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The Federal Highway Administration (FHWA) began recognizing system-redundant members (SRMs)
in a 2012 memorandum clarifying the requirements on fracture-critical members (FCMs). The FHWA
memorandum defines an SRM as a member that receives fabrication according to the Fracture
Control Plan but is not considered an FCM for in-service inspection, allowing owners to more
efficiently manage resources for bridge inspections. This webinar is a great way for owners and
consulting engineers to learn the ins and outs of the FHWA process for classifying SRMs and how
the Texas DOT and Wisconsin DOT have implemented this practice.

AISC Live Webinars

Learning Objectives

*  Define fracture critical member and system redundant member.
¢ Explain the processes by which system redundant members may be identified.

¢ Describe the approximate structural analysis and refined structural analysis approaches
developed by TxDOT for designing for the event of member failure.

* |dentify the details and bridge characteristics that corresponded to members being classified as
system redundant, as found by a study of existing Wisconsin bridges.
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Dayi Wang, PhD, PE

Jamie Farris, PE

Part 1: Fracture Control and System
Redundant Member (SRM) Provisions

Dayi Wang, PhD, PE

Senior Bridge Engineer — Steel Specialist
FHWA Office of Bridges and Structures
Washington DC 20590
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‘ The Federal Highway Administration (FHWA) does not endorse
any entity and the appearance of our presentation material in
" this template should not be interpreted as an endorsement or
US.Depariment of ronsportation  Satement exhibiting any preference, support, etc.

Federal Highway Administration
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Fracture Failures in Steel Bridges Fracture Failures in Steel Bridges
Point Pleasant Bridge Collapse (1967) Mianus River Bridge Collapse (1983)
* 46 fatalities » Two girder bridge, pin-and-hanger failure

* NBIS added “Hands-on” Inspection

* Fracture Critical Members (FCM)
provisions/1978 AASHTO Guide Spec

» National Bridge Inspection
Standards (NBIS) Creation

o
FHWA is the source for all images in this presentation. 9

Fracture Control Practice for Steel Bridges

Fracture Failures in Steel Bridges
1. Fabrication FCP — higher standard:

Hoan Bridge Failure (2000) - Steel toughness and fine-grain
» All three girders fractured due to constraint-induced-fracture (CIF) «  Shop fabrication, welding and inspection

details. Bridge dismantled. Per AASHTO/AWS D1.5 clause 12 (23 CFR 625.4(b)(5))
+  Similar CIF details - evaluate/retrofit existing; avoid in new designs. 2. In-Service Inspection — in-depth and more frequent:

* “Hands-on” FCM inspection

¢ 24 month interval
Per NBIS (23 CFR part 650 Subpart C)

3. Design —more than 1 and 2 above:
+ Continuity/composite

» Details — accessible, no CIF
Per AASHTO LRFD (23 CFR 625.4(b)(3))

~ .

Keep these valuable assets!!!
Question: the application range, especially item 2.
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Fracture Critical Member (FCM) System Redundant Member (SRM)
Definition per CFR and NBIS: Definition per FHWA 2012 FCM Memo:
A non-load-path-redundant member that gains
A steel member in tension, or with a tension its redundancy by system behavior.

element, whose failure would probably cause a
portion of or the entire bridge to collapse.

(National Bridge Inspection Standards, 23 CFR 650.305)

System Redundant Member (SRM) System Redundant Member (SRM)

Definition per FHWA 2012 FCM Memo: Also per FHWA 2012 Memo:

A non-load-path-redundant member that gains
its redundancy by system behavior.

“To demonstrate that a structure has adequate strength and stability sufficient
to avoid partial or total collapse and carry traffic in the presence of a totally
fractured FCM, a State must submit through the Division Office to the FHWA

. . Office of Bridge Technology for review the detailed analysis and evaluation
SRMs are not FCMS: do not need FCM ’nSPGCt'on- criteria that will be used to conduct the study. Once reviewed, these criteria can

(the failure of an SRM would not cause a collapse.) then be employed by the State systematically on their inventory.”

16
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System Redundant Member (SRM)
Also per FHWA 2012 Memo:

“To demonstrate that a structure has adequate strength and stability sufficient
to avoid partial or total collapse and carry traffic in the presence of a totally
fractured FCM, a State must submit through the Division Office to the FHWA
Office of Bridge Technology for review the detailed analysis and evaluation
criteria that will be used to conduct the study. Once reviewed, these criteria can
then be employed by the State systematically on their inventory.”

“must” => “should” (good guidance)

That’s Not Fracture Critical:
Classifying System Redundant Members

SRM determination

Should follow an FHWA accepted procedure,
which may be done:

* through analyses, or

+ without analyses, by satisfying a list of conditions, or
* by comparison with previously determined SRMs

Procedures Acceptable to FHWA Include:

+ AASHTO SRM Guide Specifications, acceptable to FHWA.
Requiring forensic refined analyses. Applications:
— WisDOT, FC analysis Phase I&Il. Twin-tub girder SRMs accepted by FHWA.

* Procedures based on experimental and analytical research and
accepted by FHWA.

Using linear elastic engineering analyses. Examples:

— TXDOT, “TXDOT engineering criteria and procedure for the evaluation of
system redundancy in steel twin tub girder bridges”. Accepted by FHWA in
November 2019.

— Purdue University, “AASHTO Twin Tub Simplified SRM Procedures” (draft),
proposed to AASHTO T-14 in December 2019. The final may be accepted by
FHWA once submitted.

Note: (a) “Accept” does not mean requiring the procedure, nor all its details.
N (b) Good engineering still must be exercised.

Copyright © 2020
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FHWA Review of Major Bridge SRMs:

SRMs in major projects may be handled individually, through
refined analysis with bridge-specific criteria. FHWA has done so
for:

* The Tappan Zee Bridge

* The Gordie Howe International Bridge
* The Lewis and Clark Bridge (East End Crossing)

20
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Table of Contents

Part 2:
Navigating SRM Approval in Texas * Background

* Research

| Jamie F. Farris, PE. * Designing for Redundancy

Bridge Division Deputy Director * Texas SRM Design Methodology
Texas Department of Transportation e  FHWA Approval

*  Moving Forward

i Stronger.
/| Steel.
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Steel Twin Tub Girders

¢ Consist of two steel box girders
* Composite with a concrete deck
* Bottom flanges and webs are

BaCkground considered Fracture Critical in

+Moment region

* Require hands-on inspection
every two years

Copyright © 2020
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Steel Twin Tub Girders Steel Twin Tub Girders

e Effective for curved ramps and connectors in multi-level interchanges ¢ Common type of fracture
critical (FC) classified bridge

¢ Texas has over 480 existing
twin tub girder spans

e $2.3M spent every 2 years on
inspection (this figure doesn’t
include traffic control)

26

UT Twin Tub Research

* Modeling and Response of Fracture Critical Steel Box-Girder Bridges - TxDOT
Project 9-5498 (2010)

¢ University of Texas at Austin
ResearCh e Characterize the redundancy that exists in twin tub girder bridges

* Developed guidelines for modeling behavior in the event of a fracture of the
tension flange and web in tension

¢ Research included combination of laboratory testing, full-scale tests of a twin
tub girder bridge, and detailed structural analysis

28
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UT Twin Tub Research

¢ Full Scale bridge test represented
the worst case:
— Simply supported
— No external intermediate diaphragms
— Bridge rails had expansion joints
— Horizontally curved

29

UT Twin Tub Research

Test #1:

* Linear shape charge explosive rapidly cut bottom flange

e Simulated HS-20 Truck positioned above fracture — most severe location
* The bridge deflected less than 1 inch

UT Twin Tub Research

Test #2:

e Exterior girder — full depth fracture

¢ Induced and applied loads suddenly

* Fractured girder deflected only 7 inches

31
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30
UT Twin Tub Research
\ g
- £ P—
Ineremental loading Collapsed bridge
Test #3:
* Conducted under statically applied loads
* Bridge was able to carry 363,000 lbs
* More than 4 times than a legal truck load
32
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UT Twin Tub Research

¢ Clearly demonstrated system
redundancy for a span that was not
designed specifically to have system
redundancy

Designing for Redundancy

¢ Highlighted the importance of the
deck and shear connectors and
their contribution to system
performance

* Barrier railing was also observed to
contribute structurally

2012 FHWA Memo 2012 FHWA Memo

¢ What if we can design new twin tub

girder bridges to be system
* Introduced new member classification of System Redundancy Member (SRM) redundant?

* Memorandum, Clarification of Requirements for Fracture Critical Members

* Provides a path to design new
steel twin tub girder spans that
can be shown to possess adequate
redundancy such that the bridge
will not collapse and safely support
live load

— Eliminate the requirement for
hands-on inspection every 2
years for the life of the structure

— Inspections:
* Often take place at night
* High traffic volume
* Costly traffic control

36
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Redundancy Case Studies

* After the 2012 FHWA Memo, TxDOT met with FHWA to discuss a path forward

* Starting point — use proposed analytical modeling methods from the 9-5498
research project

* 9-5498 developed a simple method — assumes a simulated full-depth fracture
in one of the girders

* TxDOT bridge engineers analyzed 3 example existing steel twin tub bridges
using the simplified modeling procedure

37

Redundancy Case Studies

Case studies represent
typical flyover steel twin
tub bridge configurations

Redundancy Case Studies — Results of Intact Girder
Using Approximate Analysis

« Bending capacity &/

¢ Deck shear strength v

¢ Shear stud tensile capacity v

¢ Combined torsion and shear at supports x

Centerline
Year Overall Deck  Girder Depth .
e Span Lengths (ft.) Width (ft.) () Structl;;::)Radlus
Case 1 1998 148 - 265 - 190 30 6.5 716
Case 2 2007 199-243-179 28 6 1033
Case 3 2008 163 - 163 28 5 895

39
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Redundancy Case Studies — Results of Intact Girder
Using Approximate Analysis

¢ Compared to the 9-5498 experimental bridge, the three TxDOT study cases had
longer span lengths and a sharper horizontal curvature, which lead to greater
dead load, larger eccentricity, and higher torsion and shear at supports

e All three cases did not pass the simplified method criteria at the support girder
section shear capacity check due to large torque and shear forces.

* None of the cases failed due to lack of shear stud tensile capacity.

40
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Texas Steel Quality Council - Task Group Texas Steel Quality Council - Task Group
e 2016 instituted a Twin Tub Task Group * AASHTO Ballot Item was developed and presented at several industry and

* Task Group members reflected the overall AASHTO meetings

structure of TSQC * Inthe end, AASHTO was not ready to put language in the specifications

* Develop LRFD-based design specifications specifically for twin tub girder bridges.

« Would govern the analysis and design of non- * TxDOT was encouraged by FHWA to submit for approval as a state

fracture critical steel twin tubs

* Led TxDOT to develop language for its own bridge design policy manual

42

TxDOT Design Methodology

Bridge Design Manual - LRFD
* The TxDOT Bridge Design Manual-

LRFD presents a LRFD based
methodology to design spans with

TXDOT SRM DeSign Methodology two tub girders in cross section such =

that the span will not collapse after =

the fracture of one of the girders.
Texas
lepaﬂmen!‘
of Transportation

Revised January 2020

44
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TxDOT Design Methodology

1. The bridge is designed as it normally would,
using the following limit states and exceptions:

— Design for Strength Limit State using a Redundancy
Factor, ng = 1.05

— Design for Service Limit State

— Design for Infinite Fatigue life for Fatigue and Fracture
Limit State

2. Next, the bridge is designed for member failure

That’s Not Fracture Critical:
Classifying System Redundant Members

TxDOT Design Methodology — Designing for Member Failure

* Bottom flange in tension and webs

attached to that flange of the critical
girder are assumed to be fully fractured
at the location of the max factored tensile
stress in the bottom flange determined
using Strength | load combination

v Fully Fractured

46

TxDOT Design Methodology — Designing for Member Failure

* Toresultin the worst case loading scenario, the assumed fractured girder is
chosen based on its position in the cross-section relative to traffic lanes and
its eccentricity to the deck and railing

TYPICAL RADIAL SECTION

47
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TxDOT Design Methodology — Designing for Member Failure

Points the designer to check simple spans and end spans of continuous units

If the span is horizontally curved, the girder with largest radius is assumed to
be the fractured girder

Assumed
Fractured Girder
i 48
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TxDOT Design Methodology — Designing for Member Failure TxDOT Design Methodology — Designing for Member Failure

New Load Combination - Extreme Event I

* Probability of such a fracture for tub girders designed for infinite fatigue life is

considered exceedingly small in comparison to the bridge’s design life Supplements AASHTO Tables 3.4.4-1 and 3.4.4-2

DC Use One of These at a Time
*  TxDOT method addresses the design of simulated fracture with the Extreme o
Event Limit State BHO| W
EV M
+ TxDOT revised the AASHTO definition of Extreme Event Limit State to include ot e | S
structural member or component failure Combination | CR |~ PL
Limit State SH LS WA WS | WL FR TU | TG SE EQ BL IC CcT cv
‘ Extreme Yo 110 | 1.00 - - 1.00 - - - - | 1.00 | .00 | 1.00 | 1.00
Event Il

Type of Load, Foundation Type, and Method Used to Calculate Downdrag Load Factor
Maximum Minimum

DC: Components and Attachments for the evaluation of system
redundancy as specified in the TxDOT Bridge Design Manual-LRFD, 1.10 0.90
for Extreme Event Il only

49 50

TxDOT Design Methodology — Designing for Member Failure TxDOT Design Methodology — Designing for Member Failure

New Load Combination - Extreme Event 1: Live Load
¢ Live load includes both truck and lane load

* Allload effects during assumed fractured event are amplified by a factor of

1.20 to simulate the dynamic effects of a fracture on the twin tub girder spans * Truckis positioned on the bridge deck directly above the presumed

fracture location
*  Number and width of design lanes = the actual number and width of

(1+0.2)(0.9 DC + 0.9 DW + 1.10 LL) (1+0.2)(1.1 DC + 1.1 DW + 1.10 LL)

51 52
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TxDOT Design Methodology — Designing for Member Failure

Internal and External Diaphragms

* Internal and external diaphragms
— must provide at all supports

53

TxDOT Design Methodology — Designing for Member Failure

Internal and External Diaphragms

* Diaphragms and connections must be
designed:

— To resist the torsional moment in the assumed
intact girder

— To transmit vertical and lateral forces to the
bearings during and after an assumed fracture
event

— To act compositely with the slab with the shear
connectors

54

TxDOT Design Methodology — Designing for Member Failure

Permanent Intermediate External Diaphragms

* At least two permanent external intermediate diaphragms must be provided
on each side of the location of the maximum factored tensile stress in the
bottom flange

Intended to enhance system redundancy by

providing additional load paths on each side of an
assumed fracture location

55

TxDOT Design Methodology — Designing for Member Failure

¢ Adequate flexural resistance after the assumed
fracture event

Check intact
tub girder and
portions of the
fractured

girder that can
still resist load

* Extreme Event llI

e Article 6.11.7, 6.11.8 - Flexural Resistance —
Sections in Positive & Negative Flexure

Flexure

¢ Adequate shear resistance after the assumed
fracture event

Shear

® Extreme Event llI
e Article 6.11.9 - Shear Resistance

56
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TxDOT Design Methodology — Designing for Member Failure

Shear

* Concrete deck

* End Diaphragms

* Shear Connectors

* Top flange lateral bracing

57

TxDOT Design Methodology — Designing for Member Failure

Shear — Concrete Deck

* Check for adequate shear resistance to resist shear due to torsion after the
assumed fracture event

* Use Extreme Event Ill load combination according to the provisions of
AASHTO Article 5.7.3.3

* The use of empirical deck design is prohibited

58

TxDOT Design Methodology — Designing for Member Failure

Shear — End Diaphragms

* Check end diaphragms and their
connection to both tub girders to
ensure adequate shear resistance to
the torque applied to the intact girder
after the assumed fracture event

* Use Extreme Event Ill load
combination

59

TxDOT Design Methodology — Designing for Member Failure

Shear — Shear Connectors

* Check that the stud shear connectors connecting the deck to the assumed
fractured girder have sufficient tension capacity to develop the plastic beam
mechanism in the bridge deck after the assumed fracture event

]
™ T
C i:!
¥
(a) Plastic Deck {b) Shear Stud Pull-out
Mechanism Capacity

60
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TxDOT Design Methodology — Designing for Member Failure

Shear — Shear Connectors — Design Alternatives

* Design shear connectors and the shear connectors on all support diaphragms
for combined shear and axial force according to the provisions of Provisions
for Seismic Design Article 6.16.4.3 — Shear Connectors

* Analysis method for shear connectors from Modeling the Response of
Fracture Critical Steel Box-Girder Bridges, Barnard et al., Research Report
5498-1, 2010 is permissible. This approach neglects shear on the studs in the
fractured girder due to the assumption that the fractured girder is not
carrying any load.

61

TxDOT Design Methodology — Designing for Member Failure

Shear — Shear Connectors — Detailing

* Detail to extend above the bottom mat of deck reinforcement

Bottom mat

Shear Studs of steel

3\ . \
) I L S — R — B2 -— R

Top Flange

62

TxDOT Design Methodology — Designing for Member Failure

Shear — Top Flange Lateral Bracing

* (Can be considered part of the
resisting section for St. Venant
torsional shears in addition to the
concrete deck

* The contributions of the deck and
top lateral bracing are additive

TxDOT Design Methodology — Designing for Member Failure

* Two types of analysis can be used to evaluate Extreme Event IlI:

64
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TxDOT Design Methodology — Designing for Member Failure TxDOT Design Methodology — Designing for Member Failure
Approximate Structural Analysis Approximate Structural Analysis
* After fracture event - the entire self-weight of the span under consideration * The Simplified Method (Approximate structural analysis) can be used if:
and the entire live load is assumed to be carried by the intact girder after the +  Spans do not exceed 250 ft.
assumed fracture event. e Supports are skewed no more than 20 degrees

fmmmmmmmEEET T ! « Horizontal curvature greater than 700 ft.
¢ Engineer ascertains that the use of an approximate analysis method is adequate.

Intact Girder

P Fractured Girder
@ Carries all DL and LL .
- s, ole]

oy
]

66

Sectiem T
Stmplifier Abetbod Pravedurs Outlins

TxDOT Design Methodology — Designing for Member Failure
Approximate Structural Analysis

* To use the simplified method, the bridge must satisfy three conditions:
1. Intact girder has adequate shear and moment capacity
2. Deck has adequate shear capacity
3. Shear studs have adequate tension capacity.

Design Guide - Appendix C

* If the bridge satisfies the first two conditions but doesn’t satisfy 3), then a
more refined analysis can be used to evaluate the ability of the deck to
transmit load to the intact girder without the shear studs connecting the deck
to the fractured girder.

67
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TxDOT Design Methodology — Designing for Member Failure
Refined Structural Analysis

Accounts for the capacity of the intact
girder as well as portions of the fractured
girder that can still provide structural
resistance

Load distribution between the intact girder
and the fractured girder are realistically
modeled

Copyright © 2020
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Design Guide - Appendix C

TxDOT Design Methodology — Designing for Member Failure
Refined Structural Analysis

* Modeled with the approach found in TxDOT research project 9-5498
* Non-linear material properties

* Girders modeled as shell elements

* Deck modeled as solid elements

* Deck reinforcing as 2-node truss elements

18
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TxDOT Design Methodology — More Information

e 2020 TxDOT Bridge Design Manual — LRFD
— Chapter 3, Section 17 POLICY

— http://onlinemanuals.txdot.gov/txdotmanuals/Irf/i

ndex.htm FHWA Approval

* 2020 TxDOT Bridge Design Guide
— Chapter 3, Section 12
— Appendix C COMMENTARY

— http://ftp.dot.state.tx.us/pub/txdot-
info/brg/design/bridge-design-guide.pdf

73 74

FHWA Approval Process FHWA Approval Process

Texas FHWA Bridge Engineer submits to FHWA Headquarters

* Under this Memo, Owners must submit each bridge for approval

+  TxDOT’s goal was to be automatically approved by FHWA if the bridge was

designed using TxDOT’s SRM methodology for twin tub girder bridges HEEEERES

TxDOT submits TxDOT Bridge Design M | for TxDOT
2012 Memo allows Owners to demonstrate that a structure has adequate SRM Mathod for Twin Tubeto lecal Texas FHWA bridse Engineer May 2018
Creation of TXxDOT Bridge Design Guide Appendix C to help explain

redundancy and be classified as System Redundant
TxDOT SRM Method for Twin Tubs

TxDOT receives approval for TxDOT SRM Method for Twin Tub
Girder Bridges Nov 2019

76

75
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Back and Forth Correspondence

*  FHWA Headquarters discussed the TxDOT
SRM Methodology and sent questions
and comments back to TxDOT

* TxDOT responded with answers and if
needed revised the manual language to
be more clear

* This occurred in several iterations

Questions
and
Comments

TxDOT Response

77

TxDOT Bridge Design Guide

* Guide is used in companion with the
policy manual

¢ Commentary

¢ To make the SRM Method more clear,
TxDOT wrote a procedure that outlines
each step

*  Appendix C—9 clear steps

78

Key to Success

* The key to the success was the extensive collaboration

http:/iwww.picserver.org

Moving Forward

Copyright © 2020
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Moving Forward

Future twin tub spans will be designed using the TxDOT methodology and be
classified as SRM

TxDOT is currently developing in-house spreadsheet tools to allow for simple
application of the approximate analysis method

Prototype refined models are under development to provide guidance for
future redundancy evaluations

Future goal is to have all existing twin tub girder spans evaluated for
redundancy

Current research project on Steel Box Straddle Caps

81

Part 3: Redundancy of Twin Steel Tub
Girder Bridges in Wisconsin

Andrew Smith, P.E.
Bridge Load Rating Engineer

* BUREAU OF

(%} STRUCTURES

Outline

Overview of Steel Tubs in Wisconsin
Cost, User Delay, Safety
System Redundant Member (SRM) Evaluation and FHWA Review
— Overview
— Pilot Phase
— Phasell
— Pilot Parametric Evaluation
— Phasell

Simplified Approach to SRM Classification

83

Overview of Steel Tubs in Wisconsin

, W .
T oo 4 TR -~ s
\"‘; VA, il k 'r: * Most steel tubs < 15yrs old
\1‘,5 Y i& Y e

e
Predominantly in Milwaukee and
Green Bay

Brought into service having
Fracture Critical Members
(FCMs) — not load path
redundant

84
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Key Feature: External Diaphragms

e Full Depth

¢ Solid Plate

e Composite with Deck
* Located at 1/3 span

E
86

Cost, User Delay, Safety Resources for Inspections

Fracture crltlcail, hands on. inspection has.con5|derable cost, as Fracture critical inspection of twin tub girders
well as safety risks to the inspectors, traffic control personnel, as .
. . . * 10 to 24 hours over several days/nights
well as the traveling public during lane closures.
— Depends on size of structure, equipment needs and availability of

qualified inspectors
* Two under-deck access vehicles (Snoopers)

* Four operators, and up to six inspectors
¢ Traffic control, law enforcement, etc.

88

87
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Cost Access Vehicle (Snooper) in Action

* Fracture Critical hands-on inspection per cycle
(every two years)
— $36,000 to $66,000 per bridge (depends on if in-
house staff or consultants used)
— $700k to $1.2mil per cycle for inventory
— Includes traffic control cost

89 90

Night Work

Work over a RR

|| O

92
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SRM Classification What does it get you?

Memorandum

Identification of FCMs for In-service Inspection Protocol

Currently available refined analysis technigues have provided a means to more accurately
define FCMs for new designs and to re-evaluate existing bridge members that were
previously classified as fracture critical on the record design documents. If refined

an. i demonstrates that a structure has adequate strength and stability sufficient to

by avoid partial or total collapse and carry traffic in the presence of a totally fractured
”mw_m"cwl'm:‘h_!r Teshologs Rt el T member (by structural redundancy), the member does not need to be considered fracture
eritical for in-service imspection protocol. The assumptions and analyses conducted to
support this determination need to become part of the permanent inspection records or
bridge file so that it can be revisited and adjusted as necessary to reflect changes in bridge
conditions or loadings. However. non-load path redundant tension members in existing
bridges that were not fabricated 1o meet the modern FCP introduced in 1978 are not

Subyel Dite:

From:

The porpase of this metma is to provide elarification of the FHWA policy jor the
w Division 1| Classification of Fracture Critical Members. For design and fabrication, only Load Path
kil Recluel, > inspection protocol, Structural

R v may be considered. For in-servi
Redundancy demonsirated by refined analysis is now formally recognized and may also
be considered. Internal member redundancy is currently not recognized in the

y 3 ik : . : [FHWA 2012]
classification of Fraciure Critical Members for either design and fabrication or in-service
inspection. Finally, this mema introduces a new member classificarion, a System
Redundant Member (SRM), which is a non-load-path-redundant member that gains its
redundancy by sysiem behavior.

[FHWA 2012] 94
“The criterta for o refined analysis nsed to desronserate that pors of o structire is not . . -
fractare-critical ihas not yet been codified, Therefire, the foading cuses o be studied, N * Evaluation of WisDOT twin steel tubs based
tocurton of petentiol cracks, degree to wiiich the dynamie effects assoclated with o . - B
Sractare are included in the analysis, and fTneness of models amd choice of element ype Rt on mEthOd o IOgy deVe |0ped n N CH RP
shunsli ull be agreed upon by the Owner and the Engineer, The whility of o particular R + 883
saftwire product to adeguately capture the conplexity of the probient should wlse be Pt b e epor
comsidered aind the choice of saftware showld be mumually agreeed apon by the Swner AR 5 PR "
i the Engineer.” : Analysis an Ieniifcation of * Worked with the S-BRITE Center at Purdue
e But since 2012 ——> Fractura Crical Merobars and Sl
Modern analytical techniques have provided a means for engineers i more aceurately RadundantWemiers University
edunduncy and identif clure critical mem with tull \'i\u.kiu_.lcmnun of ) . .
_ ge scen ger tecessary 1o identify FCMs by * Uses 3-D non-linear detailed, calibrated
E le checking for boad path redundancy olone, unless the State chooses to maintain such
citeria. To demansicate thal o structure equate strengih and stability sufficient i finite element analysis
aveid partial or izl collapse and earry in the presence of a totally fractured FOM,
1 Stite must submit through the Division OF 1WA Cifice of Bridge —_ i
Technology for review the de on crifietia that will be used Using Abaqus FEA software
conduct the study. Omee reviewed, these «can then be employed by the State . .
it i i O * Modeling benchmarked to full-scale testing
[FawAzot2) at University of Texas, Austin
95 96
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Structural Redundancy Analysis

Detailed models that included: .
— Shell elements for the deck
(reinforcement as part of shell section) ...
— Parapets included as solid elements
— Internal and lateral braces as
Timoshenko beam elements with
connector elements
— Shear studs as connector elements

* Properties based on parametric study,
calibrated to full-scale testing

97

Structural Redundancy Analysis

. . 02
¢ Two load combinations e
. . Redundacy I = {1 4 DA, )[1.05(DC) + 1.05(DW) + 0.85(LL]]
used in analysis

Hedundacy 11 : LOS(DC) + LOS(DW) + L30{1+IM)(LL)

* Redundancy I: Describes
loading condition at instant
of failure (striped lanes)

* Redundancy II: Describes
loading between failure and
detection (design lanes)

98

Structural Redundancy Analysis

Fracture is full-depth of one
of the two girders

Multiple analyses indicated
the critical fracture was:

— End Span

— Outside girder (of radius)

— Just before first exterior
diaphragm or near midspan

Figwre 5.2 BI-808 Crack Losarions

99

Structural Redundancy Analysis

Assessment Criteria Commentary
* €,.<min(5%,0.01) - Limits redistribution

of forces
* ELax<E,=0.05 )

- Conservative ~ | P O PO Y |
. < - R
0-comp 0-cr - Not epr|C|tIy e Typessiceog e sene e o bl ke s

° 15% reserve margin checked — [FHWA Steel Bridge Design Handbook]
* g <0.003 - Ensures load-displacement curve

ascending

- Deck (not parapets). Insignificant
concrete crushing allowed
100
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B Project Timeline Pilot Analysis (B-40-837)

[ Initiate Project ] 2015 - March
CD [ Pilot Phase Report Submitted to FHWA ] 2016 - May * Funded by NSBA-WisDOT
( B-40-837 Approved as SRM ) 2016-May . An_alysis based on information
: being developed under NCHRP
Existing CD [ Phase | Report Submitted to FHWA ] 2018 - February 12-87a > NCHRP Report 383
Structure — [ Phase | Structures Approved as SRM ] 2018 - September . Determined to be
i 1
Evaluation [ B-5-671 Parametric Eval to FHWA ] 2018 - October Redundant!!!
*  Report submitted to FHWA and
[ B-5-671 Approved as SRM ] 2019 - January o .
approved for reclassification as
Future [ Phase Il Report Submitted to FHWA ] 2019 - December SRM in 2016

101 102

Designs L [ Phase Il Structure Approved as SRM ] 2020 - January
CD [ Systematic Classification of SRM ] In Progress...
WL

Report Submitted to FHWA Phase |

¢ 12 additional bridges analyzed
¢ Wisconsin works with the S-BRITE
Center at Purdue University

¢ Report January, 2018 — All
determined redundant!

*  Modeling requirements and
assumptions

*  Loading scenarios
. Fracture locations

e Evaluation Criteria

16 - 25"
‘ 8Y3" MIN l
1T MAX

T T
60"-86
f‘“w\g
ur' MAX 51" MIN 104

]
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“Change of Inspection Type Saves Millions While Ensuring Safety”

The Wisconsin Department of Transportation
worked with Purdue University to analyze 13
twin tub girder bridges statewide. The study
helped to identify structural system

redundancies that maintain safety, allowing # |

the department to gain Federal support to | = <
streamline inspection efforts. An “arm’s e /gr;yAv-.—-
length” inspection method with associated i i LO‘FS' f/ a
costs, user delays and safety issues, will be ‘g‘ - e

replaced by the standard visual inspection
used for all other bridges.

105

Parametric Evaluation

Parametric Evaluations (defining the “sandbox”) by which existing or
future twin steel tub girders achieve SRM classification without the
need for rigorous FEA.

e

e | |

» Design per LRFD i —

* Multi-span and continuous wmmm \A/]

«  Utilize solid, full-depth intermediate and | Onbttmatiy ]
end external diaphragms e

» Composite throughout

» Section and System limitations

Distribution of Span Lengths and Span Ratios

Luetans,,

106

107
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Piloted Parametric Evaluation: Bridge B-5-671

*  Five similar bridges evaluated
as part of original 13 in study

*  Met parametric limitations for = wirveeet [ [ |
SRM 1k P

¢  Accepted by FHWA, so '
fracture critical inspection is
not required

¢ SRM approval remains case-
by-case

108
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Phase Il B-40-855

» 7 additional bridges analyzed
* All contain unique characteristics

* Analyzed based on “AASHTO Guide
Specifications for Analysis and Identification
of Fracture Critical Members and System
Redundant Members” and prior work

* 3 bridges reclassified as SRMs, i
remaining bridges retained FCM

status Analysis doesn't guarantee SRM...

109 110

B-37-360 and 362 B-30-30

No shear studs over piers

X-frame intermediate diaphragms

xRemain FCM

Bottom flange buckling

M 12
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B-32-202 B-40-853

xRemain FCM

No intermediate diaphragms

or cross-frames i
- xRemaln FCM

Failure of cross-frame at
pier followed by buckling
of bottom flange

A\

225,
s v J 157

4
5

113 _ .
asme  Nammes

B-62-187 Key Feature: External Diaphragms

¢ Analysis demonstrates the benefit
of relatively stiff external
diaphragms
- Insufficient redundancy found in
select twin steel tubs without
external diaphragms

- Analysis of representative bridge
without external diaphragms

¢ Remain Fem
Failure of cross-frames near

mid-span with extensive
shear stud failure

Stud Failure

116

115

Copyright © 2020
American Institute of Steel Construction

29




NSBA/AISC Live Webinar
August 11, 2020

That’s Not Fracture Critical:
Classifying System Redundant Members

Next Steps...

Wisconsin removed 17 existing
structures from the FC list

Possible retrofits to address
those structures deemed not
sufficiently redundant

Statewide policy for new
designs that automatically
achieve SRM classification

17

A Simplified Approach for Designing SRMs

Purdue has developed a simplified approach to SRM
classification for AASHTO consideration
— Intended to complement AASHTO SRM Guide Spec
— Can be used for both new and existing designs
— Subject to geometric limitations with additional design details
and checks

— No FEA Required!!!

118

A Simplified Approach for Designing SRMs

* Geometric Limitations and “Screening” Process
— Continuous and Composite
— Limits on deck width, span lengths, skew, etc...

— Limit on dead load deflection to span ratio (unfaulted state)

* Avoids applying SRM classification to more flexible systems which
could result in significant inelastic behavior

« Deflections based on typical engineering analysis and common
software (e.g. MDX)

119

A Simplified Approach for Designing SRMs

Design Details
— Shear stud requirements (e.g. layout, height)
— External diaphragm requirements (spacing and geometry)

Design Checks

— With geometric limitations and minimum design details in place,
expected failure mode is isolated

— Negative Moment Region (near flange transitions): minimum D/C
ratio to prevent local bottom flange buckling

— Positive Moment Region: minimum D/C ratio to avoid plastification
of intact girder in faulted state

120
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FHWA encourages proper use of SRMs:

« State DOTs and researchers may propose procedures for SRM
determination (not limited to twin-tub girder bridges).

* The review/acceptance process should go through FHWA
Division Offices to FHWA HQ.

* Abridge owner may seek FHWA approval of using another
bridge owner’s procedure that had been accepted by FHWA.

* All determined SRMs with their supporting documents should be
recorded in the bridge files.

121

)\ | Smarter.
: Stronger.

AISC | Questions?

Webinar Related AASHTO Specifications

The presenters in this webinar referenced three AASHTO publications that owners and designers will
find useful for steel bridge design and evaluating System Redundant Members. Obtain these important
AASHTO publications at the links provided below:

AASHTO Guide Specifications for Internal Red
(AASHTO Pub Code: GSFCM-1)

https://tinyurl.com/fem-1-aug2020

y of Mechanically-f

! Built-up Steel Members

AASHTO LRFD Bridge Design Specifications (AASHTO Pub Code: LRFDBDS-9)
https://tinyurl.com/bds-9-aug2020

AASHTO Manual for Bridge Evaluation, 3rd Edition (AASHTO Pub Code: MBE-3)
https://tinyurl.com/mbe-3-aug2020

PDH Certificates

* You will receive an email on how to report attendance from:
registration@aisc.org.

* Be on the lookout: Check your spam filter! Check your junk folder!

e Completely fill out online form. Don’t forget to check the boxes next to each
attendee’s name!
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PDH Certificates

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

e Password: Same as AISC website password.

AISC | Thank you
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