of weid (=]
FPlug or Slot Welds
Shear paral Base %3] %3] Filloer metal with a strength
faying surfaces (on wWeia o.7s O.60F e level equal to or less than
= otal is permit-

=)
th lovel stronger than ma lchlrlg filler metal is pormitto

o
A corner joints with the backing bar left in_place during service. filler metal with

i of built—
conn Ne. are not required to bo dosigned with

Elsmoasiin n—.ese slements paralie! to the axis of the welds.
=1

1 The ign o
(9] For alternati

is
hStronotin. Seo Apbondix 424

s Ja an
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CJP Groove Weld in Tension

CJP Groove Wedd

TABLE JU2.5
Design Strength of Welds

Nominal

Types of Weld and Resistance Strength Filler Motal
Stress [a1 Material Factor ¢ Fon or Fu Requirements [b, <1
Joint- ation Groove Weld
Toension normal to Base ©.so ~ Matching fillsr motal shail be

used. For CVN requirements

effective area
SSSTooinote [a1.

Sompression normat === oo = Filior motar with = Strenoth
SmREdmLs SUel Sl T LSteng
Fonsion or comeras- matenine mier motal i Bor
PRSI S S
o
Shoar on sfrecive Bass oo G-I
she *ss s:28 BT

FartiaiJoint Fenctration Groove Weid
Sompress Sose 50 = Tor mretel Wit o Srenoh
SRTBSRE SR S Yrea
Forsion or compras:
L S L
J2nS
Shoar paratiel o Sacs i
ShETRE *ss o0.e8% .
o normal o Ba=e 7, =
SRoSRL T x5S o.65F 0

ot Weias

Shoar on Sfective Sass tn 3] Fiier mistel Wt L suenath
sn= *oss o'2s o.c0f2 .t suen
Tension mpres- Base o.so =9 S BSrmit-

o parallel to Gxis
STwdiaen

FPlug or Slot Welds

Shear parallel to Base %3] %3] Filloer metal with a strength
faying surfaces (on wWeia o.7s O.60F e level equal to or less than

matching filler metal is permit-
ted to be used.

g fi
i corner joints with the backing bar Isft in place during service. fllor metal with

e
5@ Ao (4°c) Lhan be usea.
The backing bar is left in place. the oIt Sl b Sisad USing the rosistancs factor =
Deminsl streng for o partalfolnt benstaton weld,

na

[e1 Fillot Nt —
Up mermbars . such =S ﬂar-ge O ot cormactona,: are Aot reaured 16 Do Jesioned with
_heoard o the I = Stro=sin thesa Slements parailel to the axis of the welds.

M Th of conn is s Ja and

(51 For aernative o Strenoth, see Appondix J2.4.
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CJP Groove Weld in Compression

CJP Groove Wedd

TABLE JU2.5
Design Strength of Welds

Nominal

Types of Weld and Resistance Strength Filler Motal
Stress [a1 Material Factor ¢ Fon or Fu Requirements [b, <1
< Joint- ation Groove Weld
Toension normal to Base o-so ~ Matching fillsr motal shail be
effective area used. requirements

LSS Toomote ot

Mmpression normal Base ©.s0 ~ Fillsr motal with = strength
o e Sive Ares level equal S Or Toss th

atching filler meotal is e
Toension or compres- mitted 1o be

sion parallel to axis

of wela

Shear on offective Base o .s0 G-V
area welid oso O 60/

Partial- Joint-Penotration Groove Weld
Compress Base o500 = lor metar with @ strength
Ao affective area
Tension or compres-
sion parallel to axis of
wela el
Snear paratiel Base )
axis of w. weia ©.60 Fsx
To normal to Baso = -
Sffoctive mreo wWeid ©.60 Frsx

ot Welas

Shear on offective Base 3] i3] Fille « ith & strength
arca weia o.7s ©.60 Frsx o1 Ss th
Tensien eres- Base o.20 = = BSrmie

o parallel to Gxis
STwdiaen

FPlug or Slot Welds

Shear parallel to Base %3] %3] lor meotal with o strength
faying surfaces (on wWeia o.7s O.60F e lsvel equal to or 1ess tha
atching filler metal is permit-
edte b =

rvice. fillor metal with

e
5@ Ao (4°c) Chanbe Lusea. Irh
The backing bar is left in place. the oIt Sl b Sisad USing the rosistancs factor =

neminal strengih for & partialjoint-penotration wold,
[e1 Fillot =) Nt Bu
U mermbars. Such =S ﬂar-ge oot cor\nec{ S e Rt Poatires 1o Bo Gosioned vwith
_heoard o the I N thebe stements parallel to the axis of the weolds.
C of conn S Governed by Sections J4 and
(81 Fir SRemaive on Stronot. Soo Apsandix 2.3
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CJP Groove Weld

TABLE JU2.5
Design Strength of WwWelds

Types of Weld and Resistance | Strengoth er Motal
Stress (a1 Material Factor ¢ Fon or Fu Reauirements b, <1
= wWeia
Tension normal to Base ©.s0 ~ NMatching Tilier motal shaill b
effective area use VN requirements
LSS o Gmote ton”
opression normat Base [SX=TY = with @ strength
e Sie ar © or less than
Tension or compres- Rl L SN LS
sion parallel to axis IR S
of wela
Shear on effective Base ©.90 O.60F,
ar wWeld o.80 ©. 60wk
Partial-Joint-Penetration Groove Weld

Compression nor- Base [SR=T =% Wih = strength

mal to effective area

Fillo.
level equal to or less tha

Tension or compres-
sion paraliel to axis of
welid (el

IBtehing fllor rmotal is pormit-
ted to be used.

Shear poratel t© Base [
axis of w. Weld ©.60 Fmsx
Toension normal to Baso =
effective area Wweld ©.60 Fsx
ot Welds
Shear on effective Base T3] Fillsr metal with = strength
ar. wWela ©.60F mexiol| level squat to or loss tha
Tension or compres- Basoe ISrrnetal s pormit

sion parallel to axis

of weld [e]

> tod to be use

Plug or Slot Waelds

Shear parallel to
faying surfaces (on
effective area)

Base [£3] 3] Flier metal with & strength

WwWela o.75 O.60 Famsx level equal to or less tha
matehing filler metal Is parmit-
ted to be used.

[3] ESr definition of sffective area. see Soction =,

[B] For mat fillor rm. see Table B A
[S] Filler metal one gth level tha 9 filler metal le permittad.
a1 For T rer Joinis With the backing bar 161t In Place dunng Sorv fillor metal with
i e ation reaUIrnGg G G CRarby Conotan (VD touphness of 20 T =7
3> @ +aA0°F (a4~ It Allor motal without the required toughness is ussd and
e backing bar s 1o . o factor and
for @ part
el Flllet. and o nt-p: Groove w compenent alements of buile-
mbers,. such as flan are not required to be designed witl
regard 1o the or = in theSe elements Paralis! to the axis of e welas.

1 T
=11 Hor Snormative

is governed by Sections J4 and
S, Seo Appondix 92
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CJP Groove Wedd

TABLE JU2.5
Design Strength of Welds

Nominal

Types of Weld and Resistance Strength Filler Motal
Stress [a1 Material Factor ¢ Fon or Fu Requirements [b, <1
Joint- ation Groove Weld
Toension normal to Base ©.so ~ Matching fillsr motal shail be
effective area used. For CVN requirements
SSSTooinote [a1.
Compression normal Base ©.s0 ~ Fillor motal with a strength

to effective area

level equal S Or Toss tha

Toension or compres-
sion parallel to axis
of wela

atching filler meotal is Por-
mitted 1o be

Shear on offective Base o 50 o 60~
are=a wWeld olso o 60/
Partial-Joint-Penctration Groove Weld
Compress Base [SE=T<Y = ISy mstal with & strength
ol 1o effective area
Toension or compres-
sion paraliel to axis of
welda [e]
Shear paransi © Base [
axis of w WwWela O©.60Fax

Teo normal to Base = 8
effective arca Wwelid ©0.60Fmx
ot wWelds
Shear on offective Base [X [%3) Fillo. e ith = strength
area weta o.7s ©O.60F gl Ss th
Tsnsion mpres_ Baso [SX=Y<) =5 = BSrmie
o parallel to Gxis
STwdiaen
FPlug or Slot Welds
Shear paral Base %3] %3] Filloer metal with a strength
faying surfaces (on wWeia o.7s O.60F e level equal to or less tha

an
matching filler metal is permit-
ted to be used.

g fi
i corner joints with the backing bar Isft in place during service. fllor metal with

e
5@ Ao (4°c) Lhan be usea.

The backing bar is left in place. the oIt Sl b Sisad USing the rosistancs factor =

Deminal strength for = po
na

Siioint-penotration weld.

re1 Fillet

it

up M bers Sucn == ﬂar-ge o web connactions, are Not reauired 1o be dosioned it=S
=

Elsmoasiin khesa slements paralie! to the axis of the welds.
na

M Th
(01 For ararnam

is s Ja an
hStronotin. Seo Apbondix 424
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Notes

PJP Groove Weld
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Fillet Welds

Plug or Slot Welds
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TableJ2.5

Matching Strength

TABLE J2.5
Design Strength of Welds
Nominal
Types of Weld and Resistance | Strength Filler Metal
Stress [a] Material | Factor¢ | FeyorF, Requirements [b, c]
Complete-Joint-Penetration Groove Weld
Tension normal to Base 0.90 Fy Matching filler metal shall be
effective area used. For CVN requirements.
see footnote [d].
Compression normal Base 0.90 F, Filler metal with a strength
to effective area level equal to or less than
Tension or compres- m@ld!ing filler metal is per-
sion parallel to axis e
of weld
Shear on effective Base 0.90 0.60F,
Weld 0.80 0.60F e
Partial-Joint-Penetration Groove Weld
Compression nor- Base 0.90 Fy Filler metal with a strength
mal to effective area level equal to or less than
” matching filler metal is permit-
Tension or compres- ted to be used.
sion parallel to axis of
weld [e]
Shear parallel to Base fl il
axis of weld Weld 0.756 0.60F g
Tension normal to Base 0.90 F,
effective area Weld 0.80 0.60Fxx
Fillet Welds
Shear on effective Base U] i} Filler metal with a strength
area Weld 0.75 0.60Fzxx[g]| level equal to or less than
" matching filler metal is permit-
Tenslon or compres- Base 0.90 Fy ted to be used.
sion parallel to axis
of weld [e]
Plug or Slot Welds
Shear parallel to Base 0] [G] Filler metal with a strength
faying surfaces (on Weld 0.75 0.60Fzxx | level equal to or less than
effective area) matching filler metal is permit-
ted to be used.

[a] For definition of effective area, see Section

[b] For matching filler metal, see Table 3.1, AWS D1 1.

[c] Filler metal one strength level stronger than matching filler metal is pe

[d] For T and corner jum's with the backing bar left in place during service, fller metal with
a classification requiring a minimum Charpy V-notch (CVN) toughness of 20 ftbs. (27
J) @ +40°F (4°C) shall be used. If filler metal without the required toughness is used and
the baciing bar s e n piace,the joint shall be sized using te resistance factor and
nominal strength for a joint-penetration weld.

[e] Fillet welds and pamalwml psnelrauun groove welds joining component elements of built-
up members, such as flange-to-web connections, are not reqired to be designed with
regard to the tensile or compressive stress in these elements parallel to the axis of the welds.

{fl The design of connected material is governed by Sections J4 and J5.

{g] For alternative design strength, see Appendix J2.4.
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TABLE J2.5
Design Strength of Welds

Nominal
Types of Weld and Resistance | Strength Filler Met
Stress [a] Material | Factorq | Fpuor Fy Requirements [b, c]
Complete-Joint-Penetration Groove Weld
Tension normal to Base 0.90 F, Matching filler metal shall be
effective area used. For CVN requirements

see footnote [d].

Compression normal Base 0.90 Filler metal with a strength
o effective area level equal to or less than
matching filler metal is per-
mitted to be used

Tension or compres-
sion parallel to axis

Shear on effective Base 0.90 0.60F,
a e area Weld 0.80 0.60F e
. Partial-Joint-Penetration Groove Weld

Compression nor- Base 0.90 F Filler metal with a strength
mal to effective area level equal to or less than
matching filler metal is permit-
Tension or compres- ol deaf
sion parallel to axis of
. weld [e)
Shear parallel to Base [0] 1
axis of weld Weld 0.75 0.60F
Tension normal to Base 0.90 F,
effective area Weld 0.80 0.60F g
Fillet Welds
Shear on effective Base " 0] Filler metal with a strength
area Weld 0.75  |0.60Fcxx[g)| level equal to or less than

.
Tension or compres- Base 0.90 F, W A
sion parallel to axis :
of weld [e]

Plug or Slot Welds

Shear parallel to Base 1 mn Filler metal with a strength
faying surfaces (on Weld 0.75 0.60Fcxc | level equal to or less than
effective area) matching filler metal is permit-

ted to be used.

{a] For definition of effective area, see Section J2.

[b] For matching filler metal, see Table 3.1, AWS D1.1

{cl Filler metal one strength level stronger than matching filler metal is permitted.

{d] For T and corner joints with the backing bar left in place during service, filler metal with
a dlassification requiring a minimum Charpy V-notch (CVN) toughness of 20 ft-lbs. (27
J) @ +40°F (4°C) shall be used. If filler metal without the required toughness is used and
the backing bar is left in place, the joint shall be sized using the resistance factor and
nominal strength for a partial-joint-penetration weld.

[e] Fillet welds and partialjoint-penetration groove welds joining component elements of built-
up members, such as flange-to-web connections, are not required to be designed with
regard to the tensile or oompressive stress in these elements parallel to the axis of the welds.

[f] The design of connected material is governed by Secnons J4 and J5.

{g] For alternative design strength, see Appendix J:

Table J2.5--10 KSI Overmatch per mitted

T ABLE U2 S
Meesiagn Strength of Wwelds

L oFf vweld ara Resistance Strenoth Elller Motal

feres== [=a Materi=al Foctor & Fne o Reguiremoents [, <1
Complote-Jdoint-Penatration Groove Weld

h rormal o Sase [SR=T<) — Matching fller rhaetal shall be

= oreea Used. For OV N recuirernonts

Coe footnota 1.

E=sicon norman eSS [SRe=Y"Y P Fillar motal with = strenoth
tive carcea T~ |t v lermsxz thazars

=l equ
matching  fillar motal is per—

e S rrltted 1o o usaed .

el T Sim

b effective Base [e=T=1 O _SOor,
Weid olso O SO
Fartial-doint-Fencetration Groowve WWokd

e=sicn no Base o. o0 = =

borrecuve area level equal

rrstchilng 1

SRl = ted to boe

o
el to axis of
il

Earane to Basc [Z2] 1]
et Twela o.Ts O SO
> ro el o BEase [=X=T< s
= area wWeld o8O0 OC . SOF
et Vwwelds

S etrective Basc [ %3] iler metal with = sStrength

el o.7s O - SO (a1 level equal to or less than

S Cormpres- e oESo — ::";ztlcolﬁl‘;‘eg fler Mmetal is e
rallel to caxiss
=1
oo or Slot Welds

>orallal to Basc a 1 Filler metal with = strength
ECirfaacas (on wweld o. 75 O EOF Tz

is Perrmie-

o g e = rmatching filler metal s poermitted.
e backing bar laft in. place during service. filler rmetaal with
Charpy V-notGhn (VMDD toughness of 20 fibs. (2
IT filler moetal without the required toughnoss Is usced @nd
t sholl bha slzad using the resistance factor and

m Orcove welds jioining cormponent elements of il
B connections. are Mot required o bo dosigrned wi

commp TN NS SO S USANS S STENSINNS weias.
Nocted matenal is governed by Soctions Ja4 and 35

biltermnative IO strength, see Appendix J2.a.
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Table 2.3

Allowable Stresses in Nontubular Connection Welds

(see 2.10 and 2.22)
Required Filler Metal

Type of Weld Stress in Weld! Allowable Connection Stress® Strength Level?

Tension normal to the effective Matching filker metal shall be

Same as base metal
area used.
Filler metal with a strength level
Commression normal i the equal to or one classification
N e s Same as base metal (10 ksi [0 MPa]) less than

Complete joint o matching filler metal may be
penefration used.
groove welds

Tension or compression

parallel to the axis of the weld

Same as base metal

Shear on the effective areas

(.30 x nominal {ensile strength of filler metal,
except shear stress on base metal shall not
exceed 0.40 x yield strength of base metal

Filler metal with a strength level
equal to or less than matching
filler metal may be used.

IJoint not

AWS D1.1:2000

0.50 x nominal fensile strength of filler metal,

Filler metal with a strength level
equal to or less than matching
filler metal may be used,

Filler metal with a strength level
equal to or less than matching
filler metal may be used.

s s 1 ra e g s S s
Joint not 0.50 x nominal tensile strength of filler metal,
Compression designedto [ except st.ress on base metal shall not exceed
normal to car 0.60 x yield strength of base metal
effective area ; :
I Ly Same as base metal
10 bear
Partial joint Tension or compression paral- Same as base metal
penetration lel to the axis of the weld®
groove welds R N N
0.30 % nominal tensile strength of filler metal,
Shear parallel to axis of weld | except shear stress on base metal shall not
exceed 0.40 x yield strength of base metal
. . 0.30 x neminal tensile strength of filler metal,
Tension normal to effective i
area except tensile stress on base metal shall not
exceed 0.60 x yield strength of base metal
Shear on effective area 0.30 x nominal tensile sérength of filler metal!
Fillet weld “Tension or compression Same 2 base metal
parallel to axis of weld®
Plugandsiot |Shear parallel to faying sur- 0.30 x nominal tensile strength of filler metal,
welds faces {on effective area) except shear stress on base metal shall not
exceed (.40 x yield strength of base metal

Filler metal with a strength level
equal to or less than matching
filler metal may be used.

AWS D1.1:2000




Selecting Weld Types

BUTT JOINTS
Tenson=— CJP, PJP

Shear —» PJP

Compression —» PJP (Bear?)

Selecting Weld Types

CORNER JOINTS
Tension =——» CJP, PJP,

Fillet (inside)

Shear =—» PJP, Fillet (inside)

Compression — PJP, Fillet
(inside)
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CORNER JOINTS

=

Lamellar Tearing "‘

140



CORNER JOINTS-PJP
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CORNER JOINTS

Selecting Weld Types

TEE JOINTS
Tenson—>  Fillet, PJP

Shear =—» Fillet, PJP

Compression —» Fillet, PIP
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Selecting Weld Types

LAP JOINTS
Tension=—> Fillet, Plug, Slot

Compression»Fillet, Plug, Slot

LAP JOINTS

|
t
)

<—5tmin—~|

not < 1”

AISC LRFD J2b
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FAsr. T2, 2. Lornsitediricl filler welds.

Overtop Overtap

** = ————=

Fisr. -T2, 3. Adirrirsazers: Lcips.

Fig.C-J2.2. Longitudinal fillet welds.

Overlap Overlap

%+ﬂ—

Fig. C-J2.3. Minimum lap.
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LAP JOINTS

T

AISC LRFD J2b

LAP JOINTS

T

AISC LRFD J2b
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LAP JOINTS

‘7

AISC LRFD J2b

LAP JOINTS

R e

AISC LRFD J2b
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LAP JOINTS

=,

U

AISC LRFD J2b

(a) Restrained (b) Unrestrained

Fig. C-J2.4. Restraint of lap joints.
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INTRODUCTIONTO
WELDED CONNECTIONS

Calculating Weld

Si1zes
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Two Approaches

* Fillet welds

« Weld groups (bending &

torsion)

Fillet Welds:
Direct Loading
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cos45° =t/ w

t =w (cos 45°)

t=0.707w

Shear Sress on Throat

__F_F
N

= F W
(0.707wW)L
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Allowable Sresses on
Welds

=0.30XEXX

Ze;l lowable

E6010, Exx = 60 ksi (430 MPa
E71T-1, Exx = 70 ks (480 MPa
ESIT1-K2 Exx=80ks (550 MPa

TABLE J2.5
Design Strength of Welds
Nominal
Types of Weld and Resistance | Strength Filler Metal
Stress [a] Material Factor¢ | FpyorF,, Requirements [b, c]
Complete-Joint-Penetration Groove Weld
Tension normal to Base 0.90 Fy Matching filler metal shall be
effective area used. For CVN requirements
see footnote [d].
Compression normal Base 0.90 Filler metal with a strength
to effective area level equal to or less than
Te s matching filler metal is per-
SIS O OO mitted to be used.
sion parallel to axis
of weld
Shear on effective Base 0.90 0.60F,
Weld 0.80 0.60Fgxx
Partial-Joint-Penetration Groove Weld
Compression nor- Base 0.90 F, Filler metal with a strength
mal to effective area level equal to or less than
T " matching filler metal is permit-
GG Rt e ted to be used.
sion parallel to axis of
weld [e]
Shear parallel to Base 1] U]
axis of weld Weld 0.75 0.60Fexx
Tension normal to Base 0.90 F,
effective area Weld 0.80 0.60F xx
Fillet Welds
Shear on effective Base fl U] Filler metal with a strength
area Weld 0.75 0.60Fcxx[g]| level equal to or less than
- filler metal is permit-
Tension or compres- Base 0.90 £, tedltsBalaad
sion parallel to axis
of weld [e]
Plug or Slot Welds
Shear parallel to Base U} fl Filler metal with a strength
faying surfaces (on Weld 0.75 0.60Fcxx | level equal to or less than
effective area) matching filler metal is permit-
ted to be used.
[a] For definition of effective area, see Section J2.
[b] For matching filler metal, see Table 3.1, AWS D1.1.
[c] Filler metal one strength level stronger than matching filler metal is permitted.
[d] For T and corner joints with the backing bar left in place during service, filler metal with
a classification requiring a minimum Charpy V-notch (CVN) toughness of 20 ft-Ibs. (27
J) @ +40°F (4°C) shall be used. If filler metal without the required toughness is used and
the backing bar is left in place, the joint shall be sized using the resistance factor and
nominal strength for a partial-joint-penetration weld.
3] Flilsl welds and partial-joint-| pene(ratlon groove welds joining component elements of built-
such as flange-t are not required to be designed with
regard to the tensile or compressive suess in these elements parallel to the axis of the welds.
[l The design of connected material is governed by Sections J4 and J5.
{g] For alternative design strength, see Appendix J2.4.
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M LI i SRR UL U s

0.50 x nominal tensile strangth of filler metal,
excep! stress on base metal shall not exceed
0.60 x yield strength of base metal

Joint not
Compression designed to
normal to bear
effective aren |y iy designed
fo bear

Same as base metal

Partial joint Tension or compression paral-
penetration | kel to the axis of the weld®

Same as base metal

groove welds

Shear parallel to axis of weld

0.30 x nominal tensile sirength of filler metal,
except shear stress on base metal shall not
exceed 0.40 x yield strength of base metal

Tension normal to effective
area

0.30 x neminal tensile strength of filler metal,
except tensile stress on base metal shall not

W

Filler metal with a strength level
equal to or less than matching
filler metal may be used.

Shear on effective area

0.30 x nominal tensile sirength of filler metal*

Fillet weld ‘Tension or compression

parallel to axis of weld®

R—

Same as base metal

jlof metal with a strength level
equal to or less than matching
filler metal may be used,

Plug and stot | Shear parallel to faying sur-
welds faces {on effective area)

0.30 x nominal tensile strength of filler metal,
except shear stress on base metal shall not
exceed 0.40 x yield strength of base metal

Filler metal with a strength level
equal to or less than matching
filler metal may be used.

AWSD1.1:2000

F

T_

Solving for w...

(0.707w)L

:O°3EXX:€IIowable

w=F/(0.212 Exx L)
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gllowable = F :O3EXX
(0.707w) L

Solving for F 5 apie..

F =0.212 ExxwL

allowable

f :_IF_ (Unit force, Ibf/linear in)

actual force/in. f

" allowable force/in. 0212XExx

f

allowable

=02 12XEXxXXw
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Lincoln Procedure Handbook, 13th Ed., p. 2.3-3

Example

F =45,000 Ibf

L =12.01n (2 sides)
E7018

W

5/8”

3/4”

w="7?
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Example

W=

F

W

45,000 |Ibf

0212XExeXL

10.212 X 70,000 Ibf/in2 X 12 inch X 2 welds

=0.126 inch USE 3/16”

Example

F =45,000 Ibf

%

L =12.01n (2 sides)

E7018

w="7?

W

3/4”
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Table 5.8

Minimum Fillet Weld Sizes (see 5.14)

Base-Metal Thickness (T)*

Minimum Size

of Fillet Weld**

n. mm in. mm
T=<1/4 T<64 1 /8% 3
1/4<T=12 64<T=12.7 3/16 5
12<T=3/4 12.7<T=19.0 1/4 6
3/4<T 19.0<T 5/16 8

AWSD1.1:2000
Table 5.8

Minimum Fillet Weld Sizes (see 5.14)

Base-Metal Thickness (T)*

Minimum Size

of Fillet Weld**
1n. mm 1n. mm
T<1/4 T<64 grEE 3
1/4<T<1/2  64<T<127 3/16 5
12<T<3/3) 12.7<T<19.0 6
34 <T 19.0<T 5/16 8
AWSD1.1:2000
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Table 5.8 Notes

* For non-low hydrogen processes without
preheat calculated in accordance with 3.5.2, T
equals thickness of the thicker part joined;
single-pass welds shall be used.

For non-low hydrogen processes using
procedures established to prevent cracking in
accordance with 3.5.2 and for low hydrogen
processes, T equals thickness of the thinner
part joined; single-pass requirement does not

apply.

Table 5.8 Notes

** Except that the weld size need
not exceed the thickness of the
thinner part joined.

4% Minimum size for cyclically
loaded structures 1s 3/16 in. (5
mm).
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Fillet Welds:
Indirect Loading

Shear Due to Bending

_V Ay
| ‘N

f
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Shear Due to Bending

Shear Due to Bending

N.A. —{
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Shear Due to Bending

_V Ay

f =forceon weld, Ibf/linear in.(kN/linear mm)
V =shear on section at given point, Ibf (kN)
A =areaheld by theweld, in? (mm?)

y =distancefrom CG of area held to NA, in
(mm)

| = moment of inertia of whole section, in* (mm?*)

n =number of welds holding area
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Example: Horizontal Shear

w0

V = 189,000 |bf 2% B
| = 36,768 in*
A=275in?

y=24.375in LY
n =2 welds (E70)
w="7 !

]/277 e

V-Ay
| ‘N

f =

_(189000)(27.5)(24:375)
(36769)(2)

=1720 Ibt/in.
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actual force/in. f

_allowable force/ in_ 0212XEXX

W= 1720 =0.116 1n.
0.212X70,000

Use minimum weld size... 3/16 in

Table 5.8
Minimum Fillet Weld Sizes (see 5.14)
Base-Metal Thickness (T)* Minimum Size
of Fillet Weld**
n. mm n. mm
T=1/4 T=<64 1/8%** 3
1/4<T=<12 64<T=12.7 3/16 5
@ 127 <T<19.0 6
3/4<T 19.0<T 5/16 8

AWSD1.1:2000
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Weld Groups

Treating the weld as a
line

Bending O-:M - O=—

j_ a line (no ares)
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Treating theweld as a
line

| _ b
f The welded
1 T
i j_ a line (no ares)
Twisting load

_ _Tc o= TcC
Torsion O=— — - ;1_
J W

1. Find propertiesof theweld (Sw,
Jw, Aw)

2. Find forceson weld using these
properties

3. Calculateresultant force, f
4. Calculatewedd size, w

actual forcefin. f

W = _
allowable forcelin.  0.212 X Exx
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Step 1. Determine Properties

Outline of welded joint Bending
b = width d = depth {about horizontal axis x — 1) Twisting
- 2 1
$ = Ll in? dy = % i
li‘ X===f-=== b §
—s— & 43b + d7)
S = 5=
K 3 6
=p--fxc
— b3 + 3bd?
|-—b-rl_f ot h=—%
g
. LT dbrd) | (bt af -
T, T8 626 + d) » 12 + d)
¢ 1y Voms top bottom
W= Zo+a)
& @b+dy  bb+ d)
= bd + — J= o ——2
Sp=bdtg v 12 b +d
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Sep 2. Calculate the forces

Standard Treating the
Type of loading design formula | weld as a line
Stress Hhfin? Foree, Ibfin
Primary welds transmit entire load at this poiat
? . Tension or compression o'=-§ f=;'a-
14 v
Verti == = —
ﬁ erticat shear o 3 I i
M M
B i = - Eray
il)” ending [i4 3 f 5
T o _IC _TC

168



Sep 3.
Calculate the resultant force

=y 7+

Sep 4. Calculate the weld
Size

actual force/in. f

— — r

_allowable force/in - 0.212XEXx
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Example: weld asaline

5" ,‘ 18000/bs

Step 1. Determine Properties

Ny —i =]1.251n

2b+d

+ 3 + 2
] _(2b+d) b (b+d) 386

" 12 2b+d
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Step 1: Determine Properties

A, =L =20in (ignoring throat)

Step 2: Calculate the forces

Combined forces are maximum at point a

y

o C,=5.0in
—

C,=3.75iIn
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Sep 2. Calculate the forces

Torque=T = 18,000 Ibf x 10 in.

Twisting (horizontal component):

g =1 G _(180000) ) _ys 401
2, 386

Step 2: Calculate the forces

Twisting (vertical component):

_T-g _(180000)-(3.75) _
J, 386
= 1750 Ibf/in

t
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Step 2: Calculate the forces

Vertical Shear:

. _ P _18000

i =900 Ibf/in
A, 20

Step 3.
Calculate the resultant force

f, = 2340
| f,=1750
f, =900

f =/ £ +(f, +1, ) =3540 Ibflin.
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Step 4: Calculate theweld
Sze
actual force/in. f

— r

"~ allowable force/in._ 0212XExx

using Exx = 70,000

W= 3540 =238in (use 1/41n)
0.212X%70,000

Weld
Properties
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Weld Capacity

Weld Size (throat) +

Deposited Weld
Strength

M echanical Properties

« Ultimate Tensile « Shear Strength
Strength  Fatigue Strength

* Yield Strength . Fracture

 Elongation Toughness

* Modulusof Elasticity « Hardness

« Compressive Strength
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M echanical Properties

» Ultimate Tensile » Shear Strength
Strength

 Yield Strength

 Fatigue Strength

* Fracture
» Elongation Toughness

* Modulus of Elasticity * Hardness

« Compressive Strength

St f I_‘S'\ S
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Tensile Test Results

Stress (1000 psi)

0 0.025 0.050 0.075 0.300 0.125 0.150 0.175 0.200 0.225
Strain (in./in.)
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CVN Specimen
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CVN, ft Ibs

Charpy V-Notch Test (CVN)

90

80
70 /

60
50 /

40
30 /

20 /
1 /

0 ——

-150 -100 -50 0 50 100
Temperature, deg. F

150
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M echanical Property
Requirements

E/018

Yield: 58 ks min.

Tensile: 70 kst min.

Elong.. 22% min.

CVN: 20ftIb @ -20deg. F

1rio Company ?FP{E %A 8 OB @

The Lincoln
T Bt e
ELECTRIC

Cleveland, Ohio 44117-1199
This is to certify that _Excafibur Hm classification Eml . supplied on the above order number is of the same classification, maunufacturing process and material

requirements as the electiod Used for this annual test, concluged or _E.m%hﬁﬁ_- Al tests requin 23 WS A5.1-91 and ASME SFA - 5.! were performed in conformance
with these spacifications and the above matenal met all requirements. Joint configuration and pass sequence rar 2" electrode are shown at lower right.

Operating Settings, Mechanical Properties (in the as-welded condition) and Chemical Analyses of the weld deposit were as follows:
2 52 e
[y A Do+ AC [ ™ e AC
Current (am 100 95 140 136 165 160 220 210
Plate rh.cm-s (in) 1z vz 1 12 344 34 4 304
Passes/Laye 1208 %7 126 1258 147 147 147 147
Preheat Temp F) 225 min. 25 225 5 225 25 25 s
Interpass Temp. ('F) 22510 350 28 325 % 325 325 325 s 35
Tensie Strength (psl) 70,000 min 86,600 86,800 B2.700 80,000 85,300 80,000 82,700 8,600
Yield Strengih (psi) 58,000 min 73,800 74,400 68,800 #7200 72,100 £6,700, 68,500 £5.700
Elongation, % in 2’ 22 min. 2 32 3 32
Impact Properties
(Charpy V-notch) 200 min. 108 1z 54 110 143 138
-lbs. st 20°F 8, 112,117} 105,114,116 | 93,9595 | 208,212,206 | 88,90, 66 : 5,144,121 | 102,418,418 | 132,157,144
ft-Ibs. at -50°F (avg) Not Required 77 73 58 o7 £ 65 54 78
%
c - 05 04 05 04 o5 o4
Mo 131 145 119 128 118 124
si 53 &2 Az 44 a4 4
N 03 a3 o4 a2 o5
cr 04 05 o4 04 o4 04
o o1 a1 o ol <01 ot
v <01 <0 <0 <01 <01 <01
Total Alloys. (-G, 51) 1.40 1.55 1.2 138 125 133
“Couting Moisture () H e ek AR T b PR
10 TEST. ) " X { *) ALSO MEETS REQUIREMENTS of E7013H4R
Eil : Met requirements.
e FU@ — Diffusibie Hydrogen {1) | ang
S AWS A4 3-03): mii1: F K]
AR S ¢ ) mi 00g [ ] 3
= = (1) Test atmosphenc condition of 42% relative humiddy at 70°F
o= d Total of 42 greine of maisture per poun of dry air.
T - %) “ Testah condition mqmmnml .
Uﬂ'ﬂ\g F: INTY OF GUYAHOGA rmemm of ol n dwgas F.
8 RN TO BEFORE ME THIS

NOTARY PUBLIC
MY COMMISSION EXPIRES: __July 18,1950

BELIE ON ‘WD
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LT
RECUREAENTS AC
Current (amps) 100 |
Piate Thickness {in.) o
Passes/Layers 28
Preheat Temp. (*F) 225 min 225
Interpass Temp. (*F) 225 to 350 35
Tensde Strength (psi) 70,000 min. 85600 |
Yiekd Strength (psi) 58,000 min. AN
Elongation, % in Z° 22 min. _34 n
Impact Properties :
{Charpy V-noloh) 20 min. 108
f- lbs. at -20°F 88, 112, 17!
f-tbe. at -50°F ( avg) Mot Required m

REMEMBER: Sted properties
typically based on minimum
specified yield strength. Weld
metal istypically based on

tensile strength.
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Resour ces.

-A1SC Solutions Center
(aisc.org)

-JamesF Lincoln Arc Welding
Foundation (jflf.org)

-TheLincoln Electric Company
(lincolnelectric.com)

PRINCIPLES
OF
CONNECTION
DESIGN

183



Principle 1

PROVIDE A PATH FOR THE
FORCE TO ENTER INTO
THE SECTION THAT LIES
PARALLEL

“THE FORCE GOESTO THE
STIFF PART.”

Bill Milek,
Vice President, AISC (Retired)
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[Load Transfer
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[.oad Transfer

[.oad Transfer
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Tttt

fitteette
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fitteette

-
—
ey
-

HERRRRRANA]

-
=
——
——
—
-

HUHHE

194
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Tttt

fitteette

196



Tttt

Tttt

et
—tp
—p-
et

Tttt

fitteette

HERRRRRANA]

-
=
——
——
—
-

197



198

Tttt fitteette HERRRRRANA]

\Weld Tabs
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0o
MOMENT
0o

Principle 2

DON'T PUT WELD IN
BENDING

201



Linoleum Roll

-0

202
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-0

Press Fit
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neutral axis of
straight beam

shifted
neutral axis of
curved beam

I
-
o

12
14
18
1.0
2.2
24

neutral axis of
straight beam

shifted
neutral axis of
curved beam

-
[=

g
o

el
A mw e
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The Welder’s Solution

The Engineer’s Solution

208



F = ‘
~ Dy

T

0= (WL)(L?- 6a2)
24E|

a=0225w

0= (WL)(L2- 6a2)
24E]|

209



The Engineer’s Solution

Principle 3

THERE ARE NO
SECONDARY MEMBERSIN
WELDED CONSTRUCTION

210



Box Girder

N/

P D N

—,

=

2 \

D

o

m

jm N

o

LS,

- /,I[ \

A
o)
i
=

T

in backing bar
cqused d natch
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Principle 4

NOTHIN WELDS ARE
GOOD FOR NOTHIN’

214



Maximum Fillet Size

Maximum Fillet Size

L 116

215



Maximum Fillet Size

e
/

t

216






1/16” Gap = OK

218



If gap > 1/16",

increase weld
size by gap size

219



Gap Stress
3/16” 21 ks
Principle 5

AVOID A JOINT WHERE
THE STRENGTH AND
PERFORMACE OF THE
JOINT DEPENDSON THE
SKILL OF THE WELDER

220



M atched Connection

221
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Stepped Connection

kpoor accessibility
for welding

224



Principle 9

WHEN POSSIBLE, DON'T
PASSMAJOR LOADS
THROUGH THE THICKNESS
OF THE STEEL

Direen:on
Direction of rolling of rolling
s

Sample #1...
broke at *61,500 PS.I.

*45,000 PS.IL * AVERAGE OF 3 SAMPLES

225






Principle 10

PROVIDE A MEMBER WHEN
FORCES CHANGE
DIRECTION

227
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Controlling Distortion

After Welding

230



Volumetric Expansion

cooler base
metal acts as final
vise shape

T T A XX AXN LKA AT 71 T T T T === :— :

p ; | |
Barat | | | |
room temp.

Angular
Distortion

231



Angular Distortion

Angular Distortion

L W
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Transverse Shrinkage

L ongitudinal Shrinkage
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Distortion Control Principles

236



Principle #1

Use smallest weld size
possible

Before Welding

237






Principle #2

Use fewest number
of passes

239



|
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Principle #3

Make the weld
with the lowest level
of heat input

H=60E1/1000S

242



HAZ

HAZ
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Principle #4

Weld on or near the
neutral axis

247
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_|
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C.G. of weld | Ww—N.A. of member

Buckles

Exceeds critical

buckling
stress
<)—’\ Weld does
not buckle
Stress
distribution ~2

Critical buckling

stress is not
exceeded

Principle #5

Balance welds about
the neutral axis

251






Double Groove: Control
Shrinkage

A

Double Groove: Control
Shrinkage

&
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Double Groove: Control
Shrinkage

2

Y

Double Groove: Control
Shrinkage

)

=

~—__
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Principle #6

Balance weld area
about the neutral axis

255
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Principle #7

Sequence assembly to
balance welds

1.57
T
0.5"
IIIIIIIIIIIIIIIIIIIIIIIIIIII 1.011
1.058” 1.0
2.0”
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CG.==

N.A.
C.G.

1.5”
1
0.5
1.0
1.0°
277
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'./. ..-"'/','. 1

|

]
d=+.442 in
T =2.806in%

d= + .04/
I 2806 in?

|

ends
actuva/ A= 5 yp

calculated A= ./79"

actva/ A= nil

calcvlated A=.008 up

3/8” X 4-1/2"

3/8" X 72"

]

4-1/2" X 2-5/8" //
3/8" X 9" /

]
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CENTER OF
GRAVITY OF

n
O
-
LL
=
pl .n:u:u:n.n.l:n.m e o o o o o

5 |

NEUTRAL AXIS d
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d=239"
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...... e NEUTRAL AXIS

CENTER OF
GRAVITY OF WELD

)

CENTER OF
GRAVITY OF
WELDS

NEUTRAL AXIS

=D
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Principle #8

Mirror
components

263



Back-to-Back Clamping




Principle #9

Increase torsional
resistance

265
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Principle #10

Consider
pre-bending or pre-setting

267
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Principle #11

Clamp
components

269






Principle #12

Use back-step welding
technique

Before

welding

271



Back stepping sequence

Estimating Distortion

272



Transverse

10

273

ransverse




Angul

ar

_ 02Wae"~

2

angular

For metric 0.02 becomes 0.19

t

02 W't
E

manued

getval A-03"
cafewladed A+.03/°

manval

A
i P WesT L 3f
g.glq' RN manval I
u-'{r I actval 1 .__.-‘i',-'l!
#4 calcviated A 080 :’;{
i 16" -
:.. > SRR . -..._\.,-\_.-.‘_._;_.3_..;_‘.3':3 i
swg actual A%
- calevlated A-0%°
Pk 20" -
- e N " -
f‘% l i\\\A : 2 e N
. i ] oo Lk ;
a50 " N
I
I- _\ e 3
N \ ]
ORI |
- ﬁ.

actual A= 05"
cafeviated A-.056"

7 manval
=

actval A-.087
calcofated A-.098"

avtomatic

actwal A= .27
cafevlated Ae 1467
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Longitudinal

005A, I'd

/ 05 Ad |
ke i
e — —
: = 25" =
f. v actual A g2t :}ﬁ e
;-‘".’::’h A calcwlated A+ . jo8" actoal ar - e
L A 200 cokwlated A - 100
et de *.208n
. = I [ 333n*
a6 A
4 [ —
A - LedTly - —
) N g wNOS =
e b, actval A 03 p actval As 5 G

=00 Y

F AT calewlated - 021

calevigted A« /83"

dertoo8in
I 875 ht
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Flame Straightening
and Heat Shrinking

Gas torch

Cool plate restrains
expansion it tends to shrink

Heating Cooling

276



'
™
metal

E Ubottom)_) ;

e/

Metal tubing

Rubber hose

" I5h «— Water and
= air spray
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%
L\\‘

This wedge section,

including the flange is heated

2 This flange will

pull in (shrink)

___ This portion of the flange and
the wedge section of the web s
heated red hot, then allowed to

cool and shrink
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Controlling Distortion

ECONOMY IN WELDING

289



Welding Costs

Materials,

Equipment, /10-30%

Electricity
Labor and
Overhead

If welding speed is doubled....

Materials,

Equipment,

Electricity
Labor and
Overhead

290



If welding speed 1s doubled....

Materials,

Equipment,

Electricity
Labor and
Overhead

Comparing costs to weld volume

291



Cost=4.0

292



Comparing costs on weld volume

» Assumes same deposition rate
» Assumes same joint preparation cost
» Assumes same weld cleaning cost

» Assumes same labor rate, overhead factors,
material costs

* Does not generate absolute cost, only
relative cost

» Creates impression that material is most
costly item

Economy in Welding

 Selection of proper weld type
— CJP groove welds ver sus alter natives

293






CJP

295



PJP

Comparison: CJP vsPJP
1.5" web

CJIP: 4.41 #/ft
PJP: 1.10 #/ft

75% L ess Welding
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Economy in Welding

 Selection of proper weld type
— CJP groove welds versus alternatives
— Fillet welds ver sus PJP groove welds

Fillet vs. PJP Groove Weld

» Both used in corner, teejoints

« PJPsmore“efficient” in use of
weld metal

297



Fillet versus PJP Groove Wdds

Fillet versus PJP Groove Welds

Rule of Thumb:

If t<3/4” , usefillets

298



Fillet versus PJP Groove Wdds

Rule of Thumb:

|f t>3/4", use PJPs

Economy in Welding

 Selection of proper weld type
— CJP groove welds versus alternatives
— Fillet welds versus PJP groove welds
— Combination fillet/PJP groove weld

299



Fillet versus PJP Groove Wdds

Same throat

o

50% lessvolume

PJP Groove Wedld versus

Combination Fillet/P.JP
Same volume

Samethroat

/ S
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Combination Fillet/PJP

Proper
weld throat

N

Combination Fillet/PJP

Improper
weld throat

N
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Economy in Welding

 Selection of proper weld type
— CJP groove welds versus alternatives
— Fillet welds versus PJP groove welds
— Combination fillet/PJP groove weld
* Proper weld detailing
— Fillet welds: leg size versuslength

USE SMALLERLEG SIZE
AND LONGER LENGTH
FILLET WELDS

302



7
2
1W—l k—

0.3EXX(0.707x2W)X1L 0.3EXX(0.707x1W)x2L
0.424 WLEXX = 0.424 WLEXX

7
2
1w —

{@W)%2} X 1L VOLUME {(1W)%2} X 2L
= 2W2L 2X = 1W2L
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50% LESSVOLUME

2X Strength
4X Volume

304



1
=y,
Wl T d
-
L
|
5/16" —8" long 14" —10" long

0.087 cubicinch cubicinch

25% Savings

Economy in Welding

 Selection of proper weld type
— CJP groove welds versus alternatives
— Fillet welds versus PJP groove welds
— Combination fillet/PJP groove weld
» Proper weld detailing
— Fillet welds: leg size versus length
— Fillet weld: inter mittent ver sus continuous
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CAPACITY

/1/2D 2-4

f = 0.30EXX x 0.707 x 1/2 x 2/4 = 0.053EXX

s

f = 0.30EXX x 0.707 x /4 x 1/1 = 0.053EXX

VOLUME

/1/292-4

V = {(U2)2/ 2} x 50% = 1/16
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/1/4D2-4

/7

I - ZDF

o




INTERMITTENT VERSUS CONTINUOUSFILLET WELDS

1. Start with fillet welds of the minimum size.

2. Determinerequired length.

3. If required length <<joint length, consider
inter mittent fillet welds.

4. 1f therequired length > joint length, increase
fillet weld leg size.

5. If subject to cyclic loading (fatigue), consider
consequences of B versusE.

6. Consider manufacturing implications of
intermittent fillet welds.

Economy in Welding

 Selection of proper weld type
— CJP groove welds versus alternatives
— Fillet welds versus PJP groove welds
— Combination fillet/PJP groove weld
» Proper weld detailing
— Fillet welds: leg size versus length
— Fillet weld: intermittent versus continuous
— Groove welds: single versus double sided
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50% Less Metal 2:1 Ratio

One bevel versus two

310



Same included angle

e

==

No root opening

311



Overhead welding?

Access to both sides?

312



Prequalified details

313



Douyle V-grogve
QI D e e 70\
Slngle-giggye weld, 609

S inclucded angle s e
Thicknesy ) 0. = Raiig of Single
‘,‘ incluclee zingle, 1/ i, rout , ,
(weld throzt) Sided to Double

(ir1,)

519 i, 0o gpering, 0 i,

] [ )y N e & [
gpenlng (B1U%0)  rggt gpering (B-

Sided

(pouiicdls/toor) Udv)

(pourncds/tout)

SINGLE VERSUSDOUBLE SIDED
JOINTS:

1. Consider joint preparation time.

2. Consider weld volume of specific
detail.

3. Consider one sided issues: backing,
open root joint

4. Consider two sided issues:
backgouging, access, position of second
weld.

5. Evaluatetotal overall cost.
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~Economy in Welding
 Selection of proper weld type

— CJP groove welds versus alternatives
— Fillet welds versus PJP groove welds
— Combination fillet/PJP groove weld

» Proper weld detailing
— Fillet welds: leg size versus length
— Fillet weld: intermittent versus continuous
— Groove welds: single versus double sided
— CJP groove welds: included angle versusroot

opening

— 45 degrees / va .root —
opening

30 degrees 3/8” root o
opening

—— 20 degrees 12 .root -

opening
L]
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Thickness /4" 45  3/8" 30 1/2" 20

0.5 0.9 099 1.03

1 2.5 2.38 247

2 7.85 6.54 6.0/

4 2719 2044 1691

W36X160

316



W36X160

T, =1
149% less
450 1/4” 300 3/8”
2.93 #/ft. 2.51 #/ft.

Chord flange:
7" thick
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37% Less

\

30° 3/8”

450 1/4”
94.6 #lft.

59.5 #
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CJP groove welds: included angle
versus root opening

» For weld throats less than 1, use a smaller
root opening and larger included angle

» For weld throats greater than 17, use a
larger root opening and smaller included
angle.

Economy in Welding
Proper weld detailing

— Fillet welds: leg size versus length
— Fillet weld: intermittent versus continuous
— Groove welds: single versus double sided

— CJP groove welds: included angle versus root
opening
— CJP grooveweld: V and bevel vs. U and J
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V- groove

Bevel groove

V-groove

U- groove

y
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Bevel groove

J- groove

U- groove

J- groove
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V- groove

U- groove

Spacer bar

J.

~
N

L

—

—

S
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V- groove

#1

Spacer bar

#2

U- groove

#3

1
On

= e
HNIE IS
5yl [G8H

l_
@8
@2
l_

| | )
L1009

l_‘
o1
©
@S

0
=
(@

l_‘

14,00
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Economy in Welding
Proper weld detailing

— Fillet welds: leg size versus length
— Fillet weld: intermittent versus continuous
— Groove welds: single versus double sided

— CJP groove welds: included angle versus root
opening

— CJP groove weld: V and bevel vs. U and J

— PJP groove weld: single versus double sided

Single sided PJP V- groove

Double sided PJP V- groove

Y
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Rotation about root

2
2

Rotation about root

e

P
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Volume—2:1 ratio

All in-position welding

Reposition, or out-of-positon welding
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One bevel cut

Two bevel cuts

One bevel cut

Approximately
one weld pass

Two bevel cuts Approximately
two weld passes
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Time = 2 bevels + 4 passes =6

Time =4 bevels + 2 passes =6

If fewer than 3 weld passes are
required for single-sided PJP
groove weld, use single sided
detail.
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If more than 4 weld passes are
required for single-sided PJP
groove weld, consider double
sided detall.

(’A@

Economy in Welding
Proper weld detailing
— Fillet welds: leg size versus length
— Fillet weld: intermittent versus continuous
— Groove welds: single versus double sided
— CJP groove welds: included angle versus root
opening
— CJP groove weld: V and bevel vs. U and J
— PJP groove weld: single versus double sided
— FlareV and flare bevel groove welds
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Economy in Welding

* Proper weld detailing
» Shop versus Field Welding

Shop versus Field Welding

» “Everything” lower cost in shop
— Drilling
— Sandblasting
— Painting
— Bolting
— Welding
» Cost savings opportunity: make big, complex
welded connections in the shop
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Economy in Welding
» Proper weld detailing

 Shop versus field Welding
» Welded versus bolted connections
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W14X730

W14X'730

_

5”
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2"
12”
3
& I
l
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Welded vs. Bolted
Splice Cost Comparison

Bolted Splice

« Labor 84.3hrs $3,127.
« Materials

~ Steel (6900#)  $1,936.
~ Bolts(128) $ 768.

» Cost per splice $5,800.
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Welded vs. Bolted
Splice Cost Comparison

Bolted Splice
« Labor 84.3hrs $3,127.
* Materials
— Sted (6900#)  $1,936.
— Bolts(128) $ 768.

« Cost per splice $5,800.

Welded Splice

« Labor 286hrs $1,072.
 Materials

— Electrode (701bg)$ 42

— Flux (140lbs) $ 77.
+ Cogt per splice $1,200.

Welded vs. Bolted
Splice Cost Comparison

Bolted Splice
« Labor 84.3hrs $3,127.
+ Materials
— Steel (6900%) $1,936.
— Bolts(128) $ 768.

» Cost per splice $5,800.

Welded Splice

« Labor 28.6hrs $1,072.
« Materials

— Electrode (701bs)$  42.

— Flux (1401lbs) $ 77.
» Codt per splice $1,200.

Savings per splice total $4,600 !
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Shop versus Field Welding

340



Shop versus Field Welding

 Primarily an issue of cost

* Some environmental factors

* Position of welding

* Easier to control project in shop
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A merican Shnstilute off Steet “Cronsiruction, =Mne,

Li sl in recogpaler
ABC Erectors, Inc.
direg Sy, LS

s v Ay AnALbag M ATy crrifeTee rrameaed S

Adwanced Certified Steal Eractor

« Labor 84.3hrs $3,127.
« Materials

« Cost per splice  $5,800.

Field Welded vs. Bolted
Splice Cost Comparison
Field Welding Hours: 2X Shop
Field Welding Wages: 2X Shop

Bolted Splice Welded Splice

« Materials

— Steel (6900#) $1,936. — Electrode (70 1bs)$ 42.

~ Bolts(128)  $ 768.

Savings per splice total $1,400 !
24% Savings

« Labor 57.2hrs $4,288.

— Flux (1401bs) $ 77.
« Cost per splice $4,400.
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DETERMINE THE LOAD
TRANSFERRED THROUGH
THE CONNECTION WHEN
SELECTING WELD TYPES,

AND DETERMING WELD

SIZES

vz |/
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Capacity = 1/2" X 0.707 X 0.30 X E70XX X 100"
= 742 Kips

@

w7
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Capacity = /4" X 0.707 X 0.30 X E70XX X 100"
= 371Kips

y
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Capacity =1/4” X 0.707 X 0.30 X E70XX X 2/4 (100)
=185Kips

Z

y

Capacity Reduced 75%
Cost Reduced 87.5%

Z

y
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SPECIFY WELDS OF THE
PROPER SIZE

3/16” fillet weld

0.072 #/foot
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3/8” fillet weld 0.289 #/foot

Effect of fillet weld size

316" == UL ——e +79%
1/4" =>5/16" ———= +55%
5/16" == 3/8" ———= +44%

3/16" = 3/8" ——= +300%
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PLACE THE WELD ON THE
THINNER MEMBER OF
CORNER JOINTS

349



3" (75mm)
2" (50mm)

3" (75mm)
2" (50mm)

13.5 #/ft. 7.0 #ift.
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3" (75mm)

2" (50mm) ——

13.5#/ft. ( 48% Less 7.0 #ift.

BASE THE WELD SIZE ON
THE THINNER MEMBER
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AWSD1.1:2004 Table 5.8

Notes:

1. For non-low hydrogen
processes... T =thickness of
thicker part joined....for low-
hydrogen processes, T = thinner
part joined....

352



|f low hydrogen

Flare V and Flare Bevel
PJP Groove Welds
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Groove Weld Types:.

Flare Bevel Groove

/

Groove Weld Types.

Flare Bevel Groove
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Groove Weld Types:.

Flare Bevel Groove

Groove Weld Types.

Flare Bevel Groove
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Groove Weld Types:.

Flare Bevel Groove

l

:
T

I

Groove Weld Types.

Flare Bevel Groove

|

t

l

t=5/16R
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Groove Weld Types:.

Flare Bevel Groove

R

Flare Bevel Groove

=2t

Thickness (t)

|
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Groove Weld Types:.

Flare Bevel Groove

/

Groove Weld Types.

Flare Bevel Groove
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Groove Weld Types:.

Flare Bevel Groove

Groove Weld Types.

Flare Bevel Groove

T
I

— 4B
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Groove Weld Types:.

Flare Bevel Groove

-
!
— 4

Groove Weld Types.

-

Flare Bevel Groove

m e
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Groove Weld Types:.

Flare Bevel Groove

|

t

T

Groove Weld Types.

Flare Bevel Groove

|

X

!

3
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AISC LRFD Table J2.2 (old)

raAasLeE =21
Effective T hroat T hickness of
Partial-Joint-FPenmnetration Groove VWelds
Thciudea Anoie = Erroctive Throos
Ao Groe Frichnean
Shicidod motal arc S or U oint
SOERSSS o370 P Doepth of chamrer
San metal arc Bevel or V jocint = 6O~
| Fioxcorea arc Bovel or v joint — S0~ epth, e
) s S5- ~ie SIS
TrAaABLE U222
Effective T hroat T hickness of Flare Groove VWelds
Yo of Weia [ meciu= (F of Bar or Bena | = ae)
Fiare bevel oroove I i 1 e
Flare voroove ~ [C=r=T=1]
(2] U= Sare for Sos Moinl Arc Welding (except short circuiting fransfar procoss) when 7= = 1 in. (=5 o
- TABL E ‘J2 = -
lanl®] Effective hroat T hickness of
l:ar"t =Aal-Joi nt Pemnetration Groove VWe
Mste i oo A i
Ticiee T T o>
Sa (S inciusive
oVar 313E3 IS 2 A=
ST GBI ESLS,
Svar Aoy =8>
STST 1L 58) T = A e
T2 255 (873 1S 5SS
SISO
(=1 Se= Taoie o= 3 -
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AISC TableJ2.2
Effective Weld Sizes of Flare

Groove Welds
. Flare- | Flare-
Welding Process Beve Vee
SMAW FCAW-S| 5/16 R | 5/8R
GMAW FCAW-G| 58R 3/4R
SAW 5/16 R | 1/2R

AWSD1.1:2006 Table 2.1
Effective Size of Flare-Groove

Welds Filled Flush

. Flare- | Flare-
Welding Process Beve Vee
SMAW FCAW-S| 5/16 R | 5/8R
GMAW FCAW-G| 58R 3/4R
SAW 516 R | 1/2R
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Since R = 2 x thickness, then the
throat isasfollowsfor flare-
groove weldsfilled flush

. Flare- | Flare-
Welding Process Beve Vee

SMAW FCAW-S| 5/8t 5/4 1

GMAW FCAW-G| 5/4t 3/21

SAW 5/81 V1t

USE STEELSWITH GOOD
“WELDABILITY"
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AWS Standard Terms & Definitions
(A3.0-94)

Weldability: The capacity of a
material to be welded under the
Imposed fabrication conditionsinto a
specific, suitably designed structure,
and to perform satisfactorily in the
Intended service.

ASTM A6/A6M, Section X3

Weldability: A term that usually
refersto therelative ease with
which a metal can be welded using

conventional practice.
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Preferred analysis of Carbon Steel
for Good Weldability

Element

Carbon (C)
Manganese (M n)
Silicon (Si)
Phosphorus (P)
Copper (Cu)

Normal Range ExtraCare

0.06-0.20% 0.35%
0.35-0.80% 1.40%

0.10% max. 0.30%
0.035% max. 0.050%
0.15% max. 0.20%
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AWS D1.1:2004:

Table3.1
Annex M

— 459

1" (25mm)
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1/4”

1" (25mm)
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45°

— 3/8" 1" (25mm)
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s "t

3.26 #ift. 4.00#/ft.

4 K

3.26 #/ft. ( 23% More ) 4.00#/ft.
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CONSIDER THE POSITION
OF WELDING WHEN
SELECTING WELD
DETAILS

FILLET WELDS GENERALLY
PREFERRED OVER GROOVE
WELDS, BUT...

374



IF FILLET WELDS
REQUIRE OVERHEAD
WELDING, GROOVE
WELDSARE PREFERRED

welded

There’s always a solution in“steel!
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Bolting & Welding

Part 2: Fundamentals of High-Strength Bolting

Geoffrey L. Kulak, Ph.D.
University of Alberta
Edmonton, AB
Canada






Structural Bolts

 Fundamentals and Behavior
» AISC Specification Requirements

Overview of the seminar..

* Goal is to develop an understanding of:

— how individual fasteners behave

— how fasteners work in joints

— the Specification rules that reflect these
issues




Role of the Structural
Engineer...

Selection of suitable bolt types and grades

Design of the fasteners

Responsibility for installation

Responsibility for inspection

Mechanical Fasteners

* Rivets

— evaluation of existing
structures

* Bolts

— Common (ordinary)
bolts: ASTM A307

— High-strength bolts:
ASTM A325 & A490

— Other H/S bolts




Common (ordinary) bolts

* ASTM A307

— Three grades: A, B, and C
* Grade A: general applications
® Grade B: for piping systems
® Grade C: non-headed anchor bolts or studs

— A307 Grade A

®* minimum tensile strength 60 ksi

ASTM A307 Bolts

* often a good choice when loads are
static

* strength level inferior to high-
strength bolts

* pretension indeterminate




ASTM A325 Bolts

* Type 1 or Type 3 (weathering steel)
* ASTM Spec. «<=—> RCSC Spec.

* Minimum tensile strength: 120 ksi
(or 105 ksi for diameters > 1 in.)

* Pretension can be induced if desired

ASTM A490 Bolts

* Types 1 or Type 3 (weathering steel)

* Minimum tensile strength: 150 ksi,
(maximum 170 ksi)

* ASTM Spec. «<=+—> RCSC Spec.

* Pretension can be induced if desired




Comparison of Bolts: Direct Tension

7/8 in. dia. A490 bolt
80

60 1 7/8 in. dia. A325 bolt

bolt
tension Te—
kips
7/8 in. dia. A307 bolt
—_—
20 +
1 1 } 1
0.05 0.10 0.15 0.20
elongation (inches)
Comments...

* Note that we quote the ultimate
tensile strength of the bolt

— this is the benchmark for strength
statements (e.g. shear strength is some
fraction of ultimate tensile strength)

* What about yield strength?
* What is “proof load”




...comments cont’d

* Nuts: ASTM A563
* Washers: if needed, ASTM F436

* Bolt — nut — washer sets implied so
far, but other configurations
available

Loading of Bolts

* Shear

— load transfer by shear in bolt and
bearing in connected material OR

— load transfer by friction (followed by
shear and bearing)

* Tension

* Combined Tension and Shear




Shear Loading of Bolts

g n

lap plates
( ; main plate

Shear Splice

a0

V¥V
a0

YV VYV
a0

\V \V

N

YV \V
N

YV YV

Fa\Way
YV \V

Shear Loading cont’d

1
/%

e ¥

Nig

A
“

Truss Joint




Shear Loading cont’d

2

Vo N N \ N4 Y

WV VvV VvV

Eccentric Connection

Shear Loading cont’d

N

———"]

+

-

J

~—

~

bolts in
shear

Standard Beam Connection




Bolts Loaded in Tension

/

|

Fl

bolts in
shear

bolts in tenS|on
{
I_I_

Bolts Loaded in Tension

N 11

bolts in

194 tension —\

— D

:

\

lif{ —f T

\ | —

bolts in
shear

— —




Bolts in Tension - prying

Applied force

High-strength bolts in tension can
be a source of problems!

Bolts in combined tension and shear

~— 1 bolts in
combined

bolts in shear / shear and
\ tension

= — -

= — -

10



Consider a simple joint —

D

P—f
—}—)P

e

Pt

J == J‘ - g and associated T=—
é _—
shear stress

Free body
of bolt
P { a bearing force
h

_+P

11



Finally...

P/2 :ft

P
P/2

note that this force is equal and
opposite to the bearing force shown
previously

In the example, we identified...

the force in the bolt (a shear force)

the force that the bolt imposed on the
plate (a bearing force)

the force in the plate itself (a tensile force)

(force transfer could also be by friction:
not included in this illustration)

12



Design Specifications

* Limit States Design (LRFD) or
Allowable Stress Design (ASD)

* Historically:

— allowable stress design: apply a factor

of safety to yield strength o
— limit states design: use maximum ]
capacity of element as basis

Comment...

Connection design
historically has been
done on basis of
ultimate strength,
regardless of load
framework used.

bolt in shear

deformation

13



AISC Standard 2005

Parallel LRFD and ASD rules
LRFD uses a resistance factor, @
ASD uses a safety factor, Q

Loads as appropriate:
— factored loads for LRFD
— non-factored loads for ASD

AISC Standard cont’d

LRFD: req’d strength LRFD < ¢ @
ASD: req’d strength ASD < @ Q

(Better to write it as resistance > req’d strength?)

i.,e. 0R, = req’d strength

14



...and another comment

AISC Specification says—

The use of high-strength bolts shall
conform to the RCSC Specification
for Structural Joints Using ASTM
A325 or A490 Bolts

Installation —

* Snug-tight only
* Pretensioned
— Calibrated wrench
— Turn-of-nut
— Other means:
* Tension control bolts

» Load-indicator washers

15



As a result of the installation...

* Bolts are either not pretensioned
(i.e. snug-tight) OR —

* Bolts have a pretension

— When do we need pretension?

We will deal with these issues later.

Behavior of a large joint (shear splice) —

500 1 [ Yield on gross section Failure
Yield on net section T
average 400 [ »
bolt T o o
shear 00T Load transfer by S S
bearing + shear ° 9ol |
MPa 200 <~——Major slip ‘é §
o O
100 Lpaq transfer by -o- 21
friction i
0 I | | | 1 ] 1 1 ]
0 5 10 15 20 25

deformation over a, mm

16



Bolts in Shear: Issues

* Shear strength of bolt (single shear
or double shear, threads in shear
plane?)

* Bearing capacity of bolt (never
governs)

* Bearing capacity of plate

* Tensile capacity of plate

Bolts in shear: pretensioned bolts

* Bolts are in holes 1/16 in. larger than the bolt
diameter. (Oversize holes and slotted holes
can also be used.)

* Amount of slip possible is two hole
clearances (i.e. 1/8 in.) (See comment next image)

* If slip is a problem (e.g., fatigue) — use
pretensioned bolts in a slip-critical
connection. More about this later.

17



Slip in bolted joints...

* Can be as much as two hole
clearances

* In a joint with a reasonable number
of bolts, some will already be in
bearing at start of loading

* Both laboratory tests and field
measurements indicate that slip is
more like 1/2 hole clearance

Bolts in shear-type connection:

e Common type of joint
* Specifications distinguish between:
— bearing type connections

— slip-critical connections

— Note: a slip-critical joint (service loads)
must also be checked as a bearing
joint (factored loads)

18



Bearing-type connections:

* Issues
— bolt shear strength

— bearing capacity connected material
— member strength

* Shear strength of bolts is not dependent

on presence or absence of pretension.
(How come?)

Bolts in bearing-type connections...

Region of bearing-
type behavior

load

deformation

19



Bolt Shear Strength

* Bolt shear strength = 62% of bolt ultimate
tensile strength (tests)

— Design rule takes 80% of this value

— Threads in shear plane?

— Long joint effect: another discount
applied.

Individual bolt in shear

Shear stress (ksi)

120 T T i T | T

100k A480 bolt i
801 J A325 bolt .
60} —_ _

H
=]
|

G

0.10 0.20 0.30
Deformation (in.)

N
o

o
o

20



Physical test —

Long Joint Effect —

21



Uneven loading

of bolts —

(End four bolts of 13)

Bolts are loaded (in shear) as a
consequence of the differential
strains between the plates...

high

/ strain

i

low
strain

= high differential strain

22



Long joint effect for this case?

T ~~——"~_—T]
L

S ~——————

Effect of bolt bolt 60 F
. tension
pretension on kips 40}
torqued |
bolt shear ” e
strength |
1

ultimate shear wfHE~TTTTTRT T 12
stress — i =\ ¥ 1/2 turn  turn
. ult. shug
mdependent_ of shear
bolt pretension stress [

(why?)

0.04

elongation

0.08

23



Further Comment: Bolt Capacity in Shear

* We recognize that shear strength of a bolt
is not dependent on the pretension in the
bolt.

* Looking ahead: If the bolt shear strength
is not dependent on bolt pretension, why
do we need to inspect the bolt for
pretension?

Bolt Pretension v. Shear

* The bolt pretension is attained as a result
of small axial elongations introduced as
nut is turned on

* These small elongations are relieved as
shear deformations and shear yielding
take place

* Confirmed by both bolt tension
measurements and shear strength tests

24



Back to bolt in shear —

Shear strength
of single bolt
(tests) —

T=0.62 Oy bolt

Shear deformation

Bolts in Shear — AISC
(I) Rn — (I) FV Ab

\

¢ R, 4~ design shear strength

F, = nominal shear strength, ks1

25



nominal shear strength ...

0 =0.75
F, =80% (0.62xF,)=0.50 F,

Thus...

A325bolts: F, =0.50%x120 ksi = 60 ksi
A490 bolts : F, = 0.50x150 ks1 = 75 ksi

— these are the values tabulated in
Table J3.2 of the Specification for
the thread excluded case. For
threads included, the tabulated
values are 80% of the above.

26



Comments...

If threads in shear plane, another
reduction, already indicated

The discount for length (use of 80%) is
conservative

If joint length > 50 in., a further 20%

reduction

The @ — value used for this case (0.75) is
also conservative.

Threads in shear plane?

Use 0.80 reduction factor in order to
account for reduced area through
threads.

Distinguish between threads in one
or both shear planes?

27



Let’s return now to slip-critical
connections...

28



Slip-Critical Connection

Clamping force from bolts (bolt pretension)

Load at which slip takes place
will be a function of ...?

Bolts in slip-critical connections...

load

I region of slip-critical
joint behavior

deformation

29



Slip-critical joints specified when...

Load is repetitive and
changes from tension to
compression. (Fatigue by
fretting could occur.)

Change in geometry of
structure would affect its
performance.

Certain other cases.

Comment: for buildings,
slip-critical joints should be
the exception, not the rule.

Slip-critical criteria:

* Choice:

— a serviceability limit state (no slip under
the service loads) OR

— a strength limit state (no slip under the
factored loads)

30



Which one do we use?

* No slip at service loads: e.g. fatigue
loading

* No slip at factored loads: e.g. long-
span flat roof truss (ponding could
result as factored loads attained)

and don’t forget....

After you have designed the joint as
slip-critical, you must still check shear
and bearing (factored load)

31



First principles, slip resistance is —

P:kSnZTi

k. = slip coefficient (p)

n = number of slip planes (usually 1 or 2)
T; = clamping force (i.e., bolt pretension)

Design slip resistance, AISC
=u Dy hg Ty, Ny

/o slip planes

clampmg force
slip coefficient

The terms ¢ and D, need to be defined

32



and the modifiers ...

hy. = modifier re hole condition

e.g., oversize hole, slotted hole etc.

D, =1.13, theratio of installed bolt

tension to specified minimum bolt tension

¢ = resistance factor
=1.0 noslip at serviceloads (B=1.4)
= (.85 noslip at factored loads (f=1.5)

-
Y

Bolts in Tension — [

-
—

* Capacity of a bolt in tension: product of
the ultimate tensile strength of the bolt
and the tensile stress area of the bolt
(i.,e. F, Agt)

* Specifications directly reflect this
calculated capacity (...to come)

* Force in bolt must reflect any prying
action affect

33



Bolts in Tension — some comments

* Preference: avoid joints that put bolts
into tension, especially if fatigue is an
issue

* Use A325 bolts rather than A490 bolts

* Minimize the prying action

Direct tension v. torqued tension

direct tension
\ subsequent direct tension
torqued tension

(by whatever method of installation)

bolt
tension

v

bolt elongation

34



How is the torsion resisted?

@, \(b\ackside)
Yiw

Question...
* pretensioned bolt in a connection

* apply external tension force to the
connection

* do the bolt pretension and the
external tension add?

35



Bolt pretension + external tensile load ?

bolt force

ultimate —— /
initial ——
separation of connected

components (= Fg,41)
\45°

applied load

Explore this bolt tension issue...

1. No bolt pretension P/2 P/2
Hamall
P/2 P/2 | |
|l L
/ l P
Plzl l P/2 _
Pyig = Ouie Ayt
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2. Bolt pretension present

| M1
t No external load:
T c=T, (1)
b
" 1™ External load applied
xternal load applied:
t ] | — T;=Ci+ P (2)
T RIT ¢,

T;

Elongation of bolt and elongation of plate
must be identical during this process....

Te =T C.—-C
A, E A, E
Equating these two _ o
expressions for the (Ty = Ty) _ (G -Cp)
change in length Ay A,

gives the relationship...

Using this and Eq. 1 and 2, T.=T. + P
the final bolt force can be f b
obtained as..... 1+ P

Ay
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Tf =Tb P

1+ 2
Ay

Final bolt force = initial bolt pretension (T})
+ a portion of the applied external load.

The final bolt pretension reflects the bolt

area (w

hich we know) and the contributory

plate area (which we don’t know).

A reasonable estimate for the ratio is 9, and
this results in a bolt force increase of about

10%

as already seen, the result is...

ultimate —

initial  —

bolt force

/
/
/
/ separation of connected

// components (= Fga))
/ o
py 45
/

applied load
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AISC rule, bolts in tension—

bolt area for nominal
diameter

OR, =0 Fy Ab

\ I—> nominal tensile strength

¢ R, = design tensile strength

What is nominal tensile strength, F_, ?

4 N
P, = F, A, = F, (0.75A,)

or, Pult = 0.75 Fu Ab Adjusted area
—

Call this F;, <=
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So, the AISC rule for bolts in tension...

) Rn =0 Fnt Ab
where F, .= 0.75 F, as tabulated
in the Specification

As we now know, the 0.75 really
has nothing to do with F,

Returning to shear splice joints,
we still have to deal with the
bearing capacity of the connected
material.

P/2 -

P2

40



Bearing capacity (of
connected material)

block of material
oryielding

Bearing stresses at bolt holes...

I .
i
' Needed:
_’l |‘_ L. 1. shear-out rule

t 2. yield rule
— . AL (deformation)
o 2
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Plate bearing stresses...

Shear - outis 2 (T, XL, Xt)
or, R,=2(0.750, XL Xt) «—

g

and AlSC ruleis: R,=1.5F,L_t

Plate bearing...

from tests:

found validfor L, =23 d
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Plate bearing...

Making the substitution and using ..

= P!
F, =0,

L
R, =0y, dt=cP (fjdt

Rn=3thu h

Finally, the AISC rule for

plate bearing capacity is ...

R,=15F,L,t <3.0dtF,

(with a ¢-value still to be inserted)
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Further note re bearing...
R, =15F, L.t <3.0dtF,

But, Specification says that when
deformation a consideration, use

R, =12F, L.t <24dtF,

Why this difference, and when do we
use the latter?

Plate bearing limit based on limiting
deformations...
* Rule was developed on basis that most of

the ultimate force is developed at about
0.25 in. deformation.

* The deflections in question are at ultimate
load.

* Question test conditions

* Second-order effects (e.g. tall bldg.) are
still small with deformations of this
magnitude.
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Block shear
rupture

An aside: this is what we’re
usually shown...
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Failure (ult. load) is
always by tensile
fracture, at location
shown, regardless of

Shear yield along vertical
planes.

Failure is controlled by
ductility — not strength. |

Basics...

T, +V,=0A, F + 0.600A,, F,

/= net area in tension

, = gross area in shear

tension fracture shear yield

(There are some other requirements, including
specific case of coped beams.
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An example of ==
shear + tension
failure in a ]

|
coped beam... |

Back to installation...

"/ -

o VAAGREAAN: VBB v b 0
L Ea Rkl B

i}l \ '
- \ o
} i il S O T S ML
: A N R VPR IITIE? PY L :
4
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Bearing-Type Connections—
Installation of Bolts

* Bolts can be installed to “snug-tight
condition — ordinary effort of worker using
a spud wrench. (Pretension unknown, but

usually small)

Installation —

AT T

= !
=

— bring parts together, continue turning nut,
bolt elongates, tension develops in bolt, and
clamped parts compress

lif
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Calibrated Wrench Installation

* Reliable relationship between torque
and resultant bolt tension?
NO ! (and is forbidden by RCSC)

* Establish relationship by calibration
of the installing wrench.

Hydraulic calibrator —
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Calibrated wrench, cont’d

* Adjust wrench to stall or cut out at
desired level of bolt pretension

* Target value of pretension (RCSC) is
1.05 times specified min. value

e Calibrate using at least three bolts

* Calibration is unique to bolt lot,
length, diameter, grade of bolt

* Washers must be used

Turn-of-Nut Installation
* Run nut down, bring parts into close
contact
* Work from stiffer regions to edges

* Establish “snug-tight” condition (first
impact of impact wrench or full effort of
worker using a spud wrench)

* Apply additional one-half turn nut (or
other value, depending on bolt size)
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Does this ’
definition of
snug-tight |
seem a little |
vague?

How influential is “snug-tight?”

Bolt pretension —

Load vs. Elongation
Relationship,
Torqued Tension

bolt
tension
(kips)
7/8 in. dia.
A325 bolt

40

30

20

10

_ . min. tensile strength

1/2 turn

X ofnut g
proof load

0.05 0.10
elongation (in.)
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Bolt Tension by Turning the Nut

60 o

bolt |
tension

(kips) 1

20 1

'/spjcified minimum

tension

0.04 006  0.08

range of bolt

0.02
’ﬂlm bolt elongation (in.)
L I'I" 1 H'I

elongations
at snug
bolt elongation at one-half turn
60 + Bolt Tension by Turning the Nut
. — | t——
bo_lt 40 £ specified minimum
ten_smn tenkion
(kips) T
20 T

0.02

Ll

bolt elongation (in.)

bolt elongation at one-half turn

52



Tension vs. Rotation

minimum tension A490

bolts
60 —— /\

- - minimum tension
A325 bolts

bolt
tension
kips

N\ 1/2 turn of

nut

1 nut rotation, turns

Inspection of Installation

* Principles:

— Determination of the bolt pretension
after installation is not practical

— Understand the requirements e.g., are
pretensioned bolts required?

— Monitor the installation on the site

— Proper storage of bolts is required
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Inspection of Installation

* Is bolt tension required? — if not, why
inspect for it !

* Know what calibration process is required
and monitor it on the job site

* Observe the work in progress on a regular
basis

Inspection of installation:

Consider the following AISC cases —

1. Bolts need be snug-tight only

2. Bolts are pretensioned (but not a slip-
critical joint)

3. Slip-critical joint

54



Snug tight only....

* Bearing-type connections

* Bolts in tension (A325 only)

—only when no fatigue or vibration (bolt
could loosen)

Inspection — snug tight

* Establish that the bolts, nuts, and washers
(if any) meet the requirements of the
specifications

* Hole types (e.g., slotted, oversize) meet
specified requirements

* Contact surfaces are reasonably clean

* Parts are in close contact after bolts
snhugged
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Inspection: if pretensioned bolts required...

* All of requirements for snug-tight case

* Observe the pre-installation verification process
— turn of nut, or;
— calibrated wrench, or;

— other (direct tension washers, tension-control
bolts)

* Calibration process done minimum once per day

* Calibration process done any time conditions
change

Inspection: for slip-critical joints

* All of the above, plus
* Condition of faying surfaces, holes, etc.

* In addition to observing the calibration
process, the inspection must ensure that
the same process is applied to the field
joints
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An inspected joint (turn-of-nut)
- — \\Hi% —

and some other comments...

* Pretension values greater than
those specified are not cause
for rejection.

* Rotation tests are useful for
short-grip bolts or coated
fasteners (requirement is in
ASTM A325 spec. and is for
galvanized bolts)
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What happens in the field?

Pretensions have been measured in
installed bolts, both in buildings and in
bridges

An example of the results....

Number in Category

All Bridges - A325 Bolts

Measured Bolt Tension / Min. Spec. Tension

n =160

X=127 $=020

~
o o T e e e

1
0

L L L L I LU SR 20 L TIITTT I TITTTT
060 070 080 080 100 110 120 130 140 150 160 1.70 1.80

Measured Tenfion / Min. Spec. Tension
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Actual pretensions, cont’d

* For A325 bolts, turn-of-nut:

— Average tensile strength exceeds spec.
min. tensile by about 1.18

— Average pretension force is 80% of
actual tensile

— Result is that actual bolt tension is
about 35% greater than specified bolt
tension

Actual pretensions, cont’d

* A325, 2 turn-of-nut: 35% increase
* A490, "2 turn-of-nut: 26% increase

* A325 and A490, calibrated wrench: 13%
increase

¢ etc. for other cases

Note: these increased pretensions are
embodied in the specification rules
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Some other options for bolts —

Other bolts / fastening
methods—

* Tension-control bolts (ASTM F1852)
* Load-indicating washers (ASTM F959)

* Alternative designs, e.g. Huck bolts
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Tension control bolts...

groove

spline

Tension Control Bolts

region of
constant torque

ASTM F1852 /
groove at which shear

will take place
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Tension Control Bolts

* Wrench has coaxial chucks
* Nut is turned in one direction

* Splined end is turned in other
direction

* Splined end will shear off at groove

* If properly calibrated, shear will take
place when pretension is attained

Tension control bolt pretension...

* material strength of bolt
* diameter of annular groove
* thread friction conditions

* friction at nut—washer interface
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Tension control bolt pretension...

* Manufacturer provides the lubricant
(on bolts, nuts, washers)

* User must calibrate (as per calibrated
wrench)

Tension control bolts....

* NOTE: evidence that tips have
sheared off is not in itself evidence
that desired pretension is present

* Consider limits:

— Friction conditions are very high...

— Friction conditions are very low...

* Hence, calibration is essential!
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Tension-Control Bolts

* Advantages
— Installation is from one side
— Electric wrench is used
— Installation is quiet

* Disadvantages
— More expensive
— Pre-installation calibration required

Direct tension indicators—
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Direct Tension Indicators

* Protrusions formed in
special washer

* Protrusions compress
as force in bolt is
developed

* Use feeler gage to
measure gap (or refusal) ASTM 959

* User must verify the process
(like calibrated wrench)

Reliability of these bolts..

* Calibration required

* Reliability should be same as calibrated
wrench installations

* Tension-control bolt is torque-dependent

* Load-indicating washer is elongation-
dependent

* Calibration is to specified pretension +5%
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Some references —

Load and Resistance Factor Design
Specification for Structural Joints
Using ASTM A325 or A490 Bolts,
Research Council on Structural
Connections, 2004

(free download available)

References, cont’d.

* G.L. Kulak, J.W. Fisher, and J.A.H. Struik, Guide
to Design Criteria for Bolted and Riveted Joints,
Second Edition, John Wiley, New York, 1987 (free
download at RCSC website)

* Bickford, John H., "An Introduction to the Design
and Behavior of Bolted Joints,"” Second Edition,
Marcel Dekker Inc., New York, 1990

* G.L. Kulak, A Bolting Primer for Structural
Engineers, AISC Design Guide 17, Chicago, 2002
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....and some web sites

* aisc.org

boltcouncil.org (RCSC Spec., Guide,
education bulletins, etc.)

steelstructures.com

steelstuff.com

Some additional topics ...

* Details, other topics
—washers
— slotted or oversize holes
— joints with both bolts and welds
—shear lag
— seismic design

* Design example
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Washers

* Standard hardened washer required
under turned element when torque-
based installation used (calibrated
wrench, tension-control bolt)

* Washers req’d when direct tension
indicators used
* Washers not req’d
—when snug-tightened joints used
— for pretensioned joints, turn-of-nut
— for slip-critical, turn-of-nut

Washers cont’d

* But, washers required for
— sloping surfaces present

— A490 bolts used when material Fy < 40 ksi

— many cases of slotted or oversize holes,
regardless of type of joint or method of
installation




Slotted or oversize holes

* Advantageous for erection

* Effect of oversize or slot taken into
account directly in the member design

* Oversize or slotted hole can affect the
pretension induced, regardless of the
type of installation

* Washers or hardened bars required
for many of these situations

Joints with bolts + welds

...existing bolted joint, add weld to increase capacity
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Deformation v load characteristics differ...

500

transverse weld

L
400
/;L longitudinal weld
|
Load 300 /<
(kN) / _ bolt
200 /
100¢/
0

00 05 10 15 20 25 30 35 40
Deformation (mm)

Bolts + welds...

* Transverse welds are basically
ineffective (they fracture early)

* AISC rules for bolts + longitudinal
welds OK

* Upgrading existing structures: See
AISC Engr. Jrn. Article (2003)
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Recent work indicates...

Ruit = Ririction T Rpolts + Rlong. weld

Rfriction =0.25x Pslip /

Rlong. weld = Rult long. weld

Rbol‘[ =0.50x Rult shear bolt

U of A work...

...and check the ultimate capacity of
the individual components.

e.g., 100% of the bolts alone could be
> 50% of bolt shear strength + weld
strength, meaning it wasn’t useful to
add the welds.
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Shear lag...an

.
—1-._‘4
.“

g
-

1

=
-
-

—y =
) b e o e e
] | ] o oy ol o g

—
T

illustration...

Shear Lag

centroid of area tributary

to gusset plate

>
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Shear lag...

AISC rules largely based on physical tests
P, =[1—%} Ay Fy

with some simplifications provided for
the most common cases (“U — values”)

AISC rules work pretty well

Shear lag...

So, for example,

W-shape, flange width not < 2/3 depth of

section, bolts, only flanges connected, at
least 3 lines of bolts...

A.=090A,

and so on for other cases
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Connection design: seismic conditions

* Frames classified as (simplified list):
— Ordinary moment frame (OMF)
— Intermediate moment frame (IMF)
— Special moment frame (SPM)

* Basis of design:

— Rotation angle at beam to column junction
OR

— Drift per story (0.01, 0.02, and 0.04 radians
respectively)

Seismic cont’d

* Analyze structure in order to
compute the forces

— Use FEMA 350 and/or AISC Seismic
Design Spec.

* With forces now known, design
connectors

* Advisable to use pre-qualified
configurations
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Pre-qualified bolted connections
"\'\.J—’]S

I’as

{

— Note: some t_ietails not shown,
e.g., continuity plates

..another pre-qualified seismic connection

N~

] Note: some details not
shown, e.g., continuity
plates. Bolts in std. holes,
sized for bearing,
pretensioned.
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..bolted joints, seismic design

* All bolts pretensioned
* Faying surfaces as per slip-critical

* Use bearing values for bolts

— moderate quakes: No slip

— major quakes: Slip will occur and bolts go into bearing

* Normal holes or short slotted only (perpendicular)

* No bolts + welds in same faying surface

Design
example:
gusset plate
connection
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Determine ultimate load for this gusset
plate (which is one that was tested)

14.76 ,

F, = 39.9 ksi

2
3@2\1%’\
F, = 69.0 ksi

718 A325 bolts 2_5/&
(holes 15/16 in.)

P, =164 kips — | ,

19.69

/v 30°

15.75

7.22

u test

(compression)

Set out the issues...

* Brace force in tension—
— slip load of bolts (no slip at service load)
— shear load of bolts
— bearing capacity of plate

— block shear
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Continuing...

* Brace force in compression

— slip capacity of bolts (already checked for load
in tension)

— shear capacity of bolts (already checked for
load in tension)

— bearing capacity of plate (already checked)
— block shear (doesn’t apply)
— capacity of gusset plate in compression (New)

Slip load (calculate at factored load level)

R, =uD, hy T, Ny (per bolt)

w=0.35(cleanmpllscale) hy, =1.0 (std. holes)

Ay =md?/4£0.60in.> (7/8 in.dia.)
F, =120 k&1 (A325 bolts)
n=8bdlts N =2slipplanes ¢=1.0

T,, = spec. min. bolt pretension = (0.75x Ay )(F,)70%
=0.75x0.60 in.” x120 ksix 70% = 37.88 kips
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Slip load calculation cont’d.

R, =uD, hy T, Ng (per bolt)

=0.35x1.13x1.0x37.88 kip x 2 slip planes
=29.96 kips/bolt

or, for 8 bolts, 240 kips

Finally,¢ R, =1.0x240 kips = 240 kips

Shear resistance of bolts
OR, =0 E Ay

Use @ =1.0 so that we can compare this
load with the test load, assume threads in
shear plane, no joint length effect

F, =80% [0.62 x120 ksi] = 60 ksi

O R, =1.0x60 ksix0.60 in.” = 36.0 kips (per bolt)
or, for 8 bolts, 2 shear planes, threads in shear plane
= (36.0x8x2)kips x0.80 =461 kips

79



Bearing resistance (use ¢ = 1.0)

R, =15F, L.t <3.0dtF,

3dtF, =
3x7/8 in.x0.26 in. x69.0 ksi = 47.1 k/bolt

15L, tF, =

1.5x1.53in.x0.26 in. x69.0 ksi

Bearing resistance...

...the governing value is 41.2 kips/bolt
and, for 8 bolts—

Bearing resistance is 330 kips
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Block shear

(0.26)(2.68 —15/16) = 0.45 in.

nt_

=(8.27+2.00)2 x0.26 =5.34 in.

T.+V,=0A. F, +0.600A

ntu gvy

Block shear, cont’d
T, =0.45in.” x69.0 ksi = 31.0 kips

V, =0.60x5.34 in.* x39.9 ksi = 127.8 kips

and the total block shear resistance
(unfactored) is 158.8 kips
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Brace force in compression:

issue is sway
buckling in
this region

Checking the buckling...

* Whitmore method (checks yield)
* Thornton method (checks buckling)

* Modified Thornton method (checks
buckling)
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Whitmore
method....

* Use beam formulae to
check perceived
critical sections

* Use 30°, as shown to
check yielding at
location shown.

9
%,
2
%
%
’}/
2
7
%

* Does not predict 2
ultimate capacity very
well, usually
conservative but
sometimes non-
conservative

Thornton method...

* Use longest (or
average) of L;, L,, L;
to compute a
buckling load on a
unit width column,
then apply this to the
total width.

* Use k=0.65in the
column formulae
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Thornton method, modified

L1 45°
As per Thornton
method but

spread load out

at 45° L,

Yam & Cheng gusset plate tests
(U of A, 13 tests)

Py Py Py
mean 1.33 1.67 1.06
std. dev. | 0.26 0.12 0.08

we’ll use this method 4*
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Calculations for buckling capacity:

Using scale dwg.
L, =9.65in.

Width of the 45°
base is 19.2 in.

Oc Ph=0¢; Ag Fr  (use ¢, =1.0)

Foe = (0.658 ¥/ To) F, use k = 0.65

Consider a 1 in. wide
strip that is 9.65 in. long

length =9.65

1 1%0.26°
12

r=.— = =0.07511n.

A 0.26x1

and then completing the calculations,
P, =6.91 kips (on a 1 in. wide strip)
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And applying this to the total width...
P,=(6.91 k/in.) (19.2 in.) = 132 Kkips

and the test ultimate load on this particular
specimen was 164 kips

so, P,/ Py =1.23

(The corresponding ratios for Whitmore

and Thornton for this specimen were 1.31
and 1.80)

Summary of our calculations

Brace slip | bolt | plate | block |buckling| test
Force load | shear | bearing | shear load

Tension | 226 | 461 330 159 — —

Compress.| — — — — @ 164
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It all started with rivets....

N =

LT

by
| 9
1
f

: A \iw
Il..

s —

e
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There's always a solution in steel.

American Institute of Steel Construction, Inc.
One East Wacker Drive, Suite 700
Chicago, IL 60601-1802

312.670.2400 www.aisc.org





