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\_

U.S. barges backup as
Mississippi River closed
near Memphis

Robert Besser
18th May 2021 1727 GMT+0

MEMPHIS, Tennessee: Some 770 barges on the lower Mississippi River
have backed up due to a damaged bridge near Memphis, which has
closed the waterway
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Initial
UAS
footage

« Initial UAS monitoring with
ARDOT hourly
» Day 2 - Day 5 am/pm checks
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-40 Hernando de Soto Emergency Repair

Critical Actions for a Critical Find

ABCD Central
January 24, 2022
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And so the story begins...

Tuesday May 11, 2021  fameneom  Jeemoen

- -

| . | ;
'! Suspenulencatﬁeﬁ'-i
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Agenda
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* Modeling and Analysis

* Three Phase Approach

—....*» Phase | — Stability of Structure

A .Phasell_LongTermRepairof
Fracture

* Phase lll — Re-Opening to Traffic
e Lessons Learned. ...

We Make a Difference



Bridge History

e Constructed 1967-1973
* Opened August 2, 1973

 Two Span Continuous Tied
ArchBridge ..................................... .
e 2 —900ft spans
e 109ft above the water

.* Designed by Hazlett and
S Erdall ... |

We Make a Difference



Regional Importance
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Critical Startup Activities

.GatheringData .........................

o Bridge Plans, Shop Drawings, Inspection Reports,
Models, Test Data...

* Mobilize Engineering Staff and Teams Michael Baker

o Phase 1 Repairs
o Phase 2 Repairs

..o .Project Management ... .
o Communication / Meetings
o BIM Modeling

We Make a Difference 6 a



Project Timeline

Hernando De Soto
Timeline

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Week 10

Michael Baker
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Week 11 Week 12

BRIDGE CLOSED

Initial Investigation

TDOT selects designer
TDOT solicits contractors
Marine Traffic Open
TDOT selects contractor

PHASE 1 - Stabilize the Fracture
Design

Construction

PHASE 2 - Repair the Fracture
Design

Construction

Inspection and Investigation
Design

Construction

WB Traffic Open
EB Traffic Open

We Make a Difference



Closer Look at Fracture

.Condition ..................................... |

* Measurements

e
L Cils

CCCCCCe B
ECOCLTLE
CCCLUTET

'
~
-
-
'
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How Bad is it?

Michael Baker
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* Fracture 113 in2 -> 51.5in2 (45%!)
* P/A after Fracture = 83ksi

.....Ecce.n.tric. Load|ng ....................

* Refined Analysis

 Unknowns
~* Actual fOﬁﬁ%lielﬂeithﬂi i@  facirec Vertizol plote

M
L.

We Make a Difference
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A514 STEEL

ECC and Unknowns

P/AFracture

0.015 0.020 0.030

STRAIN, IN PER IN

0.025

0.010

0.005
0.002

FIGURE 1.4 Partial stress-strain curves for structural steels strained
through the plastic region into the strain-hardening range. (From R. L.
Brockenbrough and B. G. Johnston, USS Steel Design Manual, R. L. Brock-
enbrough & Associates, Inc., Pittsburgh, Pa., with permission.)




Model Development

2D FE MOdeI ..................................

* Simple model — existing plan geometry

3DFEModel ... ... ..
* Adjusted for any design/shop drawing discrepancy

e Steel DL Calibration

WheredidtheLoad go? .......... |

* Investigate Alternate Load Paths
* Boundary Conditions
 Stiffness of the structure
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Stability and Localized Yielding

e Over 50% of the section was lost
* |s there any capacity left from the

e Qverstress the tie
» Effect of unbalanced PT forces

* Non-linear Analysis
* Geometric
* Material

* Incremental
We Make a Difference




Phase 1: Stabilize the Structure

* Tie w/ 4,300 kips +/-

* Displaced laterally and &

rotated P

’ lelted reserve CapaCIty Tensiori"'-:'?\u QConstruchbmty
Ti Strongthont

A F’Gl:t‘i?]g eiioning

...................................................... Permanent

e Time is of the Essence Temporary

Tnpac

We Make a Difference 12



Phase 1: Stabilize the Structure

* Permanent Fix
* Duration too long

* Navigation / Duration

Temporary PT

.....e..long lead time / fabrication

Adjacent Splice

* Distortion of the box

Lengthen Splice
* Showed promise

We Make a Difference



Phase 1: Stabilize the Structure

* Initial contact with several
fabricators looking for plate
. ava||ab|||ty ...................................

can’t get!

Stupp Bridge in Bowling Green, KY

We Make a Difference 14 A



Week 1 Timeline

EXDSTING PN TTFICAL TIE WEB PLATE (T¥F— auT, mETEOFIT

* 5/12 — Data Gathering, Model

.5/1—C|05ure0fBr|dge ....... | . - T

TR o T e R
or ¥

Pl
TOTAL THICKKESS: £ PLATES To MAKE

[~ APFROXIMATE LOCATION OF FRAC
! RES

5 BTRUCTY

L PLATE £/4° 2 98- x #-8°
O ‘COMNNATIAN OF FILL PLATES TO MaAKE

L BLATE B a g e -0

d eve I 0 e I It ATIN GF FILD PLATES TO MAKE
I I I M 1 8 1 I S e e OO0 0 B P DA PILL FLATE 847 x 15" 2 48~
—— f L3R COMBENATEAN OF FILL PLATES T0 MAKE
i TickmeE

T rrTTd
By STRUCTURAL PLATE—

||:|||||k$ i

UTAL TEUTKNESS

108 - 147 D = b FULL TEREAD
wetwe e e

|| Cmommive 1 exvemon spoice p
i 15

G ¥4 THCEERED ELaN OF SPoN B UPSTRESM TIE

resumes
* 5/14 — Draft Plans Available,

e e APPROKINATE LOCATION OF FRACTURE

- TDOT Advertises for CM/GC - P g T

e ————

A sanscet

NOTES

| ALL PLATES ASTM 4703, seeme——

£ ALL FILL FLATES AHTM 700, GRADE 80
2
7o ar

t¥e’ DlA EOLE
FLATE AND ¥

STRECTURAL
G

RuEs @ 40

4 HEPLACE ali
TIME WITH
CHETER FLATE AND TR

SECTION C-C
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Phase 1: Stabilize the Structure

* Selected 5/17

* Contractor (Kiewit):

* Add capacity

* low impact
operations (drilling

* No attempt to
straighten the tie

We Make a Difference 16



Phase 1: Stabilize the Structure

* Design Completed 5/18

* Shop drawings created

* Fabrication began 5/21
10 days after discovering
the fracture

.TDOTmaintenance ................... .
picked up the steel 5/22

We Make a Difference
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Phase 1: Stabilize the Structure

* Trucks came from west end
of the bridge

plates on Span 2 and into
place

_access was used during the
duration of the project

* Installation completed 5/25

We Make a Difference



Phase 1: Stabilize the Structure

* Qutboard PL placed w/ 3” of fill plates

* Cut floorbeam web for inboard plate

 Stiffening T’s added to account for
Eccentric connection moment

* Eccentric connections highly loaded would
o trytocrushbox. ... . ...

~.....*_Thin cover plates attached with poor welds

l Ly watiss o)
oy
5P

.............. i gt W gy o o T
et ol ia o} o F‘ ....................
e g

Stiffening "
Brackets

We Make a Difference 19



Phase 2 Repair Design

Initial Calc 8:44 PMon 5/11

Design Philosophy enpmy__ YT

* Preserve capacity of original tie

= W 4
.H ....................................... . .. ... . ? "[/._'\J .f)‘ ,_Il . ﬁ’ns S‘z,a “..;_::._.-—__.—? .’. i | P{Ci L-J ......
ow much post-tensioning - Dl bily, meegm TSI BLEL

T 1>

‘..-,tt_\.t.}!{

* How much of the gap do we need to close? & -w¢ mu s s

TRE' L t - T T !
LLE = o2 Toe =051 7 L morec }- -

|
- —_ — -
. _ i - —~ —— A PATC A
Dengtn  comnachunes prilZ® Tle'e 2,964 A .~ |[ —

* Effects on Secondary Members? Rz st s i vad
T T . = N e, o 01 Y [t |
* How effective will the Post-Tensioning el —— 0 vy

\ o <L R ¥ il TP LY
actually be? T S a]| Lonlt] | s
L NT7% ot il o sz
Multiple concepts considered '( } oot . N1 =
SN g ¢y
* Ultimately, load path to the tie girder elralil vtz T2 2

. . | e 3rR5 J-z
dictated design Pt e e
PatriaL ELORT (ue semi)

0 se 1 V" shas, 2 vadee weLpMENT
r v HosomE  foy GL 70 £
We Make a Difference 20| | .

“ Fuzs GrAp ,/§ 4 pers



Tie Girder Complete Replacement

* End Result: Cut out Fracture and Plate to connections

. =k Faaary F

We Make a Difference



Post-Tensioning System Design

P/T System .................................

e 8 - Cold-rolled 150 ksi 3” diameter PT bars
* Allowance for fitment/eccentric loads

* Monitoring Plan including direct force
measurement

* Design by hand computations
* Checked/Verified with FE analysis

We Make a Difference
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3D Model

e —llY _

— | [N

Paans k
l 1

___,..-""‘

SSEEEN
————(
‘ y /-'

=3

d
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Cheese Plate & Double Nut

1%" CHEESE PL WELDMENT
EXISTING PL's o
DOUBLE
NT
o
il
W
N % s :
P (]
(/] e 5
THREAD LENGTH =
VARIES

DOUBLE NUT DETAIL
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Post Tensionin

g V-

Weldment

| A
| #

Plate
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g Anchorage

Pipe Struts

Michael Baker
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Stressing

-

DSI Jacks

We Make a Difference o 26 A



PT Monitoring

~ @ {\\'\ |

i,

2 rain

| g

Eamar R —
' T 270 o L
o i " raw
—n— & | T not shown:
e T RS I ' Lateral brace East of T-18
2 aw \| Laterat brace West of T-24
» Lo 108 L4 Pow j ] poepomron | | T-24 1o the West of the PT
Lirabareite of Tt ._.,\ T _\\ Lmarane waldment
1 et P 1
Fypics Bracing Sacton Tisea T Secson
Plates.
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Removing the Fracture
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Phase 2 Plating

* Plating fabrication by
L W&W/AFCO |n thtle .........
Rock, Arkansas

e 70 ksi material with
A325 bolts

.Partlalsubmlttals / ............ =
approvals for speed of
fabrication

e Last Plate installed and

July 2nd

We Make a Difference



Squaring of the Box
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Phase 2 Completion

9
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Phase 3 — Inspection

throughout structure
* Potential for similar defects
* Mitigate any potential concerns

(Approx. 500 welds)
« HNTB with CAN-USA (NDT)

e Arch Truss Members. ... B =8 W S5 S
R 'MB'WlthFleett(NDT) .......... R O s T

NDT Inspection of Arch Tie Member

(HNTB Final Inspection and NDT Results Report)
We Make a Difference 32




Fracture Analysis

Figures obtained from WJE Fracture Investigation Report

Fracture Surface

/— Fracture Surface

b “*Indication 1

5

e+ Indication 2

. ‘-\\\

> Indication 3

~~— Indication

Figure 2. Sample under black light during wet fluorescent
MT inspection with four MT indications (red circles)

crack locations.
. R

We Make a Difference

Figure 1. Sample under white light showing MT filings at



Phase 3 — Repair Summary

2 SPAN CONTINUOUS TIED ARCH = 18000

Michael Baker
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* 24 PANELS @ 37-6" = 900" 24 PANELS @ 376" = 900'0"
A156E (4E)
A1BEW (4F) ~ SOUTH
: N B246E (5) — ~ A156W (4E) ARCH TIE
006W (2.3) | A\ B21BW (2) — ) \ ATBBW (4F) \ {f( ATSBW (1) 10ee upy - AQBBE (2) T
{ B20BW (3) — ™ |~ Azdsw IR~ I\ -~ A138E (3) f [ A0S S) ~
s Ny \..' Yo\, i 3) LY e l
BOO2W (3) — <
e /f f A T \ N f % RGEQ —— 77 \ | f 7 i b aotaw -
Exp, BO44E (ac) -/ / BIS2E (3) A / \ ‘s2o2E(3  FIX a"l | o l'l [ \ { aos2e (3) | Ao7aw \\'. (2)  EXP. ™
BO44W (4C) BIS4E(3)] [ N : T ATsaE@A 4 ) e T AGO4E (3
BOBAW (3) — B,W:S; Vs B174W (4A) '~ B192E (3) { | | atsaw m;ﬂ1“5 (4c) - / l AT0AW (2)  (4A) \\- A03ZE (3) @
BISaW (3)) BIZAR (A) | S A202E (4D) mamE = ™ i
\ AZ12W (4E) ) 1
I g;:‘é\";fg? PHASEN | | - AZ14W (4E) G ;’g ~ ARCH TIE
@ pLaTnG A 229
PLAN OF BOTTOM LATERA| TIES g ‘
vo W10 UT1 U2 113 ya Uts Uta U13 U12 UT1 Ut0 g
wp i M LTI AU226E (2) g LS - 4T
U4 = 10 L11 L127113 19 20 ALleDh) uz0 ue L1a §13 L12 11 ys (17}
i I iL14 ¥ H A0
i V5 ] ;Lg R TR f' L1575 1 u22 Y23 y24 Uza22 Y2 St Rl Ll i b 8 i i
U1 s | B | i : 1 | : ' 1 L 11 3 18 I i i | ' i i 1 (] s U1
m ‘ L 1 1 1 1 1 ! 1 ] I ] t19 1 ] 1 1 1 I 1 | 1 1 1 . Lm
] 1} i 1 ) 1 ] ! ] i ] 1 ) uc Eo 1 ! ] ] 1} 1 1 1 | 1 1} ! h
k3 | 1 I I | I 1 | i i 1 I ' 1 I .L21 : R ] | ' 1 I ! I I | | 1 1 i I L3
TENNESSEE AR R A T N T S T S S O S S A >3 ¢ G S EBEREEESEEREE AEEEEERL ARKANSAS
i L L L 1 i L i L L i i i i I H i i P - ed - i i i i i L L I L L I L i H i L i L
O 372 T3 T4 T8 T6 17 T8 T9 Ti0 Ti7 T12 Ti3 Tid T15 T46 T17 T18 T18 T20 T21 T22 723 T23 T22 T21 120 718 T18 T17 T16 T15 714 T13 T2 711 110 19 78 77 16 75 T4 13 72 1 @
PHASE Il
o MAIN NAVIGATION ELATING
CHANNEL ™ —
B e - — s - e et eeoiaccs s mees
" EXISTING GROUND LINE REPAIR LEGEND
(1) NOT USED
SPAN B SPAN A .o.(z) CORE HOLE AND PLATE
PIER C PIER B (3) SURFACE GRINDING PIER A
{4A) PLATING, INBOARD ODD
BRIDGE ELEVATION (o) LTI AT SR
(LOOKING SOUTH/DOWNSTREAM) {4D) PLATING, OUTBOARD EVEN
We Make a Difference 34 46) PLATING, OUTBOARD/INBOARD ODD

(4F) PLATING, OUTBOARD/INBOARD EVEN
(5) SEE RESPECTIVE DETAIL SHEET



Phase 3 — Fabrication

B wsw | AFCO STEEL.

We Make a Difference 35
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Phase 3 — Installation

e e

Even Joint Plating

36
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Phase 3 — Bridge Reopening

| ! ;
o = ey Y 8 27T .
g | | | S
&) v Al . : Sy
c = : : = 3
5 £ 2
= = g
2 = i
S5 i 7]
g 3 Day Closure S
= = 3. X
(7] > [
= <
Phase Il Plating
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Fracture Analysis

Figures obtained from

WJE Fracture .............
Investigation Report

We Make a Difference

= ™ e Ml -
Figure 20. Lower portion of fracture showing Primary Preexisting Crack Region (yellow) and the Secondary Preexisting Crack Region (green).

xisting Crack Regic
13 14 1

L

View 8

ry Preexisting Crack Region

i A, i) UK T T W
-. s s | 27 249 ' 30
Figure 21. Higher magnification of the two preexisting crack regions after cleaning () first fracture and @) second fracture). A

38



Fracture Analysis

Figures obtained from WIJE Fracture Investigation Report

Figure 39. Primary preexisting crack weld profile. Figure 40. Core Sample SAOO8E weld profile.

We Make a Difference 39 A



Fracture Analysis

Figures obtained from WIJE Fracture Investigation Report

"\.-_ s == B 3 S BN

Figure 54. Cracks in the top weld passes at location SA168W
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Fracture Analysis

Figures obtained from WIJE Fracture Investigation Report

" 5 .- .. s .!I,.:.:». g . i 1
Figure 61. Lower portioh of fracture, cplor-coded to indicate failure sequence.
Fracture Event #1 Secondary Pre-existingCrack (| &

Primary Pre-existing Crack

Fracture Event #2

Fracture Event #3 f

'

;'.I 29 32

e 2..x.2 .8 0 0 sene MAY 2021
Figure 62. Upper portion of fracture, color-coded to indicate failure sequence. SCALE: NTS (LOOKING WEST)
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Lessons Learned

— — — -

* Everyone with a Common Goal

e Communication

 CM/GC Benefits

e Risk Reduction

~ e Material Procurement / Schedule

* Be Prepared for Challenges and Setbacks

We Make a Difference



By the Numbers

- 30,000 LBS oo 448 .

L

7)) of structural steel Temporary bolts . —

§ redundancy plating to required to install TOtaI Repalr COSt -

Q- stabilize the Tie Girder the plates

Lo 1'08', SooiEs Ouer 4,400 1,424 Feet AN oR s
r of structural steel Permanent Bolts used of 3” diameter High-strength Pounds of tension removed
§ redundancy plating to connect the plates Post tensioning rods utilized in from the fractured section and
Q. added to the Tie Girder the repair procedure put on the composite section
on 17 Welds Over 4,000 1,202 ft 29

W were plated for a total Permanent Bolts of welds inspected and Additional weld defects

g of 78,000 LBS of used to connect tested in the 472 but ground or cored out

Q. structural steel the plates welds of Tie Girders

We Make a Difference 43 A
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Questions?



