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no. of deaths and the cost as a function of time in years
(considering only the III's listed 10 most costly hurricanes in the US)
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HURRICANE DEATHS and DAMAGE COST
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Hurricane = 250 miles in diameter

Travel speed = 25 mph

Duration over a bridge or a levee = 10 hours

Storm surge = 10 hours

Number of wave cycles = 6000
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Bay St Louis Bridge

Lake Pont Chartrain Bridge
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From Raymond B. SEED
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From Raymond B. SEED
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From Raymond B. SEED
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BRIDGES
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U.S. 90 bridgeU.S. 90 bridge
overover
the Bay of St. Louisthe Bay of St. Louis
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I I --10 bridge10 bridge
overover
Lake PontchartrainLake Pontchartrain
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FOUNDATFOUNDATIION DEON DESIGNSIGN
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LEVEES
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From Raymond B. SEED
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From Raymond B. SEED
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From Raymond B. SEED
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FAILURE BY OVERTOPING AND EROSION
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FAILURE BY OVERTOPING AND EROSION
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FAILURE BY RIGID BODY TRANSLATION 
AND SEEPAGE

WATER

SOIL
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BRIDGES
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NUMERICAL SIMULATION

Wave Length = 60 m

Wave Period = 6 s

Wave Height = 5.2 m

Wave Speed = 10 m/s
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CHEN 3DCHEN 3D -- Wave Impact on Bridge DeckWave Impact on Bridge Deck
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CHEN 3DCHEN 3D -- Vertical Forces on DeckVertical Forces on Deck
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CHEN 3DCHEN 3D -- Horizontal Forces on DeckHorizontal Forces on Deck
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Briaud (1997) Method for Overturning of Piles

TRANSFER LENGTH
Lo = (4EI/K)0.25      Lo = 4.1 m

MAX BENDING MOMENT
Mo = -0.5 Ho Lo Mo = 410 kN.m

MAX HORIZONTAL LOAD
Hou = 0.75 pL B Dv Hou = 288 kN

GROUNDLINE DEFLECTION
yo = Ho/LoK yo = 0.24 m
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RATCHETING 
MOVEMENT

HORIZONTAL SOIL 
FAILURE @ PILES

RATCHETING 
MOVEMENT
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FOUNDATION DESIGNFOUNDATION DESIGN
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Nd:YAG PIV System
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LDV Head with Traverse
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W o o d r o w  W i l s o n  B r i d g e  H y d r o g r a p h y
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LEVEES
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FAILURE BY OVERTOPING AND EROSION
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CHEN 3DCHEN 3D -- Splash Impact on LeveeSplash Impact on Levee
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FAILURE BY OVERTOPING AND EROSION
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EFA Erosion Function Apparatus
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Typical EFA Test Results (Clay)

Scour Rate vs Shear Stress 
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Scour Rate vs Velocity
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Typical EFA Test Results (Sand)

Scour Rate vs Velocity
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Scour Rate vs Shear Stress
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THRESHOLD 
OF 
OPTIMUM 
SIMPLICITY

TOO 
COMPLICATED

TOO SIMPLE

“THINGS SHOULD BE MADE AS SIMPLE AS 
POSSIBLE BUT NOT ANY SIMPLER THAN 
THAT”

---------Albert Einstein (Safir and Safire, 1982)
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ELEVATED                     HOUSESELEVATED                     HOUSES
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ESCAPE STRUCTURESESCAPE STRUCTURES
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CONCLUSIONS
1. Choose a target risk and quantify current risk levels

2. Develop solution to wave forces on bridge decks

3. Tie decks down and design foundation accordingly

4. Develop better understanding of soil erosion process

5. Goal of 4. is to develop guidelines for levee soils

6. Develop tools to evaluate miles of levees efficiently

7. Check concept of elevated houses

8. Check concept of escape structures

9. Implement research techniques into practice
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