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RISK ASSESSMENT, WHAT SAY YOU?
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j REDUNDANCY

DAKOTAS STEEL BRIDGE FORUM
2025
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BATHTUB CURVE | RISK-BASED INSPECTION
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RISK ANALYSIS...
A MATTER OF LIKELIHOOD AND CONSEQUENCE

\ II |
e

Risk: Exposure to the possibility of structural safety or serviceability loss during the interval
between inspections. It is the combination of the probability of the event and its
consequence. — (23 CFR 650.305)

NUCOrR

MILTON-MADISON BRIDGE

Continuous Truss — Built 1929, Replaced in 2014

Diggelmann, L. M., Connor, R. J., & Sherman, R. J. (2013). Evaluation of Member and Load Path Redundancy on the US-421 Bridge Over the
Ohio River. Washington DC, USA.
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» Sufficiency rating 33/100
» Superstructure condition rating = “Poor”,
» Bridge was load posted for about 3 - 4 tons
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MILTON-
MADISON
BRIDGE over
OHIO RIVER

* First blast:
0.13” total deflection

* Second blast:
0.39” total deflection

REDUNDANT? OR NOT?

10 NUCOR
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BRIEF HISTORY LESSON

+ Before 1965 — No AASHTO specs for fatigue:
= Modern fatigue design — after 1974

» Before 1968 — No bridge inspections:
= Point Pleasant Bridge (1967) — routine
= Mianus River Bridge (1983) — hands-on (1987)

» Before 1978 — No fracture control plan (FCP)

» Before 1988 — No distinct bridge welding code:

= Bridge welding code was consolidated with
building welding code prior to 1988

* Before 2000’s — No understanding of CIF

P r iy st of

11

U D Uy O,

Dan Ryan Rapid Transit Structure (1969, 1978)
Green River Bridge (1968, 1992)
Hoan Bridge (1972, 2000)

US 422 over Schuylklll River (1965, 20(13\
Diefenbaker Bridge (1960, 20
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017) 38K
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That's 45 years of practice with zero
known incidences of occurrence.

13
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STEEL BRIDGES - 1960s vs 2020s

1960s 2010s/2020s
* Limited computer structural analysis—— 3D Non-linear finite element analysis

* No explicit fatigue design provisions —— Load & distortion fatigue problem solved
* No special fabrication QA/QC Fracture Control Plan per AASHTO/AWS

+ High-toughness materials not High-toughness steels readily available
economically feasible

* No knowledge of constraint-induced —— Designers avoid CIF details (SIMPLE!)
fracture (CIF)

+ Limited shop inspection Significant advances in NDT

* No understanding of redundancy Advanced understanding of system &
modes internal redundancy

5 NUCOR
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NATIONAL BRIDGE INSPECTION STANDARDS (NBIS) 2022
(AND ASSOCIATED FHWA MAY 9™ MEMO)

New or Redefined Redundancy Terms:

Internal Redundancy @

Load Path Redundancy

System Redundancy @

Nonredundant Steel Tension Member (NSTM) @

NSTM Inspections @

Risk-based Inspection Interval @
Fracture-Gritical-Member (removed)

Effective June 6, 2022, with 24-month implementation period ending June 6, 2024.

17 NUCOrR
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Nonredundant steel tension
member is the new term for

fracture critical member.
(i.e., NSTM = FCM)

18 NUCOR
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Internally Redundant System Redundant
Member (IRM) Member (SRM)
(.;-’ 3._\\3\-- > Built 1968 \\ "
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Built 1954

e Memorandum
FHWA MEMO - MAY 6, 2022; 4(d):

“AGENCIES MAY CHOOSE...TO
DEMONSTRATE THAT A MEMBER
WITHOUT LOAD PATH REDUNDANCY

HAS SYSTEM OR INTERNAL A
REDUNDANCY SUCH THAT IT IS NOT e
CONSIDERED AN NSTM.” (23 CFR S
650.313(f)(1)(i))

* NUCOR
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Memorandum

usDapermert

of Torepertafion

Fedural Highway.
Admiishiation

Subject:  ACTION: Inspection of Nonredundant

Steel Tension Members

Date: May 9, 2022
In Reply Refer To:
JOSEPH el
LAWRENCE sy
HARTMANN oxt

Joseph L. Hartmann, Ph.D., PE.
Directer. Office of Bridges and Struchures

From:

An update to 23 CFR part 650 Subpart C, National Bridge Inspection Standards (NBIS), was
published on May 6, 2022. Section 650.315(f)(2) establishes the requirement for hands-on
inspection of Nonredundant Steel Tension Members (NSTMs). State transportation departments,
Federal Agencies, and Tribal governments (herein collectively referred to as “Agencies”) may
choose to develop procedures in accordance with Section 650.313()(1)(i) of the NBIS to
demonstrate that a member without load path redundancy has system or internal redundancy
such that it is not considered an NSTM.

To: Division Administrators.

Federal Lands Highway Division Directors

g

An update to 23 CER part 650 Subpart C. National Bridge Inspection Standards (NBIS), was
published on May 6. 2022. Section 650.315(f)(2) establishes the requirement for hands-on.
inspection of Nonredundant Steel Tension Members (NSTMs). State transportation departments,
Federal Agencies, and Tribal governments (herein collectively referred to as “Agencies™) may
choose to develop procedures in accordance with Section 650.313(f)(1)(i) of the NBIS to
demonstrate that a member without load path redundancy has system or interal redundancy
such that it is not considered an NSTM.

“This memorandum replaces and rescinds the June 20, 2012, memorandum “Clarification of
Requirements for Fracture Critical Members.” Agencies with approved system redundant
‘member procedures must update their proceduures to satisfy the requirements of 23 CFR
650.313(f)(1) and submit for FRWA approval by June 6, 2024, pursuant to 23 CFR 650.311(g).

The attached guidance outlines the process and criteria for Agencies fo fulfill the requirements of
23 CFR.650.313(f)(1)(1) if they choose to implement procedures to identify members with
system or intemal redundancy.

Please share this and i i staff and with all
Agency officials. Questions on the guidance can be directed to Derek Soden at (202) 493~
0341or Derek Sodenf@dot gov., or to Thomas Drda at (919) 747-7011 or Thomas Drdai@dot.gov.

ce:
Directors of Field Services
Director of Technical Services

Peter Stephanos, HISM
Brian Fouch, HICP

What is “load path redundancy”?

For the purposes of NSTM identification, FHWA considers bridges with three or more
primary load-carrying members to be load path redundant. A determination of system or
internal redundancy is not required for load path redundant members.

What is in Section 650.313(f)(1)(i)?

(i) A State transportation department, Federal agency, or Tribal government may
choose to demonstrate a member has system or internal redundancy such that it

i i ntity may develop and submit a formal request
FHWA approval of procedures|using a nationally recognized method to
determine that a member has system or internal redundancy. FHWA will review

the procedures for approval based upon conformance with the nationally

is
fol

recognized method.

21 NUCOrR
21
FHWA considers the American Association of State Highway and Transportation Officials
(AASHTO) Guide Specifications for Analysis and Identification of Fracture Critical
Members and System Redundant Members and AASHTO Guide Specification for Internal
Redundancy of Mechanically-Fastened Built-Up Steel Members to be nationally recognized
methods to determine that a steel member has system or internal redundancy (23 CFR
650.313(5)(1)(1)(B)).
GUIDE SPECIFICATIONS FOR
Analysis and Identification of
Fracture CriticalMembers and
System Redundant Members
o2
W
KNS o
W 00
c°
WITH 2022 INTERIMS ‘Hml:a’p e
22 NUCOrR
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WHITEPAPER...

Implementation of Redundancy Terms

under 2022 NBIS

23usca

ARDING REDUNDANCY

NSTM / SRM/IRM
RECOMMENDATIONS FOR
FABRICATORS & DESIGNERS
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IRM CASE STUDY

BUILT-UP STEEL BENT
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25

Guide Specifications for
Internal Redundancy of
Mechanically-Fastened

Built-Up Steel Members

@\ internal Redundancy of Built-up Member: Flexural

S /Cross SectioniD:_3 CPs. Date:

Assumplions:
10 i

4.0

General Requirements (GS 1.4 and 1.5)

is ignored. 3, Masi angles.

o whibit
= . :
Does the member mest 3l provisions of Section 157

Member Crass Section Inputs

700
No . O s
No Fastenst hole dismetet, o e
No veutis Is compression flange welded to web?
Using welded tabs in the tension flange?
rence Sketch &
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web PL
wien 71 Web PL
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Concrete Deck Properties:
Effective Sizb Vidth, 2 ,

eck Slab Thiekness, ¢ .

Concrete Madubus of Elasticity, £,

Haunch Width, Br.ewsy
HaUnch THERRESS, Uons
Modular Ratio of the cansrete, 7

o
=

o, of Comp. Flange Cover Plates, A/ ., R Select the size of the angles
Flate(} Select the orlentation of the long leg
Gross aiea of a single angle, 4 .,

Flange Angle Properties:

NUCOrR
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METHODOLOGY FOR IRMs:

1. Screening Criteria

2. Check fatigue life in unfaulted state

3. Check strength in faulted state

4. Check fatigue life in faulted state

5. Calculate Special Inspection Interval

NUCOrR

26
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STACKED GIRDER LAYOUT, (82 FT. SPAN)

. A709-50W steel . (ADTT)g, = 2,000

 Drilled 1-1/8” bolt holes * g = 1% (annual growth rate)
« F,=30ksi, F, =70 ksi

27

27

SECTION A-A

- Conventional Box

IRM Box
PL 1.875"x60"x984"

T Y R IERREI IR RRIRIRERRRIRRURIRRRRR
Typ Typ.
) SR
>—% N Typ>_§
N
N /
L 1/2"68"x384" (typ) / : PL 1/2"X68"X984" (typ)
}
N/
e D ¥ —__t/____. v, l[>
Tvp. [/
>—9\1 \

v S
e ar o)
S

/ PL 5/8"X60"x084"
Y
PL5/8"X60"x624"
PL 2"x60"%984"

" A325-type

28

4/25/2025
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IRM EVALUATOR INPUTS...

General:
Steel yield strength, F,, 50.0
Steel tensile strength, F, 70.0
Is the girder composite with the deck? No
Include haunch in section properties? No
Is this for a negative moment region? No

Compression Flange Plate Dimensions (in):

No. of Comp. Flange Cover Plates, N ., 1
Plate(i):
Becpi 60.000
tici 1.8750

Note: Plate 1 is always the outer-most CP. See Ref sketchs.

Tension Flange Plate Dimensions (in):

No. of Tension Flange Cover Plates, N ., 3
Plate(i):
b 60.000  60.000 60.000
i 0.6250  0.6250 0.6250

Note: Plate 1is always the outer-most CP, see Ref Sketches
29

Fastener type Bolt
Are holes punched full size? No
Fastener diameter, d gy, 1.0000
Fastener hole diameter, d 1.1250
Is compression flange welded to web? Yes
t be

T 0 7
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DESIGN LOADS

Redundancy Il Load Case:

*  HL-93 design trucks

*  IM=15% (not on lane)

*  Multiple presence factors

*  VYpc=1.05, yp, =105y, =130
* Vran = 1.75, Veary = 0.80

30

Unfactored

16,300 4,430 2,150

Unfsulted Member Section Properties:
P o faed companents
es: Unfaulted (composite if applicable} Net Secti Unfauited

Gross Section P

lasc 3007088

S Sanc  883L7 Sencome Sa 82245

Faulted Member Section Properties:

Gross Section Praperties: Faulted (compasite  applicable] Net Section Properties: Faulted [composite if applicable)

Sampssis

NUCOrR

30

15



4/25/2025

Faulted NN NN NN NN
Condition
N
Assume
failure of
outer plate
./
&:w: :
31 NUCEOR
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THE PROCESS -
1. Screening Criteria - PASS
2. Check fatigue life in unfaulted state - INFINITE

3. Check strength in faulted state - PASS
4. Check fatigue life in faulted state - ?

5. Calculate Special Inspection Interval - ?

32 NUCOR

32
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FATIGUE LIFE IN FAULTED STATE

Effective Fatigue Stress Range & Max Fatigue Stress Range in Faulted State:
Noncomposite Section:
Farn =8 ar(Mearans / Scarn) = 4.8 ksi GS Eq. 2.1.2-1

(Af)max = (YFATI/YFATH)(Af)eff = 10.5 ksi
Cat. C, therefore FINITE life

Case | or Il for faulted state? I(b) 1a).1(b).1 GS25

Total Remaining Fatigue Life:

Total faulted state remaining fatigue life, ¥ ze, 43.4 Vears MBE 7.2.5.1 Faulted fatigue life? OK

No. of accumulated years in unfaulted state, N, 0.0 Years GS253
Total fatigue life only in unfaulted state, Y, == Years G5253
Total remaining fatigue life only in faulted state, Y, 434 VYears 65253
Total remaining fatigue life, Ny =Y, (1-N /Y ,) 43.4 Vears GSEq.253-1
33 NUCOoOR
33
SECTION B-B RESULT SUMMARY
« Passed screening criteria
» Possessed positive fatigue life - unfaulted state
« Passed strength checks — faulted state
» Possessed positive fatigue life - faulted state
Qualifies as IRM
* Next — calculate Special Inspection Interval
34 NUCOR

34

17



4/25/2025

SUMMARY & INSPECTION
INTERVAL

Summary of Results

Strength check = OK OKorNG G5218&23
Fatigue case = I(b) 1(a), l(R). i GS25
Stress range in unfaulted state, Af - = 2.51

Controlling stress range in faulted state, Af s = 4.80

Controlling faulted state remaining fatigue life, ¥ gz, 43.4

Total remaining fatigue life, N 43.4 Vvears GSEQ.25.31
Maximum Interval for Special Inspections = o 100

35

Is there a more
optimized alternate
design?
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36 NUCOR
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Assumed
Fractured

Remaining

Fatigue Life in EEEL

Inspection
Interval

Thickness | Thickness | Thickness | Strength

0.625 0.625 0.625 Yes 43.4 yrs 10 yrs
37 NUCEOR
37
Assumed
Fractured

38

Plate1 | Plate2 | Plate3 poemainitd | special
Thickness | Thickness | Thickness | Strength 9 Inspection
(in.) (in.) (in.) Interval
0.625 0.625 0.625 Yes 43.4 yrs 10 yrs
0.5 0.625 0.75 Yes Infinite yrs 10 yrs
NUCOoOR

38
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Assumed
Fractured

Remaining .
Fatigue Life in EEEL
Thickness | Thickness | Thickness | Strength Inspection

Interval

1 0.625 0.625 0.625 Yes 43.4 yrs 10 yrs

2 0.5 0.625 0.75 Yes Infinite yrs 10 yrs

3 0.9375 0.9375 - No - -
Misses gross section yield limit by 8%
39 NUCOR
39

Assumed
Fractured

40

Plate 1

Thickness | Thickness | Thickness | Strength

(in.)

0.625
0.5
0.9375
0.625

Plate 2
(in.)

0.625
0.625

0.9375

1.25

Plate 3

(in.)

0.625

0.75

Remaining
Fatigue Life in

Yes 43.4 yrs
Yes Infinite yrs
No -

Yes 48.3 yrs

Special
Inspection
Interval

10 yrs
10 yrs

10 yrs

NUCOrR

40
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Assumed
Fractured

Remaining .
HEEE Fatigue Life in HEREEL
Thickness | Thickness | Thickness | Strength Inspection
Req.? Interval
1 0.625 0.625 0.625 Yes 43.4 yrs 10 yrs
2 0.5 0.625 0.75 Yes Infinite yrs 10 yrs
3 0.9375 0.9375 - No - -
A Al ALsY~ 1. 928 Voo AQ 2 e 10 i
h V.VayJ N.aJv roo TU..J yIO v yIO
41 NUCOR
41
Assumed
Fractured

Plate 1 Plate 2 Plate 3 Meets R_emain!ng_ Special
. . . Fatigue Life in .
Thickness | Thickness | Thickness | Strength Inspection
(in.) (in.) (in.) Req.? Interval
1 0.625 0.625 0.625 Yes 43.4 yrs 10 yrs
2 0.5 0.625 0.75 Yes Infinite yrs 10 yrs
3 0.9375 0.9375 - No - -
4 0-625 125 Yes 483-yrs 10-yrs
5 0.75 1.125 - Yes 39.8 yrs 10 yrs
42 NUCOR

42
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Assumed
Fractured

Remaining

Fatigue Life in Inigizit?cl)n
Interval
1 0.625 0.625 0.625 Yes 43.4 yrs 10 yrs
2 0.5 0.625 0.75 Yes Infinite Life 10 yrs
3 0.9375 0.9375 - No - -
4 8-:625 +25 - Yes 48-3-yrs 10-yrs
5 0.75 1.125 - Yes 39.8 yrs 10 yrs
I-Beam 36x1.0 36x15 36x1.5 Yes Infinite Life 10 yrs
43 NUCOoOR
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IRM INSPECTION ADVANTAGE (RISK-BASED):

Member |Reduced Max Extended |Max Extended |Inspection Type

Intervals Interval Interval
(Method 1%) (Method 2*)

STM 12 months 48 months 48 months Unchanged: hands- |

N
/[ (risk-based) on |

IRM 12 months 120 months 120 months —IRM Special Insp.
(risk based) (48 months) (72 months)——(Routine inspection) )

*Method 1: Interval determined by a “simplified” assessment of risk (criteria are defined in NBIS)
**Method 2: Interval determined by a “more rigorous” assessment of risk using a Risk Assessment
4 Panel (RAP) and documented as a formal policy. NUCOR

45
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IRM CONSIDERATIONS: FABRICATION COST & WEIGHT

WEIGHT APPROXIMATIONS: Listed [O&

COST APPROXIMATIONS: Listed @ to £2

1. Fillet-welded box (fillets on outside of box o 1. Built-up bolted I-girder
2. Built-up bolted I-girder (+1-2% 2. Welded box girders (10-14% heavier)
3. Built-up bolted box girder (+15-18%)@ 3. Built-up bolted box girder (16-20% heavier)
4. CJP-welded box girder (+17-20%)
Don’t use CJPs!

These are “front” costs only...consider life cycle costs (NSTM inspections 10-15x $)
Consider POD of inspections...

Consider wholistic safety related to arms-length inspection requirements...

47 NUCOR

47

SAFETY — L |

+»+ Bridge inspection is directly motivated by
pursuit for safety

¢ 2015 Purdue study for INDOT found:

+ Congested crash rate increased 24X on Indiana

interstates with queue =5 min
+ And safety of the inspection crews?
+ Intend to find damage before it’s an issue:
* What about Probability of Detection (POD)?

* Are we able to find what we think we can find?

48 NUCOR

48
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FINAL THOUGHTS & WRAP-UP

REDUNDANCY & INSPECTION:

49

Goes without saying that IRMs are more redundant

than welded boxes

Faulted state strength capacity calculations are very

conservative (on-going research)

Special inspection intervals are very conservative

* 95% confidence interval, SF = 2, fracture
propagation unlikely

IRMs are robust against over height vehicle impacts

POD of fractured plate is very high — changes the

inspection reliability without compromising safety

Chuck Norris Approves

7
v

Chuck Norris

NUCOrR
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THANK YOU

NUCOR CORPORATION

Presented By:

Jason B Lloyd, PhD, PE
Manager of Bridge & Infrastructure
E: jason.lloyd@nucor.com

P: (860) 941-4668
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