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- FOREWORD

The effects of severe winds generated by storms may be compared

o the low-level blast effects of nuclear weapons. Therefore, increasing

the protection in a building from the effects of high winds or tornadoes

can provide increased protection in the building in case of nuclear

attack..

Tornadoes and extreme winds cause heavy loss of life and property l
‘damage throughout the United States. Most buildings offer significant

protection from this danger, and building administrators should know
the areas where this protection is available. ),

This booklet, prepared for DCPA by Professor James J Abernethy
School of Architecture, dawrence Institute of Technology, presents a

" review of 'three schools: the Meadowlawn Elementary "School in
. MontlceWnroe Central School in Parker, Indiana; and the
Xenia Sefior, High Schgol in Xenia, Ohio; all of which were struck by

tornadoes on April 3, 1974, Damage to- these buildings from the
tornadoes was examined by teams of specially trained architectural
and engineering faculty, .the vanous building administrators, and
representatives of the architectural firm which designed the buildings.
From these studies, guidance has been developed on selecting best-
available shelter from high winds in existing buildings, anc is presented
here. Information in this biochure can also be useful to architects and
engineers in designing new burldmgs which would offer protectlon from
high winds. - , ¢

(N urge architects, engineers, and building administrators toapply this, |

guidance so that.property losses will be reduced—and safety tor the
occupants.increased.

- d@%/é«@m\/

John E. Davis
Director
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" higher levels A protection against high winds caused not

. storms. '

. Invaluable assistance was rendered also by the architects

Tornado damage to buildings is predlctable N

+ Administrators of buildings should know the safest
places in their buildings—the portions ‘that would offer
protection if a tornado strikes. Most buildings -offer ‘a
significant amount of protection for normal occupancy of
the facility.

A trained architect or engineer can determine those
port|ons of a building which will offer the greatest protec~-
tion to occupants when a tornado strikes..This. was
concluded following oa-site examinations and research of
building damage by teams of specnally trained architectural
and engineering faculty. : |

Architects and engineers should be able to ‘use the
information in this brochure to design facilities which offer

only by tornadoes, but also by humcanes and other severe

The Institute for Disaster Research at Texas Tech’
University provided niuch of theé substance of this bro- .
chure. Dr. Joseph Minor and Dr. Kishor Mehta of the
Institute assisted in preparation and review of the material.

and engineers of the buildings presented as case studies,
and by the school admmlstrators .

<
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The National Weather Service defines. a tornadc as a
" violently rotat/pg column of air perfdant from afthunder-
storm cloud and touching the ground. ‘ .'

N

. From a local perspective, a tornado is the most destructive

’ s of all atmospheric-generated happenings In an. average
' year, over 600 tornadoes hit various parts of the United
. States. About half of them occur in the period April through

. " June.

TORNADO CHARACTERISTICS

. TIME OF DAY during. which tornadoes are. most Ilkely to
occur is mid-afternoon, from 3 to"7 p.m.

' DIRECTION OF MOVEMENT is predominantly from the
southwest| to the nortfheast Tornadoes associated with | T ’__\ 3
hurricane may move from an easterly direction.-About 85 . - )

SN B percent 07 all tornadees come from the southwest, plus or - - - : S [__Je-

' minus 45 degrees. Directions may vary S|gn|f icantly in local ' KN &-20

areas: - . . St . W 2i-50

c . LENGTH|OF PATH averages 4 mlles. but some nb ' o ___Ear
\

E l{llC e 10 2¢ exceede 100 mlles . s Tﬂ%mméu P@mumoubmm *

G-t N - S - o 11
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WIDTH OF PATH averages 3001400 yards, but may reach _— 1 v - , e

. up to-1 mile. - 7 _ . ) . T
- SPEED OF TRAVEL (TRANSLATIONAL) averages from 25 . . TN # 180" 300 . 50 i

to 40 m.p:h., but speeds from O to 70-m.p.h. have been . s . - b P \'\

“recor Jed. e o RS ;i O N

SPEED“OF‘TRA)/EL (ROTATIONAL) is assumed obe e LY . N f ,

symmetrical. Thé maximum rotational velocity occurs-at the SR ‘.‘S\": n N L 1A

.edge of the tornado core. Speed reduces rapldly as the e R " \,\ A A : v ) )

distance from the edge increases. Y >’ ,‘: "y Y ‘Q '

* The simplified example tornado shown here’ combines the A LRI .’; PR '} I 1 T Pt

translational and rotational wind speeds. The drawing is \ ¢ 7 ' ?

based upon a maximum rotational velocity of- 110 m.p.h., .§ YA "‘d',, / _! / !

.and at 150 feet from the funnel's center, a 40-mph. - . - - 7, ! ! $ °

translational - velocuty is assumed. Therefore, the maximum - B W - . Y P “r. ) !
“~combined velocity is 160 m.p.h. This example tornado is  “ 8 - “ o, ! 7
- more severe than 85 percent of all tornaddes. . . g _ é} e ," -~ '; -t '

- Note the highest velocities are found on the nght S|de of R .7 s ; 7 P e !

thls counterclockwuse rotating tornado. This. direction of . - . ,’ A PR .. )

1 is characteristic in the Northern Hemlsphere o . YRodTYASOMPH R ’ ; 3 13 . ?

2L
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f DAMAGE =——)
5
T RATNG——  FO. . EI- 2
- INTENSITY OF DAMAGE from a tornado is related to wind-
speed (assuming consistent building construction).
The F'rating scale was developed by Dr._T._Theodore
Fujita. It is based. upon trained meteorologrsts evaluatron of
damage following tornadoes :
- .._____ Eighty-eight percent of recent tornadoes have been rated
' at FO, F1, orF2.-
Building damage is caused by a buildup of pressure on
- building surfaces, caused by the effects of high -winds.
This pressure is related to wind velocity squared .
z * The damage potential of the example tornado is shown
graphically. Note that the greatest damage potential is on:
. the rrght side. If the storm came from the southwest, the
_r maximum damage potential would be on the south side of
, buildings. . __
o . . 414
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“TORNADO DIRECTION
)

t DAMAGE POTENTI

»

~5’to PEVASTATING

=+ RECENT TORMADOES
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In buildings, the threat ta Nfe caused by tamadoes isidue
to-a combination of effects which- happen at almost the
same time. Expert interpretations of building damage
establish the following .tomado effects, in order of impor-

RS

tance: . .-
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- building.
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- 'EXTREME:WINDS -~ - * R
v B o ) - % .

. .Even the -rhost mo‘d_érn building ‘codes do fiot require

"~ buildings to withstand the .winds of ‘a’ tornado. Many
buildings have been’ erected without the_ requirement ‘to

" meet any. building ‘code. As a result, it isn't surprising to
" see thaf almost all buildings are no match for a tornado. -

“These extreme winds ‘almost_always fotate in a counter-
_ Clockwise direction. Entire_buildings are- affected by the

. severe winds.. The wind speed increases with height, .-
. Causing maxifhum ‘damage- potential on the top floor .of a-

L,

building. - S w20

»

. e - ’
.WINDWARD- WALLS usually- face south-and west. .How-.

‘ever, east and even narth walls 'can be windward,.

depending on the size and’location of the storm and the

e

»

4 PA e . :
" ot . . LY .
‘g 5 L R &, . a
N . A . . . - .‘“ o v =
A . N

.-on these walis usually blow out: ~> "

The glass, bricks, and biack that make up these walls wil..
be blown into the interior of the building. "

LEEWARD WALLS usually face' forti-gitd east. The winds

. . tend-to_pull these_sides' outward. The Pressures here are

much smaller than on the windward side. The net result is
therefore less damage to the: leeward walls. The windows'

Severe dimagde ‘¢an occur fo the -léeward walls, if. the -
windward walls are penetrated. This filling-the:balloon

effect .is an added powerful force which.can blow out the:
backwalls. - . . " i . oL ‘L
ROOFS, especially. flat foofs ‘and those.with ‘a siight siope, -

.

= AT g

- fend to be lifted up and carried away. Overhangs and °

eaves oh'the windward side are the most vuinerable, and. .
compound the uplift problem. Roofs with steep slopes are

sideways.’ . PR

-Lightweight roofing materials, such as gravel, wood, insula-
tion, shingles, and ‘steel deck,.often are-lifted and thrown - - -
hundreds of feet in-all directiofis by-tornadoes. The weight
of concrete roofs tends to resist wplift. - .. - .. .

-, Somewhat .less vuinerable to- uplift, -but can obe'blown_{«

- -

I o L ey
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collapse frequently, splllrng their massrve debns onto the
rools of ad;acent spaces '

,;almost anythlng or anyone into- a missile. Automebiles, ‘lower spaces, addlng extreme loads 10 already weakened,
-. buses, and tractor trailers can be tumbled about. Portions roof systems. " ° -,

..of buildings_become airberne _at high“speed. Exterior.wall-— - .- e e S T

- e e——— g

materials on"the - wmdward srdes -often are thiown intc = R

building interiors. ~ « . TR PRESSURE DIFFERENCE

A"

Missiles move much faster hoazontally ’than vertically. Also. B . - :
" many more missiles move hortzontally Therefore, it is more < A tornado usualfy rs a locallzed low-pressure storm in an
‘serious {o have a.wall mlssrng than a roof lnsclar as overall .low-pressire system. The. atmospheric pressure
protection from mrssrles is concerned ’ _ )
the"building to tend to explode. Lrttle is known.about the
Missiles are a major threat to life. Fortunatel , they usuall
are stotg?)ed by substantial, somewhat ma/sswey lnterlo¥ magnitude -f the pressure "drop, 'since operating baro-
partitions. Bdildings without such lntertor partltlons can be *: graphs rarely have survrved atomado
Adeath traps

S S . Building explosrons due to atmospherrc pressure. dlffer-.-u
¥ ' - . ences have probably- been greatly- overstated. Aimost ‘all -
COLLAPSE L T T e " damage can be- explained trom the extreme. winds,.

Pnrtmns of buildings may, larl durlng a tornado and occur, however, it is proper to open windows, ‘espetially

PArurrext provided rvmr: ~, e,

~ ) A,jt>,‘ ,’,,i o o ‘:‘d ‘. - ,‘,; ., N ’ o o - tr, ,,T‘ o o o : I. : . . " o, ,A.,, o S ,%@ o o

lEKC»e éportmother spaces m 3 burldmg Chrmneys on the leeward stdes to-help equalrze the pressures. 2; A_

5

inside a burldmg exceeds fthe outside pressure, causing -

missiles, and collapse Since the pressure difference does '

. e e el B

a



- =  They shoutét move to preselected Jlocations offenng best-.

: collapsrn  elements, and pressure differences make poss- ot tornado They usually break into many jag ed p
.~ ble the i ntthcatton and design of protected spaces for.-and are blown into interior spaces from the windward
. human ocpupancy These best-protected 'spaces. can be wals. Tempered glass will break into thousands f small,
zdentlfred and-should -be. occupied during a storm. People cube-like pieces.. Windows in rntenor spaces also. break,
- 'should not \pe ‘randomly drstnbuted thrdughou't‘aTurldmg - usyally from mrssnles T e A

Ac li¢ or pqucarbonate plastrcs -are more resrstant
+ . available pkotection.. This does’ riot: mean that the best
“available shelter in all buildings is good enough to protect act than glass, but large panes may bop out. .
life. Some smgle-story lightweight - buildings; ,{espec.any ildows at the"ends of corridors, particularly those facing
modular houses and ‘classrooms, should be evaGuated and * south and ‘west, are vgry dangerous. They probably will be

e » _the octupants should seek shelter ersewhere - *:.blowpn down the.corridor. .

- NG-SPAN rooms almost always have hrgh cemngs "The

AZA DQ" T ~exterior walls are therefore much -hlgher than the typical -

'.POTENTlALLY H . R s N -orie-stoty wall.- These higher wall$ often collapse. Some=
. ,ELEMENTS : o : - times they coﬂapse into the fong span, and roofs depend-

Every burldmg contains.. some vulnerable elements that ing on the walls for support then faILm - o
cannot be counted upon etfectwely to withstand a tornado. * Building admtmstrators must resist the temptation to gather
- Poitions of -buildings which contain one or more of these - large segments of the building population into large -
- elements should be avoided whenever possrble They are spaces to facilitate control. Often "these’ Iarge ‘spaces
- presented in order ol rmportance for life safety: - -~°. rece/ve maximum damage arid if Iarge groups of people

L}




ve present ma;or\loss of life and numerous m;unes oould

»
-

ughtwelght too(s such as steel deck, wood plank andh

olywood usually will be lited up and partially carried, away,

vith some rodt debris' falling into the room below; The roof

:penmg then allows other flying debris to bé thrown mto"

he mtenor space

ip and move slightly “and then fall—but not always exactly
o the same suppomng place. If the support has collapsed,
he heavy roof may fdil onto-the floor below, causing.
almost cenam death or m;ury to aruyone there.

NIND TUNNELS . occur in ut:profected corridors lacmg the.
ncoming winds, which usually come from -the south or
vest. Openings facing these directions allow the winds 1o
Jenetrate into interior spaces. -The winds apparently. oc-
upy aimost the entire volume of such a wind tunnel, as
Jebris marks havc been found to cover the full helght of
m ...-n..

ll entrances are baffled wuth & solld masswe wall thls
“effect is much less sefrious. j.‘ -

WINDWARD SIDE walls, which - usually_are on the soulh
and west, ‘receive the full strength of the winds. It is-
assumed that windows, on these sides will be broken and *
blown- into the rooms -on the ‘windward side. This often *
resuits in lncreased air . -pressure whlch alds in ralsmg ‘the

C : " rodf. . . l . 2
-leawer roofs, especaally precast concrete planks, may lllt ~

-t -

LOAD- BEARING WALLS are the sole suppon for lloors or
roofs "above. If winds- ‘cause the supporting-walls to fail,

south- and west sLdes. and -ateall comers:

-'g.'. -

Masonry constructlon is not immune to wail collapse Most
masonry walls are'not vertically reinforced, and gan fail

.when high honzontal forces such as caused by winds pr

earthquakes occur ‘\\ -
Masonry exterior walls hlgher than 10 feet are polentuall,l
hazardous. - . \e
N \ . . rd = \;., F
- . 'S ”
-] \ ~

L

* part or all of lhe roof or floors will collapse. The most "
"dangerous locations of a building are " u..ually along the

._25’ ‘

3\
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- PROTECTIVE ELEMENTS

Each building contains a number of elements which' can
help provide safe spaces for occupancy. The best.spaces
are those-with-two- or-more-of. these protective’ elements,
and with no potentially hazardous elemiertts: The protective

-elements are presented here in order of importance for )I}te ‘

safety:

The LQWEST FLOOR is usually the- safest Upper floors
receive the full strength of the winds. In.some cases,
tornadd funnels hover near the ground, but hit upper floors
only L ¢

" Belowground space is almost aIways the satest Iocatlon for

10

shelter. If a burldmg has but ‘one” floor and r;oDUasement,
seek out the remalnlng protectlve glements. o

fastened to the floor or roof. Avoid mtenor partltlons that -
contain windows. - N -

SHORT"SPANS on the roof or floor structure usually remain
intact. This is due to the fact that short spans I|m|t the
amount of uplift caused by the winds. -

While short structuraI spans are best, small rooms, even
those with walls that do nat support the roof, are usually
quite safe, If the roof rises and then collapses, the interior |
walls may become supportlng walls and thereby protect
the occupants: .

FRAMED CONSTRUC'FION usuaIIy remains. rntact Any
structural system that is rigidly tramed together is superior
to load-bearing walts , . .

Poured-in-place relntorced concrete usually remains atter

the storm; and rigidly connected _steel frames.-also -ar

INTERIOR SPACES otten form a protective. core. A com-

. pletely interior foom protects agarnst mrssrles and the wind

tunnel ettect ,

]

Thé best interior partitions are’ somewhat massive, fit tlghtly
to the root or floor structure above, and are securely

. .u'ﬁ"_

usually still in place after a“tornado passes. However, in
both these cases, the floor or roof system must be secu.ely_~
connected to the supports. Gravrty connection of roof deck .
to frame is inadequate. . .

GeneraIIy. the heavier the floor or roof system the more -

resistant it is to. lifting and removal.

,.” r.-v‘ 2‘7
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The three school buildings selected for examination in thts

brochure were picked for the following reasons: -
a. All' were hit by different, but intense tornadees.

. b. The three structures varied in size, age, and type ot‘

construction. - ‘
c. All were relatively new structures, destgned by different
architects and engineers to national building codes.
d. All had to be partially or totally destroyed later due to
" the extent of the tornado damage.-
The building damage was examined by teams, of Specially
_trained architectural and engineering faculty, the. building
——administrators, and the responsible architects.
Determination of best-available sheltér in the three build-

ings was based on three sources of information, in this
order of importance:

a. Persons in each building during the particular tornado

<

30

12 — "

#

] » <

b. Building examinations - by architects and engineers.
1 C. Aerial photographs taken shortly after the storms

The tornado-shelter quallty of portions ot these buuldlngs :
has been divided into two- categones Primary and second-
ary. PRIMARY SHELTER was the best available in each of
the three buildings when the storms occurred. SECOND-
- ARY- SHELTER was those additional spaces which would
have offered some protection, but where poss:bly some -
,/n/unes would. have been susta/ned

Hopefully, these case studles will help bundtng destgners )
and administrators to locate accuratély what would be left
after a tornado—before it strikes: and help architects.and
engineers design facilities which offer, the occupants
excellent tornar!o protection at little or no additional cost.

s

31
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MEADOWLAWN- ‘ELEMENTARY

SCHOOL ]
MONTICELLO, INDIANA .

Building population: 540, including staf:;

o No one in building during storm.
Tornado direction: - From scuthwest.
- 77 intensity:

wind speed: 120-140 m.p.h.

S VN < \ ~o. '
: . . - . . . :
- Py ; ,"'t . e PR
o - . . . . .
2 > -\ "

F3: .

4.

<« time:

5:16 pm.

date: April3, 1974 .

The Meadowlawn Elementar'y School is typieal of thou-’ ) - -
sands of .educatlonal facilities built in-the 1960's. The S
single-story, no:basement .school is located on the south-— -, -

west edge of Monticello, Indiana. e . - (f. -

‘Conscious of the danger of_ tornadoes and aware of an

approaching severe- weather system, the school adminis-
trators conducted a tornado drill on the mornlng of Apnl 3,

k% .. &

1974. o - o

Feiiunétely,,.the storm “hit after school hours. .

- . . “e
Y . .
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N coNsmucnon R
e ORIG'NAL BU'LDING ’ ‘

) extenogwalls ‘glass and metal curtaih wall: End walls 4"
\ brick, 8"block. . LT -

interior wallsxpraster on meta/ studs B/ocx in mu/t/purpose
and-boiler rooms.

A“,‘ .

roof system stee/ frame. Steel open-web /0/sts, with metal

- . deck/ng and insulation.
_ ~ 'ADDITION ‘
L . | . exterior walls:.non-loadbearing 4" brick, 8" block,” minimal .-
ﬂ . TORNADO DAMAGE glass. - .
- — - — HAZARDOUS ELEMENTS - - . ) interior walls: same as original bu:/d/ng
. ‘ , Unrepairable damage occurred fo the original ¢lassroom 00! system: same as original.buiding
e wing when the south exterior walls failed. The WINDOWS * _ T
e blew into all of the WINDWARD SIDE:classrooms. All south PROTECTIVE ELEMENTS

and west windows were broken. Wind-entering these The STEEL FRAME remained intact.

rooms caused a ballconing effect. Some of the metal rpof X
deck was lifted, and was scattered through an open field The /NTER/OR PARTITIONS stopped mcomlng mlssnes_

northeast of the school. * . - from reaching adjacent rooms or corridors.
. .The winds blew into"the classrooms facing west, ‘throwing  'NOrth and east classrooms received litle damage. o
© " fufniture around and piling it into the center of the rooms. Roof fans lifted off the' multipurpose room, helping to
Glass in the unbaffled south entranceway blew through the equalize the pressure differences. S - ’
corridor. The winds in'this cotridor created a WIND The gymnasium did not collapse.” This is partlally due to
TUNNEL, causing some of the roof decking' to uplift. - the fact that it is iocated in the northeast cormer of the
.- The original 12 classrooms and .library were demolished. Pullding.
The boiler room, multipurpose room, offices, and the six: The offlce spdces workroom Iockers, and storage spaces
: classroom addition were-repairable. ‘ were Uhdamaged due to SHORT ROOF SPANS

4

. 0.  ’ : 14 . ’ . 4
ERIC . L ., ¥




. . . ot B . : ’ - b‘ ‘ c
- COMMENTS
“The important th/r‘g&as far a@s I'm concerned in reference

walls going down the middle. Now, in my-opinion, if we

"would have had some form of open-type construction such
'as I've seen with open concept building, I'm afraid that /2
would .have had a severe loss of kids if we had been i the
bu1/d/ng

- “With the structure as.it is we would have had no major

- injury, and we're talk/ng about probably 400 k/ds along this
east-west coridor.” .+,

PRINCIPAL

”We‘are aware of the fact that Indfana is prone to
torpiadoes. Therelore; each year we formulate plans, and I

ight say that in the morning of April 3; all of the buildin
to the structure of this building is that we had two Sy port / 9 Say ; g P g%

within the Twin Lakes School .Corporation conducted

tornado drills. We had quite a sophisticated plan for

placing students in what we feel are the safest areas w1th/n
. the school:

"“As a result of this tornado we have been able to go back
into the bu:ld/ngs that .were hit b the storm and evaluate
the tornado drills that we have. In most cases we have
found areas that we had earlier identified as being safe

areas appear that they would have been safe had the - -
tornado hit during the school day, W-It/‘ a couple of - -,

SUPERINTENDENT OF SCHOOLS

except/ons
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MONROE CENTRAL SCHOOL
PARKER, INDIANA

G ”

8uuldmg populatuon 690 including staff;
14 staff present dur/ng tomado
Totnado direction;, From south-southwest.
F3 -
110-130 m.p.h. .
-3:46 p.m. '
April 3, 1974.

+ intensity:

~- wind speed:
time:

. date:

- . x .
e

Al

" This' single-story, no basement, slab-on- -grade school ‘build-

ing ‘was located in rural easten Indiaha. The buuldmg )
confained a junioi and:senior high school; plus.the .
administrative offices, of the school corporation (dlstnct) ’

The tornado \ht 30" mirnutes after school dusmlssal and
caught the vemaining staff by surprise. ‘

Fortunately,-a tornado drill had been conducfed,c‘)n'Ab’ril 2,
1974; and when this actual-storm hit, the stalff went quickiy

" to.a preselected area and escaped wuth slight injuries,

The building was $0 badly damaged it was deemed a total
loss and later was completely demolished.




‘TORNADO DAMAGE .

..The “tornado center passeé slightly to 'tﬁe.right of the
~ tenter of the' building, and caused major damage to all
2 three wings.  The «nclosure walls failed, allowing the winds

to entef interior spaces, Iltt roofs~and toss debris through-
out the building. ;- .~ g\ HN
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X

HAZARDQUS ELE‘MENTs Lo
* (Multipurpose Rootn) : T

The W/NDWARD (south) hlgh LOAD- BEAR/NG MASONRY"

WALL.of this LONG SPAN room collapsed, and the, winds
blc".r brick and concrete blocks throughbout the room

Wmds entering the”’ room caused a balloonjng effet. The

lightweight- roof deck was blown off. Some of the deckard .

the steel buib tees fell on the floor; and the remalnder bIew
.+ onto adjacent roofs.and open spaces?

The high’ lee'vargd (north) wall of the muttlpurgose rogm
f‘ﬂl I.APSED onto the locker room roof below.

A

«.Mumbunposs ROOM . -~ ..

core roof p/ank (not rigidly connected)

*CONSTRUCTION

extenor walts 4" br/ckﬂ8" concrete block.
structure: R/g/d ee/ frame loag-bearing south end wa// o

- / pressed-f/ber-board roof ck on'slee/ tees.

&

MAJORITY OF BUILDINﬁ e

exterior. ‘walls: G/ass and metal curta/n wall, 4" brick, 8"
.block. ' P e Y . o/
interior walts- 8" b/ock < e -

structure Precast concrete frame, precast concrete ho//ow-




and tumbled agaunst the building.

HAZARDOUS ELEMENTS

_ (Majority.of building) » ..

The winds blew into the building from the south and east.

The WINDWARD (east) GLASS CURTAIN WALLS blew in, »

dllowing a ballooning effect, which caused the LOAD-
BEARING end walls to blow out. The precast concrete roof
planks were lifted up. Some fell back into the rooms, and
others blew on top of the remaining roof. The north-south

corridors became WIND TUNNELS throughout their entlre x

length.
Automobiles on the adjacent south parking lot were rolled

FR—— .

PROTECTIVE ELEMENTS °

The completely INTERIOR SPACES remained. intact, offer-
ing ‘protection against incoming missiles such as glass,
brick, gravel, and block. This was particularly- true’ of. the
SHORT -SPANS or smailer spaces ‘such as toilet rooms,
work rooms, and- storage spaces. Rooms “on the leeward
(north) side received least damage. Only one north window
was broken. The STRUCTURAL FRAME remained intact.
However, the roof deck was net rigidly-cannected to these
frames, and for the most part depended upon their weight *
to resist wind uplift. The HEAVY CONCRETE ROOF ‘re-

_ -mained intact over most of the building. - :




.? " v
kel - -

COMMENTS :

“Those in the building had about 2 or 3 minutes pr/or
~warning before thé tornado struck. | walked about 50 feet
and-was approgching my car. | heard this. terrific noise. It
sounded like 50 jet airplanes treetop high. | glanced over
my shoulder to the southwest and saw this mammoth black

‘cloud rapidly approaching. | froze for an instant” Then,-

. realizing it was’a tornado, | ran back into the building
. yelling and shouting to others of the approaching danger.

“We took cover in the north-south ‘cogridor beside the boiler
room against a west wall lined with-lockers. We all kneeled

", Side-by-side in ‘a line, with our hands over our heads for

protection. “The corridor darkened, doors on the south end

vi

of the ’corr/‘dor banged; opened and closed, and.a’

wastebasket blew from an east room.west across ‘the
corridlor into another room facing west. There was some
glass, breakage The damage didn’t appear to be too
great. At the conclusion Qf this there'was a. period of
calmness, 1 would say 2 to 5 seconds, and then the storm
really hit. Debris was flying down the corridor. This
consisted of mud, sticks, stones, glass, plastering;. pieces
of brick and cement block. Everyone ducked their heads
just a little bit farther when this occurred. The terrific
suction .moved us in the corridor a short distance, One
custodiar: was being sucked around’a corner and he
grabbed for others to keep from being blown away.”

SUPERINTENDENT OF SCHOOLS
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XENIA SENIOR HIGH SCHOOL
'XENIA;OHIO =+

T

Building population: 7450, /nc/ud/ng -staff;
12 students, 3 staff /n bu1ld/ng
during storm.
Tornado direction:: From southwest -
.intensity:" F5. -
wind speed: 140-160 m.p.h.

. time: . 4:45 p.m.
date: April.3, 1974. ¢

This two-story,»"nocbasement& 'slab-on-gra'de school building
was located on the near north sidé of Xenia, Ohio. It faced:
Shawnee Park to the west. - ) r

The massive storm hit 1 hqur 45 mmutes after school
d|sm|ssal It was spatted by a student'who was leaving the:
school. She alerted drama students ‘who were rehearsing
in the additorium. The students ran and dove for shelter in
a nearby comdor

The tornado passed directly over the school- Two school
buses came to rest on.the stage where the students had
been rehearsing. Some of the students were treated ata -
nearby hospttal fori |njunes

The building was® unsafe to enter and was'demglished.

rd
» Nt
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ADDITION € .

cousmucnou RIS

structure: Lightweight steel frame open- web Steel joists, 2"
gypsum roof deck (original building and addition B).

Loadbearing masonry walls, hollow- -core precast concrete
roof planks (addition A). * :

Precast concrete frame, double-tee floor/roof beams (addi-
tion C), \ .

“Loadbearing masonry wall, precast concrete tee' beams

- (girls’ gym)
Loadbearing masonry wa//s steel trusses (auditorium and

" boys' gym).




"TORNADO DAMAGE

- The tornado passed dlrectly over the school. It engt-ifed
the entire - buuldsng plus the adjacent fieldhouse to the
south. - .

The enclosure, walls failed on the west angd south sndes.
allowing’ she winds to enter the.building. The roofs col-
lapsed over the three large spans—the auditorium, the
boys'’ g(ym and girls’ gym. The lightweight roof over the
original two-story building was removed. -

Li_..--HAZAno'ous ELEMENTS - .

* Al WINDOWS on the WINDWARD SIDES (west and south)
- were blown into the interior. The high single-story, LOAD-
BEARING MASONRY WALLS of the LONG-SPAN rooms
failed, allowing the roofs to fall in. The unbaffled west
entrances allowed the east-west corridors to become
WIND. TUNNELS. =~

Debris fromnearby homes, vehicles, and the park became
MISSILES wtuch hit anu entered the school.

The "46-foot-high masonry chimney COLLAPSED. A non-
22

90 \\\

loadbeanng second floor wall on the Ieeward (north) S|de
COLLAPSED onto a lower roof. .

PROTECTIVE ELEMENTS

The only portion to offer shelter in the original building was
the LOWEST FLOOR (first floor). The completely INTERIOR
SPACES remalrred intact, especially the SMALLER
SPACES. - ’ '

Most of the corridors which were perpendicular to the .
storm path offered considerable protection.

The concrete STRUCTURAL FRAME of addition C re-
mained intact. As a result, interior portions of the second
floor provuded shelter for same_custedians.

The HEAVY CONCRETE ROOF remained in place wher-
ever the supports were rigid frames. It also remained intact
in addition A, with its loadbearing walls.

The concrete block- interior partitions stopged lncomlng'
missiles from rearhlng adjacent interior spaces..

As a result of combinations of the above protective
elements, considerablé shelter space existed in scattered
locations throughout the building. .

o1 /




'COMMENTS

“The cast had. just done the big dance number from the
show. They had done a sloppy Job and I was just getting
ready to tell them to do it again when a girl yelled, ‘Hey,
you want to see a tornado” There's a funnel cloud outside.’

I 'came very close to telling everyone to forget it and do the
_ dance again. That would have been a fatal mistake.

“Instead, | jumped off the stage and told everyone to follow
me so that we could get a view of it. We ran out thefront

__doors of the' school nearest the auditorium. It looked like a
lot of dirt or smoke swirling around. We couldn't see
anything that looked like a clearly defined funnel cloud. We
were looking out at the park across from the school. The
mass of wind, dirt and debris was somewhere, 1 would

. say, between 100 and 200, yards away. Cars parked in
front of the school started to bounce around a bit from the
force of the winds. It was really beyond belief.

“Someone said we'd better take cover, so we turned
around and ran from the hallway we were in into the center
hall that.ran north and south. Before we could reach’ the
center hall, the lights went odt.

-

. "I only -opened my eyes a couple of times. When*! did, |
“saw large pieces of dirt and wood flying through the air.
_Lockers clanged open and shut and several $ections of
*Irckers were actually pulled from the wall and thrown onto
the floor. One section barely missed some of my students
when it came out of the wall.

a metal door kept flying open and shut constantly during
_She time that the tornado was on us. That was my gre test

ar.” .,
i 52 . —ENGLISHDRAMA TEACHER

\
L 4

\\“l was sitting directly across from one of the restrooms and .

‘

*“I was watching the sky and the lightning seemed to get
worse. The minutes went by and it at first had been going °
vertically and slowly it started to go on angles.

o L .
“The black{cloud looked like it was about 2'/2 miles away
from the school. As i watched, the lightning came concen-
trated into the middle of the cloud and began going on
angles until it was horizontal, '

“For a few seconds, | didn't know that the shrinking cloud
was forming a tornado funnel. The funnel was a whitishe
grey color more in the 'shape of a column than it was a
funnel. | realized it was tornado whéri | saw air currents
began to ‘swirl. At first.| was not afraid. Instead, | was
fascinated that you could réally see air currents in it.

“I went to the main office to get the principal, but the office
was locked and everyone was gone. Just as |/ started to
move, the drama cast started to rehearse a song in the
auditorium, so | headed for the auditorium.

“I walked down the aisle past 24 rows of seats to one of
my friends in thé second row ‘and said, ‘Hi Paul, have you
ever seen a tornacdo?’ He said'Ya' and put his arm up on
the back of a chair like he's ‘getting- reaay for a long
conversation. | said, ‘Neat, there.s ope across the street.’
He looked up at me. The kids up_front and to the: side
looked up at ‘me.” Then they all stood up and started 1o
walk out. They got about halfway cut and started running,

“All the kids were yelling, ‘Hey neat, look at that' and things
» 1 that. All of a sudden everyone was dead silent for
about 4 seconds. Then everyone started screaming and
yelling at once. Julie yelled, ‘Get to A-1. | said, ‘Get to the
southwest corner.’Mr. Heath turned amund and yelled, ‘Go
to the main hall." So all the cast startad to rush out of the
doors and promptly got stuck, so they had to wait and go
slow and go out one or two at a time." -

x —STUDENT (SPOTTER)
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“When we were warned about the tornado, we all fan to
the door to ook at it..| was about the last one to arrive
there &nd | stood there very long until someone yelled from
around the corner to get over there. The Jast thing | saw
the tornado doing, was picking.up my car which was
parked out on the street. .

“I then ran around the comer and found everyone already
lying along each sidé of the wall and some around the

~ s,
> ° . Py -

“The first place | ran to was this little .cubbyhole nght in
‘front of the girls’ restroom door. If | had stayed there, |
would have been splattered across the hall, because it
blew so hard it almost came off its hinges. Fof some
reason, which T cannot account for, | dived across the hall -
right after the lights went out and got to the_other side, of
the hall just as the front doors were breaking.

“I kept my eyes open which was stupid on (y pag 1 was

.corner—-then-ran-te-the -m?erseet:en—o# tne»iwwhallsiandmloekmg down-at-the- f/eowather than out and I could see

laid alongside the wall.

" “When it was all over, | was buried from the waist down in

little pieces of gravel, boards and a ot of water from the
/ake across the street iri the park.”

- fSTUDENT -

big chunks -of wood and debns flying down the hall by my
feet. /t was Hz,credﬂa/e . »

e » —STUDENT:.
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This procedure is designed to assist in a systematic review
of a building t5 find best available shelter space against
severe winds. It 1s not intended to imply that these spaces
guarantee safety dunng a storm, but that they are the
safest available in the building.

There are some facilities such as lightweight modular .

houses, offices,. and classrooms which must be presumed
to be death traps. THEY SHOULD BE EVACUATED!

ADVANCE PREPARATION

Obtain the followina equipment: Compass. flashlight. and
tape measure.

Know tornado history for the geographic area. Consuit the
nearest National Weather Service office.

Obtamn plans for each floor of the building. Ideal plans are
small, to sce.e, with sufficient detail. If the drawings are not
available, have someone prepare a simple, accurate
drawing of each floor Check the drawmgs agannst the
‘actual building. : : ) . -

SHELTER SPACE REQUIREMENTS

The-space per person depends on the size of the people
and their degree of mobility. Small children require only 3
sq ft./person. Usually 5-6 sq. ft./person is adequate for
adults. However, nursmg home or hospital patlents will
require much more space

TEST AND RECORD

A plan_is. almost worthless if 1t 1s not tested and_understood .
by the people it is intended to protect. A good plan ;has
the following features:

a. It identifies one or more spotters who are responsible
for prompt and accurate visual identification of an .
approaching storm The _National Weather Service will
provide training.

b It provides for a prompt, clear warnlng that will be
readily understood by all. :

The plan should be recorded and made known to “all
concerned—so all will'know where to go and what to do in
an emergency. 5 g ‘

o
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1. EXTERIOR SURVEY -

Establish true’north. Use a compass or compare the
building to an accurate map of the 'acality. Place a north
arrow on the floor plans of the building. Do not confuse

true north with BUILDING NORTH, a direction sometimes
used to simplify drawings

«
.

7

Check completely around the building, look for and record
the location of the following: .

a. Polential missilés. such as site equipment. nearby
buildings. ajomobiles. and other debris especially on
the south and west sides. .

Ground embankrment against the buildings.
Mechanical equipment-on the roof
Eiectnical service entrance.

High building elements such as chimneys and high
portions of the, building. .

f. .Changes in roof level.

©a 00

Take a long look from each direction, particularly from the
south and west, noting building entrances. windows, and
- construction features. . .

60 ’
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Carefully identify the following spaces as the most hazard-
ous locations, the spaces to avoid! ,

Avoid locations where roofs are likely to be blown off. They

.may fall in on the occupants. Missiles also have direct
- access to the interior. Portions of roofs most likely to be

blown off are: .

a. Windward edges (usually south and west).

b. Long spans.

c. Portions with loadbearing wall supports.

d. Portions with dverhangs on the windward sides.

Avoid extenor walls that are most likely to be partially or
completely destroyed The most likely damage will proba-
bly occur, in the following order, to these walls:

a. South.

b. West.

c. East.

d.‘ North.

2

~
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AVOID! :

Avoid corndors that may become WIND TUNNELS. Exami-
nation of corridors after tornadoes revealed much.debris,
and evidence of very high speed winds. This was found in
corridors with exterior doors allowing direct exit (no turns)
to the following directions, in order of severity of wind
tunnel effects:

a. South.

b. West. o

c. East

d. North.

Avoid locations with WINDOWS facing the lkely storm
direction. Assume that the windows will blow IN on the
south and west sides of the bullding, and occasionally on
the east and_north.

Avoid, whenever possible. portions of buldings that con-
tain loadbeanng walls If such a wall collapses the roof or
floor will falt in.

62

Examination of building failures after high winds revéals a
pattern of remaining spaces. Thése should be consadered
for occupancy during a tornado:

3 CONS'DER——but do not necessarily select . . .

The LOWEST FLOOR. If a building has a basement, or a
partial basement, it is probably the safest space in the ’
structure. . '

INTERIOR SPACES. These are spaces that have no walls:
on the exterior of the building. However, avoid interior
spaces with large spans.

SHORT SPANS. It 1s u.ficult to find one space. with the
exgeption of a basement, that will offer a high degree. of
protection to all of the buillding occupants. Therefore, seek
out a number of smaller spaces. .

The portions of builldings supported by RIGID STRUC-
TURAL FRAMES, such as steel, concrete, or wood, rather
than those portions that have loadbearing walls.

63




4. REFINE

It is essential that spaces selected be the very best
availableDften poor (relatively hazardous) spaces exist
_within generally safe areas. These poor spaces must be
avoided or occupied as a last resort. '

. Avoid spaces opposite doorways or.openings into rooms
that have windows in the exterior walls, particularly those
_facing soutn or west.

Avoid interior locations that contain windows such as
display cases, transoms above doors. and ‘door sidelights.

Avoid wntenor locations under skyhghts or Clerestones.

‘Avoid iocations where interior doors swing. When the storm
hits, the doors are likely to swing violently.

Avoid spaces Within the falling radius of higher building
elements, such as chimneys or upper walls enclosing
higher roof areas. Assume that the falling radius is
approximately equal to the height of the_higher building
- element above the roof. '

Q <
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5. OTHER CONSIDERATIONS .

Often the best available shelter spaces in ‘a building

CANNOT be occupied during ‘emergencies fot various
reasons. Consideration of the following will help determine®
if the spaces can be occupied:

What portion of the space is usable? Permanent equip'\mer_n
and furniture reduce the usable space. )

Which good spaces are often inaccessible in emerge‘pcy? -

Many fine spaces' normally are locked, with few people
having keys. ) . %

Which good spaces are unsuitable for occupancy dﬁ{e to
operational reasons? Many secure spaces offer excellent
protection, but operationally are not good to retain security

over records, equipment. or money. . f
Where is the building first aid kit or medical supplies? :They

should be in one of the safest spaces. i
Would protection levels increase significantly and move-
ment time-to-shelter decrease significantly if pecgle were
jammed in at lower square-foot per-person ratios? Tius is a
valid alternative in lieu of using a lower quality of protec-.
tion, with more space per person. '

}
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