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

Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166
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Today’s live webinar will begin shortly. Please stand by.

As a reminder, all lines have been muted. Please type any questions or
comments through the chat feature on the left portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial:

(800)-289-0459
Passcode: 149103
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Audio Options

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial:

(800)-289-0459
Passcode: 149103
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AlA Credit

AISC is a Registered Provider with The American Institute of Architects Continuing
Education Systems (AIA/CES). Credit(s) earned on completion of this program will be
reported to AIA/CES for AIA members. Certificates of Completion for both AIA members
and non-AlA members are available upon request.

This program is registered with AIA/CES for continuing professional education. As such, it
does not include content that may be deemed or construed to be an approval or
endorsement by the AIA of any material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the
conclusion of this presentation.
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Copyright Materials

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

© The American Institute of Steel Construction 2019

The information presented herein is based on recognized engineering principles and is
for general information only. While it is believed to be accurate, this information should
not be applied to any specific application without competent professional examination
and verification by a licensed professional engineer. Anyone making use of this
information assumes all liability arising from such use.
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Welding revolutionized steel bridges in the late 1950s and early 1960s. The move from
rivets to welding facilitated the use of long, slender, and curved steel members that give
engineers extraordinary flexibility in developing solutions. Welding is a mature
technology, but there are aspects of welding that are not well understood and can
sometimes cause unnecessary concerns in design, fabrication, inspection, and field
installation. To help address these issues, the FHWA published the Bridge Welding
Reference Manual, which is available online for free from the FHWA. In this webinar, the
lead author of the manual provides an overview of this new manual that will be of
interest to all of those in the steel bridge industry.

AISC Live Webinars

Learning Objectives

Describe the history of steel bridge construction, including the period of
transition from riveted to welded construction.

¢ |dentify welding standards relevant to the construction of steel bridges.
¢ Explain how welding procedures are qualified differently for buildings and
bridges. Explain the unique testing that takes place to ensure safe welds in

bridge structures.

e Explain how to properly document fracture critical members for safety and
economy.
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@@

e

Welding Revolution

opyright © 2019
merican Institute of Steel Construction




NSBA/AISC Live Webinar
December 3, 2019

Changing Times and the Need for Welding Resources

welds

Tivets

US Steel / American Bridge

Greater reliance on
consultants

State Highway Departments
with in-house experts

Great number of engineers responsible
for welded bridge design and
welded fabrication oversight with
varying degrees of bridge welding knowledge
and few bridge welding-specific resources.

number of bridges
being built

Bridge Fabricators

1800 1917 1950s Today

Introduction to the FHWA Bridge Welding Reference Manual

Hence the
Manual

* Welding
knowledge for
designers and
materials

engineers Bridge Welding

* Compliments Reference Manual
(and sometimes
explains) the
Bridge Welding
Code (AWS D1.5)
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A2.2, Steps for review and approval of PORs for ESW
6. A3 WELDING PROCEDURE SPECIFICATIONS (WPSs)
| A3 L Groove WPS other than ESW...
A3Z Groove WPS for ESW ..,
A33 Fillet WS,

64 o A 3.4, Prequalified Groove and Fillet Weld WS, 3
'”‘ A4, NONSTANDARD JOINT QUALIFICATION . TR, |
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Basic Anatomy
Weld Interface — Reinforcment
Base [~ Toe | Heat Affected
Melﬁlw [ / Zone (HAZ) c d
l (]

— Bevel
Preparation

Root Face

Deposited Weld Fusion Zone "
Metal (Mixed with i Effective Throat,
Melted Base Metal) Root Opening Fillet Weld

complete-joint-penetration weld (CJP) fillet weld
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elding d L Arc Welding

Workpiece Lead
Electrode Holder —

Current Flow —— \
{ Pleﬁtmde
— Effective Throat, ositive ©

Fillet Weld B @ @

Current Flov\-I B8 Amps Volts
power Electrode ]
Negative Y 4 o — Power Supply
Arc Shield —
s Electrode

(Stick)

S _E/// A ULLZZ77777777)
h ~ ; L Work / Work Piece

Source: FHWA

Figure 7. Nlustration. The arc welding circuit with manual electrode.
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Arc Welding SMAW / Stick

shielded metal arc welding
‘Workplece Lead

Electrode -
()

Contact Tube

7

Amps Volts

“— Power Supply

Arc Shield —
'R— Contact Tip

-@ A 77777
\7 Work | Work Piece

Source: FHWA

Figure 8. Ilustration. The arc welding circuit with wire electrode.
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FCAW- G

flux-cored arc welding, with gas shielding

Introduction to the FHWA Bridge Welding Reference Manual

FCAW-S

flux-cored arc welding, self-shielded

(B

e

GMAW

gas metal-arc welding

* Transfer modes

— Spray

— Pulse-spray

— Globular

— Short-circuiting

Copyright © 2019
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GMAW, w/ metal core wire
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SAW
submerged arc Electroslag Welding
welding
* Not arc
—_— welding:
Gra/ljular flux W}le feadet rather,
i Molten slag .
Water in el ot reSIStance
welding
Wiater out
Travel
Weld Fa
Work
Comparing Processes Weld Values
* SMAW (stick)
— Oldest process, highly versatile, low productivity .
— Out-of-position welding, small welds, repairs Strength
~ Field welding * Ductility
T FCAw /GMAW : * Weathering characteristics
— Higher productivity than stick
— Tack we}ds, small welds (including CJPs), robotic welding, also long . Toughness
e vrelds Material properties (CVNs)
— When FCAW-S, field welding -
+ SAW — Geometry (fatigue details)
— High productivity
— Long mechanized welds, CJPs (flange and web butt splices), also * Soundness
small hand-held weld ¢ Construct ablhty
« ESW o1s
— High productivity N Ablhty to be made
— CJPs only; only vertical; not FC or HPS - ECOnOmy

Copyright © 2019
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* Strength
| |+ Ductility

AAGHTOONE D7 5D 52015 AN
An Aimericzan Natieest Standard

Weld Values

[ A
——= S
Bridge . LT
Welding Code s)
* Strength —
* Ductility Welding Code—
* Weathering characteristics e
» Toughness
— Material properties (CVNs)
— Geometry (fatigue details) @ AAEHIO
Aserican Welding Secisty®
* Soundness - Sl

Constructability

— Ability to be made A

- Economy * Get the proper weld metal p
consumable to weld your mawerias

— The best way to do this is to simply specify the right Code
— Make sure the Code you are using has the material you are using

L.2.2 Approved Base Metuls. Unless otherwise speci-

Snoevriroorin Base metal / weld Standard Joints for CJP and PJP Welds

seel shown on the plans or described in the it

o
gesna i metal combinations —
ress Timitations shall noe apply 1o beas Tjoint (T)

Corner joint (C)

Table 4.1
Matehing Filler Metals for WPSs 0o

Weliliag Procesees aisl AWS Electb: Spocilicassin st Clasellstion

Base Metal
),

MW QA

Groove Preparation

Base Metal Thickness
(U=uniimited) |/~ Tolerances \/\
Roat Openin: Allowed Gas
Welding Joint Root Face As Detailed As Fit-Up Welding hielding
Process | Designation T Ti \Qoove Angle’ Nsge 2.121) | (see 33 Positions_ylor FCAW | Notes

SMAW TC-U4b u u R=0t01/8 +1/16,-0 +1/16,-1/8 A — 8.ck
GMAW f=0101/8 +1/18, -0 Not limited Not
Fcaw | TG-U4-GF - u a=45" +10°,-0° 10°,-5° Al required Gk
R=0 =0 +1/4,-0
SAW TC-U4b-8 u u 1=1/4 max. +0, —1/8 +1/16 F = c.k
ety =60 +10°,-0° 10°,-5°

ERXTS NN MM
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Welding Procedures and Welding Procedures and
Qualification Qualification
* An approved welding CFrocedure is required for all . approved welding CFrocedure is required for all
welding under the Bridge Welding Code welding undef the Bridge Welding Code
* Most procedures (exception: most stick * Most prpeadiirac lavcantian: mact cticl
procedures) require qualification testing procedd Fabrication cannot begin
* Under the Code * Under tl . .
— Welding procedures are known as welding procedure — Weldi until we Zdlng procedures have
specifications (WPSs) specif b d ( d th
- Qualliffication tests grei Igiéf{ur)nented on procedure - Quallifi een approoed (an e
qualification records S qualif] :
. Shorthand: . spanlfabricator gets them back)
Under the Bridge Welding Code, welding is done Under the Bridge Welding Code, welding is done
following WPSs that are backed up by PQRs following WPSs that are backed up by PQRs

ualification )
o = Q Fillet Weld Soundness Test
: - Test (PQR)

: « For CJPs, PJPs, P * Required for fillet
and multi-pass oy = weld procedure
fillets A .//T" qualification

) AJEE ;epresentfti\;e | o /:’/i;;’] , * This is the only test
settings, evaluates <& ) . i
strength, ductility, ) :t\.fxﬁj:// requn‘.ed for single
toughness, and > pass fillet welds
soundness of the
base metal /
consumable
combination

Copyright © 2019
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WPS and PQR Approval Guide

from the manual

B
= Aopkobin sppareds A passne
o simepptaiios

APFENDIN A - GUIDE TOHREVIEW AND APPROV AL OF WELRING PROCEBURY
SPECTFICATIONS (WISap AND FROCEDURE QUALIFICATION RECORDS (PORS)
USRI THE ISIDGE WELINNG COO8 (ARSI AWS D15)

N ligh-Level Heview

Th Cundd: Tabke of Caniesits - Hevien Sectioas
1% wes

™
At HUNETANDARD MHNT QUALIFIATION

ih Ak FILLET WELD SOUNDNESS TEST (FWST) REVIEW

Introduction to the FHWA Bridge Welding Reference Manual

Fisure 211, Mastration. WES appeovsl flom chart.

Differences between D1.1 and D1.5

* Qualification

— Under D1.1, most welding procedures are
prequalified (no testing required)

Weld Values

Strength
Ductility
Weathering characteristics
Toughness
— Material properties (CVNs)
— Geometry (fatigue details)
Soundness
Constructability
— Ability to be made
— Economy

Copyright © 2019
American Institute of Steel Construction

Discontinuities

Weldmg Technique Related
* Incomplete fusion, incomplete joint penetration

* Cracks — bead-shape induced, surface profile
induced, crater cracks
* AKA “hot cracks”; happen while cooling

* Other volumetric discontinuities — slag
intrusions, undercut, overlap, craters

* Profile - concavity, convexity, size

* Spatter, arc strikes, porosity
Material Related

* Laminations, delaminations, lamellar tearing
Hydrogen Related

* Cracks -HAZ, transverse

* AKA “cold cracks”; happen after solidification
* Porosity

10
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Hydrogen-Assisted Cracking

Cracking mechanism
* Hydrogen dissolves in the weld metal into free to
diffuse hydrogen and non-free to diffuse hydrogen
* Weld metal cools; solubility of hydrogen reduces
* Weld solidifies; some diffusible hydrogen remains
+ Continues to diffuse
* Accumulates in the microstructure lattice / hydrogen traps
* Residual stress from cooled weld metal pulls at
hydrogen traps - cracks may grow under strain from
residual stress depending on the amount of residual
stress and the strength of the microstructure
» If cracks do form, still more hydrogen accumulates in
the cracks, growing them

@@ .

Hydrogen-Assisted Cracking

- hardness
- modern bridge steels
- historic steels

- consumable controls
- preheat
- postheat

- residual stress
- constraint

o :

3 =} 2 4 . .
N whasne Radiographic
Exposure numbers linking to TEStII‘Ig (RT)

posu
images 2-3and 4-5

Magnetic particle

testing (MT) /Plate surface

Ultrasonic
Testing (UT)

Phased Array
UT (PAUT)

string
encoder  pAUT transducer
Wi"D\ . index line

o
~

weld being
scanned

Figure 186, Mlustration. Elevation of scanned well.

©®

o e
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PAUT v RT

QI or penetrameter

GRNWY201328270A
w

3 w

s

— a4
WA 41519 /

Exposure numbers linking to
images 2-3 and 4-5

* PAUT superiority
— Better detection of planar discontinuities
— Documented full volumetric view
*» RT: cannot tell depth of discontinuity
— Joint flexibility (not just butt splices)
— Improved productivity — result availabilitgf,

equipment portability, safety (and standotf impact)
& g l.hd.i 45
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Differences between D1.1 and D1.5

* Qualification

— Under D1.1, most welding procedures are
prequalified

* Mandated NDE

!“ CI,
¥
lm} 0
ey

Fracture Critical Welding

FC History
*Point Pleasant Bridge
*Catastrophic failures due to welds N

Proper use / abuse of FC ~ =
*Not pedestrian bridges (unless special
circumstances) FRACTURE CRITICAL DESIGNATION
.Not COmpl‘eSSiOn members Note: Shaded area indicates areas that are FC.
FC material designations
+Use grade and zone b g~ VHE o0 fC)
- ASTM A709 grade 50W, zone 2 L
* ASMT A709 grade 50WF2
*Do not designate by calling out
¢ CVN requirements, i.e. “25 ft. ;“E T
Ibs. at 40 degrees” * TREEQ
* Service temperature, i.e, Hatched area of web s FC
uservice temperat‘ure 0 to -30” Bearing stiffeners and intermediate stiffeners are non-FC.

Detailing
*Use sketches showing limits
*Address attachments
*Do not designate welds

2'x2d'A7MGrudQ5ﬁW\ — " ATOD Grade SOWF2

15 x 24" AT08

rze /
1% 24" AT09
S "\ 2] 24" AT0S Grade SOWF2 Grads SOWF2

Grade SOWF2

Copyright © 2019
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Differences between D1.1 and D1.5

* Qualification
— Under D1.1, most welding procedures are
prequalified
* Mandated NDE
* Special requirements for FC welding
— Increased preheats
— POR expiry
— Increased NDE

)
£
‘@2 48

oy

(D)

s
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Intersecting Welds

*  Synergy with upcoming FHWA
publication

*  Original guidance based on
Hoan bridge misconstrued

small gap - no relief
from constraint
discontinuous weld as

crack-like condition

constraint from
these elements

+—>

tension

\ N

O

49
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Constructability — Box Details

Source: FHWA.
- Figure 186. Illustration. Box cor:

ners with only outside fillet welds.

Intersecting Welds

Synergy with upcoming FHWA
publication

Original guidance based on
Hoan bridge misconstrued

Intersections in fabrication
Component splicing — do avoid
intersections at CJP corners

As a general role, touching
welds are not a problem

Copyright © 2019

American Institute of Steel Construction

Constructability — Skewed Joints

*  Maximum fillet weld 60 degrees

* Then go to PJP or bent plate

Sgrz;\»\a %

]

Effective Bevel length as needed
throat to provide effective throat

13
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Constructabilit ili
onstructabiiity Constructability - Access

Weld types - dimantions, “ TN\

* CJPsv PJPs v fillet welds < - -
» Target single pass fillet -
welds
» Consider PJPs and
PJP/fillet combinations
Nrrrrrssrrreserrre] N

Element
Partial joint Fillet weld PJP fillet
penetration 2x weld volume combination
groove weld 1x weld volume

1x weld volume

Element [
height .
Bearing stiffeners
Stiffe
+ Avoid multiples [ it Web (o) Element spacing
. T T
» Use as connection plates [ ] Height + 3" W =
* Avoid CJPs — use finish j ! &
to bear or finish-to-bear
e . Gap" y
with fillet weld Gap * , — ’
i : . >2 Blanket protection
- Preheat, welding heat
el
1 kF\ange(lyp] 2 * Gapiis exaggerated 3 53 QEHP ‘m 54
5 Ly
—\/—\'7
For PJP welds, effactive throat
USE S b 1 s ° \ Basic weld symbed
I . yII l 0 S For PUP welds, degth — Y or detail reference — Field weld
of penetration ‘-_\ 1 l’__:l_f-' // aymbol
R/
For fillet wskds, weki siza—-.\:" \ [ \ b #
AVOID T Dy { g
Speciication, procss, — ¥ Ao ;
or othar fance i\ e
L L * Follow AWS \ |
— — A24 ) !
T T Tail may be omitted —' Weld-all-arund —
OK | Fiew — = B 1 ol
° | Field . i ot S
pe ﬂ_. —= spice « Not crucial that e A
i T
symbol fully _—_—
conforms with Standard Symbols
A2.4 for Welding, = /\mm
= =T L . Don’t be Brazing, and rd
. Nondestructive
L afraid to use Examination
= a sketch —just
be sure the
intent is clear
— Spiice paronts
_—— Sip flangos
\ i_ Then spiice flangas e
Then strip flanges % @
rREFERRED " Transi 55 @D} 56
lange ickness Transitions lange Width Transitions = S, [r——

Copyright © 2019
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Other Topics

* Field Welding

— New
construction

— Existing
structures
e Other materials
— Aluminum
— Stainless Steel
* Reinforcing steel
welding
* Welding coated
members

Introduction to the FHWA Bridge Welding Reference Manual

Differences between D1.1 and D1.5

* Qualification

— Under D1.1, most welding procedures are
prequalified

Mandated NDE
Special requirements for FC welding

— Increased preheats

— POR expiry

— Increased NDE
* Far greater range of structural materials in D1.1
Tubular material and joints

B

b e

Resources

CHAPTER 12 - RESOURCES

LLL AASHTO DOCTUMENTS

LRFPY Brider Devign Specificarions
Thes

Thew guide prvem o

Welded Connections—
A Primer for

pedestrian hradpe tvpes |AASHTO, 3005

Engineers s@;— s

GG

Copyright © 2019

Topics on
the Horizon

* Full matrix
capture, total
focus method
(FMC TFM)
PAUT

* Pipe stiffener

o e

American Institute of Steel Construction
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Topics on the Horizon

¢ 50CR
» Tubular structures

* Welding coated
surfaces

* Homopolar welding
+ HLAW

* Multi-wire GMAW
* QST grades

+ Castings

Introduction to the FHWA Bridge Welding Reference Manual

Find the Manual Online

ral Highway IAr.:Ifnirns!r-:)!ir_:h

Manuals

+ Manual for Refined Analvsls In Brigge Design and Evaluation ( pdf) (May, 2018)
= Daslgnand of Steel Bridges for Fatioue and Fracture Reference Manual {.pdr) (December, 2016)
« Load and Resislance Factor Design (LRED) for Highway Bridoe Superstiuctures {pdr) (July, 2016)
= Design Examgplas { pdf. 8 mb)
= Steel Bridge Design Handbook (D 2015}
= Engineering for Structural Stabiiity in Bridge Construction {.pdf) (April, 2015)
» Contracting and Construction of ABC projects with Prefabricated Bridge Elements and Systems (. pdf) (June, 2013}
= Manual for Repair and Retrofit of Fatigue Cracks in Steel Bridges {.pdf) (March, 2013}
« Enginesring Design, Fabrication and Erection of Prefabricated Bridge Elements and Systems (. pdf) (June, 2013)

« Guide for Heat-Straigh: of Damaged Steel Bridge Members (. pdf) (09/16/2008)
= High Performance Sigel Designers' Guide (.pdf) (04/30/2002)
» Heat-Straightening Repairs of [ Steel Bridges - & Technical Guide and Manual of Practice {.pdf) (October.
1998)
@
X ot

Summary

The Manual

— Is published and available for free

— Is published as online .pdf only

— Complements (and explains) D1.5

— Emphasizes weld quality, knowledge, and constructability
Remember

— Consider specifying AWS D1.1 when AASHTO/AWS D1.5 is not

appropriate

— Expedite review, approval, and return of WPSs

— Consider use of PAUT in lieu of RT

— Clearly identify FC zones and attachments but do not call out FC welds

— Do not be afraid of “touching welds”

— Consider use of field welding to facilitate new construction as well as
retrofits

— Follow manual constructability recommendations and check with local
fabricators for their preferences

Feedback welcome

Copyright © 2019
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AISC | Questions?
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CEU / PDH Certificates CEU / PDH Certificates

You will receive an email on how to report attendance from: * Reporting site (URL will be provided in the forthcoming email).
registration@aisc.org.
* Username: Same as AISC website username.
* Be on the lookout: Check your spam filter! Check your junk folder!
* Password: Same as AISC website password.
* Completely fill out online form. Don’t forget to check the boxes next to each
attendee’s name!

TR ,4"‘""'&% : Smarter.
’@ i@ : Stronger.
s : Steel.

o N

s y‘””"@i i Smarter.
\ g@. : Stronger.
AISC | Thank you. ey Nawms/ | Steel.
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