Evaluation of the Potential Benefits of
Implementing the AASHTO Guide

Specifications for the Analysis and
ldentification of NSTMs, SRMs and IRMs

Robert J. Connor - Purdue University
Chaz Kieffer - Purdue University
Aurora Ebert - Purdue University
Cem Korkmaz - Purdue University
Tony Marino - Indiana Department of Transportation
Anne Rearick — Indiana Department of Transportation

vt

—J}——__ NATIONAL BRIDGE PRESERVATION CONFERENCE 2024
N\ [i0OVation for Infrastructure Resiliency



Overview of Presentation
* Objective
* \What are IRMs?

* Evaluation approach for internal redundancy

* US 41 - White River Bridge and 174 — Wabash River Bridge

* Implementation of IRM guide spec
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Objective
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What are IRMs?

Non-Redundant Steel

Tension Member
(NSTMs)

(Formerly FCMs)

Load Path Redundant

Members

Steel Bridge Tension

Members

Redundant Members Internally Redundant ’

Members (IRMs)

System Redundant
Members (SRMs)
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What are IRMs? PLL ~" ==

(Todays focus)

A primary built-up steel member in tension, or with a
tension element, that has redundancy within the cross-
section, such that fracture of one element will not Web PL
propagate through the entire member [IRM Guide Spec] \
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Regulations and Specifications and Tools

23 CFR Part 650 (up to date as of 4/04/2023)
Bridges, Structures, and Hydraulics

23 CFR 650.313(c)

Internal Redundancy of Built-up Member: Flexural

 Update to 23 CFR Part 650
[June 6 of 2022]:

Cross Section Label: ¥See-l Datance from Fer ¥ 260,92
Variation Diesciption: Variatian 1 - Controlling Fatigue and Strorgth Location

Additianal Compression Flinge Fastener Hols:
Are there additional fasteners in the compressian flange plateds)? Nix Habes in Commp Flange, ¥ ey

Weh Plate Dimensions:
“igh Flate Depth, O, 83.50 Flange Anglos Outso-out Depeh, D, Ba,00

Wieb Thickness, &, 0.5000

Tunsion Flangs Plate Dimensions [in)

Tensinn Flange Angle Properties:

Mo of Termion Flangs Cover Pl m 1 Sehect the sioe of the anghs LENEXL(2
. o ° . : 1 2 3 ) Splect the arentation of the lang leg Viert
e AASHTO Guide Specifications for Internal =
fo 0500 he ange, ©,, 05
p Pt Plate 1 i sways the suer-most O2, see Bet flesches rartia about hariz. ass, {, 19.9
Owter Honz Leg toMA, W, 167
° Tenslon Flange Argle Fastenor Holes:
edundancv o echanica -Fastene : .
Distance to Hele 1, d 450 Distance i Hele 1, d 450
. Distance o Hole 2, d Distarce toHole 2.d o
B Ui lt_ U Ste e |_ M em b ers et oo it
Ar= thers additianal Fasteners in the tersion flange plateis)? Mo Haibes i Tens
. Fatigue Variabkes;

ADTT, ) s oy i cliy 1129 [T - 2022
IRM Guide Spec e[S e or
(ADTT hw 20,060 Number of striped lanes, n 2
Year e 1958 Stress-Range Estimate Partal LF, 8, 1.00
Expec swth .00 No.of Stress-Fange Cylkes per Truck, 0 1
' Is this 2 transwerse member? Mo

M

™

Urifaulted Member Section Properties:

[Yr ey = pr—r—ry

* NSBA/S-BRITE IRM Evaluator Spreadsheet

Gross Soction Praperties: Unfauited (composte If applcatile]

Han e

6 T a0

724 o 125

1877 1811 P 723
05, TTE A G0438.4 180,475.3 [P 08678
15115 Saar 11280 2,643.5 Sww 1.879.2

Faulted Member Section PrDEer'li:):

Avmumsa t33rd compcny Carser PL L [nubar-mont cawes plaa]

Gross Section Properties: Faulted (composite if applicable) et Section Properties: Faulted (tomposite if applicabile]
Lomoosite Honcompeste Lompgsite
77 745
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Evaluation approach for internal redundancy

1. General requirements (screening criteria)

2. Strength capacity in the faulted state check
a) Fracture on the net section
b) Yielding on the gross section

3. Fatigue life estimates

a) Unfaulted State Summary of Results
b) Fa u l.te d State Strength check = OK OKorNG
P . . Fatigue case = Il Ia), I(b), Il
C) TOtal. Rema|n|ng Fatlgue L|fe Stress range in unfaulted state, Af s = 341 ks
. Controlling stress range in faulted state, Af 5 = 5.76 ks
4 . M aximum I nte F'va l fO r Controlling faulted state remaining fatigue life, Y zey 43.5 VYears
SpeCIal |nSpeCtI0nS Total remaining fatigue life, N ¢ 19.4 VYears
Maximum Interval for Special Inspections = 10.0 Years

MIDWEST NORTHEAST SOUTHEAST WESTERN

vt

= —._ NATIONAL BRIDGE PRESERVATION CONFERENCE 2024
N\ [i0OVation for Infrastructure Resiliency




IRM Evaluation — US 41 — White River Bridge

* Gibson County, IN

* 16-span, Steel Two-Girder Twin Bridges

* Builtin 1958

 ADT (2021): 11,322, %Trucks = 26%

* Has pin and hanger details

* SPR-3472, Purdue University, July 2011,
Evaluation of the Effects of
Super-Heavy Loading on the US-41
Bridge
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IRM Evaluation — US 41 — White River Bridge

Areas not satisfying the screening criteria for IRM:

Lack of cover plates Pin and hanger - 4
20 locations per girder locations per girder
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IRM Evaluations — US 41 — White River Bridge

Using AASHTO fatigue truck design loads:

Cac = x:-*::p'“m _ ;_ - /55" ;:ﬂ?;—zep Shoas
SSE OSSN SR T SO SRR R S + SN, S 1R oA S
o 34-8 e N . 120°~
69’0 i : = 4 =i (ree L 8% o B o 273 | - i re/2 ) _&0"-r0 ]
4420 | &7 -/0 .T‘ i /9'~-0 17%-0 .r "{c '1- 5/-0
Y T
| 1 | ‘
T T T |
43::7?.’ e e Shice || Fix . /g”f:.w'b ‘ I ~s.% f s Of.ub
But Recall e I B gl T B ——
0 OO __£0x"6 Cov. R e ,—_T —_ ___* ',___é’Q:’f;:‘,; 2758 J | J L__ - ZoxYecov.mTys |
_c‘z.-ﬁi(éj’;'wcb . = 1’ 4 158-8F 2" Wab o 5 a-1s8-8xF ‘8" web |
:_j: 446 A et | 58 e f3T6 __ srieE A 446 o
7 o XSec-9 XSec-8 ) Xé;::-g XSec-4 6:82;»11 XSec-4 XSec? XSec3 XSecS Ei(éeoc-m
2011 Long Term Monitoring Data:
* Lower effective stresses XSec Strain Location (ft) Eff Stress | Eff Stress Field | Eff Stress Location
(“‘57% Max) Gauge BrR (ksi) Test (ksi) Ratio
A LOWGF tOtal CyC|es per day XSec-10 CH?2 500.625/1902.375 4.6 2.1 0.46 Max Positive Moment Span N
660/ M XSec-3 CH4 452.125/1950.875 7.6 2.8 0.37 Inflection Point Span N
( 0 aX) XSec-9 CH5 422.75/1980.25 4.6 2.5 0.55 Max Negative Moment @ Pier 13
Composite action XSec-9 | CH6 | 422.75/1980.25 3.9 2.1 0.53 Max Negative Moment @ Pier 13
XSec-9 CH12 422.75/1980.25 3.9 2.2 0.56 Max Negative Moment @ Pier 13
XSec-4 CH 24 344.875/2067.75 3.5 2.0 0.57 Max Positive Moment Span P
XSec-4 CH 26 344.875/2067.75 3.5 2.0 0.57 Max Positive Moment Span P
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IRM Evaluations — US 41 — White River Bridge

« Using in-situ effective stress ranges and cycles...
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* Nearly 94% of the main girders of the bridge are eligible to be reclassified as IRMs
Resulted in a Special Inspection frequency of 10 years
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IRM Evaluations — 174 Wabash River Bridge

* Vermillion County, IN

* Twin, 5 main spans with 12
approach spans

» Steel two built-up girders with
added girder

e Builtin 1958
e ADT: 17,156, % Trucks = 59%
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IRM Evaluations — 174 Wabash River Bridge

* Using AASHTO fatigue truck design loads, a high
percentage of the structure did not qualify as IRMs due
to insufficient remaining fatigue life

 Based on experiences with US 41 Bridge, it was decided to
install limited instrumentation and collect data
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IRM Evaluations — |74 \Wabash River Bridge

* Lower effective stresses (~60% of
Stress due to AASHTO Fatigue Truck)

* Lower total cycles per day (~25% of

ADTT values)
Straln Distance | Eff Stress | Eff Stress EFf Stress
XSec Gauge from Pier | Fatigue |Field Test Ratio Cycles/day Location Description
7 (ft) Truck (ksi) (ksi)

XSec-1 SG1 56.95 4.92 2.75 0.559 182.8 Specific Cross Section Check
XSec-1 SG2 56.95 4.92 2.33 0.474 1128.9 Specific Cross Section Check
Xsec-2 SG6 163.67 4.23 2.56 0.604 161.6 Near Max Positive Moment Region
Xsec-2 SG7 163.67 4.23 2.34 0.553 58.7 Near Max Positive Moment Region
XSec-00 SG8 194.92 5.43 2.63 0.484 162.8 Near Inflection Area
XSec-00 SG10 194.92 5.43 2.30 0.424 940.0 Near Inflection Area
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IRM Evaluations — 174 Wabash River Bridge

* 10-year inspection frequency
for around 79% of bridge length

* Again, some areas do not meet
screening criteria due to lack of
any cover plates

* Very small proportion of the

bridge however - &
— \
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Summary of Results

US 41 - White River| 174 - Wabash
Bridge River Bridge
Locations Evaluated 330 112
Percent Passing IRM Evaluation ~94% ~79%
Total IRMs Length 9012 ft 1786 ft
Special Inspection Interval 10 years 10 years
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Implementation Method and Lessons Learned

* Data and organizational overload
* Macros developed to evaluate every point along

* Long term bridge monitoring adds valuable data for to evaluations
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Implementation Method and Lessons Learned

* NSBA/S-BRITE Spreadsheet are very useful

* Should implement into existing bridge software (AASHTOWare BrR)

* Purdue & INDOT working collaboratively on implementation within Indiana

* Procedures for integration of special inspections for IRMs needs

FHWA approval.

* Must develop detailed procedures

Frequency 2022|2023 | 2024 | 2025| 2026 | 2027 | 2028 | 2029 | 2030| 2031 | 2032 | 2033 | 2034 | 2035 | 2036
< Routine 24 months Yes | No | Yes| No | Yes| No | Yes | No | Yes | No | Yes | No | Yes | No | Yes
[ NSTM 24 months Yes | No | Yes | No | Yes | No | Yes | No | Yes | No | Yes | No | Yes | No | Yes
:,-J. = Special (IRM) 10 years N/A | No No No No No No No No No | Yes | No No No No
= Underwater 60 months No No No No | Yes | No No No No | Yes | No No No No | Yes
Frequency 203712038 | 2039 | 2040 | 2041 | 2042 | 2043 | 2044 | 2045 | 2046 | 2047 | 2048 | 2049 | 2050 | 2051 | 2052
£ Routine 24 months No | Yes | No | Yes | No | Yes | No | Yes | No | Yes | No | Yes | No | Yes | No | Yes
T 2 NSTM 24 months No | Yes [ No | Yes | No | Yes [ No | Yes | No [ Yes | No | Yes | No | Yes | No | Yes
qé—lr Special (IRM) 10 years No | No | No | No | No | Yes | No | No | No | No | No | No | No | Yes | No | Yes
= Underwater 60 months
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PURDUE UNIVERSITY

Thank You!
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