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ol tra Fuijita foiraod inlensty sezle

The Difice of the Federal Coordinabor lor
Keleoraiagical Services and Jupporing
Feszarch, part of ke Natinnal Doezanis and
Almosanesic amenstezhion [ROAA), LS
Cepasiment of Cormmerce, coordinatid e
inapeclion

THE TORNADD DETAILE
AL12:54 . cerbeal daylight lime on kay 27,
1987, the WOWA Storm Prediczian Cenler in
Mammrn, D43, issusd & Draan watch sdisiing
inz toraioes wee possike in aess from east
Tesas 10 wesiern Lewssiana, A% 330 Fw MWS in
Ausslinan Anlorio issued a lormad warming
sffective urtil 4:30 #w. far gouth cenira! Texas
zrd Willizmzon Counly indicating hal al 325
P & torrsadic Ihundershomm wzs akout 8 km
wesk al Jarmll mdirg southeast 4 1.6 km'h
Jarrell, populason 40 is in Williameon Courty
nirdh of Azlin

Sherly beiore 340 #a, iormaco srens 2l
e Jarvell resicenls of famade sightings. Shaly
belnre 3:45 pa., the toenada lirst strucy arssas of
Gt Counby and then crossed inlp Williamsnon
Couanty, whene & deslroyed zlruchunes in Jatrell
and cauzed the &7 dzaths, Wilnesses estimaizd
thal its forwand melion s0eed was between & and
16 imvh

The Ollicz of Ihe Federal Coordirater fer
Meizornlngical Servizes and Supporting
Aieziarch a2semDled e posisiom sprvsy leam,
which inchuded aothor Long Fhan of e Hatiang
rhibue of Sandards znd Technalogy and Brian
=. Peters of NS Wi conductesd ground Surays
an by #9znd Junz 1 and paficipated in twa
annal survays Iz Tz g Civil dir
Fatral ssaticn in Wate: anz an Mzy 30 using a
fised-wirey girrall Mying 20 pebween TE0 and &7
m and a sacong an Mzy 31 using a helizooles
Ihing &t 180 82 300 m. We uzed a commercial
lokal pesitioning syslem o oizin the coand
s delining the torado oz R 1)

DAMAGE DESERVATIONS

Dlamags in Bell Counby was limiled 1o fees and
Ihi iea0ls ol @ lew resicences, The lornadn Hen
ripgsen (e coury ling into Williamsan Counly,
ezving 2hrips of scoured asohat swilace as il
rroasen oails, The lop laper of Ihe s2phall peve
izl was anoul 30 mm snigk, We zspiibe e
sooing fn giffersnces Debween e almesphens

presure of pocsels ol air frapped undernezth the
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asphalt and the lowe almesphenc
presere at the lornadn penter,
Thiz neel slruclurdl damace aleng
Ihe tomado pain peoumed at the cor-
ner ol bwo courky reads Wil amson
Coounty, whame a culver] péant co
lapsed in place. The plant was ol light
slesl frame consiruction wish norsgin
fewced masanry and sEel DDs
colymns supporfing gabe rood Inusses
of =220l pipe. The siesl whe columns
were g2stinga A cancrele mal lounda
tian on grade. The roaling, suppnnsd
o wnid purling, consisted ol corm-
qehen sheet melal, An Sderfical plart
apprcimalily 15 m sy fom the
e oy Ny
Engineers tracked the palh
of the May 27, 1997, lornada
near Jarrell, Tex. using GFS.
The lornade destroyed 40
single-Tamily, wood-iramed
homes buill an slabse, like
thoss above, and killed 27
people. In Willlamaon
County, the twisier caused a
light steal-framed cubrart
plant to collapzs, while an
adjascent, similar plant sus-
tained only minimal damage
{below).
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surrounding stgclurss, suffersd only minimal
darage. A mabile hore wsed as a0 affice was
7it by @ convergional *F g 47 limpsr memier 1.2
i lend, but the misste did not penstale the
trailer. Annther mokile hame zbaul 130 m norh-
il O e plant fad anly wery mirrar dam-
age. It= azcupanls ed bo 2 hooss tha; was in the
cenler ol the camage path, where ey we
killed.

A5 the ioenado conlinued ils lrack south-
stultwesheed, ¥ destrayed a bam jus; souih-
west of the culverl plant and just north ol a sub-
divigion i Jarrell. The larnada then moved
Ikrough ihe subdivizion and e surnounding
aness, whsre the deslrocdive path widened I &=
masimum of 1.2 km and the tornads besame
mesl deadl.

The damaged siuclures wene mainly single-
lamilly wid-frame houses of ypicel Hab-or-
grade congtuclion il pver the pas; 15 years or
5. Beraizse they werz buill on limestons
Dedreck, most had no Bessments or yrderground
skellers. The toenadn swent the houses come
oilsfely olf e concoets slabs. ngpeclions of the
corcrete skb-on-grace fourditions showad fat,
N many casss, even Ihe sill plales ceerecting the
waad frames to the concrele skb-on-grage foun-
citions had Deen blown swdy. There was evi-
dience that these plalss had been nailed i the
faundatians

The Council of American Building Officias’

et & a i

L

Engineers found avidence ihat sill
plates were connacted to concrate
laundations by nails rathar than the
anchar balts that many naflonal build-
ing codas mandalea.

| FUJITA TORNADO INTENSITY SCALE

coce for single-lamily 2nd ten-family dwellings
anig ather rebonally recogmized mode! cocies
redquine that sill glstes of exderior walls for waond-
frame construction be anchored b the foundation
Ly anchor bolls not mone Ban 1.83 m apait. The
team found ne evidence of anchar bolls.
Firwesnr, Willisrneon Counly has nal adopled a
building coce, even thaugh Jerrell was also hil
by a Wernado oo May 17, 1983,

MAKIMUM INTERSITY
The Jarell tomado nffers 2 oppartunity bo
BEIRES 3 SUD[RChR WM inlengily eatimale
aespil on Fujilz scale damage
dezcrations. We made use of a
slruclurz! enginering approach in
aur anzlysls.

g The basic peak qust wind spesd
B specified in he stancand ANSIASCE
795 [Minimnn Desigr Loacds fr
R Boldings ang (W Sucles
Pl (ASCE. 1395]) far the design of

i buidings in ceneral Texas is 40 mys.
Building designs lor pertral Texas
Eelorz 1935 should D roughty come-
5 palible will: this besic speed. Cesign
and canginaclion prachces far build-
inigs Such & thase destroped iy the
g Jarrell hoenado arg normally based
= on experienca and judgriert ralher
than famnzl engineening caleulations When fey
e gound, such practices &e covzislen wilh e
raquirement that buildings be czpable of win-
slanding wind spe2as higher Ihan e Lasic
design wind spzed, with a salety margin with
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respect 1o wind loading of al mesl 15100 2 11is
reasanaals o assume that in arpss with 2 4 mis
basic design wind spesd buildirgs would cal-
lapge unde: winds loads roughly fwins a5 lamge
a3 ihz loads inducad by the 40 my's soesd.

I lollewes from the praporionality af the wind
Inads with the squzre of the wind soeds (hal
Inese buildings wiuld be sxpectad bo collzpse
uncer wind speeds in eacess of 40 mys £ 2, that
i5, 300Ul 555 mys. This expeclation would ke
gven slranger fr wind spesds cormesponding to
wWing ads thiee limes 23 fangs 25 Ihose imfuced
fry the A0 my's spesd (i=, &9 m's wing spesds).
Sk wings would lesee no buildings slasding,
eapecally if the ponsbyclion were mediowe or
D00, 35 ADPEIS 10 Mave Deen e caze Tor build-
ings testroyed by the Jamell somadio

apescs asugned o F3 lormacaes in the Fujita
classificalion arz zboul ¥1 10 82 mis, Fora
auildirg 1o resisl such spescs, e wind load
salety mergin would have o bz abos 30 053
Thzre is no rezson 1o beliews ral any of he
fruildings desirayed by the Jamell lornzds were
thak strong. We modz That 3 mys wind spoeds,
wihizh in the Fujila clessilizalion zre ssocialed
with F3 fornadozs, would probably dezlroy resi-
cirnlial hames nal only in a 4 mys basic cesign
wind spesg zone, but 230 0 hurmeans-poone
aizas wilh 63 mys basic design wind speeds

SUMMING UP

Curcorclysions ars as follows:

o [he shroraes] damage caused by the Jarrell ler-
reco can be explained by wind 2peeds come-
sponding 1o an F3 raling {i.e., 71 bo 92 mis).
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Ar B4 raling—0r the B3 raling officially isued
fry MWE—need not be assumed to explain e
JREEIVE] Cdmage

® The Fujita lornada inlensity scale has wo
MeE|0r Shorcomings that can lexd i misclassi

calion of madoes Uy NONENQEERTS

1) The zcake doss nok rellect the dependans
of 2 farrado wind spesots causing varkous hpes
ol cursage om e design wind Spesd specitisd for
a zone, Fior example, 3 tornadn wind speed that
lesars all thee rools of well-conslnocted houses
may bz zssumzd to be langer by a lachor of
raughly 1.6 far 2008 inwhich he design wind
spenl i B3 s than for zonss whers §he design
wing apesd 15 40 mys, Damagz thel in a B3 myes
2une cault be atirihuled inan F5 inmada could
bz zxplained in a 40 mis 2002 Iy F3 boenado
wings.

21 The camags deseriptions in the Fujita
A mclude [ Sed haus-
=5 and “slrang frams houses,” Norengineers
nommdlly canndl be cepeciad Y ascelain whelher
ar nal hiou
conginuced

These

o reasons

i RS WE

slrang

Jlusians zr2 significant for @ variefy

W |izclassilicalion cornupis the dalahase used o

S8 otena tor siuclunes whose perlonmancs

dential busdings, in our aginion MS shoo

conzider revising its safety recommendations
Al presenl, Inese axsume thal amast all lorna-
ooes, in F4 everts, are surdvanlz

B Agiibing Sl o unnealisticalty high wind
sneads when the aclual speeds are in fact o
gistauranes the application and enfan
dusian standards. Such standards. ingluding
ANSVASCE 7-85, can reduce e loss al lili
and caused by most bormarnes

B shrpnger Contniution fram the stnclura
erpginesaring prolession bo elferis zimed al
#5255 Iomnato wind could help prolidh e
public Iram lomada-infucad losses

We Defeve It hime to Craange e lorrado

fengly seale. Dur rezomimendalions ze listed in

the sidehar. v

tumal engineer, and Emill Slmiy, BE, FASCE, isa

PIST Tellosw ar the Builidfing and Fime Besearch

Laboratary, Matkanal Institute of Standards and

Technalogy, Galtheribuarg, b

5 A

TIME TO REASSESS TORNADO RATINGS

ramaved fram the site within a doy

& nesd 8 new oreado inten-

sity classification scale, Wa
urge anginasrs, mateoralogisis, dis-
aster rallef workers, represantatives
al standards arganizations, raguls-
tory bodies and the insurance
industry to work togathar on Its
development. An improved tornada
Intanaity clagaification

soale would includea

damage descripticns g i

that maka speciflc rafar-
ance to basic design
wind apeeds and to con-
struction quality as
defined by confarmily fa
standards.

A% a basis for discus-
slon, wa suggest thal
wind speed ranges Included in tor-
nada intensity classifications be
affecied by numerical factors ralat-
ed to the basic design wind spesds
and fo construction gquality.

Factors ralating to guality of
construction could be specified in
acoardance with maltrices of the
type considerad by Insurance com-
panies, where conformity to various
atandards Is astimatad bath qualita-
tively and quantitativaly.

ASCE, in collaboration with
ather interested parties, should
consider arganizing and training
volunteer enginearing teams at the
sactlan leval that could wark with
local NOAA and other specialized
peracnnel and promplly racord sig-
nificant svidence on tornado inten-
gities. Our experience shows that

avidance of ternado efacts is aften

DECEMBER 19 2%

of the ternade's oecurrence, befors
survey feams can rench the slte,

Mext, documentation for the
approaximately 150 tornadees (about
0.5% af the total number af record-
ad tornadoes in the LS} classitied
a5 FS should be revisiied to
| PRASSESE the classifica-

tlem, This would invalve a
ralatively small effort
- and would, even il anly
partiy auccessiul, maks
it passible to update the
databassa fram which
prabakility distributions
of tarnada wind speods
. are astimated. This res-
ommendation follows a
prepozal by Kishor C. Mehta of
Texas Tech Univarsiog

Canlinuing efforts to develop pro=
caduras for cbtaining direcl, scientif-
o fornado wind speed measura-
meants should be encouraged. Such
measurarments would add valuable
data to the database, avan theugh
the ellect of such addition 1o the
maora than 25,000 records curranily
available would be small: many yaars
of data would have ta be collectad
far that effect to be signiticant.

On the other hand, sclantific
measurameants can help to assess
astimates of fornado wind spesds
baged on cbservations of damage.
Thiz in turn wauld help to correct
the existing databkaze by allowing
the use of Bayesian or other updat-
Ing techniguas.

—LFE ES
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ur special section an structural engineering

staris off with a call to action. In "Tornado After-

math: Questioning the Tools,” authors Lang
Phan and Emil Simiu of the National Institute of Stan-
dards and Technology report on the agency’s investi-
gation of a destructive tornado in Texas. Fatalities
numbered 27 and property damage was similarly
extensive, including 40 residences. The
enginaers suggest that the Fujita inten-
sity scale needs to be reassessed. They
argue that an improved scale—one that
would include references to basic
design wind speeds and to the quality of
construction as defined by standards—
could avert some of the devastation
caused by tornadoes.

Building in congested urban areas
poses lots of engineering challenges. In
“Building between Buildings, " struc-
tural engineer R. Shankar Nair
describes methods to transfer loads and
considers other strategies to deal with
urban constraints in desiogn and construction. His
experiences are in Chicago, but his observations are
applicable elsewhere.

Our third article, “Shake,
Rattle and Hold,” by Chris Pan-
telides, Evert Lawton,
Lawrence Reaveley and Scott
Merry, deals with seismic
durahility tests on a bridoe in
Salt Lake City that provided
engineers with reams of perfor-
mance data on an old concrete-
reinforced bridge section. After
conducting the initial lateral
displacement tests, the
researchers repaired the bridge
with liber-reinforced plastic
composites to test promising
rehabilitation technigues. The
on-gite testing should help
engineers design better
bridges and rehabililation techniques for earthguake-
prane areas.

As always, feadback is welcome.

VIRGINIA FAIRWEATHER
Ediitar-in-Civer
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