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RISK ASSESSMENT, WHAT SAY YOU?
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DAKOTAS STEEL BRIDGE FORUM
2025

REDUNDANCY
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BATHTUB CURVE | RISK-BASED INSPECTION
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RISK ANALYSIS…
A MATTER OF LIKELIHOOD AND CONSEQUENCE

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)

X
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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

145 kips; 2/3 original design live load
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Shaped Charges
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MILTON-
MADISON 
BRIDGE OVER

OHIO RIVER

• First blast:         
0.13” total deflection

• Second blast:   
0.39” total deflection
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REDUNDANT? OR NOT?
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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

12

FCM FRACTURES
Lafayette Bridge (1968, 1975)
Neville Island Bridge (1976, 1977)
Dan Ryan Rapid Transit Structure (1969, 1978)
Green River Bridge (1968, 1992)
Hoan Bridge (1972, 2000)
US 422 over Schuylkill River (1965, 2003)
Diefenbaker Bridge (1960, 2011)
Mathews Bridge (1953, 2013 barge impact)
Delaware River Turnpike Bridge (1954, 2017)
I-40 Hernando DeSoto Bridge (1973, 20?)
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That’s 45 years of practice with zero 
known incidences of occurrence.
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STEEL BRIDGES - 1960S VS 2020S

1960s
• Limited computer structural analysis

• No explicit fatigue design provisions

• No special fabrication QA/QC

• High-toughness materials not 
economically feasible

• No knowledge of constraint-induced 
fracture (CIF)

• Limited shop inspection

• No understanding of redundancy 
modes

2010s/2020s
• 3D Non-linear finite element analysis

• Load & distortion fatigue problem solved

• Fracture Control Plan per AASHTO/AWS

• High-toughness steels readily available

• Designers avoid CIF details (SIMPLE!)

• Significant advances in NDT

• Advanced understanding of system & 
internal redundancy
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NATIONAL BRIDGE INSPECTION STANDARDS (NBIS) 2022
(AND ASSOCIATED FHWA MAY 9TH 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 Critical Member (removed)

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

PC: Ohio DOT (dot.state.oh.us)

18

Nonredundant steel tension 
member is the new term for 
fracture critical member. 
(i.e., NSTM = FCM)
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Internally Redundant 
Member (IRM)

System Redundant 
Member (SRM)

Built 1954

Built 1968
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“AGENCIES MAY CHOOSE…TO 
DEMONSTRATE THAT A MEMBER 
WITHOUT LOAD PATH REDUNDANCY 
HAS SYSTEM OR INTERNAL
REDUNDANCY SUCH THAT IT IS NOT 
CONSIDERED AN NSTM.” (23 CFR
650.313(f)(1)(i))

FHWA MEMO – MAY 6, 2022; 4(d):

19
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What is in Section 650.313(f)(1)(i)?

What is “load path redundancy”?

22

FROM MAY 2022 MEMO:

WITH 2022 INTERIMS

21
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NSTM / SRM / IRM
RECOMMENDATIONS FOR 
FABRICATORS & DESIGNERS

WHITEPAPER…

IRM CASE STUDY
BUILT-UP STEEL BENT

23
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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 

25
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STACKED GIRDER LAYOUT, (82 FT. SPAN)

A

A

• A709-50W steel
• Drilled 1-1/8” bolt holes
• Fy = 50 ksi, Fu = 70 ksi

• (ADTT)SL = 2,000
• g = 1% (annual growth rate)

28

SECTION A-A

Conventional Box IRM Box
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IRM EVALUATOR INPUTS…

30

Redundancy II Load Case:

• HL-93 design trucks

• IM = 15% (not on lane)

• Multiple presence factors

• γDC = 1.05, γDW = 1.05, γLL = 1.30

• γFATI = 1.75, γFATII = 0.80

DESIGN LOADS

MFAT+IM 
(kip-ft)

MLL+IM 
(kip-ft)

MDC1
(kip-ft)

Section

2,1504,43016,300A-A

(Unfactored)

29
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Assume 
failure of 
outer plate

Assume 
failure of 
outer plate

Faulted 
Condition

32

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 - ?

31
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FATIGUE LIFE IN FAULTED STATE

(Δf)max = (γFATI/γFATII)(Δf)eff = 10.5 ksi

Cat. C, therefore FINITE life 

4.8 ksi

34

Qualifies as IRM

• Passed screening criteria
• Possessed positive fatigue life - unfaulted state
• Passed strength checks – faulted state
• Possessed positive fatigue life - faulted state

SECTION B-B RESULT SUMMARY

• Next – calculate Special Inspection Interval

33
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SUMMARY & INSPECTION 
INTERVAL

36

Is there a more 
optimized alternate 
design?

35
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Special 
Inspection 

Interval

Remaining 
Fatigue Life in 

Faulted 
Condition

Meets 
Strength 

Req.?

Plate 3 
Thickness

(in.)

Plate 2 
Thickness

(in.)

Plate 1 
Thickness

(in.)
Trial

10 yrs43.4 yrsYes0.6250.6250.6251

Assumed 
Fractured

38

Special 
Inspection 

Interval

Remaining 
Fatigue Life in 

Faulted 
Condition

Meets 
Strength 

Req.?

Plate 3 
Thickness

(in.)

Plate 2 
Thickness

(in.)

Plate 1 
Thickness

(in.)
Trial

10 yrs43.4 yrsYes0.6250.6250.6251

10 yrsInfinite yrsYes0.750.6250.52

Assumed 
Fractured
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Special 
Inspection 

Interval

Remaining 
Fatigue Life in 

Faulted 
Condition

Meets 
Strength 

Req.?

Plate 3 
Thickness

(in.)

Plate 2 
Thickness

(in.)

Plate 1 
Thickness

(in.)
Trial

10 yrs43.4 yrsYes0.6250.6250.6251

10 yrsInfinite yrsYes0.750.6250.52

--No-0.93750.93753

Assumed 
Fractured

Misses gross section yield limit by 8%

40

Special 
Inspection 

Interval

Remaining 
Fatigue Life in 

Faulted 
Condition

Meets 
Strength 

Req.?

Plate 3 
Thickness

(in.)

Plate 2 
Thickness

(in.)

Plate 1 
Thickness

(in.)
Trial

10 yrs43.4 yrsYes0.6250.6250.6251

10 yrsInfinite yrsYes0.750.6250.52

--No-0.93750.93753

10 yrs48.3 yrsYes-1.250.6254

Assumed 
Fractured
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Special 
Inspection 

Interval

Remaining 
Fatigue Life in 

Faulted 
Condition

Meets 
Strength 

Req.?

Plate 3 
Thickness

(in.)

Plate 2 
Thickness

(in.)

Plate 1 
Thickness

(in.)
Trial

10 yrs43.4 yrsYes0.6250.6250.6251

10 yrsInfinite yrsYes0.750.6250.52

--No-0.93750.93753

10 yrs48.3 yrsYes-1.250.6254

Assumed 
Fractured

42

Special 
Inspection 

Interval

Remaining 
Fatigue Life in 

Faulted 
Condition

Meets 
Strength 

Req.?

Plate 3 
Thickness

(in.)

Plate 2 
Thickness

(in.)

Plate 1 
Thickness

(in.)
Trial

10 yrs43.4 yrsYes0.6250.6250.6251

10 yrsInfinite yrsYes0.750.6250.52

--No-0.93750.93753

10 yrs48.3 yrsYes-1.250.6254

10 yrs39.8 yrsYes-1.1250.755

Assumed 
Fractured
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Special 
Inspection 

Interval

Remaining 
Fatigue Life in 

Faulted 
Condition

Meets 
Strength 

Req.?

Plate 3 
Thickness

(in.)

Plate 2 
Thickness

(in.)

Plate 1 
Thickness

(in.)
Trial

10 yrs43.4 yrsYes0.6250.6250.6251

10 yrsInfinite LifeYes0.750.6250.52

--No-0.93750.93753

10 yrs48.3 yrsYes-1.250.6254

10 yrs39.8 yrsYes-1.1250.755

10 yrsInfinite LifeYes36 x 1.536 x 1.536 x 1.0I-Beam

Assumed 
Fractured

44

SPECIAL 
INSPECTION

43
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IRM INSPECTION ADVANTAGE (RISK-BASED):

45

*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  
Panel (RAP) and documented as a formal policy.

Inspection TypeMax Extended 
Interval 
(Method 2**)

Max Extended 
Interval 
(Method 1*)

Reduced 
Intervals

Member 
Type

Unchanged: routine72 months48 months 12 months 
(risk based)

LPRM

Unchanged: hands-
on

48 months48 months12 months 
(risk-based)

NSTM

Routine72 months48 months 12 months 
(risk based)

SRM

IRM Special Insp. 
(Routine inspection)

120 months
(72 months)

120 months
(48 months) 

12 months 
(risk based)

IRM

45
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IRM CONSIDERATIONS: FABRICATION COST & WEIGHT

COST APPROXIMATIONS: Listed           to     

1. Fillet-welded box (fillets on outside of box only)

2. Built-up bolted I-girder (+1-2%)

3. Built-up bolted box girder (+15-18%)

4. CJP-welded box girder (+17-20%) –

Don’t use CJPs!

WEIGHT APPROXIMATIONS: Listed         to       

1. Built-up bolted I-girder

2. Welded box girders (10-14% heavier)

3. Built-up bolted box girder (16-20% heavier)

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…

48

SAFETY

 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?

47
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FINAL THOUGHTS & WRAP-UP

REDUNDANCY & INSPECTION:

• 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 

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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