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BRIDGE DESIGN






. EACH PARALLEL BRIDGE - 5.4 MILES, YR. COMPLETED = 1963
LOW LEVEL 65’ L x 43° W MONOLITHIC PRESTRESSED PRECAST GIRDER SPANS
94" PRECAST PRESTRESSED CYLINDER PILE

EACH 65 SPAN DEAD LOAD APPROX. 300 TONS

250 FT. HIGH LEVEL STEEL NAVIGATIONAL SPAN
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Surge Force

Fender System Pontchartrain Causeway Bridge



STORM SURGE FORCES

SURGE LEVEL
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NORMAL LAKE INCREASE IN LAKE LEVEL
LEVEL

SPAN BUOYANCY, NO VENTING

CORROSION OF CONNECTIONS



FAILURE OF
BRIDGE RAIL

ﬁ ﬁ .
CONNECTIONS

FAILS UPWARD PRESSURE

500 — 1000 PSF VARIES BY
BRIDGE HEIGHT

(USED FOR DESIGN OF NEW
BRIDGE)



SOME SPANS IN LAKE, A

SOME RESTRAINED BY

CAP RISERS Q
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~ NORFOLK SOUTHERN
~ RAILROAD DAMAGE
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-~ MOVEMENT STOPPED BY
~~ RISERS, BUT CAUSED
GIRDER AND CAP DAMAGE
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TYPICAL BARRIER
g DAMAGE FROM

FORCE

- TYPICAL BEARING
DAMAGE AT GIRDER
ENDS OF TWO SPANS
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MECELERATED COMPLETION FOR BRIDGE
INSP g HON BID PACKAGE AND REPAIRS AS
PER GOVENOR.
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ANTicane Katrinashit Monday, August 29, 2005
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Bricle)e 'ﬁti'ons Started immediately.
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=iOPOS. i' eveloped and pre-bid mtg. held by DOTD,
SO i ﬂer announced on Wednesday, September 7.
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— J-;é'cfi?n,tractor NTP on Monday, September 12, Fourteen
days after the hurricane made landfall.
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* Three Phases — East bound, West Bound and Long
term Maintenance



BID RESULTS

| E OTHEMT/T ES
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¢ 3 bidder, $90 M
- ' ER CONTRACTORS DROPPED OUT.

“ . CONTRACTOR RISKS

: R EQUlPl\/IENT & HOUSING AFTER STORM

= _ ESlGN FOR REPAIRS DURING CONSTRUCTION
REMOVAL OF SPANS IN WATER

LEARNING CURVE FOR SPMT
INSPECTION REPORTS GIVEN

Immediately Start planning and design for new bridge
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-_'-a. SYVAES FROM
- WESTBOUND TO
~ EASTBOUND BRIDGE
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~ REALIGNMENT BY JACK
" AND SLIDE METHOD
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REPAIR W= HEOUND

h ACROW 700 Series bridging

._;-'-"*;'; to one way traffic (Date opened
_,_.ff’_‘-“a‘-‘v' oF 2006)
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nvert EB lanes to one way traffic
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- PHASE 3
-h:—-_ NANC
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o UNTIL NEW
E—— BRIDGE IS OPEN

—

. '"if-" == —E’EHOdIC repairs to the Acrow Spans due to truck
=—=————overloads.

e " Construction of a weigh in motion station north of
; the westbound bridge.

* Better anchorage of the existing spans to resist
future storms.

* EXxisting bridge was load posted for 20 T—-35T.
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\NEW BRIDGE'U‘RITERIA

RACK DESIGN AND*-EZFTING DUE TO BRIDGE CONDITION

N\ [ O N (5 A o IVIAINTAINED
i C
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JRGE PROTECTION BY INCREASED ELEVATION ON BRIDGE
| ;j-j:}, ITION SPANS DESIGNED FOR SURGE FORCE
TJAPACITY 3-12 FT. LANES AND 2 - 12 FT. SHLDRS.

'E'-E:

———a ‘HI‘GH STRENGTH CONCRETE SPANS
—= OP_EI\_I BRIDGE RAIL TEST LEVEL 4 SYSTEM
« VESSEL IMPACT COLLISION
« REDUCE R/W AND ENVIRONMENTAL IMPACTS
« BAYOU SAUVAGE WILDLIFE RESERVE & US 11 INTERCHANGE
« AASHTO LRFD DESIGN CODE & PERMIT VEHICLE
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Construction Contract 2, (S.P. 450-17-00xx)
—— = == — = | e
STA. 837+20.00 CL. I-10 —l- \— CROSSOVER
END ROADWAY
BEGIN BRIDGE =

.'l.r.-‘.l.-l.-hl.
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L - STA. 1128+40.00 CL. I
" ENDBRIDGE-
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SPEC s \ft. 78” BT HPC Prestressed Girders
Witel ol s and 36” Precast Piles.

r\JrerrJ lr#

1525 mental Concrete Box Girder using span
Q‘/—sﬂ’ erectlon on pile bents and 36” Precast
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| ACowlevel transition
- FElat Slabs and Type Ill beams, no alternate.
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Typical Section

~ @ Construction

Varies 1' Varies
W.B. Brid : TR ... - SRS e o et E.B. Brid
62°-6" 5 .
12°-0" 3 Lanes @ 120" : 120" 3 Lanes @ 12°-0"
Shidr. Shidr. ' Shidr. Shidr. |

12'-0" = 36'-0" 12°-0" = 36'-0"




BaRvGEISpan Anchorage Details

E FIMGER JQINT , 4 ET-7B EPANS @ 135'-0" = 540-0" CONTIMJOUS LWIT . % FINGER JOINT
_\R\ l—— L COMTIMUITY DLAFHRAGH ——t=}——= r’/(_

T 1 [ |
[ ™ -—T— ANCHOR OOWEL

— | | 1 n e
H
I

I I
I I
|
I I
ExXFANSION EXPANSION

I
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EXxPAMIION EXPANIION

60-0" CLEAR ROADWAY 500" CLEAR ROADWAY }

|~ BT-T& GIRDERS /—PBT-TB GIRDERS

LATERAL ANCHOR

7 7
y | — PILE PLUG | -——FILE PLUG

A [T~36" B PR, PILE

7 [™—~36" v PP.C. FILE | ‘ : e i
T @ LONGITUDINAL BATTER PILE—=—" 1 J

BT-78 GIRDER EXPANSION BENT

BT-78 GIRGER FIXED BENT
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. Slah  Span
diiansition Ancherage Details

5 SLAB SPANS @ 30'-0" =

30'-0" (TYP.)

—
FIXED

150"-0" CONTINUOUS UNIT

T

FIXED FIXED EXPANSION

T

EXPANSION FIXED

PR

SLAB REINFORCEMENT /\ SLAB REINFORCEMENT

SHEAR KEY ///’

SPAN ANCHOR
1 [ ASSEMBLY (DETAILS)

4 . i
#5 CONNECT[ON: TTTRY T :#5 CONNECTION

STIRRUP @ 1'-6" SPS : STIRRUP @ I'-6" SPS

CAP REINFORCEMENT /‘

T
-
" 36" p PILE
(OR 48" DRILLED SHAFT)

#-M\H
~—36" @ PILE

(OR 48" DRILLED SHAFT)

CAP REINFORCEMENT 4/]/

EXPANSION BENT

SLAB TO CAP
CONNECTION DETAILS

FIXED BENT

SLAB TO CAP
CONNECTION DETAILS




,9'-0 38"

154.5 FT. SEGMENTAL LOW LEVEL ALTERNATE

Typical Section

~—— @ Construction
I
Varies ' Varies 4

| ¢ E.B. Bridge

W.B. Bri <
¢ ridge b (53'-6" Max) @ |

. (53-6” Max.) |
|
62'_6" +_|

r(rr.-o", 3 Lanes @ _12'-0”
Shidr.| 12-0” = 36’-0” |Shidr.

|
62-6"

12'-0" 3 Lanes @ 12'-0"
Shidr.| 120" = 36’-0” Shld;1

9'-0 38"

|
|
|
|
|
|
| F
q Girder : l' L—(i_ Girder
i
|
|
|
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LOW LEVEL SEGMENTAL
Superstructure Erection Scheme

— Barge Mounted
N, Crane

Direction_of Erection_

S

e Hook

PHASE | - SEGMENT PLACEMENT

Assembly Truss —

Truss Support Beam -

Direction of Erection

~—— Longitudinal Post-Tensloning Tendons

7

o TEEHOSEEY LENINE SN IS v Longitudinal Support Beam (Typ,)

ELEVATION AT BENT
PHASE 1l - STRESSING LONGITUDINAL TENDONS

Assembly Truss ——,
\

— \
/ Winch \ Direction of Erection __

PHASE Il - TRUSS ADVANCEMENT
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Girders with CIP. Columns

= %A{.:I' ERNATE A3
', ‘Segmental Box Girders with Precast Columns
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éeI“"Span Typical Section
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Typieal Column Bent — BT Span
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CIP PIER CAP -

Alternate A2 — Cast-in-Place
Piers

CIP PIER

1

CIP FOOTING

36” SQ PPC PILES

ELEVATION SIDE VIEW

PIIECAST PIER CAP

Alternate A3 — Precast

- PRECAST PIER
Pilers
CIP ANCI-IOI!AGE SEGMENT

CIP FOOTING

36” SQ PPC PILES

ELEVATION SIDE VIEW



SIDE SPAN #1 MAIN SPAN SIDE 5PAN #2

PHASE | - MODIFIED BALANCED CANTILEVER MaiRrSpan: Erection
CONSTRUCTION (CANTILEVER 1)

Scheme

SIDE SPAN #1 MAIN SPAN SIDE SPAN #2

SIDE SPAN #1 MAIN SPAN

PHASE | — MODIFIED BALANCED CANTILEVER CONSTRUCTION (CANTILEVER 1)
COMPLETE SIDE SPAN #1

SIDE SPAN #1 MAIN SPAN SIDE SPAN #2
PHASE Il - MODIFIED BALANCED CANTILEVER CONSTRUCTION
(CANTILEVER 2)

PHASE 111 - MAIN SPAN CONTINUITY (COMPLETED MAIN SPAN UNIT)




T

-wqh-
RGE Mdelim Data T

ik

DEL TJJ SWAN (Delft By drauli
dEVEIop Je,numerlcal model

yn A
T Ll

J.‘-—

F’ouss]ﬁ}"" 50 Wave Model (Danish Hydraulic Institute) for
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— ADCIRC (Finite Element Hydrodynamic Model, LSU &
- USACE) to perform storm modeling of Hurricane Katrina
and hypothetical stronger storms




Instantaneous Wave Forces on Bridge Span

Span Cross-section
AT T el e e o L Entrapped Air

Storm Water Level

Mean Water Level

dg
d
ey o | e

Horizontal Forces Vertical Forces

Fdrag = Drag Force Fdrag = Drag Force

Finertia = Inertia Force Finertia = Inertia Force

Feam = Change in Added Feam = Change in Added

Mass Force Mass Force

Fi, = Buoyancy Force
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Hurricane Katrina

~100-year=Even i
Max. Wave Crest Elevation= 22.8’

distance (m) -

2.2

2.1

1.9

1.8

1.7

1.6

Hiumrricane Katrina

hsig wave height (m)
29-Aug-2005 00:00:00

1 . S
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1
1.09

1

1 1 1 1 ]
A 1.11 1.12 1.13 1.14 1.15 1.16 117
distance {(m) — x 10
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Hurricane Katrina West
~ 500-year Event

—_———

i —

. Wave Crest Elevation = 30.6'(NAVDS88)

distance (m) —»

2.1

1.9

1.8

1.7

1.6

1.5

Hitrrican Katrina West

hsig wave height {m)
x 107 29-Aug-2005 00:00:00

2.1

1.8

1.5

-
1.15

1.17
5

x10

1.12 S 1.14 1.16
distance (m) —

1.1 1.11
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WhHEE oos,;g;],- e, the bridge finished grade will'be
SEVaied beyond the 500 year event (30.6 ft. for low
C Oﬂfrere mﬁ A7 1t. for FG low level bridges)
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_ tT.‘ é?tidn spans close to the shore, spans will be
| _gr—Ted for the 100 year event and anchored
"a'cmrdlngly
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PEciications do not directly
e surge load condition.

Trigileg _” duration load caused by the surge could be
z10) Sl rgs a Strength Il case and the short impact

~ ~loadc yld pe treated as an extreme event load.



DESIGN SPECIFICATIONS

1-10 Bridge Over Lake Pontchartrain

S.P. 450-17-0025
Rev. 8 77

Load Combinations and I.oad Factors
(Per AASHTO LRFD Bridge Design Specifications Table 3.4.1-1 unless noted otherwise)

L.oad Factors

Limit States DC DW 1 5 T 3
Max | Min | Max | Min | LL | IM | WA | 8' [ 8% | WS | WL | FR CR TG | SE | CcV | SC
SH
Strength [ 125 09 | 1.5 | 065|175 | 1.75| 1.0 | - | - . - 1.0 | 0.5/1.2 = 1.0 5 -
Strength 11 125 09 | 15 | 065135135 10| - | - 1.0 | 0.5/1.2 e 1.0 5 .
»Strength 111 125 09 | 1.5 | 065 | - n 1.0 - | - | 1.4 - 1.0 | 0.5/1.2 5 1.0 n -
Strength V 1251 09 | 1.5 065 135|135 10| - | - | 04 | 1.0 | 1.0 | 0512 5 1.0 = -
Extreme 1I° 1251 09 | 1.5 065 025|025 10| - | - | 03 - 1.0 - 2 - 1.0 -
Extreme IITI° 125 09 | 1.5 | 065175 ] 1.0 | 1.0 | - | - = = 1.0 s 5 = = 1.8
Extreme IV° 125 09 | 1.5 | 065 | - 5 1.0 - | -] 14 - 1.0 % y - 5 0.7
—»FExtreme V° 1.25 ] 09 | 1.5 | 0.65 . 8 1.0 | - 8 & = 1.0 . 8 . 1.0 | 0.6°
Service I 1010101010 10]10] -] - 103101 10] 1012 ] 05| 10 2 .
VService I 1.0 10101013 13|10/ - | - b 2 1.0 | 1.0/1.2 " 2 8 5
Service TII 10|10/ 10/ 10] 08 08 ] 10/ - | - . ’ 1.0 | 1.0/1.2 | 05 | 1.0 . .
Service IV 1.0 | 1.0 | 1.0 | 1.0 . . 1.0 - | - | 07 5 1.0 | 1.0/1.2 | 1.0 | 1.0 . 2
Fatigue . , y - lo7slo7s| 10| - | - . 5 ’ . 8 y , y
T IStorm Surge 1 | 1.25 [ 0.9 - - - - 1.4 - [ 1.4 - 1.0 | 0.5/1.2 - - - -
Latorm Surge2 | 1.25 | 0.9 - - - - - | 1L.0] 03 - 1.0 - - - - -

! Quasi-Static Storm Surge Forces

2 Dynamic or Impact Storm Surge Forces

7 Scour Depth

* 180% of the Scour Depth
% Per NCHRP Report 489 “Design of Highway Bridges for Extreme Events™.
® 60% of the Scour Depth
7 Apply wind load on structure (WS) to surfaces where storm surge forces (S) are absent.
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Wessel Impacthlteoads

Distance to o e _
Bent Centerof Desipn Vessel Impact Force Parallel to Bent | Impact Force Perpendicular to

Channel (ft (kips) Bent (kips)

Loaded Unloaded Loaded Unloaded

175and176 | 125 | Oversize Tanker | 2642 | = 2182 1321 1091
174and 177 325 | Oversize Tanker | 2505 = 2145 1252 1073
173and 178 | 460 | Oversize Tanker | 2419 | = 2124 1209 1062
172and 170 | 595 | OversizeTanker | 2338 | 2104 1169 1032
171and 180 | 730 | Oversize Tanker | 2264 = |~ 1837 1132 018
170and 181 | 865 | Oversize Tanker | 2198 = | 1438 (Note 1) 1099 719
169and 182 | 1000 | Oversize Tanker | 2142 | 1438 (Notel) 1071 719
168 and 183 1135 | OversizeTanker | = 2097 | 1438 (Note 1) 104 712

Other Bents | >1140 (3 x LOA) | Empty Barge 96 96 48 48

Vessel Impact Speed, V:

1) Use 2 feet per second for the locations beyond 3xLOA from the center of the channel.

2) Use 7.3 feet per second in the navigation channel.

3) The speed beyond the navigation channel shall be linearly reduced from 7.3 fps to 2 fps as a function of the distance from the center of the
channel.

Notes:

1) For bents located within 3xLOA, the minimum impact force shall be 1438 kips which is the empty standard hopper barge impact force at
vessel impact speed of 12 feet per second per storm surge analysis report (Appendix A).

2) The vessel impact forces shall be applied to the locations specified in AASHTO LRFD Bridge Design Specification Section 3.14.14.
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{000 cou ombs) and additional concrete cover
zlfle ere to improve the durability of the bridge.
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. — Life-365 software used as a tool for service life.
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Low-Level Approach Superstructure Design Life: {Uncoated Reinforcement)

Required Required
Chloride Diffusion
Min. Comp. | Permeability | Coefficient Dasign
Cementitious| Water/ | Silica Fume |Class F Fly Ash| B.F. Slag Strength at 56 days | at28days Life Minimum
Content | Cement | Percentage | Percentage | Percentage | Reinf. | at28/56 days [(ASTM C1202)[(x 10-12 mvs2)| (See Note) | Cover

Project Mix (LB/CY) Ratio |of Total C.M.| of Total C.M. |of TotalC.M.|  Type (psi) (coulombs) |{ASTM C1556)] (years) | (inches)
LaDOTD Girders 087 0.25 0.0% 30% 0% Uncoated 10000 2000 h/a B1.7 1.5
Virginia Girders 827 0.28 9.0% 0% 0% Uncoated 10000 n/a n/a 51.3 135
Wash. Girders 1000 0.27 5.0% 22% 0% Uncoated 10000 na n/a 73.4 1.5
Nebraska Deck 825 0.31 0.0% 9% 0% Uncoated 8000 1800 n/a 21.2 15
New Hamp. Deck 660 0.38 8.0% 0% 0% Uncoated 6000 1000 n/a 29.5 15
Texas Deck 530 0.43 0.0% 28% 0% Uncoated 4000 n/a n/a 22.0 1.5
Confeder. Mix 801 0.30 7.5% 9.5% 0% Uncoated | 8700@81d 1000 .48@ 6 mo. 54.4 135
Cooper River Sub. 700 0.38 0.0% 43% 0% Uncoated 5000 500 n/a 44.2 1B
Cooper River Sup. 650 0.40 0.0% 20% 0% Uncoated 4000 n/a n/a 20.4 1.5
BR1 705 0.39 7.0% 15% 0% Uncoated 7477 1563 n/a 40.4 15
BR2 800 0.39 4.0% 0% 25% Uncoated 6797 1257 n/a 30.1 1B
BR3 600 0.39 0.0% 0% 50% Uncoated 8974 1128 n/a 31.9 15
BR4 610 0.36 3.0% 3% 25% Uncoated 7178 1244 n/a 33.1 135
Victory Mix 800 0.33 0.0% 0% 50% Uncoated 8000 1000 n/a 42.9 1.5
Four Bears Mix 750 0.39 0.0% 15% 0% Uncoated 8000 n/a n/a 19.1 kB
Our Spec (FAT) 750 0.35 As reg'd. 15% 0% Uncoated 6000 1500 0.85 106.6 1.5
Our Spec (FA2) 750 0.35 As reg'd. 20% 0% Uncoated 8000 1500 1.1 103.3 1.8
Our Spec (FA3) 750 0.35 Asreq'd. 25% 0% Uncoated 6000 1500 1.4 101.9 15
Our Spec (FA4) 750 0.35 As req'd. 30% 0% Uncoated 6000 1500 1.65 102.4 1.5
Our Spec (Slag1) 750 0.35 As req'd. 0% 25% Uncoated 8000 1500 0.85 106.6 15
Our Spac (Slag2) 750 0.35 Asreq'd. 0% 30% Uncoated 6000 1500 1.1 103.3 15
Our Spec (Slag3) 750 0.35 As req'd. 0% 35% Uncoated 6000 1500 1.4 101.9 e
Our Spec (Slag_;4) 750 0.35 As req'd. 0% 40% Uncoated 8000 1500 1.65 102.4 1.5
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AINe advanced f [JJJ‘J"LJJ, ng have been completed and

oile IerJJrrJJ nruv Eenraeiined rJrFE TEW A YES:

detours have been built including provisions for a
ring hurricane evacuation.

===

=~ = | ow permeability concrete mixes have been agreed upon.

I

L

— Sﬁop drawings have been reviewed for piles, caps, formwork,
girders, joints, bearing pads, electrical and ITS equipment.



hop drav mgs for steel girders are under review.
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SPECTION — LA DOTD , VOLKERT & ASSOCIATES
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