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Abstract

In this paper, we present two perspectives on the basis of on-site investigation regarding the characteristic aspects of
physical damage in the Hurricane Katrina disaster of August 24, 2005, which caused economic losses of $96 billion,
making it the worst natural disaster in the nation's history.

First, there was a large extent of building collapse and flood-borne debris due to the external force of floodwater from
the storm surge and levee failure in many of the affected areas. Based on an investigation of affected buildings with
regard to the degree of foundation fixation, cross sectional area of members, and types of structural materials, evidence
was found to suggest that many of the buildings had structures that were very weak with regard to horizontal forces; and
this is thought to have been the major cause. The reason for this situation is believed to be the fact that in this region,
carthquake forces need not be taken into consideration in building design loads. In addition, a chain reaction of building
damage was observed as entire buildings, as well as portions and members of damaged buildings, were carried away by
floodwaters and caused damage to other buildings.

Second, there was damage from large-scale flooding as seen in New Orleans, a major city. New Orleans, which
encompasses a large area of urban development no higher than sea level, was protected by a levee system that surrounded
it two-dimensionally. The levees were broken in multiple locations by the external force of the storm surge, destroying
communities and causing wide-area disruption of urban functions. The massive levee system was found to be inadequate
in terms of the twofold and threefold failsafe protection of comprehensive flood control systems. In areas that have a
high concentration of population and assets and are highly vulnerable to the kind of flooding that occurred in New Orleans,
it is necessary to design and plan an overall flood control system in such a way as to avoid levee failure, and also to
prevent damage from spreading to a larger area in the event of levee failure.
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Tablel Saffir/Simpson Hurricane scale.

Category Maximum Wind Tide
(mph) (ms™) (ft) (m)
1 74~95 33~41 4~5 1.2~1.4
2 76~110 42~48 6~8 1.5~2.6
3 111~130 49~57 9~12 2.7~4.0
4 131~155 58~68 13~18 4.0~5.4
5 155~ 68~ 18~ 5.5~

%2 B R DM E D% DT (IMA, 2005)
Table2 Typhoon scale in Japan.
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Fig.1  Path and Intensity of Hurricane Katrina.
2 1 EWOR®E Or» 7 (NOAA’s NCDC, 2006) >

Fig.2 Preliminary Estimate of Rainfall Amounts Associated Katrina

Provided by NOAA’s NCDC.

Observed Precipitation
Aug. 24 - 30, 2005
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Table3 Preliminary Estimate of Rainfall Amounts Associated Katrina Provided by NOAA’s NCDC.
Station Name LAT LON Rain
(inch)

PERRINE_5_WSW(FL) 25.58 -80.44 16.3
HOMESTEAD(FL) 25.48 -80.38 14.6
HOMESTEAD_5_W(FL) 25.48 -80.56 14.4
FLORIDA_CITY_8_SSW(FL) 25.33 -80.53 12.3
CUTLER_RIDGE_3_SSE(FL) 25.54 -80.33 11.1
KEY_WEST(FL) 24.56 -81.76 10.4
HOPKINSVILLE_4_SW(KY) 36.85 -87.55 11.9

BIG BRANCH(LA) 30.55 -89.93 14.8

NEW ORILEANS(LA) 29.93 -90.14 13.6
LAPLACE_5_NE(LA) 30.10 -90.42 12.9
HAMMOND_5_E(LA) 30.51 -90.36 11.9
NATALBANY(LA) 30.55 -90.48 10.5
NECAISE_I_N(MS) 30.62 -89.41 10.1
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Table4 Mainland United State Hurricane causing greater death 1851~2004.
RANK | HURRICANE YEAR | CATEGORY | DEATHS | RANK RANK
(at landfall) (M.P.) (costliest)
1 TX (Galveston) 1900 4 8000 13 (over30)
2 FL (Lake Okeechobee) 1928 4 2500 6 (over30)
Katrina 2005 3 1336 3 1
3 LA (Cheniere Caminanda) 1893 4 1100-1400 | 32 (over30)
4 SC/GA (Sea Islands) 1893 3 1000-2000 | 56 (over30)
5 GA/SC 1881 2 700 (over60) | (over30)
6 FL (Keys) 1935 5 408 1 (over30)
7 LA (Last Island) 1856 4 400 10 (over30)
8 AUDREY (SW LA/N TX) 1957 4 390 21 (over30)
9 FL (Miami)/MS/AL/Pensacola | 1926 4 372 12 (over30)
9 LA (Grand Isle) 1909 |3 350 52 (over30)
12| LA (New Orleans) | 1915 |4 1275 18 [ (over30)
14 | CAMILLE (MS/SELA/VA) | 1969 |5 256 | 2 | (over30)
#£5  NUT—IckB@iFEAL (NOAA's NHC, 2005)
Table5 The ten costliest mainland United States Hurricane 1851~2004.
RANK | HURRICANE YEAR | CATEGORY | DAMAGE | RANK RANK
(at landfall) | (Millions) | (M.P.) (deadliest)
. _______________________]
Katrina 2005 3 96 3 1
1 ANDREW (SE FL/SE LA) 1992 5 26.5 3 (over50)
2 CHARLEY (SW FL) 2004 4 15.0 17 (over50)
3 IVAN (AL/NW FL) 2004 3 14.2 27 50
4 FRANCES (FL) 2004 2 8.9 (over60) | (over50)
5 HUGO (SC) 1989 4 7.0 10 (over50)
6 JEANNE (FL) 2004 3 6.9 41 (over50)
7 ALLISON (N TX) 2001 TS 5.0 (over60) | 41
8 FLOYD (Mid Atlantic & NE U.S.) | 1999 2 4.5 (over60) | 28
9 ISABEL (Mid Atlantic) 2003 2 3.4 (over60) | (over50)
10 FRAN (NC) 11996 |3 32 56 49
17 \\C\A\M\ILL\E\\\\\\\\\\\\\\\\\\ | 1969 |//5/ S S | 1.4 /| /2/ ////// |/1/‘(//////
#£6 “HWHITTLEEDOENNY S — (NOAA’s NHC, 2005)
Table6 The Most Intense United States 1851~2004.
RANK HURRICANE YEAR | CATEGORY | MINIMUM RANK RANK
(at landfall) PRESURE (deadliest) | (costliest)
1 FL (Keys) 1935 5 892 6 (over30)
2 CAMILLE (MS/SE LA/VA) 1969 5 909 14 17
KATRINA 2005 3 920 3 1
3 ANDREW (SE FL/SE LA) 1992 5 922 (over 50) 1
4 TX (Indianola) 1886 4 925 20 (over30)
5 FL (Keys)/S TX 1919 4 927 11 (over30)
6 FL (Lake Okeechobee) 1928 4 929 2 (over30)
7 DONNA (FL/Eastern U.S.) 1960 4 930 31 (over30)
8 LA (New Orleans) 1915 4 931 12 (over30)
9 CARLA (N & Central TX) 1961 4 931 35 (over30)
10 LA (Last Island) 1856 4 934 7 (over30)
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' Fig.3 Map illustrating the locations of
Hurricane Track stations of NOAA NOS CO-OPS.
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Fig.7 Maximum water levels in the geographic order for hurricane KATRINA, August 2005.

Station Name Date and Time (GMT) MWL
Trident Pier, FL 08-26-05 17:48 1.500
Cedar Key, FL 08-28-05 13:30 1.659
Pensacola, FL 08-29-05 15:24 2.038
Dauphin Island, AL 08-29-05 17:00 1.942
Horn Island, MS 08-29-05 04:48 1898
Ocean Springs, MS 08-29-05 13:18 4.043
Waveland, MS 08-29-05 09:12 2.737
East Bank, LaBranche, LA 08-30-05 02:30 1.865
Pilots Station, SW Pass, LA 08-29-05 09:30 2.362
Grand Isle, LA 08-29-05 12:42 1.739
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Fig.5 Flood Caused by Hurricane

Katrina in LA and MS.
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(NOAA, 2005) HH 2 17th Street Canal D #; 32 (NOAA, 2005)
Photo 1 Flood around 17th Street Canal. Photo2 Levee Brake Point in 17" Street Canal.
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Photo5 Floodgate of Jefferson Parish. Photo6 Mouth of Canal in Jefferson Parish.

HE 7 17th Street Canal D& " ¥5 (NOAA, 2005)
Photo7 Mouse of 17th Street Canal in New Orleans Parish.
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L8 Lower Ninth Ward 0§20 (NOAA, 2005)
Photo 8 Levee Brake in Lower Ninth Ward.
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Photo 11 House Damage in Biloxi.
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Photo 13 Seashore in Biloxi and Damaged Building.
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Photo 9
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Damage in Lower Ninth Ward.
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Houses on Blocks.
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Photo 12 Building Damage in Biloxi.

11 14
Photo 14 Damaged Bridge.
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