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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Presentation Outline

» The Structure
» The Fire and Immediate Response

> Repair Development and Issues .«

> MM'’s role
> 3D Structure Model
> Rating Scenarios

> Evaluating Bridge Response during
Jacking

> Evaluation of Final Condition

ABCD Susquehanna Chapter




Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

The Liberty Bridge_

’! o

S o

» Completed 1928

> Key route into
downtown Pittsburgh

> 8-Span steel truss
> 470’-6” main span

m ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

The Liberty Bridge

PLAN
EXISTING OVERHEAD 50 0 50 |00 FEET BOTT
/_smm STRUCTURE (TYP) e e — REL O
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I | | / I
| I 1 |
1 | I | 1 ! | || i
fo||| EXP FIX - [ T \\/ [
! . ___Exe |" "| F
T MONONGAHELA RIVER | v NORMAL POOL EL 710.0
CSX o Al
) L
Pier 6 Pler 7
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

The Liberty Bridge
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Rehab Work

>

Engineer - HDR
> Deck Replacement, bridge painting, and miscellaneous structural steel repairs
Contract Value: ~$80 million
Prime Contractor: JB Fay
Contractor’s Engineer: SAI
Let Date: 6/25/15, NTP: 8/19/15
Completion: 7/27/18

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Deck Replacement Operations
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Deck Replacement Operations
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

The Fire

> Started Sept. 2,
2016, 1:00pm

mms ABCD Susquehanna Chapter
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

The Fire

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

The Fire Damage
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The Fire Damage




Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

The Fire Damage

%JESK
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Immediate Response

> Night of Sept. 2, 2016
> Bridge remained closed

> HDR performed safety
assessment of bridge

> Monitoring of bridge
movements (survey)

> Starting of designs to repair
structure (SAI/HDR)

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Preliminary Jacking Frame Details
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

MM'’s Role

> Tasks focused on examining how the
rest of the truss was affected by the
fire damage to L31L32W

> Determine ratings factors for post-fire
condition
> Evaluate effectiveness of jacking operations

to restore truss to pre-fire condition
* If truss geometry not fully restored, is the bridge
ok? If not, how many repairs required?
> Provide updated ratings after jacking
* Post-process field data to update calculations.

* Determine if safe to reopen the bridge
immediately after jacking.

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model

Full Structure

to tunnel

Pier 6 Fixed Bearings

Exp. Bearings

Damaged Member
(West/downstream truss)

Deck System

Drawing — New Stringers and Deck

S i i

Model Stick View

Pﬂ

Model Fleshed view

West/downstream truss East/upstream truss

\.

Shell Elements — Deck

Stringers, Floorbeams, Truss Members and Pier — Beam Elements
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model

» Modeling of dead load |
> PP7-PP31 —Stage 1D -
> PP31-PP38 — New deck system
> Results verified by comparison | |

W/H DR model SECTION - STAGE 1D
— — —

» Modeling effect of fire damage on rest of truss
> Apply temperature load to L31L32W to achieve desired displacement of L31W

L/

ol

A
%

|

|

|

|

.l

» Variations to consider
> Deck behavior — composite vs. non-composite action w/ truss
> Pinned joints vs. fixed joints
> Boundary conditions at expansion bearings and ends of cantilever span

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model

D
3D dead Ioad EffECtS 2D Analysis DL 3D Analysis
> Unequal loading of truss lines (separate truss lines) DL

causes loads in bottom lateral L31L32 East 2353 k 2609 k
system and increased 131132 West 2483 k 2003 k
compression in East (Upstream)

Truss

‘\I Expansion bearings |

East Truss

Movement of East Truss Relative to West
Truss due to unsymmetrical loading

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model — Deck Action

» Deck action significantly changes the - N

Drawing — New Stringers and Deck

behavior of the structure i ﬁ}i o ﬁ;ﬁ

» Stiffness Comparison - Movement of L31N E ] ﬂ ] % | W iy
along L31L32N L5 Eant

e w/deck stiffness, ~1100 k/in. Model Stick view
* w/o deck stiffness, ~460 k/in.

> Displaced Shape Model Fleshed view

» w/ deck stiffness, much smaller lateral movements,
more of a localized response

» Lateral Bracing and Sway Bracing Forces

* Structure much stiffer w/ deck active, larger forces West/downstream truss East/upstream truss

developed \ S

» So how did the actual structure behave?

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model — Deck Action

» Comparison of sway bracing
expected deformations

Composite | Non-Composite Fielf’
Deck Deck Observations of

Buckling (Visual)

PP26 2.47 0.25

PP27 3.19 0.31 (moderate)
PP28 4.16 0.44 (moderate)
PP29 4.58 0.61 (severe)
PP30 1.62 0.96

PP31 3.52 0.39 (severe)
PP32 0.36 0.01

PP33 0.35 0.05

PP34 1.12 0.00 (minor)
PP35 1.12 0.00

PP36 0.74 0.00 (minor)
PP37 0.85 0.00 (minor)

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model — Deformations

> Exaggerated deformed shape of
bottom chords and lower lateral
system due to shortening of
East/Upstream

Truss f \ West/Downstream L31L32W

Truss

_li\k\—‘lq- Blue/Green - Com.pression added
\ Red/ =/l — Tension added

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model — Load Shedding

2> Change in axial load due to shortening of L31L32W

— = Member Dead Loads
- | | e | s
s (pre-fire) | (post-fire*) FS (C/DL)
L31L32E -2609 k -4565 k 1.22
L31L32W -2003 k ~0 k Buckled
LB 30-31E -9k -435 k
LB 30-31W 9k 435k
L29L30E -1468 k -2730 k 1.07

*Post-fire = 1.88” movement of L31W towards L32W
LB 30-31W

Estimated Load shift of ~2000 k
from West (downstream) truss to

Blue/Green — Compression added East (upstream) truss

Red/ /=10 — Tension added

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

3D Structure Model — Deformations

> Refined Local Analysis of Damaged Member
> Bound possible behavior during fire
> Try to estimate forces remaining in damaged member

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Can the truss be fully restored to the pre-fire condition?

> Plastic axial strains became a point of discussion
> Plastic hinges forming under compression result in net axial compressive strains

> In order to recover all the axial displacement, need to straighten member under
significant tension loads

» Would jacking procedure accomplish complete axial recovery?

> Conclusion (from Lehigh and MM work) — full recovery unlikely

» What effect would an incomplete recovery have on the ability of the
structure to carry live loads?

> Need to determine this and develop approach to rapidly update results based
on actual response of bridge

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

See Sheat -4 A
for Section A-A —
See Jacking Stool W E
0 / Detail Shest S-6 'MATERIALS SCIENTISTS
— 1-7%" Top HP / 73" Top HP /
1-6%" Bottom HP 7°-4'¢" Bottom HP Wi, Jas, D N, W,
2-3%" 21" [P - Northbrook, IFinois 80062
'! k Jack Guide Stool See Defall Sheet S-6 STTLT0 %L Tl
See Sheet S-8 107%10" Steel Shim As Needed L o L R Y e
/~Concept 0y for Bolt Layout 3/8°x10°xI0" Lsad Sheet ; ) ":‘.J“,.'.:.T“...'.%:"..‘:".‘.'.‘.'...».m..n,.
Powor Teom RS656L 565 Ton Rom. Typ. | | et P St g 3
L 66" Top See Sheel 5-5 | r’C\ |  nd ' !
32,0 1-6"X15" B’ (Typ) — Axial Jacking ot
A\ L5 patt b L ‘Assembly By ! !
See Sheet Sll’ ‘ A | |
0 ‘ West Sids of Chord )| ! f
[ ] | |
- ! i
i = et | | &f
i = 1 7 \ H
56000 =l +— See Plpe Strut New B
XX 3 X COEXK i Detail Sheet S-6, Typ. ! j_ ! szj/@f‘r
d una  ______HN L NANA A A p— - — ’
™ Sa—— TN S T T T e Top hP T aSYT Top HP =1 1 5oe smeer 5-9 = Yzlie
[k 68" Bottom HP ooy . Jr| A gy 9" Bottom 4P i | i for Section B-8
49dé¢csoalebdeccoq 1SS 5x5x%- Tyo. R Detalll \~:<—:;_\ i ‘
———— = [[sneet s = -
e — == =175 | — |
v __} — Batten £ (Typ.) A | |
5 L) East Side of Chord | |
5 (] /)
é Chesse Flate 2-HPIXI02 M A | | oot
3 (Typ.) By Others Al i \
s N T id Shims to Jacking Brackel
] CLT<1006 100 ton Locking Color Ram.— b 2-HPIxI02 T0ck Wold S0ims {0 docklng Bracs) e ! l Liberty Bridge
So0 SaT Shout £ of 5 tor L3 St ook 0 Provide even Gap at Top
L e o 1239 Bore | | L31-L32 West Truss
El Concept Only rorlde Slotted Holes in—- i i Retrofit
g Each £nd, 1 234" ianges and Stiffenar | %" / Arrow Side - Top HP Mill fo Bear |
5 Typ. -—————l l’ Ssa smrs S-7 ond S5-8 2% 1ly” -Bg_< Other Side - Botom Side, Enllam HP Wil to i
g *Install Prior fo Removing Axial 8 " Note: Access Limits Fleid | |
2 Jack Assembly in Accordance A See Sheet S-7 3°-8" Top HP Locatlon to Those Shown ! !
z w/Jacking Procedure ;:r’ xel’-a;wg 3-7" Botfom HP | |
s
§ s Rivets . Ream Holes for Brocing i i Ovner
5 fo ¥ TOP PLAN %, \Reom Holes
‘é Gussot £—) B A Rivels” |10 1% | |
H 15 A490 Boits P, | | PennDOT District 11-0
pr (Typ.) By Others 1615 Strap B's (Typ.) By Others ! ! ennl
& | |
w
8 - , .
& m i T ARR] B |
] ’....-.‘__. I e B oo Jd e ; g_/‘ /\ i
g § O i o H' LL Il : /'.% |
z o g i LS | = —|{||el@]-]q]-]-]* |
& & - ] o|ef ' = a4l i
8 = e Gl [ ° ﬁ _ii S= | | 722716 |Roview Commants
4 L:. J_ —_— =% | 18/20/16 |Review Comments
g i 0l l:% | Mok | e | Deccription
3 = |
3 t
o| LEGEAD “ 1 L b Batten £ EF ) A e | Pt 20165340
§ O Existing Rivet See Hinge € Batten E—-i See Sheel S-5 —€ Batten £ | owe 9222016
® low Bott & New Hole Detail Sheet 26" 5-3%" 23" ) | oxem, o
E 7
B| O New Bott 7 Existing Hole 5-10 1 b T (8) '3 A325 Bops Each Jock B ! i
O Location of 1"t All Thread Bor 2r2m 337 10%-0% * 5.7 5 —_ S :".. o
Hotes: .I'_
All Boits 3" A325 w/Threads 10-7%" 257
© Excluded from the Shear Pione UN.C. = s | JACKING DETAILS
& All Holes %% UN.O. 55" 13-0% |
S
&g 6753 Joint L31 to Joint L32 (Field Verify) 3-0%" ! st Tee
a3 € Joint L3t 265% L3t to ) E
%JESK M, =4 ELEVATION *Dimension from Original Shop Drawing, Sheel No, 246 —_— s3




Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Initial Ratings (Pre-jacking)

» IR and OR factors:

o C —1.3(DL + 3D + AP)
- (1.3 0r217)(LL + IM)

> Fire shift forces (AP) and construction (3D) effects treated as DL

» Loading Conditions:
> Temporary Construction Stage 1D (asymmetric load = 3D effects)

> Final Condition

> Repair Sequence considered:
> Strengthening plates assumed to resist only loads applied after installation

. Terms in rating equation normalized with respect to the corresponding effective
areas

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Initial Ratings (Pre-jacking)

> Restored displacements of 1” to 1.88”, in 0.125”
increments:

» A, req’d = 30 Ton HS20 OR in the Construction
Staging Condition

> A req’d > 1.50 HS20 OREF in the Final Condition
> Number of members requiring retrofit

> Goal—> get the bridge open to traffic

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Initial Ratings (Pre-jacking)

> Stage 1D: HS20 OR > 30 Tons
> Critical Member — L29L30E (upstream)

Joint L31W
Restored
Displ.

L29L30E

1.125 0.19 6.9 0.32 11.5 129
1.250 0.25 8.9 0.41 14.9 60
1.375 0.31 11.0 0.51 18.3 16
1.500 0.36 13.0 0.60 21.8 >8 0
1.625 0.42 15.1 0.70 25.2 0
1.750 0.48 17.1 0.79 28.6 0
1.88 0.54 19.3 0.89 32.2 0

*Qriginal design repair area for a minimum HS20 ORF of 1.5 in the final condition

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Initial Ratings (Pre-jacking)

» Final Condition: HS20 ORF > 1.5

> Four East LC members possibly require strengthening

Joint L31W Add’l Retrofit Steel Area

Restored
Displ. L27L28 [L29L30*| L30L31 |L31L32

N e W e
137 41

1.00 8 1
1.125 5 91 19 0
1.250 1 57 1 0
1.375 0 31 0 0
1.500 0 10 0 0
1.625 0 0 0 0
1.750 0 0 0 0
1.88 0 0 0 0

*3D effect relieved from strengthening plates if installed during Stage 1D

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Instrumentation
PLAN VIEW — BOTTOM
CHORDS AND LATERAL y
BRACING .. 2T
- PP29
PP29
MEMBERS
STRAIN GAGED
S FOR AXIAL s
sy FORCE INRED
s il %
3 3 £ o
= : g
o PP
PR3
/ PR32,
/ PPa2, PIFR
PER PLAN VIEW — TOP CHORDS
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking

» Goals

> Compare bridge behavior to analysis model,
ensure unexpected behaviors not occurring

> Give go/no-go for next jacking stage

R/ —-'A“ A
X X

> Determine rating factors for critical
bridge members as load is shifted
back to pre-fire condition

ABCD Susquehanna Chapter 34



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking

A n‘il'ifg[_?
‘.,‘eg e
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking

Field

/

. Instrumented members: & T 2 AF
* Restoring displacement: o 35

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating bridge response during jacking

>  Qutputs
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating bridge response during jacking

>  Qutputs
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating bridge response during jacking

> > Qutputs
AF
A
1 km,j
- - - > 0131w
1
Field

/

. Instrumented members: & T 2 AF
* Restoring displacement: o 35
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking

> > Qutputs
AF
A
= Kmor Km,j—l
> 031w
Field

/

. Instrumented members: & T 2 AF
* Restoring displacement: o 35
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking

>  Qutputs

«

N

}‘U
ﬂi

-

A
il

AF ~ L31W
AFoA
> 031w
= AR =K 1.88"—0 :
Field > I mod( |_31w,|)

* Instrumented members: & T 2 AF
* Restoring displacement: o 35
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking

>  Qutputs
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Evaluating Bridge Response During Jacking

> . s > Qutputs

Field

/

. Instrumented members: & T 2 AF
* Restoring displacement: o 35

[Non-instrumented members:]

Km,eq =akK,

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Collected Data

> Processed strain gage data (Restoring Forces) vs L31W Restoring

Displacement
= . ] . : . :
1000 +---------- i | ———— .- " 222 B o = g
i i i 5 == ! 5 ——1BD 29-30E
P e ! el e TV 2 DB L 4 e —#—LBD 30-31F
' : 5 5 5 5 =>=30L31W
- ’ pa— —_——— e ———— ——— | == 129130W
—_ 0 - = T T — : —=0—131L32E
= 16 0/8 =t 16 | ===L30L31E
O™ sog At Ll L NS I R R R . LR, ——1BS 31W
; : ' ; ; ; ; e LBS 30W
| | | | | —0—LBS 30E
~1000 ------mo--ioo - - ossses R e o SR T S g BRI —-U31U32W
: : ; ' : ' U29U30W
-1500 +----- Day 1 = ) Biv2 & i P e "] =&—LBD 29-30W
< 1 1 1 1 1 1
_2000 1 1 1 1 1 1

8131w (in)
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Real-time Ratings (During Jacking)

» Critical components = East (upstream) truss lower chord members

80

HS20 Op. Rating - Tons

-40
131w (in)

=e=[27L28E ===L28L29E ==l=129130E -=+=L130L31E ===131L32E
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Later Jacking Stage

mms ABCD Susquehanna Chapter 47
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Web Plate Straightness

~End of Jacking

ﬁ\ ABCD Susquehanna Chapter 48



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

End of Jacking

> Maximum L31W Restoring Displacement < 1.88”

Legend
Entity: Force/Moment - Thick 30 Beam
Component: Fx (Units: kip)

‘/1.88” Legend

Entty. Force/Moment - Thick 30 Beam
Component: Fx (Units: kip) | Displacements due to jacking
B . 2.0E3
Displacements due to fire 2,063 : ég
1.5€3 2
Er i 00
L 5000
00 500.0

Post-fire Post-jacking
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Results Post-Processing — After Jacking

» Loads and ratings for Stage 1D using field data post-processing:

P P i .
(pre-fire) | (post-fire) ja(crl,((i):g-*)
L31L32E -2609 k -4595 k -3122 k 64.9
L31L32W -2003 k 30 k -1477 k -
LB 30-31E -9 k -441 k -120 k -
LB 30-31W 9k 441 k 120 k -

Posting 2 9 Ton
L29L30E -1468 k -2749 k -1799 k @ Bridge Re-opening
Monday, 9/26/16

- ¥ 1.39” restored displacement (Day 2, Saturday, 9/24/16)
- Day 3 — 9,5,y = 1.63”, HS20 OR = 21 Tons

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Post-jacking Work

> 30 Ton Weight Limit Restored on 9/29/16
> 98 in? of steel added to L29L30E

> Jacking Removal on 3/18/17

> Final differential length between
east and west L31L32 members
measured on 4/25/17

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Ope

Ratings after Jacking Removal
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Ratings after Jacking Removal

» East Truss Members: HS20 ORF > 1.5

Inventory Rating Operating Rating
Vehicle : :
Member Location Member Location
RF Tons Stress RF  Tons  Stress
Span Type ID Span Type ID
m 0.95 19.0 C 8 LC L27L28 1.59 31.7 C 8 LC L27L28
m 0.95 34.2 C 8 LC L271L28 57.1 C 8 LC L27128
LErya 171 68.5 C 7 LC L8L9 2.86 1144 C 7 LC L8LY
ML80 1.78 65.3 T 8 UC Ul15Ul6 2.97 109.0 T 8 ucC Ui5uU16
.P82 - > - - - 2.20 224.0 T 8 ucC Ui5U16
(Single)

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> Remaining effects of the fire load shift expressed as a percentage of their

capacity
LB - Diagonals LB - Struts
40% I I
| I
30%
.! l @S SEast
: | 5 | & West
% 20 o ® | . PP13
. o |
M ° — - =PP32
2
% ¢ |
10% ; *®
I
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> Remaining effects of the fire load shift expressed as a percentage of their

capacity
LB - Diagonals LB - Struts
40% I I
| I
30% | |
o. @S SEast
2 | 5 | ® West
® 20% ° . PP13
* ([
M ° — - =PP32
2
% ¢ |
10% | . o _ — ,%0 S - -
o0 (1)
0% | 9eegee®ede | 000000,000000%%¢¢ 42008
5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
PP PP
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> Remaining effects of the fire load shift expressed as a percentage of their
capacity

LB - Diagonals LB - Struts
40%

I
I
30% ,
;I | @SSsEast
| | & West

20% PP13

@D

%C

[ )
102
[

— - =PP32

Y 2
10% | Sp—— .: , ¢ R AP 1 m— 90_0!‘ n——
PO o0 o
3oss8teer ?.:..,. 1t Zi
0% - 90eee®® | 0000004990000%%¢ 42008
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PP PP
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> HDR (2015 Rehab. Engineer of Record): Effects of Upcoming Repairs on
BLB system

> Incorporate Repair Sequence into FEM

Replace 1 of 4
angles in Strut

/. 8% 12 15 / 16 7%
10% 13% 19% 21% 8%
8% 10% 14% 17% 6%
\ 12 19 24% 19 27 12%
PFP26 S PEES 29 S PP31 PR32
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> Original Repair Sequence: Remaining Effects

LB - Diagonals LB - Struts
40% I |
I I
30% |
X I ® East
| | & West
Q 4
X 20% ® I I PP13
: — : = PP32
o | I
10% 4 w ° 5. i N o - Omm W
X 3. |
0009 ost? #2200 0“ ""
% 000009009809 g000 0000090000000000¢ & 0000
5 10 15 20 25 35 40 S 10 15 20 25 35 40
PP PP
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> Proposed Repair Sequence:

1. End of Stage 1D
2. Full Width Deck

B 8 & &

|:| Disconnect

() Connect

# Sequence Step

PRES Pr2s III PP3 | PP32
e (12 (4 (6D
: ; P29 ,
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> Proposed Repair Sequence: Remaining Effects

LB - Diagonals LB - Struts
40.0% I I
| |
30.0% | |
@® East
| | ¢ West
R 20.0% | | PP13
e PP32
| |
10.0% - » R , , - . o -
*eS Stegte o |
X i
0.0% “Mm’”.MC“” o | % 00“0.0“““0“‘“ 0‘."*.“.“
5 10 15 20 25 30 35 0 s 10 15 20 25 30 35 40
PP PP
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Bottom Lateral Bracing Assessment

> Proposed Repair Sequence: Effects on Truss Members

East Lower Chord West Lower Chord

50 : 450 .
| —eo— Full Width Deck :

0 S ! =1 400
| —a— Relieving LB-S L29
50 - 350
! Relieving LB-S L30

= -100 e o 300 . ,

- ‘\ g Final Stage (16)

g -150 ! 250 |

(8] ¢

2 -200 s | 200 i gt

£ , <o =1 PP3D ol

£ 250 150 |
300 100 4 1
-350 50 ‘.Q““’J I
-400 0 SRR R R : : |

|

-450 : -50 -
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Final Ratings

» East Truss Members: HS20 ORF > 1.5

East Lower Chord

Operating Rating
Vehicle

50
0 .
Member Location
-50 RF Tons  Stress
Span Type ID
2-100
3 150 157 31.3 C 8 LIC  L27128
=
g 2% 157 564 C 8 LC 127128
£ 250
i Weryl 286 1145 T 8 UC U15U16
et VIELNY 2.97 1088 T 8 UC U15U16
-400

P82

2.19 223.7 UC U15U16
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Issues Encountered

> |nitial large deviations in stiffness D Stiffness Ratios vs L31W displacement
- - __________________
2.5 t-mmmmm e\ ------------------
> Initial engagement between thejacking | [/N\\.i . . g -
frame and the bridge, stabilizationof [ [N “SOea __________________
instrumentation

o
(6}
|
|
1
1
|
1
|
I
|
1
1
[
I
1
|
1
1
1
1
1
|
|
1
1
1
|
=

1
1
1
1
|
1
|

e

==fe=+LB-D L29L30 W == LB-D L29L30 E
=>e~1B-D L30L31 E =0—L130L31W

—o-i-L30L31E -?pua-s L30W

8131w (in)
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Issues Encountered

3.5 : :
» Temperature effects s ; ;
* Day1(9/23/16) — Sunny - measured steel
temperatures L g N e e T
| Moming | Evening FVE L o iy
East Truss 102°F 88°F Sl R / '\ W RS e Ll |
West Truss 93°F 96°F g ! =
0.5 e
S < K-k 0 i
Z | ! 15
RaRESE MR - tﬁﬂ O T B D 12930W | —m-LB-DL29130E
“““““ N . —+1B-DL30L31E  =—#—L30L31W
\io - N I TR =T 111" A S=131132F T
Da $ ~4-=L30L31E ==LB-S L30W
Y 1.5 ' '

» Day 2 (9/24/16) — Overcast - measured steel

3 Suzw (i
temperatures relatively constant ~67°F 1aaw (in)
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Issues Encountered R
Day 2 data used in calculation of Stiffness Ratios,

- B - . o, for final post-processing of data )

> Temperature effects ‘

* Day 1(9/23/16) — Sunny - measured steel
temperatures L i -
| Moming | Evening I : '
East Truss 102°F 88°F S R / '\l I RS e Nl L ]
West Truss 93°F 96°F 3 ! ¢ |
0.5 e iy

SININ AL «
- > 1,5
RS W ti/" g T T eFIBDL29130W  —m—LBDL29130E
"""" N —><+1B-D L3031 E —0—130L31W
<io > B —e=O30W . —=—310132E
PN ——L30L31E —#=LB-S L30W
» Day 2 (9/24/16) — Overcast - measured steel 1> )
8131w (in)

temperatures relatively constant ~67°F
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Issues Encountered

» Measurement of L31-L32W
panel length

> Value is critical to determining
stiffnesses to compare w/FEA

> Started using survey data from
targets on inboard side

* Rotation of joint due to lateral jacking
influenced and caused inaccuracy of
these values

> Updated methodology to use
survey measurements of targets
on inboard and outboard side

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Issues Encountered

> L31W Strut i
e e et
> DL in post-fire condition = o ol ________ ________ ________ ________ _______ L A S

120 k (compression)
> Capacity = 320 k (tension)

> Measured vs. expected shift |

forces (+ = tension added)
50 -

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
dL31w (in.)

e |leasured == Expected
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Issues Encountered

300

> L31W Strut

250 -

> Large initial forces due to -
lateral jacking near L31W

> Jacking team informed to
stop increasing lateral jack
force

100 -

> Once lateral jacking force was 5o -
backed off, stiffness closely

matChed expeCted 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
oL31w (in.)
= \leasured == Expected
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Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Concluding Remarks of MM'’s work

> Correlate model with field observations:
> Deck system adds significant stiffness to structure

» Consider all sources of asymmetric conditions:
> Loads
> Stiffness
> Plastic deformations are difficult to recover and have to be considered in
the development of the jacking operations

> Lateral bracing systems become primary members after unexpected and
asymmetric events affect the structure, such as the fire on Liberty Bridge

ABCD Susquehanna Chapter



Liberty Bridge Fire Event: Response Evaluation for Jacking Operations and Ratings

Thank you: Truly a team effort!
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Thank you!
Questions?

If not, go grab some lunch!

By W [

Lunch delivery on

P e— N

the Liberty B

rdge
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