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~~ew Orlea:-:s , Lo ·i s ::..2.:-:a , a.:1~ t:ie >'..ississippi ".;u:..:~ Co3.st are:1 on 13.-'-e 

17 Au;--u.st 1969 . T:1e stor.;; ceY1t-=r c:::..":'le ashore near Pass C:1ristiaY1, Missi s­

sippi . ~inds repor~edly i:1 excess of 190 ~;h a:1d tides at leas~ 16 feet 

above nornal a:-id wi th lar; e ,•:i:1d- drive:1 ,,;aves accc::r;:-a:-:iei C:::..-:: i_le a:cd 

caused exte:1sive das 3.;e to structures located alo:1g its path . 

This report describes in qualitative terms and with photographs the 

damage to structure s seen by an OCD-sponsored inspection team . This tea"!l 

consisted of the authors and h:o staff members f rom URS Corporat io:1 sent t o 

the _damaged areas on 22- 26 August . 

The damage in the :Mississippi Delta area was primarily caused by high 

water moving in from the Gulf of Mexico to the east . Flooding was very 

severe over large areas . 

The low- lying areas of the Mississippi Gulf Coast immediately along 

the shoreline were most heavily damaged . Damage in these areas appeared 

to have been primarily a result of the battering from wind- driven waves 

riding atop the high water . A dis t inct ·debris line was often seen marking 

the limit of wave damage . Damage from wind was visible along the c oast and 

extended inland along Camille ' s path . Much of the wind damage resulted 

from the falling of trees and branches onto struc tures , highways , and over­

head lines . 

Much masonry (b lock ) construction along the coast collapsed completely, 

probably when the fir st- floor bearing walls failed . Older ,mode!"l frame 

residences alOr!§; t::e coast often withstood the storm con~aratively well. 

Damage i n downtoi:m Gul f port and Biloxi was primarily lir..i ted to ~•:ater da.:;,­

age , and da"!lage to s i 5:1s , a1•.'!"lings, and li ghtly constructed buildi:1gs . :·o 

from inadequat e l at e r al resistance . 

Based on the stor::-i d2.:-:--.:?.;e observed , the followi::; conclusi ons ~-.-ere 

reached : 

1. Many low buil di:1 J , es::,ecially r.:ason r y struct ures, a re oo 

- ~---.-~- •- ---TT- ---.....•• ~-., - - ---,-•--. 
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asho r e wes~ of Gc1l :::;,o:-: , ;,li .::;s :.s si~r,i , lat:e en 17 A-:.;.e:-J.st 1969 . \fu.ny phc:. -: ­

gr aphs of t:ie st o:c.:i da:..a~e a re i ::cL: e • 

Extensive c.;::.::::;.;e :-es lted bot h fro::1 t :1e 1.r msu:;.11° hi _:1 winds acco:-1-

panyL.g Cc.:-:i ille 2.:1d. from : he ext r e::.ely hi €;i t i des coupled with wi nd- dri ·: e:·. 

waves . Damage ·.,as greatest i n low a r eas i mmedi a t ely adj a cent to the 

coas t line . 

Because of 1.LDcert ainties of the material proper ties for the vari ous 

buildi ngs and par t icul a rly of t he loadi ng , t he report presents mainl y 

qualitative r esults . 

More ductile buildings, such as heavy wooden f r ame cons t ruct ion , 

appeared to have survived the storm best . 

The storm damage indicated a need for more lateral strength in bui lc:.­

ings , especially masonry structures, and for more adequate design of co~­

nections and other details . 
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!luclear 1·:ea:;,ons ::::fects Di ·;isic:1 , a:1d u.--:de r :,::e :i::.rec-: si..:pervision o ::' 

The report is pri~z r ily a t rip r epor t of the inspection t rip r::ade by 

the authors and two pr ofessional staff rr:e!".:oe rs of t~e URS Corporation to 

the Gulf Coast re g.:.ons heavily da.'::aged by Hurri ca:1e Ca!.".ille in August 1969 . • 

This inspection trip was sponsored by the Office of Civil Defense (OCD) 

under the direction of Dr . J . O. Buchanan , Deputy Assistant Director of 

Civil Defense (Research) , through Mr . R. ?. Stellar, Chief of the Joint 

Civil Defense Suppor t Group of the Office , Chief cf Engineers . 

The authors wish to ack:owledge Mr . James F . Halsey and Dr . Carl F. 

Miller, party members from URS , for their assistanc e both during and after 

the trip; the New Orleans District, Corps of Engineers, for their aid ~nd 

for permission to use Fi gures 2 . 10 through 2 . 13 and 2 . 25 through 2 . 27 ; and 

the Weather Bureau at New Orleans for providi ng meteorological information 

on Camille . 

Director of the Waterways Experiment Stat ion duri ng the preparat ion of 

this report was COL Levi A. Brown, CE . Technical Director was Mr . F . R. 

Brovm . 
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1. 1 

stc :c.:! o f 2. 969 , struc~--

t .e 

co::i.ing as:1.ore a2.o!:.g :he ;.:.:_3s i. ssi:;::;:-i ·"ul :' Coast . ~-~i :h ·,.r::..nds reportedly 

a_ prcac.i~g or exceedi!:.g 2JO n~h~ ~ear the eye of the stor.:i at the tine it 

ca~e agrour.d , it has reported to be t:1.e most inte~se, a~t.ou~h not the 

largest , nurrica~e ever to hit t he lhited S:a~es ~ainlard . 7here ~as ex-

tensive water and wi nd da':lage t o the Mississippi Gulf Coa s t and t o the 

Mississippi River Delta below New Orleans, Louisiana , with considerable 

wind damage extending along the storm ' s path inland . 

On 20 August , Dr . J . 0 . Buchanan (Office of Civil Defense , Research) 

r equested that Office , Chief of Engineers (OCE) provide support from the 

e 

U. S. Army Engineer Waterways Experiment Station (WES) to aid in conductir.g 

an OCD-sponsored survey of the storm damage . 

1.2 SCOPE AND PURPOSE 

In a telephone call on 21 August among Mr . W. J . Flathau and 

LTC F. M. Anklam (WES) and Messrs . F. Heller and R. Stellar ( OCE), WES was 

requested to provide transportation (both air and ground) and professio 1al 

assistance " .•• to aid OCD contract personnel in making an aerial recon­

naissance of the disaster area , obtaining representative photographic cover­

age, and related work ...• " starting on 22 August . 

1~e field party incluted two profess ional staff members of the URS 

Corporation, Burlingame, California: Mr . James F . Halsey, Director, 

Theoretical and Applied Mechanics; and Dr . Carl F. Miller , Vice- President 

and Director, R_esourc e Allccations Research Progra.'11 . HES representatives 

~ere Messrs . R. S. Cummins and M. E . Criswell, Res earch Structural Engi­

neers, and Hr . Geore;e Ne· ... -:::an , Photo[;rapher . 

* A table of f actors for conve r ting British uni ts of rr.easurement to metric 
units is presented on page 9. 
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the postattack r ecovery a~d/or sugbest re se~rc:i needed to accomplis:i this . 

The v:.SS perso.nel were particularl y concerned with the structural per­

formance of civil eng i neering struc t ures and othe r buildings located in the 

s-.;orm- da'Tiaged area . Ther e fore , this r eport ~-rill discuss prir.:arily t:ie dam­

age to structures resulting fr om Hurricane Ca~ille , especially to those 

along the Mississippi Gulf Coast . • 

1.3 INSPECTION TEAM IT ilJERARY 

1.3.1 22 August. The inspection team left the Vicksburg Airport, 

Vicksburg , Mississippi , at 7 :00 a .m. aboa~d a chartered, six-passenger air­

craft for New Orleans. The team arrived at the New Orleans District (NOD) , 

Corps of' Engineers, office at approximately 9 :00 a.m. During this visit, 

MAJ West, Executive Officer , and his staff presented an excellent briefing 

regarding the damaged areas within the NOD (mainly below New Orleans), and 

were most helpful in offering their support . 

During the afternoon of 22 August , an aerial reconnaiss ance was made 

of damage in the Mississippi River Delta area (particularly Plaquemines 

Parish). Figure 1 . 1 shows the fli ght path and itinerary . 

Turbulent weather moving in from the north and east prevented flight 

over the Mis sissippi Gulf Coast area. After stops at Houma and Hammond , 

Louisiana , due to the unfavorable weather conditions, the party cont inued 

the flight to Hattiesburg , Mississippi. In Hattiesburg the party met with 

other WES per sonnel who had brought in supplies and ground vehicles from 

Vicksburg . 

1.3.2 23 August . Poor vi sibility precluded flying. on the morning of 

23 Aue;ust ; therefore , the pa~ty left Hatt i esburg by automobile bound for 

the Gulf Coast . 

Personnel of the Office of fue r gency Preparedness (OEP) and the U. S. 

Army Engi neer District, Mobi e , l ocated in the Operation Center at the 
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On the after:1ocn of 23 Au,:-.1~ -: , tte :;:ar";y c.e:;::artei the Gulfport Ai~ort fer 

an additional aerial survey of the dauaged areas . Unfavorable weather pre­

vented fli g:1t east of Gu_0ort and over Biloxi and Pascagoula , but be fore 

r eturning to ::s.tt :.esbT"G~ se,,-eral '.-':i.ssiss i :;:pi i :1la::.d to~-.--::.s (Picayu_'1e , 

Poplarville , Lcr:':Jerton , and Purvis ) along the path of the s torm were vie,-.-ed 

from the air . • 

1.3.3 24-25 August . On 24 August , Mr . Halsey and Dr . Miller le ft the 

inspection team for a fli 6ht to Washington , D. c., to attend a conference 

at OCD regarding this survey. 

The WES personnel returned to the Gulfport area by automobile for 

closer i nspec tion of selected damaged structures and to make a general dam­

age survey in the Biloxi area , i ncluding the Back Bay vicinity. 

1,3.4 26 August . On 26 August, v:E S personnel returned to Vicksburg 

by automobile. 
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Figure 1,1 Flight itinerary and route. 
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CHAPI'ER 2 

DAMAGE TO STRUCTURES FROM HURRICANE CAMILLE 

2.1 THE STOPJ1 

Ca"::ll..!..e , :: _::::.'.•,':led as a t rop::_cal sto:r.:: i.:1 t:1e Ca:cib'::lea.:1 Sea 0:1 14 A.u5 J.st 

1969 , gai. ed st r e~gt::. r2.pidl::,r i;,S it touched ,,es te1·:-: Cuba and developed i nto 

a very i:l.tense s torr.: as it e:1teyed the '.}ulf of :-:e::--:ico (?.efeye:1ce l ) . 

crune as:10re a~out l 0 :00 p . :-:-1 . CS? on t:1e nig'.--_-:; o:' 17 AUf;ust _969 al o:i.,; tr.e 

Gulf Co2st of ,-Iississi:;;pi , center::. ng it s :ur::,r ;,., the vici:1ity of Pass 

Christian . The highest tides arrd winds a.11d t:-ie 10"1-;est barometric pressm:e 

ever recoyded along the Gulf Coast r esulted from Ca~ille . Wi nds estinated 

at 190 mph or greater generated 10- to 12- foot seas atop at least 16- foot 

tides in many areas . A high- water mark at 2h . 2 feet above mean sea level 

was measured east of the Pass Christian business district (Reference 2). 
Local tornadic winds also weye reported in the s torm area . Figure 2 . 1 

- shows the path and the estimated wind field of Ca~ille (Reference 3) , An 

extremely low barometric pressure of 26.61 i nches of nercury was measured 

in the eye of the storm at 12:15 CST on 17 August, the second lowes t pres­

sure ever recorded on or near the United Stat es mainland. A verified 

pressure reading of 26.85 inches of mercury was measured in the Bay Saint 

Louis area . 

The water level generally changed slowly with cont i nuous wave a ction 

rather than one large tidal wave; however , s orr:e observers reported local­

:..zed areas which apparently suffered :rapid ri se and/or fal l of the water 

level. 

As sho"l-m in Figure 2.2, the winds f rom Camille far exceeded the 

listed 100-year wind intensity of about 110 mp:1 along the Gulf Coast 

(Reference 4) . 

The ston;1 noved through the coastal area a t a speed of about 15 r.:ph , 

traveling in a north by northwesterly direc t ion , }:;'.:!.ssed to the wes t of 

H2 :.t i e s 1::r1.:.::.· ; , ____ ,., ..J. ,. _ ,,.., ..... rl 
__ ..._, _ '--'- • ;.... .• iV co:...._-:: .:_::. ·..:.e:i t~ .. e 

state . 1-:aximu~ wind velocity had dropped to 67 np:1 and a mininum ba ro­

metric pressure of 28 . 93 inches was recorded as the storm passed to the 

ea.st of Jackson , Hississippi . Moderate to heavy r a in s accompanied 
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Ca':'1:.lle , re:::.uce-=. to a lo:- :;:-res sure c:2:r; ress ion in nort::e :::-:1 .i<ississ ippi , 

r ains i n VirE;inia a.nd \';est Virgi nia , causing disastrous local flooding and 

nu.~erous deaths in the area near the Ja~e s Rive r . 

2 . 2 G1~ .:.ML DESCR::::PI'IOH OF Sl'OR:1 DA?,:A.GE 

The most int ense da~age fro~ Ca~ille was in Plaquemines Parish , 

Louisiana (below New Orleans) , and in the first several blocks inland along 

the Mississippi Gulf Coast. It appeared that da.II12.ge in these areas re ­

sulted primarily from high wa~er and wind- driven wave action. Structures 

were completely leveled along some of the coastal areas . 

Flooding without the destructive pounding from -wave action and water 

movement was evident in many _ow areas several blocks inland, particularly 

in the east end of Biloxi, which was afforded protection by the proximity 

of Deer Island. 

Wind damage along the coa s t , though certainly not negligible, was 

generally secondary t o the damage from water and water movement . The wind 

damage in inland areas was generally less than this inspection team had 

expected . The 190-mph winds reported correspond to a dynamic wind load· of 

approximately 0 . 85 psi . Most of the structures, however , were not sub­

jected to winds of this ~agnitude because trees , adjoining structures, and 

other objects causing ground drag prevented their being loaded with the 

maximum wind load. Also, the wind velocity was less in areas away from the 

storm center and the winds dissipated considerably as Camille moved inland 

(see Figure 2 . 1) . 

Although less than one week elapsed fron the time of the storm until 

this inspection trip , much debris had already been cleared from highvays 

and streets, plyv.-ood had bee!1 re::-:o·,·ed frc.:: i:-;ost ;;ir:cio·,;s , and r..uch broken 

glass had been r epl aced. So~e evidence of these operations can be seen in 

the photogr aphs contained herein . 

2.2 . l Missis s ippi River Delta , Louisia!1a . Dama6e observed from the 

air appe.J.red to hnxe been caused alJ::ost entirely by hic;h ·water and wave 
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northeast . Fivrre 2 . 4 is a ~~p of this area . 

¥.any nobile ho~es (brought in after Hurri ca.~e Betsy in 1965 ) and small 

houses in this area ~-;ere coc::pletely des t royed . L11 numerous cases, these 

s t ructures Nere f _oat ed fairly intact onto or past the back levee located 

behind the river towns . Both the f ront and back l evees we re damaged, espe­

cially between Buras and Venice . Figures 2.5 through 2. 9 are photographs 

taken by t he survey team in the Empire-Buras area . Figures 2.10 through 

2.13 are photographs taken o~ 19-20 August 1969 by personnel of t he New 

Orleans District, Corps of Engineers (NOD ) . 

Most of the structures in this area were either light single- fa~ily 

dwellings or heavy industrial (oil , sulphur , shipping ) construction . Fran 

the air, the industrial construction usually appeared to have remained 

structurally intact. 

2.2 .2 Mississippi Gulf Coast . A large portion of, and the most im­

pressive, storm damage paralleled the Mississippi Gulf Coast and extended 

from one to severa l blocks inland, depending on the local topography . This 

damage it would seem resulted primarily from rising water and wave action . 

The wind directions in the Gulf Coast area changed continually as 

0amille with i ts counterclockwise winds moved northward . The maxir.mm winds 

in the Gulfport area appearei to have been from the east . The tidal rise 

and wave action apparently came from the sout h to southeast . 

A map of the central Mississippi Gulf Coast area is shovm in Figure 

2.14 . The r.iost h,eavily damaged areas visited by this team i ncluded the 

Pass Christ:i.a:1 vicinity , part s of Long Beach , and local waterfr ont areas 

between the Biloxi and Gulfport business districts . Aeria l views of the 

area fr c:-!! G· £'port ,.,·est a re 2ontai!:ed i:i Y°iQITes 2.15 throll[:-t 2. 27 . :'i G­

ures 2. 25 through 2. 27 were taken on 19 August 1969 by OD . The coastal 
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area immediately north and west of the Port of Gulfport was somewhat shel-, 

tered by the port facilities. 

All of the coastal area along U.S. Highway 90 from Saint Louis Bay to 

Bil:::xi ~3.y , a dis ta::.ce o:, 27 r.iiles , was built up -,.;i th a var i ety of construe-

tio:1 '::.::c: se·,eral 1:111.l-:istory r e-

sort hotels , ~otels , and apar t~er.. t s , as ~~11 as gasoli:1e stations, res tau­

r ant s , and re tail s t ores . 

Many motels and apar tments Kere cc::::;:letely leveled . Many olde r aEd 

multi story house s rem~i~ed s ta:-idi ng , even t ~8U.Sh they sus~ained extensive 

structural damage at the first floor level primarily from the effect s of 

high water and the pounding of waves . In ma.,y cases , t he content s of the 

first floor were washed out. A large portion of the heavily damaged struc­

tures, especially the older residences , that remained standing will prob­

ably be torn down as restoration will be either impossible or uneconomical. 

Numerous trees were do;m in the coastal area. Bark was off the sea­

ward side of many trees 12 to 15 feet from the ground, indicating the upper 

level of wave action and effects of waterborne debris. 

The extent of debris deposited inland marked the limit of greatest 

tidal action. The debris line is clearly seen in Figure 2.17. 

Many small boats and several barge s and storage tanks floated ashore, 

some leaving considerable structural damage in their path. Large rolls of 

kraft paper and bales of jute came inland from the Port of Gulfport facili­

ties, Three large freighters were floated aground in the Port facilities . 

The do;mto;m area of Gulfport and inland coastal areas had only com­

paratively small amounts of structural da.~age. In the downto;m area of 

Gulfport , some windows and signs were broken and many first floor areas 

suffered water damage. The post office, only one block from the coasta l 

highway (U. S. 90 ), appeared undar:iaged except for w-ater in the part ial 

basement , the location of a NFSS Fallout Shelter . In other areas of Gulf­

port , some lightly const r ucted buildings ar:d roo:'s were blown over with 

window breakase and roof de...-::.age o_ui te cc~..:-:10:1 . Isolated ~ockets of resi­

dences inland were heavily dama8ed , with some ho~es l eveled , probably by 

local tornadic ,,-:i.r..ds . 

Water damai:;e alonG the Back Bay of Biloxi was less than t hat alonG the 
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to trees , lig:it ut ilit y buildir,; s , house trailers , a::d r oofs , especially 

corrugated metal roofs . 

L~ t he ?ath of tte stcr::1 , so7.e la~ger bu~lc~~gs , e s?ecially sc~ool 

gyrnr..asi-:.:-::s a~d lo~g- s~a~ steel fra::--,e builQi~; s , we~e d~~~~ed . A consider­

able portion of the structural damage to residences was caus ed by fall ing 

trees. 

2.3 PERFORMANCE OF STRUCTURAL TYPES 

Some types of s t ructures withstood the wind and water forces much bet­

ter than others. Failure modes of various structural types also varied 

considerably. 

Survival of the structures was primarily governed by the ability of 

the building to resist lateral loads and the care taken with the design a11d 

construction details. 

Specific case studies will be discussed in Chapter 3. 
2.3.1 Masonry Block Structures . Many.motels, apartments, gasoline 

stations, and small businesses along the Gulf shoreline were constructed of 

block and/or brick bearing walls , and these structures generally f ared very 

poorly. An appreciable nUr.1be r collapsed totally with little evidence re­

maining to indicate how they looked before the s torm . Almost all buildings 

of this type were totall y destroyed in the area along the coast from Gul f ­

port to Bay Saint Louis. Figures 2.40 through 2.46 show the remains of 

some buildings of this t ype . 

Masonry block buildi~gs were usually either totally destroyed or left 

relatively unharme d, a behavior expected because of the brittle nature of 

nonreinforced or very lightly reinforced block walls . A few block build­

ings had only the south or east portions destroyci . 

Block walls a re inherently weak in resis ting tension or bending , 

loading cases necessarily accompanying the v:ater and wind movement . Block 
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t he struct ure , bei~ 0 i:1aceq~ately suppcr t ed , collapsed a~d ca~e apart like 

fairly s:-.all s i;::e , ;n ::my i ~::iv---::.d.ual bl _ .::~:s a:: :i pieces havi:1g a lare;es t 

dimension of 4 feet or less . 

Figure 2. 43 shmrs the r ema ins of the Richelieu Apartments, whe re 

23 people died af'ter i gnoring repeated warnings by local authorities t o 

vacate the building . 

Block buildings inland generally suffered little damage except where 

very slender walls were used . 

2.3. 2 Wooden Frame Buildings . Many two- and three- story older frame 

residences lined t he coast, especially west of Long Beach and be tween Gulf­

port and Biloxi . Many withstood the storm forces amazingly well. Depend­

ing on the location , many were totally l eveled or destroyed (Figures 2.47 
and 2.48) , but others remained standing even after very extensive struc­

tural damage to the first floor area (Figure 2.49) . Survival in the top 

f l oors of many older wooden frame buildings would have been possible in 

many cases when so-called modern buildings in the ar ea were t otally 

destroyed . 

These older buildings were tied together much better than the ~~sonry 

structures , functioned much more as a unit , and were much less dependent 

on deadweight for their s tability . Well constructed wooden buildings are 

generally very ductile in behavior; they can withstand large movements 

b efore collapsing . Also, the diagonal sheeting on the exterior and the 

numerous interior walls capable of functioning as shear walls and l oad­

b earing walls helped these buildings withs tand the lat eral loads produced 

by the storm. 

Many wooden fr a.111e structm·es , espec i ally older residences , were not 

designed by analysis but were built based on experi ence and intuition to 

have "sufficie:1t s t r en:;th " usi. r;: conven i ent a:-:d av:;.i l ab l e ::1aterial sizes . 

If these buildings were structurall y analyzed , many no doubt would be found 

to have very high factors of safety for normal des i gn loads . These nonde­

signed (from an a r.alysis standpoint) wooden s t ructures pr ob~bly :r-anced from 
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TI-:e be:1avio:- c :' w::o::.e::1 :::~ra."':".e s-::r-.1c:-.rres i:-,la::. ::., ttose recei vi::.g only 

wind loadi:1g , varied considerably . 1-~ost ,;,;i thstood the ·,;ind loads fairly 

well. T:'1ose da.::.e. ;ed. ·,re :-:-e us·.tally ve:-:-y lightly constructed (such as utility 

buildin§;s) , dete:-:ioraT,ed. , or ir.:;.e:-:entl::.; i-:e2.k , a:-:d o::'4;;er. ::.e..d rela-::ively 

large ;;al_- free i ::terio:-:s (e . g . s tores, gara;e s , a::d farn build::.r:e;s) . 

2 . 3 . 3 Li ght Steel o:-: Co'.':c:-:e t e Fra--::e Build.i:1€S. A considerable number 

of single- story stores , warehouses, a.~d shops were located along the coast 

which were constructed with s t eel f ra~es , nonstr uctural masonry or sheet 

metal exterior walls, small roof beams or bar joists , and built- up roofing . ' 

Along the coastline , t he walls of most of these building s failed be­

f ore t he frame itself, and the contents of the building were washed out . 

The bare frame was often left, sometimes with the steel columns not iceably 

out of plumb . Figure 2. 50 shows a steel frame building in Gulfport . Some 

f rames and portions of the roofs collapsed when bar joists supporting the 

roofs were not adequately connected at their ends . 

Figures 2. 51 and 2.52 show two gutted frame structures , and another 

such structure will be discussed in Chapte r 3. 
Small concrete frame buildings were not numerous . The walls and roofs 

usually failed before the frame . Figure 2. 53 shows one such building . 

Inland, the wind damage to these structures was pri marily limited to 

window breakage , and damage t o some sheet metal walls and to roofs. 

2,3,4 Heavier Business and Multistory Cons t ructio:1 . The heavier 

frame and masonry structures , such as the multistory hotels and s tructures 

in the do~~town areas of 3i l oxi and Gulfport , usually sustained only super­

ficial structural da"llage , i.e. damage to windows , signs , awnings , nonstruc­

tural exterior walls and screens , and wate r da"'::age in baser.ent s and at 

firs t floor levels . A view of Gulfport from t'.'le south is shown i n 

Figure 2.54. 
One of the few ne•,-rer tall buildir.[;s in the area was the eiGht- story 

concre te fr,une building of the Mississippi Power Compa:1y . It is located 
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large size a:-: i sa::, on an eleva:,:d pl3.z2. . 7:1.e c:-:ly ds::-.2.; e ·,,-as a fe·,r brok;;::-i 

windoii panes e.::i c.:..2.;e to tr.e e2.s t side c :' 

and cooli:-,; -c mre::- . 

In no case s seen did l a r ge mult i story bui ldi ngs suffer f r or.1 overall 

lateral instability or over-:urni ne; . Sever a l ol der hotels and a bank build­

ing were up t o e i ght or ni ne f l oors high . Ma.'1y o:' ti1e se buildings have 

"nonst r uctural" L.teri or p2.r t iti ons and walls w:i i ch acted e f ficiently to 

help resist lateral loading s . 

2 . 3 . 5 Buildings wi th Lar ge Interior Areas : Schools , Churches, and 

Gymnasiums . Mos t churches and schools in t he Biloxi-Gulfport area suffered 

only comparatively minor damage . This was not a common type of building 

along the immediate coastal regions . The front of one fairly large , heavy , 

wooden frame church located i mmediately along the coast in Long Beach 

(Saint Thomas Catholic Church) was destroyed, probably by wave ac t ion . 

Inland , some wind damage to churches and schools was observed . In 

several cases , t he wind force had been suf ficient to blow in the tall ma­

sonry walls and/or _the r oofs at the east ends of church naves and gymnasiums . 

The Poplarville High School was heavily damaged (see Figure 2 . 55) . 

2. 3 .6 Marine St ruc t ures and Bridges . Nearly all piers and boat docks 

along the Gulf Coast were totally destroyed . The piling , which was often 

tilted toward land, was all that remained of most of the piers . Figure 

2.56 shows part of t he Pass Christian Yacht Clu~ f acility after t he storm . 

No significant damage to the seawall extending from Bay Saint Louis to 

Biloxi Bay was seen by this team . 

Levees were breached and washed out in several locations along the 

Miss is s ippi Rive r be l ow r ew Orleans . 

All bridges observed had sus tai ned s ome damage but none had collapsed . 

The D' Toerville Br idge nor th of Biloxi on Back Bay sustained damage when 

free-float i ng barges str uck it . The r ailroad bridge over Sai nt Louis Bay , a 

mult ispan causeway , had the r ails and t i es stripped fro:!l i t by high water 

and wave act i on . The Bay Sa i nt Louis hic;hway bridge had extens i ve damage to 

t he deck and wi l l be discussed i n detail in Chapter 3 , 
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Figure 2.26 Henderson Point, on east shore of Saint Louis Bay, Mississi~pi. 
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Figure 2.27 Debris at east end of Bay Saint Louis Bridge, Mississippi. 
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Figure 2.28 Tug and paper rolls in debris, west Gulf'port, Mississippi. 
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Debris from residences and Port facilities, west Gulf'port, Mississippi. 
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Figure 2.30 Tank floated in from harbor, west Gulfpo:x:1;, Mississippi. 
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Figure 2.31 Ships aground, Port of Gulfport • 
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Barge, debris, and damaged residence, west Gulfport, Mississippi. 
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Figure 2. 33 Debris of a shopping center, Long Beach, Mississippi. 
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Fir:urc 2 . 34 Des t royed residence from front doorsteps , Long Beach , Mississippi • 

'•, 
---~- ► _.,, '\ r ••I ''.;, 



~· .... 
. ,. ., t-~·-· " ,, Jc! ,,. . ~- .... 1- ~-~ 

f 

Figure 2.35 Residence near Long Beach, Mississippi. 
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Figure 2.36 Boat ashore, east end of Biloxi, Mississippi. 
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Figure 2.37 Commercial building, Back Bay of Biloxi, Mississippi. 
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Figure 2.38 Water- drur.aged building, Back Bay of Biloxi. 
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Figure 2.39 Oil storage tank floated inland, Back .Bay of .Biloxi. 
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Remains of brick and.block residence, Long Beach area • • 
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Figure 2.41 Motels, west of Biloxi, Mississippi • 
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Figure 2.42 Motel or apartment house, Long Beach area • 
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Figure 2.43 Richelieu Apartments (23 dead), Pass Christian, Mississippi • 
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Pool area, Gulf Villa Apartments, Long Beach area. 
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Figure 2.46 Service station, west Gulf'port area. 
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Residence, Long Beach, Mississippi • 
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Steel frame recreation hall, Jones Memorial Park, Gulf'port. 
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Figure 2.53 Concrete frame restaurant, Biloxi, Mississippi • 
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Figure 2.54 Gulfport business district from the south. 
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Figure 2.55 Poplarville High School, Poplarville, Mississippi . 
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Seve_al nonres i dential s -t ru:::tt:.::· es ·.•ie re :,,e r e clcsely ex.::..::~r.ei .... L. .::.e 

dar..aged but not totally coll:::.:;;2ed. . '.:.-:: is e:,::clude:i cost r:-..2.sor: r.1 ccr:s t ructior.. 

along t he coast and J~he r s t !'Uctur es so totally destroye:i as to rr_ake a 

meaning:"'ul exar:inati~:1 diffi.c-..i.lt or ir..possible 2.nd. r.:os t larger buildiYJ.gs 

inland ,•;::er e 2..i."1:.,- da!:"..:J.ge ·..ras 1..:.suall y :..i::,.o,: a.."ld. pro'::lab ly ::i:id.en by nor.strue: -

tural elements of the building , 

3 . 1 STATE DOCK 

i This building is a large clear span (span of about 125 feet) war.ehouse 

j 

• • . 

l 

l ocated at the southern tip of the Port of Gulfport . It is of rigid- frame 

construction with combination columns (steel sections encased in structural 

concrete) and with tilt- up concrete wall panels about 20 feet square by 

6 inches thick and roll- up doors forming the walls . Light sheet metal pur­

lins nm along the length of the building and support a sheet metal roof . 

The columns appeared to have been cast in two steps, one to encase the 

steel section and the second to key in the tilt-up walls . The general con­

struction is shown in Figures 3 . 1 and 3,2 . 

As shown in Figures 3,3 through 3. 5, the end facing south- southeast 

and the first bent collapsed into the building with the tilt-up panels of 

this end wall falling with the columns. The tilt- up panels along the east 

s ide of the building were pushed into the structure, and those along the 

west side fell away from the structure. Like many other structures along 

the coast , this building was subjected to loadings far above those probably 

anticipated in their design . 

The connections at the base of the colur:ms along the collapsed end wall 

failed . The dowels at the corner colur."'s , shown in Figures 3 . 6 a.11d 3. 7 , 

were very short , of srr.all size, and had pulled out without breaking . The 

dowel s i n other colU1T.ns along the end ,:all were larger and l onge r but still 

not adequate to develop the tensile s trength of the dowel (Figure 3.8) . 
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top from the s::--.a..L:!. r oof pur:!.i::1s 2;d. e::fectively ::'unc-'-ioned as a l a r s e slab 

sir.;ply supported at both e .. ds a.-:.d alon the bcttc::: . Ti:is s t ructure could 

not res i s t the e:<7,rerr2ly la_ ge latera· _oadings frc~ the storm, probably 

faile · first near t : e top ce!'lt er , a!:i fell i nto t:1e build::.:::g . 

One large (No . 9 or 10 ) bar contained on the horizontal beam over t he 

tilt - up panels of the end wall ruptured with little ductility b eing dis­

played at the location of a bend (Figure 3 . 10) . 

The Port bui_dings contain 30 , 000 low protection fact or (a PF of less 

than 40) NFSS she~ter spaces . 

any , was not determined . 

The number assigned to the St ate Dock, • +' 
1.L 

Other Port buildings were either metal- clad rigid- frame buildings , 

whi ch lost almost all of t he sheeting on the walls , or older reinforced 

concrete rigid- frame buildings located on the leeward side of t he Por t and 

which suffe red only minor structural damage, even though nruch of their con­

tents were washed out . Some of the metal- clad buildings are v i sible in 

Figure 3 .11 and in the background of Figures 3 . 13 a.Dd 3 ,17 . 

3 . 2 MARD~E LIFE AQUARIUM 

Marine Life consisted of a group of various structures (Figure 3 ,12) . 

A large steel arch which thi s tea~ was told was designed for 120- r.iph winds 

sheltered a display tank a.Dd a concrete seating area . A small ( 30 to 50 

spaces ) NFSS shelter was located under this seat ing area . A concrete floor 

and block wall s tructure surrounded the large display tank to the east of 

the arch . 

The steel arch remained. standing despite the loss of two pipe colurrn 

supports at the northeast corner (corner nearest the camera and to the left 

in Figure 3 , 13) and the dropping of the other three colur.~s on the east 

side . Some r oofing v:as t ern off the west side of the ar c:1 (Figure 3 . 14) . 

The r:ri.ddle pier supporting the west end 'of the arch was badly dar.-zGed 
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the t op of the bcn~ - 1 ,... \ 
:;, • ..J.... 'J) • 

destro~-ed. (Figure 3.: 7) • 

The seating 0·1e?: tr:e _;:r-ss area r es t e'i direc-:1::,r 11pon five cor.crete 

block w2.:::.. ls (r::ost_-:,- ·..:..'1::ille::1 ar.d co::tai:1i:1g s::-.3.ll a.'":lOlL.-:ts o:' bloc l-: ties) 

and cc!1sisted of 8- ':.y 10- i n:;:: c ee.:-:-.s fo:-:-::ing t "!1e :~ront of t"t:e ste:ps with 

a t hin slab reinforced · .. :ith wel:ied- wi r e fabric for tl:.e t r ead porti on . 

The b eams contained four To . 6 bars, one on each corner , and stirrups on 

about 18- inch centers . The bars were lapped 6 inches or mor e - over the 

block walls . 

This seating area under the east side of the arch was completely 

collapsed (Figures 3 ,18 and 3 , 19) . The seating area appeared to have 

failed when the water lif'ted the seating and dropped it onto the walls 

crushing some block and failing the beams of the seating por tion at the 

supporting walls, thus transforming the beams into essentially simply 

supported spans which then fell (Figures 3,20 through 3 , 22) . It was not 

clear whether these beams had been designed for continuity; the steel 

arrangeffient, but not the splice length, suggests that they were . 

The welded-wire fabric of the seating slab tore out of the beams 

easily and had little or no cover , as can be seen in t he beam shown in the 

foreground of Figure 3 , 20 and in Figure 3 , 23, which shows a beam that ulti ­

mately failed in torsion . 

The structure around the large tank was in ruins (Figure 3 , 24) . 

Several cas es of ex'creme corrosion of the reinforcement were seen , Two 

examples of such corrosion can be seen in Figures 3 , 25 and 3 , 26 ; thi s 

corrosion is s omewhat surprising since both the beam .and the slab shown had 

1- 1/ 2 inches of cover . Althoue:;h the tanks contained water, conditions at 

these b eams and s labs should not have been more sever e than those for nany 

coastal structures . 

A bundle of No . 6 bars was found by the arch , raising the quest i on of 

whether it was ext ra or had been lef't out of something sor.:ewhere • 
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3. 3 !1'.ARr:::;:: SE".) ? 

A s w.all r..ar ine r eta:l stor e and shop located in a s teel - fr a.~e bui:dir.g 

directly south of !•!a rine Life ·,;as tot ally destroyed . This building , con-

s is ti~g o:' fo:1r 12- f oot - ·,r:!.. :ie 0 2.:,-s of 5,6- foot spa."1 , was direct l y ::.. .:: t :r.e 

pat"r. o:: ntL, .e r o·..is s :-:-.3. ::!.. l boa.: s ( i,.;_;i t o 50 f eet) w::i ch b r oke f r oI'.". t:-.eir rr.ocr ­

ings and moved thr ou gh t he area . 

The steel fra.~e ended up in a pile west - northwest of the building 

slab (Figure 3 . 28) with one colUJrn still tied to the slab (Figure 3 . 29) . 

The welds at t he bas e plate of another colwnn failed (Figure 3 . 30 ) . 

The wel d between the flange and web of a 12- inch fabricated plate 

girder failed, as shown in Figure 3 . 31 . This was a consequence, not a 

cause , of failure . 

3.4 PASS CHRISTIAN CITY HALL 

This building, shown in Figure 3 . 32 , is a two- and- one-half- story 

building with a heavy wooden frame (2- inch dimension lumber on close 

spacing) and a brick exterior , located in · the heart of Pass Christian . 

Af'ter Camille, it was the only building remaining on the soutn side of 

Pass Christian's main street for more than two blocks in either direction . 

Most other buildings in t he area appeared to be l ight , long span , wooden 

commer cial buildings typical of many older and small town business dis ­

trict s (Figures 3 , 33 t hrough 3 . 35) . 

The City Hall appeared to have suffered little, if any, structural 

drunage . The buildi ng had swayed enough during the storm t o cr ack plaster 

(Fi gure 3 . 36 ) , s ome wi ndows were b r oken , and wate r was at least 5 fee t 

deep i n the first f l oor above t he bas ement . 

An OCD Eme r gency Operat i ng Center (EOC) was located in t he basement 

on t he s eaward side of the building . The posts t orm condi t ion of this 

room is shown i n Fi gur e 3 , 37 . 
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The L,sp~:-:::. c:--.. tea-:: ,.;:is told that this r.-:otel cc:::p_lex in Lon;; 32ach ·,;as 

to the struc~ ~es arou.:--.i i-: . 

appeared to ·oe t·.,o ·,;i:-.;s i:-2-~e::.:::.i c'.llar to ar.d behind the rr.a:..n :mild.i:1g . 

The east wing ·,;as conpletely eveled and the west w:.. .g was rela ively Ut'1-

da."T.aged . The east Nall of the r..ain building was out (Figure 3, 39) , and the 

entire fi rst floor suffered extensive wate r da.T.age , especia __ y in the 

dining area (Figure 3.40) . 

3.6 A&P AND ADJOI"ING SHOPPIKG COMPLEX 

This complex, located several blocks east of the Rarnada Inn in Long 

Beach , was constructed mainly of block walls, steel pipe colUJlll1s and main 

beams, and with small angle trusses or bar joists supporting the roof . The 

front of the A&P store is shown in Figure 3.41 . 
A Walgreen 's store located on the seaward side of the A&P collapsed 

completely with nruch debris ending up in or behind the A&P (Figure 3.42) . 
The angle trusses appeared to have been set into the block and brick ex­

terior walls and fell with the wall . Small bulb angles placed atop the 

trusses and supporting the roofing panels spaced the trusses laterally. 

The two side bays of the A&P store collapsed, probably when the walls 

between t h is building and the adjoining stores were destroyed . One corner 

of the wooden truss hip roof at the front of the A&P was left cantilevered 

over the debris (Figure 3 .43 ) • The center bay , supported on steel beams at 

both ends, did not suffer extensive structural da.J11.age (Figure 3.44) . The 

presence of lamps in the fixtures shows that the water did not reach the 

ceiling l evel. 

The center row of beams and columns of the Mor gan and Lindsey variety 

store direct ly north of the A&P survived with most of the r oof trusses r e­

maining connected to the beams (Figure 3 ) ~5) . The other ends sat on 

masonry walls which collapsed . 

In this complex of stores , two pipe colwnns in which bolt holes 
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3.7 GULF PLAZA 

Several s t ores , including a l ar ge dis count-type store, were located 

in Gulf Plaza near t r..e Lon; 3eac~- Pass Christ i an bolL'"ldar:,r a.'1d contai:iei 

in a l arge pipe col1.,;,.-:n , bea.~ , ani bar jois t s t ruct'l:.:ce w~t :1 glass e:.d bloc~ 

walls. As ca.~ be s een in Figures 3.46 and 3,47 , t he exteri or walls and 
-

store contents were compl etel y washed away, l eaving only portions of t he 

building frame. It appear ed t hat only a ~,inimum arr.cunt of welding had 

been us ed to attach t he bar joists t o the .· supporting bea..r:i.s . 
0 

An apartment complex locat ed east of the shopping area was completely 

leveled, with most of the floor slab cleared of debris by the storm 

(Figure 2.19) . 

3.8 BROADWATER BEACH BOAT MARINA 

This sizable small-boat marina, located near the west end of Biloxi, 

consisted of cast-in-place concrete columns and precast arches (double T 

sections attached to large concrete "bowfl sections). This structure was 

specifically designed for heavy hurricane loading and therefore is not a 

typical structure . 

The connect i ons and details of the marina appear ed to be very well 

designed and constructed . Sone col1L-:ms showed a flex-ural fa ilure near the 

base with no hint of connection failure . The welds joini ng t he anchor 

plates of the precast element s appeared to be generally as strong as the 

eleffients thems el ve s . 

Some of t he double T sections ..rere damaged when t he arches r ocked 

back and forth (Figure 3.48) with diffe r ent ial mot ion occurr ing at t he 

vall ey wher e t·,ro arci:es :r:et . 

The two nor th corner s of t he r.ia.r i na were destroyed (Fif;Ures 3,49 and 

3 , 50) , ve ry poss i bly by boc:.ts co:c.i.:1[; th r oug:1 these part s of t he 1:.ar i na . 

The pres ence of a lar ge sailboat h i gh above the water and agai nst the 
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3.9 BAY SAnIT LOUIS :::~DGE 

This four- lan_ r.:.1l -::. is~a;1 cause:,,-ay cro .:: ::-~s fron P3.ss ChYistian to :S ay 

Saint Louis . Precast cieck slabs , two lar.es wi de and supported on pile 

bents, form the bridge . 

The water appeared to have lifted the s eawar d deck slabs up er.ougi for 

the r ocker bearings o~ the east end of each span to fall out, r esultir.g in 

a sawtooth appearance along t~e south side of the bridge (Figures 3, 52 and 

3.53). Some of the railing sections were til ted i nland , and all but one 

lamp was torn from its pole . One span was moved about 4 feet laterally 

(Figure 3.54). Considerable concrete was spalled along the bridge center­

line where the two deck slabs joined. The west abutment was heavily dam­

aged by wave action Figure 3.55). 
More extensive damage was reported for a similar bridge east of Biloxi ; 

this bridge was not visited by the survey team. 
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Figure 3.10 Ruptured bar on spandrel beam, State Dock. 
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Fi[;\U"e 3.23 Beam failed in torsion, seating area of Marine Life. 
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Figure 3.24 Structure around large tank, Marine Life. 
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Figure 3.26 Reinforcement corrosion in a slab, Marine Life. 
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Figure 3.29 Base of coiumn at Marine Shop. 
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Figure 3.31 Weld failure of a plate girder, Marine Shop. 
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Figure 3.32 Pass Christian City Hall. 
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Figure 3.48 Broadwater Beach marina. 
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Figure 3.49 Northeast corner of Broadwater Beach ma~ina, looking north. 
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Figure 3.51 Sailboat on Edgewater Beach marina office area. 

J. r • J, 

I 



{ 

1 

l 

~ wll' I 

I I 
.... . . . j i : . .. 
" • . . . . . . 
I"""""- _______ :_:_:_:A;..·~:_:_;_:.;..:: =2 :: ::::::::::,:::::::::::::::::::.::~::-.~--, . ..:::= •-' • •-• -- - •' 

· 1 · ·, ..• ' t i.{J.·~·;_\'i\\U.t~~-::-!'!' 
• • , 7 ...... , -.-r ~-.. .,. ~ ••• • 

, 
' 
' i I .. \. 

··-· . 

,· -t> ' -'• ,(,,. ... '- '-i.l.. l . 
'~ .,,, ' .. ...~ :. . ' . ... .. .. 

1" . .. ~ .. -

;.. 

- .,.,_\' . ~ J 
t:-- _. 

r.--
, ,# ~. 

~ .·.- --- ... -- "'""··· --· . . 
~ 1-"\. - ,,,.. • Ir, 

. -~··· . ' 
r._ . ....... .. : .. .· .. 

Figure 3.52 Bay Saint Louis Bridge, looking east. 

--- -·- - ,....-•- *-•--·: .. ? - ·•-- •...-,~. ------------ ··---· -··---- -- - . -- -- ·- ·---- -···-- -----------··· .. ... _____ ·· ·---- • · 

' :, 

·., 



r. 
' 

...___ -· -. 
I 
L_ 

/ 
' 
I 
I 
I 
I 

! 

I 

I 
I 

•1' ,_ ' 

I •. 

I __ ,_ ______ , ____ _ _ -~-- . :;;:, . e 
t/..-- l '--~==~--~ , e, !-,::?: .:::¢!";.;U: ::,·, 

, __ _.,. - . 
Figure 3.53 Deck of Bay Saint Lou.is Bridge, looking east. 

... 
.N717-51 

l ., 
I 

.J. 

I 
) 

l 
~ 

l 

i 
,I 

I .. l 



i 
J 

I-' 
.j::"" 
w 

•. --~ j •• H' •• ,,: h,;.hlt~ ':,, 

...... . I I rr-- - ·'-" - . . . ·1 
~ ......L= __ ._: ...;...,_:;. =-1:- . • ... '. ' - - - . 
~ . --- • ---~-.::.~----~•• .•. • -~. . ,.._ ..., .,., , ~ t.... - ~ .. · .1 _,. I 

--- i-1 j "J ~ ......... . ,., •'lri • ........Ai\--' '.'.'. ' •• ..,.· • .._:. · ' .,. • l f:, - ~•· 1,-y•~-l\i-""I _ ,... ..:w--.. ,,.,., 

c--• 
i. 

,· 

. 
' 

~ -. ., . • • . . I ... , •· t-r1·-.-.,~-• ··,.--y, -. - .,,_ ---- - - - :---------..;-:::::::.....,,:::.:·::.;4~·i¥----- •J ., .... , ... ,._. 

·s..:u:-.a.; -------------~-=·"'.'.'-::·,-j.:.~~ -----i : ! -·- l 

\ 

_._-:-

.. 
/ ---.- ,' 

.. ·--' -·". ' · .. ·i . • t .. 

,_ 

. . -. - ~'L 
. . ~-.. •.• __ _,_ ,. __ ,_., ... , --·~--. - -,..-...i.-...- , _~ .. -.--• -- _ .,.. _ ___ \: rt h i 

. --:--:c;---~- -.;c:~~ -: .. , . . ·: . i' ... =--~-... ~---.... --. J -
~ - I •' e '•--, . '--·.., . ~ ---.._~ - . ,-.,..,"!'w,.._~ - . :,1' - ...... ... ..~ .. ·- .---------... .. ,> . 

.... . 
''t-, ..... ,~... . . ~ 

_.,... _____ ..,,...,::.::: __ ,..._-r..,.. ...... --:~':"'.'-:::·~==:::===~•~·:•:·::·~•~f::· :w3,rri!!'J21'1 ...,.:. = .. ~.,=,=~=n::••=::·::;•~~_:-_..;.....;.:..._...:.;..-· ....... , .,_ . .;.~;.:•-,1-,J1o1-.,;'-,1,.,_~.:.•-...,.,. .. 't..,, WI,.· 

.......... ~ t , :, ~ -----.- . 
at, -

'I,• 

, • . :....i .... ... , .... \i,~~ '• 

-· .... , -,. ' .. . ' . .; 
, __ .., :.:.~ -... .... l .... .. . .... .. -..i-. . --.,.J• ... ~ 

N717-50 

Figure 3.54 Displaced span of Bey Saint Louis Bridge. 
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Figure 3-55 West abutment of Bay Saint Louis Bridge. 
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4 . 1 HIG:-:•T YS 

Aln:ost all of -:r:e h:..d'.;-ie.:/s ·,,e r e ir.i t :..al_y i~e.ss able because of large 

amounts o f debri s , se~d , end ~a~len trees . Cons i de rab le amounts of sand 

were washed. ove r pe..rts of U. S. 90 alon 0 the coast . 

Highway 90 along the we s t side of Say Sai nt Loui s was seriously under­

cut by wave erosion a..vid ·,re.shed a·,,ay in places (Figure 4 .1) even though the 

highway was at a..'1 esti~.ated elevation of 20 fe et . 

The seaward two lanes (east -bound lanes) of U. S. 90 along the coast 

were heavily damaged by wate~ erosion, especially in the Pass Christian 

and Long Beach areas . Much of the soil betwee·n the seawall and the highway 

washed out , causing portions of the highway to collapse (Figures 4.2 and 

4.3). The inland t wo lanes were passable at t he time of this inspection 

trip • 

Some of the access roads north and several feet above U.S. 90 from 

Gulf'port west were destroyed by water erosion . 

4.2 UTILITIES 

Damage to overhead lines was caused almost entirely by trees and other 

debris falling on the lines and poles . The poles themselves were only very 

rarely blown over from the wind directly . Many poles away from trees can 

be seen standing in Figures 3.14, 3.18, and 3.24. 
Some gas mains along U. S. 90 were uncover ed by water erosion . Tele­

phone , electric , and gas service were all knocked out by the storm over 

large areas . The loss of the primary power supply also slowed restoration 

of water and othe r s ervices . Kumerous operating gasoline- powered generators 

with OCD markings were seen by the inspection te am , especially in the Pass 

Christian- Long Beach a r ea . 

Many gas ano. water lines we re broken in damaged or destroyed buildings 

and had to b e shut off from the lines before thes e serv i ces could be 

restored . 
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af'ter the sto_r: . Ir- ::,c::te cases , ·,;ai.::e r 

heavily da."".:.a ; ed . 

The tea.'71 noticed t hat the debris f r c:-:: e:-rc,cer:,' sto:ce ~::e e.t a.-::. -:::ro:3:..:.: -= 

and freeze r s located in tr:e debris also caused a p r oo _e'.:" as s o:::e":i:::es it 

was fi rst thoug..'1-:t that t~ese were frc::--. -::c.e bodies of ::n:.r::.. ed s toy::: victi::-..s . 

4.4 TIBES AND AGRICULTURE 

Much of t he land in south ern Mis sissippi is in forests and farms . 

Tung and pecan orchards were extensively damaged . .·early all suc":1 trees 

were down as far north as the Hatt iesburg area , Figure 4 .4 shows a group 

o f tung trees near Purvis . 

An estimated 15 to 20 percent of the pine trees in the coastal counties 

were blown over, with s maller amounts farther inland . Corn crops as far 

north as Hattiesburg were completely flattened . 

Much damage t o structures and utili ti"es and the blocking of many r oads 

resulted from tree and branc~ blowdown . 
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Figure 4.1 U. S. Highway 90 west of Bay Saint Louis. 
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Figure 4.2 U. S. 90 near west end of Pass Christia.'1 (P.F.1.l'lt-bound lanes). 
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5 .1 sc.: '...'...?..':" 

the Mississi:;1pi :.h·:e:::- Delta a :::-ea of Louisiena and in southern Liss is sippi. 

Wind velocit i e s and ti~es hig:::er tha.11 any pre·rio1..L'.3ly recorded in t~e Gul f 

Coast area accor.:_pcnie1 the stcr~. 

The r:;ost i nter:se areas o-:: ci.estruct io were irrr.ediately adjacent to the 

Gulf of t,:exico -a.11d a:I;:peared. to have resulted pri r..ari ly fro!:l water end wind­

driven wave action.- Any evi denc e of direct wind da.--::age in these areas was 

usually destroyed by the water da.rr.age . It is believed that much of the dam­

age in coastal areas could have been prevented .only with very heavy con­

struction, very restrict ive zoning , by a.11 enormous seawall , or by construct­

ing all buildings vrith the first floo r open, none of which are particularly 

practical or economical alternatives . The loads acting on many buildings 

were obviously larger than the design loads for the structures. 

Wind damage to structures inland was small compared t o that in the im­

mediate coastal areas and less than had been expected . 

The only structural damage seen to NFSS spaces was to those located in 

buildings very close to the seacoast (within the first few blocks ). Some 

others farther inland had water dar.iage to contents . 

Tree fall due to wind was a great problem, especially with regard to 

transportation and ut ility systems . Chain saws were in very great del".la!1d 

in the storm area . A very significant portion of the structural damage away 

from the areas of water dai~.age was caused by trees and branches falling 

onto buildings • 

Masonry block structures proved par ticularly weak in the areas i mmedi­

ately adjacent to the Gulf where wave action was appreciable , 

Mobile homes were heav i ly damaged both along the coast a.ri.d inland. . 

Several exe.mpl es of inadequate and/ or f aulty connections a.ri.d const ruc­

tion details were seen . 
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5 . 2 co:~C LLSIC~S 

a:-.i ·,~ra.--c ions o f t l:.e loads a.c t i :1g 11:pc :1 t he 

structi..:.re.s in t:--.e s to:r.: ar-ea a.re ;.c,.:w·.,'Yl o:::.l:t ap:;J:-o;.:ir.-.ately . In rr.:my cases 

i n:::::ed.::.a.te l:,r !:'.l o,.6 -t:--.e sea.:::cast , it a;;:peared t hat ·,:::..nd was the critical 

l oading on r o::fs a.r:.::. u:.;:::;:e r f _oo_ s , ·..rr.::. 2..e -...,.2.-:er and wave- generated loads 

were probably critical near er the ground . 

Becaus e of the ~.,.,_l::no~m loadinG histori es , detailed analysis of the 

structures to obtain ce~~ingful qu::..1titati,e i~:o:-~.at ion concerning the 

strength and perfor::i.a.11ce of the buildings loca.ted in the storm area will 

be rr.ost difficult . The storm dar..age did yield meaningf'ul informat ion on 

the weak points of buildings, the collapse mechanisms, and the relative 

strengths of various building types . ·• 

Three general conclusions reached concerning the performance of struc-

tu.res during this storm are: 

1. Many buildings , especially masonry structures, are much too de­

pendent on vertical forces (including deadwei ght) for their stability and 

have little strength when the loading is not vertical (lateral loads). 

2, The connections and details so necessary in tying a structure to­

gether are too often inadequate. This can result from both inadequate de­

sign and poor construction. 

3. The possibility of .hurricane-caused loadings, even from storms 

much smaller in intensity than Camille, did not appear to have b een recog­

nized in the design of a great number of the more recent buildings con­

structed along the Gulf Coast. 

The maximum 19()-mph winds in the storm area correspond to a pressure 

loading of o.8 t o 0.9 psi. The storm damage cannot, however, be directly 

compared with that to be expected at this pressure l evel of a nuclear 

blast . First , :much of the storm damage was caused by moving water or by 

water and wind in combination . This type of loading gene:-ally would not 

accompany blast loading . Second , several important loading phenomena 

accompanyin~ a nuclear blast , especially the overpressure (or diffraction) 

loading with its nearly instantaneous rise time and any ground motion , were 

absent . The wind loading resulting from the storm corresponds only to the 

dynamic (wind) pressure loading phase of the loading from a nuclear blast . 
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Mas::mr:r ,,-al~s s:-.ou.2.d be r equired to co:-itai;-i s o:::e rein::or cer.:ent , espe­

cially in the botto~- stcry wal_s o: construction l ocated near coastlines . 

The us e of r.::1.sonr:,- oear i.!16 wa_ls i.n cons t ruction near coast lines •,ri th a 

hurr .:.cane histo r-J :::.-::..y need to ·:Je co t rolled (building codes) • 

Roof trusses and bar joists should be adequately connected at their 

ends t o the suppor ting eler.:ent . Use of very small or tack ;:elds should 

not be permitted . Setting of trusses and joists only into masonry walls 

should be discour aged . Trusses , frames , and joists should be given ade­

quate lateral support . 

Well writt en and rigidly en forced building codes are needed in areas 

of potential storm da.rr.age to help prevent appreciable darri.age from most 

tropical storms and to minimize damage from unusual storms such as Camill e • 

I t should b e reali zed , however, t hat it is most probably not economically 

feasible to require all buildings along the Gulf and lower Atlantic coast­

lines to be constructed so that they can survive undamaged such intense 

storms as Camille . 

It is of direct interest to OCD and to the engineering profession to 

encourage the writing , adoption , and enforcement of building codes which 

wiil increase the inherent s t r ength of const r uct i on , especially against 

l ateral loads . Much const ruction can be feas i bly "slanted '' toward increased 

blast resistance by OCD only in t his way . The structural adequacy of con­

vent ional cons truction will gr eatly affect the survival of structures and 

any occupant s in the 1/2- to 5- psi overpressure zone of a possible nuclear 

detonation . 
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Secretary of the A..-r-:-:,y , ·,fashington , D. C. 

Th is report de scribes t~e damage to structures seen by an inspection team sent to the 
Mississippi and Loui sia:-,a : ulf Coast regio:1s after Hurricane C=ille , a very viol ent 
but relatively snall t r opical star::! , cane as::oi-e west of Gulfport , . !ississippi , ls:ce 
on 17 August 1 969 . -:e~'1Y :;;::oto;;ra?r.S of t:-.e s:orn dar..sge are i :1cl1.:.:.ed . Exte:1Si ve da":1-
age resulted boti1 frc::i t:1e U.'1u:,;ually high 1,;i:-,ci.s accompanyi ng Ca-::ille and from the ex­
trer.1ely hish tides co~.r;:lec: ·,Ti t!l ·.-:i:-:ci-d.r i ve:-. '.-;::.•,es . ::;a.-::age ;.·as f reat est in lc '.•T s.rea s 
i ri-.. ediately adj~ce!:t ~,:, :::e ccE.£:li:--.e . 3eca:tse o:"' t:..""!.cer ai:ities o:"' t!le mate!'ial urcn­
erties for the v2.rious ::..ui_dir. r s a:1 , :;c1rtic-.J.larly of t:1.e l oaci.i!:~ , the report pr ese:1ts 
mainly qua.li ta t;i ve r esul-.; s . !--'.ore '.l.uctile buildings , such as heavy ...... ooden fra.::ie cor.­
struction , apFeared to :;ave survived -:he s-:om best . The stor!:l da.':la§:e indicaced a 
need for !:!ore 12.teral s': r·e:1 g th i:1 buildi!1,-S , es;-ecially r.1asonry structures , and fo r 
mere adequate desib:1 o: cc;:.'1ec:jo:1s a:1d ot::er de:ails . 
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i~:~31 ,:1.::~. C,'\:.~: u.~: , ,\"r, ·i::7 l ~li ) , U:r M. : . . Cr lzwell a nd R. S . Cummins. 
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Unc lass ified report 

TLi!: ?·• •i r ~,_, .; · r·1 h •J '.. !. ".! da", '\~C t o o t r uc t u r e~-; ::een by nn i nspection 
t( ·~·1 :.:<·: • · n t ·e ::i ~.: i;; : i µ p1 :l!. l ! cmi :; i a11u Cult' Conn i· r e,~ i ons after 
:!i.; r!"' : • .. l l " t"' ,! ··: ! ! P , ~ \·1.· :· :.; vi .Jlcnt. hu L r c l o.. l i v,.: !y :;irinJl t r opical 

r · , · ~• ... ·t •, r ,: .,-r,: t o r C: 1111·r• r-t, :-'. L :.i. :- ~i 1•pi , Jn l c o n J7 /\Uf';U t t 
F - ,..i " · ::: ; v •~ ··--~r: .. : o !· t 1 c ~•t ,, r •:: la: r: '\.'1J ~r t: 111t~ l11 dc 1L Ext cnnive 
J '.L' ' • ~- . '. rr ·11 1· , t 1 , • : . •· r •."' t! t: 111, , i · ,,·\ I i.1 Li 1• 11 ·,-•l111l;, n 1: •:c,mp'l.nyi 111~ 
L·:.: ! ' •., .'. I :·r r): • · .c •·~.t. r 1• :·, ,· l :1 r :,•! ! l. i k .: c ,t111l 1• ,l •,d 11 wiml-d r l ve n 
· ... ·.·.,,; . 1.·c -... ! '1 · •··1tr:!: L in i. ,.,. a :·P •.:: i: . ~ l i·1tc l :, ad ,)·u:cn l to tile 
('I : : • , :,, , _• , ··. , · ".! n t' 1:•1r- •'l' ' 'd 1it. if' :: , t' t. 1.e 1" .tvfi·t l p n •1 .. : 1·lic:: for 
1.. • . e : .i· ' ... : •.i: 1;'.:, • :: ·~: I ! ' . rL i ·11J ·,r l J o r t 1 c l ,1adl 11. : , u.c i·cport 
!J!"P :; , •: •..; ti nl :: q, di l',t. iv c r ,-.;,ult ~ . /.!,i r e t! u.-t i l e h ii Jcli n1~:; , s uct1 
i..:.; :.<: ·1 ::, ~-- • !•· :1 i' :· .i.::.'! c .• :tr: l r i ,·t i , u , h ; 1Jca,·e1l t o ,1:tVc !:\u-v i vc d t. he 
: t • '!" ' I ," .. t.r ,r • , 11·•." " '•.! i • :·1 •1:1 ,:·1 n 1.tb l r1 ,r r· o rc l a t. c•r a l 
: :·· ·: 

:J . 5 . 
!~1 ~ !l . 

: :. 1,, ·.: !· · :; , c::pt!1·i·d 1:. ". L 11:r y :· t.r w·lurr. :..; . 1L t1d t'o r 11.ore 
h1:: n 1 , :· cu1<' c ti 1 11!; 111 : 1 t•V.e r dC' t aih; , 

1\r :· ~: :'1 ,,• i r.1.:1: r ~-h l •.! l""' :.i.y :; :--;.: pc ri :·.•!:1t ~ t :.t tl o 11 , (' I•: , Vi c k s burg , 
'."' ;:,:t..'( ; :- G'' J.:'' r 'iA: :T :: :11 ·1 :'I'' ~A l. l ·fl.i-'.J\1: :- · f,t '--~Ul.' !'J :.r; 1·1<0M 

· .:..;. ~. ~A.'.' f J ~- . /,11· ; 1 ·:-·r 19· ·9 , 1,:,· I·'. . t . Cri ~-..,c l l nnLl H . S . Cwrnni n s . 
''J , l ..,', I 1, . ('i\: ,:! inic a l R<: port r: - '/0 - 10 ) 

!lnc.!.a:J:; iflcd r e port 

' :- !, .. : :., . 

'.'e, r t. "r.: •. 11 ::''/~: 

T l ':: 1·,..~- =- ~ C<· c -- r il,es t. !, c 0:'.!• ".J~C to ~Lruc t.ure 5 !:ccn b y nn in s pect i on 
~ .. " (" · o t \ r- ~.' ; :;,:i .::· i 1•J •l ·1.11 <.l fF ,u i ~: l:-u 11. C11I !' Co·~. ;t i·, ·1 ~io11 ::; u fl c r 

!'•,: · r :-.: c •• t··a.:· \ 1! •• • h ·., ·ry v l• •l1 •n t. bu ' r r:lttLl'l •· ly ::i• ·lll t, r o p ii•al 
~t · r · , '•1• · -..·t· •. ,1f't: •al ''1 r l , :.:i:; :; \ :'.; ;\u1, l , la Li: l ,n l '/ Au, :11 st. 
l ' • : .: 1 •1 , ' · :·:q 11f' t '. ,C : : t. o r :1 , 1("t".''..I · !: 1i !' , .. l :1 •· J11 , !,·· t1 . l· Xt l!n:; i v c 
! __ ·. , . 1 1 ! t r• i : • !. ! ! ' · :". U ,. ,; , ; :_'.ll' ~] I J l. j 1•,!. ..: i! , l!; n,r 1.:c :•,JHlny i 111~ 
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l :·r ) " ' ! c , •'• '. . rt ·r.,· J:.,- ! i 1·!1 'i tr.: ::; c·,J'.J p l1 •d wit !, -...•i ntl - clr .i ven 
.... :J .t! ,q•· ,, r , • i ' " .: t i n l u w 11n.: ·~:1 ir1~· t: 11'. d.cl,v :ul ~·u . .: erit t.o the 

I ,-1•::., · •.1 tJ'.' •1:c1·L· t ' '\ i11L l c :: ,,r ti .,~ :·.:1. V-rlu l pn,pert l c:o !'o r 
· ~ - · 1·: ·~r l :1·~r '.. k11! '•sly u f t'c J1,a d ~111~, Lhe r c p0rt 

· - 1-, ; .. ! i :. .• i : 1• c, :·..i J':: . •: , r e t!1 :,•Li ](· hu i l ,! i rw : , zui •!i 
-~:: ·-:: ~::, \,, . .,, •n : 1·1..· ~ .·••11:: tr 1· Li1Jri , :riJ!ll':Lre l l ,.1 !:it •! :~ 11r v 1v c1 l the 
: t r " I c·. t. . 1!.•' .. lcn ·•:1 ~·1.:·:·v r• i 1.1! i 1·1d.c d n 11•.: (_• d !'<~ 1· 1:,c., r c l .1t.i.: ral 
:.: l ! ' l" · ' .I . i!1 l,; ·1L 1! i rw ~ , •·:· ! •t ·c: i·dl :,· 1~.a:: c.m ry ~tru,~L11r,• ~ , ~ wl f o r mo re 
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Wll t c rways Experiment : This report J c scrlbes t he dwuace t o struc ture:: !i<' Cn LJ a n i u::q.,c c t1 u 11 
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Report N- 7 0 - 10 • llurrlcanc Cu..rnlllc , a ve r y vi o l ent but r c l a l iv i.: J y :;11:dl tt·u1, i c ul 

s t orm, co.me ns hore west of Gu l t'port , Ml ~;s i ::; si i,v i, l •.t•· o n : t' Aun1!. t. 
• 1969 . Ma ny photoj' r apl ,z o f the c Lor in dn.1 •1 ~~c u 1·c 11 .•: lu.lcd . I >: t ,·1 .:dv t! 
• t.lruna.ce r e sulted Un tl1 rrom tl1c u 11u s 11nl .l y h l r, ! 1 H i nd :; a 1•,· L<n:11:111y l11;• 
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Yli !LVe :l . Das11a 1' C wa~: t: t'C'il c :, L in l uw U l'C' L:1 i :: .: :-,: d i 1Lt. v l :1 a d J ,L · •· : t. t .i t' ,H 
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• t he vnri o us b u illlinl',$ nn<l p:u ·t i 1•11l H1· ly v f t l.c 1,,:, l i i ,· , L : 1~ n :p, rL 
• prt r.cn l s ma in ly 11 u :.i.litut i vc r e:.ul t s . :!< ,r e.- tlu ,· lil,.- ! di l-t i1. ·:: 1 :.Hl ' li 

• as l :c.:iv y woode n fr1~mc co,1:: t.ruc tl o n , :i.ppc a i ·cd t,, I.a ·e :;u 1"'1j vc ,I tl , t? 
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