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Metwaork Flows

BEA to State Flows







Katrina damage.
Aug 29, 2005
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Water Hammer

Trapped amw . :
|I— 10 Roadway Heitlen Deck

The Lifting

Storm surge rose to 14 to 16 feet above sea level
beneath the bridge decks, where beams captured air
beneath them, 1ncreasing the upward force tao 500,000

pounds.




Water Hammer

Waves” force:
700000 ponnds

The Pounding

At the sams time, waves of 13 feet atop the surges hit the

sides of the bridge decks with 700,000 pounds of force every
6.5 seconds at the height of the storm.
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OPENING CEREMONY
JANUARY 5,2006
BRAND NEW ACROW BRIDGE
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Aug. 2006 (one yr. to the day), Phase Il begins.

e S803M replacement bridge project.

* Twin bridges, 3-traffic lanes, 5.4mi
(8.7km) each, w/ 2-12ft shoulders on 3
each bridge. (Largest in NA!) H

* Vert. clearance; 30ft and 80ft at the b
bascule bridge section. u-|---4 E

* Designed to be a major evacuation route ;ﬁ L
out of New Orleans, and hurricane-proof. A
* Entire structure is HPC designed for a

100-yr service life.



The players.

Louisiana Department of Transportation and Development.
(LADOTD)

Boh Brothers and Traylor, Kiewit and Massman (TKM)

Gulf Coast Pre-stressed, Prestress Services Industries, and
Boykin Brothers.

Lafarge Concrete.




How big?
433,500-ft. (+82mi, 136km) of 36-in. sq. precast displacement
piles. 496 pile caps, and 32 concrete piers.




Precast girders
29,500-ft (5.5mi, 9.1km) AASHTO Type llI

317,500-ft (60mi, 100km) BT-78 (FL Bulb-tee), 135’ long, 78-in
deep.




Cast-in-place HPC deck

3,770,000-sqgft, (+180,000cy) HPC deck on SIP forms.

Central mixed, trucked to site and pumped to placement.
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HPC Specifications

o IMaximum
] Iinimum
, Compressive . Water-
Bridge Cementitious o Slump,
Strength at ) Cementitious )
Component Materials, , in.
28 days,'!! psi v Materials
Iy
v Ratio
Deck 4400 600 0.40 2 to 412
Girders 8300 700 0.35 21010
Substructure 4400 atall] 0.40 2 g 42}
Files G000 700 0.35 3t 51

All concrete was required to have a total air content of 5£1% and a maximum permeability of 1000

coulambs at 28 days.

1. Or at 56 days, perthe project specification.

Z. Formixes containing a water-reducing admixture, the slump could not exceed 8.5 in.



Precast HPC Deck HPC

Cement, pcy 600 310
Fly ash F 170 -—-
GGBFS -—- 310
Silica Fume 80 30
Water 258 234
w/cm 0.30 0.36
Air,% 5 5
Slump, in 8 6

Avg. 28d 10k 7100
Coulombs <1000 <1000

Average Average
Bridge Component Compressive Permeability,
Strength, psi coulombs
Deck 7100 3a0
Girders a000-10,000'™ 240
Substructure 6200 230
Piles 8000-9000'™ 260

1. At 14 days.




e Life-365 v2.0

| Havigator |

Cpen neyy project

Cpen existing project .. F ree !

|5EI=-|tnt3iI;EfI:rthis winclowy .. | WWW. Iife-365-0rg

Set default values ..
About Life-365.

|Tips |

ce
Life-365™M a

Life-365 Service Life Prediction Model™" (7
for Reinforced Concrete Exposed to Chlorides (

NRMCA
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Version 2.0

Life-365 Service Life Prediction Model and Life-365

are trademarks of the Silica Fume Association.
Used with permission sm
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B3 Life-365 v2.0.1_RC4 I-10.life (changed) - I-10 Twin Span - |ﬁ' |1|
Project Settings
(B | | Project | Exposure | Concrete Midures | Indivicual Costs | Life-Cycle Cost| SL Report | LCC Report|
Save project . z
Save project as... |Ident|fy ijem |
Export project data... Titla (110 Twin Span | Anayst |tk |
Close project
- || Desuripton |Files | Date 0101172010 |
Define project... |Se|ect Structure Type and Dimensions |
Define alternatives... £
Define exposure... Type of structure sguare column/beams (2-0) v_)
Define mix designs... R 3.000n
Compute service life... Width (in) | 360 | 8] CTI
Define project costs... : :
Compute life-cycle cost... Reint. depth (in) | 30 | 36.0010n
[Settings ||| Tatal length 1) | 130 |
Help for this window... --=Volume of concrete B0.0 cub. yd O 0
Set default values...
About Life-365... Chloride concentration units { % wit. conc. v)
[1ies | |Define Economic Parameters |
Base year | 2005 | Analysis period (yrs) | 100 | Inflation rate (%) | 160% | Real discount rate (%) | 3.00% |

ﬂfstartl Googlel @ & ¢ ” & msh.com - Wind,., | | Western tetminals | (i1} Tony Kajundic - 1... | 4] Calf_Transload_... | ) EQMS

0

|Define Alternatives {up to 6}

{ hatd anewatt ) { Delete currently selectad alt )

| MName (double-click to edif)

Description (double-click to edif) ‘

HFC
Conventional

Fly ash and silica fume
witm 0.42

Curent Analysis | Default Setiings and Parameters | Online Help |

| [ 2010

|||§ Life-365 v2.0.1.. |@g Ar G0 8ol S0 R weam




[ Life-365 ¥2.0.1_RC4 I-10.life - I-10 Twin Span

Project Settings

Current Project |
Save project
Save project as...
Export project data...
Close project

Steps

Define project...

Define alternatives...
Define exposure...

Define mix designs...
Compute service life...
Define project costs...
Compute life-cycle cost...

| Settings |

Help for this window...

Set default values...

About Life-365...
| Tips |
In the Initation panel, the left
graph shows the concentration
of chlorides {on the vertical axis)
at each depth of the structure, at
the time of initiation.

The right graph shows the level
of chlorides at the reinforcing
steel (on the vertical axis) at
each point in time up to the time
of initiation. Each line will stop at
the point in time of initiation, and
reach a concentration level
equal to the 'Ct' shown in the
table above.
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Project | Exposure | Concrete Miures | Individual Costs | Life-Cycle Cast| SL Repart| LCC Report |

I Calculate senvice life ) D Cormpute uncertainty | ) ( )
|Define Concrete Mixtures (select a mix to edit its properties)
| Marme ‘ User Defined ‘ D28 (infinfsec) ‘ m ‘ % wt. canc.) ‘ Init. fyrs) ‘ Prop. fyrs) ‘ Service Life s = Init + Prop
HFC no 2.4950E-4 0.40 0.0a0 448 £.0 1008

Conventional no 1.3751E-8 0.20 0.040 R £.0 138
|Se|ected mix: HPC (Fly ash and silica fume)

i “Rehar ~Barriers

e | D-35| Rebarsteeltype ¢ Black Stesl v {«nune» v-)

Slag (%) | glgu%| Rehbar % wol. concrete | 1.20%|

Class F fiy ash (%) | 25.00% | rInhibitor

silicafume (6) | 8.00% (enane- )

[ custor | 249509 | m | 04] | 250 0.05 B.0]
|Sewice Life Graphs |
| Service Life | Cross-section | Inifiation | Canc Characteristics | | |

Conc Versus Depth (112 of Width) Conc Versus Time atDepth=3 in
10 0.050
08 0.045
o 0.040 :
07 0.035
§ 06 § 0.030 |
€04 S 005 |
F 04 & 0.020 |
k] 0015 |
02 0.010 |
0.1 0.005 |
0o 0.000 |
o1 2 3 4 5 & 7 8 8 10 11 12 13 14 15 1@ 17 18 0 & 10 15 20 26 30 35 40 45 50 55 @0 65 70 75 8O 85 90 95
Depth (in) Year
|— HFC = Con\rentional| |— HFC = Conventional|

Curent Analysis | Default Setiings and Parameters | Online Help |
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Hurricane proof -
Anchored girders below
design wave elevation.
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HPC deck placement,
finish, and cure.

Reduce hand-finish,
Cure applied <20min after
tine.







Fogging not always needed.
Curing is - always.

How to predict evaporation
rate / cracking?
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HIPERPAV

File Edit Yiew Strategy Comparizon Tools  Help

DS H & B § B | Broetnio | [ susteges  [Hcomparsons high performance paving software
2550l (oo ol

Strategy | Statuz |

Mew Strategy 1 Modified Cement Type: IType | 'l
Aggregate Type: I Limestane Vl

Admitures [ASTH C494 Type]: IType G - W aterreducing, high range, and retarding j

Fly Ash Class: ICIass FlCad<=72 =) [

— Batch Proportion
Cantent Lnit: by -
Constituent Mass
[ Coarse Agaregate 1750
O Fine Agaregate 1300
W ater 235
[ Cement (Type 1) A0
O Fly Ash i]
B GGEF Slag 310
O Silica Fume 30
aliclation Total 3335
- | WatertoCementRatiois 0.76
W ater to Cementitous R atio is 0.36

—PCC 28-Dap Strength
Strength Type: ISpIitting Tenszile j

28-D ay Strength: I 520 psi -




1-10.hp3 - HIPERPAY IIT o IE Iil
File Edit ‘Wiew Strategy  Comparison Tools  Help

0 & e n | % | c'ﬁ', ﬁ Project Info | @ Strategies @Comparisons
PPV oy hoe Consteoctin

Strategy | Statuz |
Mew Strateqe 1 Modified

~ Initial Condition:

Iritial PCC kix Temperature: I B3 °F =
Initial Support Layer Temperature: I B0 *F .

{¥ Base iz moist

" Baseisdiy

i~ Curing Method

Curing Method: IDDubIe Coat Liquid Curing Compournd j

Aiae Curing Applied: I 05 :II hourz

Age Curing Remaved: I 72 j haurs

S awcutting [Skipping sawcutting is not recommended)

" Saw at Optimum Time [Early-Entry "Green' 5 awcutting)
" UserDefined Sawing Age 7 j hours

{+ No Sawing

[™ | Skip Saweutting eveny: |2nd jaint vl

Sawing Age of Skipped Jaints: I 24 j hours

r— Strength for Opening to Traffic

[~ Display strength for opening to traffic?

Shength: I 350 pai -

Skength Type: ISpIitting Tenzie j




I-10.hp3 - HIPERPAY 11T =18] x|

Flle Edt ¥ew Strategy Comperson Tools Help
Z o | 8 | & @ PVUIECt Info | @ Strategies @Comparisons
bz prr (EETC S,

Ij trat?yt 3 | E;a;.}.s 3 | Data to display: NGOG How|  Time Temp [F) ﬂ
e Sirategy odife 0 1AM 54
Construction Date: I 8 A4/2007 ]' 1) 24AM 748
o 2| 3AM 745
Carstruction Time: |1 &M v I 4aM 743
[ Strategy Irfomatian ¥ Prompt to update hourly data 4 5AM 742
Design S 5 G Lk I
Mix Design Py f oo S -
Construction Unit F T ~Weather Data Tools
" Elapsed Time
. Estimate Estimate Al
* Time of Day
V¥ Autoscals | H'ghL" C:rlf'imé
Temperature (F)
a0
- |
i
a4
a2
a0
74
76 3
74
B Ak 12 Phd b Phd 12 Ah B Ak 12 Phd b Phd 12 A B Ak 12 Phd b Phd 12 Ah

Elapsed Time Since Construction Began (hours)




Temperature {°F)

Hurmidity (%)

100

a0

g0

70

&0

B Ak 12 Fid 6 Fhd 12 Ak B Ak 12 Fhd 6 Fid 12 Ak B A 12 P & Phd 12 Ak

Elapsed Time Since Construction Began (hours)



Temperature {°F)

Hurmidity (%)

100

a0

g0

70

&0

B Ak 12 Fid 6 Fhd 12 Ak B Ak 12 Fhd 6 Fid 12 Ak B A 12 P & Phd 12 Ak

Elapsed Time Since Construction Began (hours)



I-10.hp3 * - HIPERPAY I11

File Edit ‘Wiew Strategy Comparson Tools Help

O & 3@ | = | & B Project Info | B strategies  [R]Comparisons

=18]x]

E! Q% EE IEAJPEP ;l &nalysis: Early-Age JPCP
Strategy I Status I Elapsed Hours| Time of Day| Il FCC Strength [pai] |l Critical Stresz (pa - 020
Mew Strategy 1 Analyzed il 1AM iy il —
1 28M 0.0 0. T
2 3 il 00 £ 015
3 4 4M 0o 0o =
4 5 AM 0o 0.0 g 01l
{E| Design ] EAM 1] 0o £
{%a| Mix Design B 7 AM 0o 00 = 005
{®| Construction 7 8aM 0o na g
£] Climate ] 94M 0o 0o nan
b Analysis 3 1044 oo oo TAM  Z2AM  3AM 4AM BAM BAM 7AM  BAM  HAM  T0AM TTAM 1ZPM TEM
10 114M 0o 0o )
N 12PM 00 00 Time 0fDay
17 1 Pi nn nn A
Tensile Stress and Strength (psi)
300
alidated - 10:27:32 AM
aeametry - Slab Width
aeometry - Trangverse Joint Spacing
200
100
0 I
] b 12 18 24 k] 36 42 Bl 54 ] b6 72
Elapsed Time Since Constuction Began thours)







New |-10 Twin Span

Eastbound — July 9, ‘09.
Wesbound — April 7, "10.

Total length +10.5-miles - Longest
HPC bridge in North America.




*

I-10 Twin Spans Replacement

SILICA FUME ASSOCIATION

Save Our Forests

Build with
Concrete Thank yOU

Questions?

Western | e .
Bridge - think
Engineers’ harder.
Seminar concrete..
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