Hurricane Katrina
Effects on the Bay St. Louis/Waveland/Shoreline Park Areas
Hurricane Katrina had the eastern eyewall passing over the Bay St. Louis area, in the early daylight hours of Monday, August 29, 2005.  The first landfall was at Plaquemine’s Parish Louisiana at about 6:10 a.m. and then at the Louisiana/Mississippi border at approximately 10:00 a.m.
To properly discuss what happened at various locations around the eye, at different times during its passing any particular point, one must remember that:  1.) Winds rotate counter clockwise around the eye.  2.) The most damage will be felt in the northeast quadrant of the hurricane, along the eyewall and just outside the eye.  3.) Winds will diminish in speed as the distance from the eye increases.

Just prior to making landfall, Katrina was a Category 5 hurricane having winds greater than 155 mph in the right front quadrant.  The storm surge water reached 27 feet at the Hancock, Mississippi Emergency Operations Center later that morning.  No gauges were reported to be working to measure the actual wind speeds at any one location after the storm reached major proportions.

Winds at higher altitudes (500’+/-) were over 200 mph.  Information from the National Weather Service at Slidell, Louisiana indicates that stronger winds, which were found at higher altitudes, have the capability to dip down, causing gusts or other temporarily increased winds at the surface.  Tornados also add to the probabilities when one group of houses are totally ravaged and others nearby are not.
Homes and commercial buildings in the Waveland/Bay St. Louis/Shoreline Park area were subject to these high winds beginning before dawn on August 29, 2005, which were battering buildings, uprooting trees, sending roofs and other objects flying and causing even more damage, prior to the surge of water, which could have done the job itself.  In Wavelend, 80% of the homes were declared uninhabitable.

To discuss the severity of wind and water actions on buildings, signs, trees, etc., that are in the path of a hurricane, one must recognize the laws of science that govern the way forces act on these objects.

Surges:

Wave pressure at 10 mph moving water:

a. 1 foot wave = 209 lbs/ft2
b. 2 foot wave = 418 lbs/ft2
c. 3 foot wave = 627 lbs/ft2
The more intense the storm and the closer to the right front quadrant, the greater the storm surge, as that is the strongest part of the storm with the wind working with the surge to increase its height.  Conversely, the winds on the northwest and west quadrant are working to diminish the surge, by driving it to the southwest and later the south, as the eye passes.

a. At 3:04 a.m. CDT the National Weather Service Dopplar Radar indicated a severe thunderstorm capable of tornados, several miles east of Bay St. Louis, moving west.  (This direction would be over Waveland.)

b. At 3:53 a.m. CDT National Weather Service Dopplar Radar indicated severe thunderstorms capable of tornados seven miles east of Pass Christian and moving west at 60 mph.  (This, again, would move over Waveland.)

c. At 7:25 a.m. CDT, National Weather Service Doppler Radar indicated the leading edge of the eyewall approaching southern St. Tammany Parish and Hancock County.

d. At 9:40 a.m. the National Weather Service Doppler Radar indicated the leading edge of intense eyewall winds moving through southeast Louisiana and Southwest Mississippi.

e. At 10:47 a.m. CDT, SRCC (Southern Regional Climate Center) reported “The intense eyewall winds around the center of Katrina are affecting the north shore of Lake Pontchartrain to the Gulfport area.  These destructive winds will produce wind damage similar to a tornado, over large areas.”

Wind Action on Buildings:
Wind pressures on surfaces perpendicular to the wind direction are recognized as:

a. At 100 mph, wind pressure = 32.78 lbs/ft2
b. At 120 mph, wind pressure = 36.86 lbs/ft2
c. At 130 mph, wind pressure = 43.26 lbs/ft2
d. At 140 mph, wind pressure = 50.176 lbs/ft2
e. At 155 mph, wind pressure = 61.504 lbs/ft2
The leeward side of the buildings roofs, etc., are subject to negative pressure that adds to the forces of destruction. 

Wind pressure against the sides, roof and other projections of a building can tear the building apart, or topple the building with a force that is calculated using the formula F =.00256 V2, where F (force) is measured in lbs. per ft2.
A hypothetical residence, or other building, measuring 40 ft. x 50 ft. in area, with nine foot ceilings and built on columns that are ten feet high, presents approximately 450 s.f. of wall surface to a wind that is blowing perpendicular to its length.  If the wind is blowing 130 mph, a pressure of approximately 43 lbs/ft2 would be exerted on this surface, not to mention the roof, negative pressures on the opposite side, etc.  With the main floor 10 feet above the base of its columns, and the average roof height being 10 feet, the total pressure exerted on the column base plates would be approximately 560,000 ft lbs.  Wind gusts would cause this pressure to increase.  For a building with 24 columns, this amounts to more than 23,000 ft lbs. of force acting on each column to destroy its connection to the slab.
A home that is raised and with two or more floors above the column connection to the frame of the house would be subject to even higher pressures.

Many houses in the area of destruction fell into the category above, but were built to meet the older building codes with lower requirements for winds.  Conversely, a predominant number of homes in the Rigolets Estates area of Louisiana were designed to meet the new International Building Code and survived the hurricane with their structure intact, while others less than a mile away were torn apart and washed away.
It is interesting to note that variations in buildings and building components, and the angle that the wind or water strikes an object, all come into play when determining the force that an object is subjected to.  A round column, for instance, decreases the pressure by approximately 33% in comparison to a square column.

Water presents much more pressure per square foot on an object than wind, but it has to get to the object to do so.  This is why many of these residences were raised, had columns to hold them up rather than walls, and had blow out relief by using breakaway walls or windows below the living level.

All of the houses in Waveland and Bay St. Louis near the shore, and locations such as Shoreline Park and on north of Interstate 10, all suffered severe damage.  These homes had been through other hurricane and most has survived previous floods, but the combinations of higher winds and water did their destruction in Katrina.
Many of these homes were built with their main floors at approximately elevation 6.0, or 7.0, NGVD.  These houses suffered the same wind pressures as did the ones with higher main floor elevations.  For a similar wall exposure of these houses that are mostly over 30 years old, and built to no particular standards, the same pressures would work to tear them apart.

Sincerely,

Emmett G. (Pete) Dammon, P.E.
La. License 8796
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