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[. INTRODUCTION

The purpose of this rveport is to assess tornado and

straight wind risks at the Savanmah River Plant site, which

is Tocated near Adken, South Carclina. Windspeed risk, which
includes both torradic and straight winds, is the probability
of a point withtn a defined geographical region axperiencing
windspeads greater than or equal to some threshold value in
one year. A windspeed risk mode? is a plot of probabllity of
axceading threshald windspeed 1n one year versus windspeed. A
wingsoeed risk model fs used to define criterda for design &nd
evaluation of facilities based on an appropriate level of risk,

The author previcusly performad a risk amalysis for the
Savannah River site [McDonald et al,. 1975). Since that time
additional date has been assembled and the risk mode] methodology
has bean improved considerably, Comparisons of the present
model and the one publishad previcusly are presented 4n Section
§.E of this report.

The Savsnnah River site 1s located on the east bank of
the Savannah River approximately 20 miles south of Augusta,
Georgia and 13 miles south of Aiken, South Carelina, The
site is located at Tatitude 33° 15 N and longftude 81° 40" W,

a0
Tt covers &n area of approximately 200 squars miles.
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Annual extrems windspeed data are not available from the
site in & form suitable for use in the analysis. The closest
Jocation where straight wind data are available is Augusth
Georgia. This data set s used for the straight wind risk
calculation. Confidence limits are alse calculated for the
straight wind risks.

Section II of this repart briefly describes the risk
ana’lysis methodology for both tornadces end straight winds.
Section 111 presents the data and the ratfonal for the tornado
risk model celculations. Section 1V describes the date and
approach for the straight wind risk model calewlations. The
final windspeed risk model, which includes both the tornado and
stratght wind medels, are contained in Section V. Tornado
parameters for design and evaluatfon of facilities are preasented
in Section V1. Appropriate conchsigns regarding the tornade
and strajght wind risks are surmarized in the final section of

the report,




1I. RISK ANALYSIS METHODOLOGY

B, TORNADDES
The methodology for tornado risk assessment is glven in
detail in & companion document, "A Methodology for Tornade Risk

Assessment,” (McDenald, 1979). <Contafned in the document are 2

Titerature review, & discussion of tornado data sources, detailed

descriptions and derdivatiens of the method of analysis and
example calculations. Evaluatiors of the method with respect
to data Ssources, tornade characteristics. populstion effects
and confidence 1imits are also included. These details are
not repeated herein, For completensss and referance, an outline
of the basic steps fnvolved in the methodology s given In
Table 1,

confidence 1imits on the expected probabilities are

obtained by calculating confidence intarvals on the area-

1ntensity relationship and the occurrence-intensfty relationship.

A {1-a)100% confidence intarval for 2 single response Yq is

given by

(1)



(1)

{2)

{3}

TABLE 1
BASIC STEPS IN RISK MODEL METHODOLOGY

petermination of srea-intensity relationship
in a 4lobal region surrcunding the site.

Determination of 4n accurrenca~intensity
relationship in a lecal regien surrounding

the site.

caleutation of the probebility of a point
in the local region experiencing windspeed in
same windspesd interval.

Determination of probability of windspeeds in
the local region exceeding interval values.

e i e P e e e e e e 2




whara PG in this case is the estimated tornadoe path aree correspond.
ing to windspeed Xg? tu!E 1s a valua of the-t-distr1but10n with

h-2 degrees of freedem, ¥ fs the mean tornade path area and s

is an estimator for the standard deviation (Walpole and Myers, 1372),
A (1=3)100% confidence tnterval for the binomial parameter p

15 appraximately

Bz, /o \f:qp.:pmm,ﬂf?i% (2}

whera & is the proportion of success (occurrence of a tornado of

a cevtain 1ntensity) in a random sample of size n. The term 4

is equal to 1 « P and quz is the value of the standard normal

curve Teaving an area of o/2 to the vight {Walpole and Myers, 1472).
.The confidence intervals thus defimed are used in the risk

ealculations to obtain confidence intervals on the estimated

probability values.

B. STRAIGHT WINDS

In the U. §. the work of Thom (1960) has been used to
evaluate the probebility of strafght winds exceeding sdme
threshold value in ong year. Thom selected the Type I exireme
value distribution (Fisher-Tippett Type [I) to represent the annual

sxtreme fastest mile windspeeds, This distwibution alsc has been



used Tn Russia (Barnstein, 1382}, Argentina (Rlera and Relmundin,
1970) and Brazil {Salgado dnd FiTho, 1375}, Recently 3fmiu

and FilT4ben [1975) fourd thet in most cases of well-behaved

wind ¢limates the Type ! extreme value distribution fits the
wind data bettar than the Typs IT distrfbution, Tha National
Butiding Code of Canada {19%75) also assumes that the extreme
winds ara modeled by the Type [ dfstributfon. The Type 1
distribution will be used in the revised version of the fmerican
National Stardards Instftute, ANSI A5S.1-1972 Standard. *

In a1l the cases compared by the author the Type 1I
distribution prediets higher windspesds for a given mean
recurrence dnterval than the Type I distribution. At recurrence
intervals of Tess than 100 years, the differences are not large.
~ The windspeeds predicted by the Type ! distribution for large
recurrence intervals {50010,000 yr) appear to glve more
reasonable values of windspeed. The values are not significantly
larger than upper bound windspeeds expected in extratropical
storms.

The Type II distribution was used in earlier studies by
the auther. In 1ight of the recent research by Sfmfu et al.
[1978) and the mora veasonable windspeeds at large mean recurrence
Intervals, the Type 1 distribution is used for estimating

strafght wind ricks at the Savannah River site.

*4 "hurricang factor” s used in the calgulation of design wind pressures.
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The cummuiative distribution function fur the Type |
extreme value distribution {GumbeT distributicn} is

F{x) o exp {~ exp I*{x-u}fn ] } (3}

The u and ¢ terms are referrgd to as Jocation and scale para-
meters, respectively. The method of moments {s one approach for
determining estimators for the Type I distribution. 5imiu and
Scanlan (1978) state that the differences in results from this
method End othar more accurate methods is acceptably small for
the 96 percent confidence Tevel., The estimates for o and u

are glven by

13y

=)
]

T=X- 0.57727 - (5)

where X and s are the maan and standard deviation of the sample,
respectively, Eguation (3] can be inverted to give the estimated

windspeed corresponding to a specified mean recurrence intervay H.

$ 3]
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T, =X+ s(y-0.5772)%% (6)

where
y = 1n [-—ln{l - bl (7)
Inherent in these estimatas are sampling errars, the

standard deviation af which can be estimated by the folloawing

equation:

2
SD{Vy} = [lg + 1-1396{3**&.5??2}:%

(8)
+ 1.1(3-0.5??2}2} * B s
T A
where n is the sample size. The probabilfty that ¥ is contained
tn the interval
Uy * Typ SO(W) (9)

15 approximately (1-u)100 pereent.
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A data set consisting of the annual extreme windspeeds s
used to determine the X and § parameters. The windspeed visk
model s then obtained from Equation (6. The upper and lower
bound confidence 1imits are estimated frem Equation (9},

The probability of exceeding some threshold value of

windspeed ts the inverse of mean recurrence interval, 1 ...

PV, 2 V) = & {10}



[I1, ASSESSMENT OF TORNADO RISKS

_In this section the data, the rationale and the assumptions
that are involved in the tornade risk calculations far the
savannah River site are presented, Befora discussing the sssential
features of the calculations, a general discussion of tornado

occurrences in the ragiocn contafning the site is presented.

A, TORKADD OCCURREMCES IH THE REGION CONTAINING THE SITE
The discussion centers on a rectandaular region boundec

by tatitudes 22 and 35° and 1ongitudes 80° mnd &3°. The

$avannah River site 1% located in the anproximate center of

the ragion {See Figure 1),

1. Torprado Records

The source of tornado records for this study is the
DAPPLE tornado tape assembled by Or. Ted Fujita of the Unfver-
sity of Chicago. This data source was selected in prefgrence
to the other aveilable torniado data tzpe, which has been
assombled by the National Severs Storms Forecasting Center
in Kansas City, Missouri. Because the OAPPLE tape has all
tornadoes fully rated, and because both Dr. Fujita and the
author are independently developing risk medels for the

savannah River site, the models can be compared on the basis

10 i
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of a common data set. The Fujita-Pearson scales are used to
classify tornadees according to intensity, path length gnd

path width {Fujita, 1971},

2. Tornade C1imatoloqy

The characteristics of tornado cccurvences in the loca
region are described 1n this section. The tornado statisties
are obtatned from the DAPPLE tape and cover a 29 year period
fram 1950 to 1978. The tornado records prior to 1950 are
beliaeved ‘te be less complete than those after 1950 because of
3 greatar public ewarensss of tornadoes and begause more
systematic methods of gathering data are used.

Table 2 shows the number of reported tornadoes per yaar
by Feszale 1n the Tocal regian containing the site. A total
of 248 tornado cccurrances are recorded on the DAPPLE tape
for an average of 8.55 tornadoes per year, The most tornadoes
recorded in & sfngle year was 20 1n 1873,

The most active month for tornadces is May, with the
majority occurring betwsen March and June, Table 3 shows the
number of tornadces per month by F-scale that have occurred

during the reporting period.

3, fGeographical Distribution of Tornadges in the Region

Tha number of tornade touchdowms per 15-minute subbox is

obtajned from the DAPPLE tape. Figure 2 {a-e) gives a breakdown

12



TABLE 2
NUMRER OF REPORTED TDRNADOES PER YEAR BY F-SCALE

Number of Tornadoes
L P2 B8 K4

Year Total

1950
1951
1952
1963

1954
1955

1956
1957
1958
1959
1960
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1963
1964
1965
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1967
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1963
1670

1871
1972
1973
1574
1375

1976
1977
1978

Total 58 113

Ml iN=~Ith

P s
[=0 N

—
on

- .
O 00 Oh O [l Lt R ] I 3 P O =t 3 = R D EoR Fem ol

P = b=b ] ) b= Ea3 O AD IR P O O O T Ead Pt

—
wf

—

—
[F
=]

(=
—

e - o ] Lo 3l o5 Nl ad O [ o [ o R S ja-RwRad g e

Ll oy
’

=
LIv g -

o

|

w oo o [o-Fa NS K o N ] o am 3 o Ko ] SOOI OO O lo R Yo R N e
-
O oo oOoooo aoDoo OO0 OO OO Ok 1u1

249

wh
[T
—
n

11



Menth

January
February
March
Apri1
May

Jung
July
fugust
Septanber
Uetoher
Hovember
Decamber

Total

TRELE 3

NUMBER OF REPORTED TORHADOES PER

MONTH BY F-SCALE

Numbar of Torngdoes

FOEL
1 E

3 9

6 18
16 9
5 a3

& 11

& 8

b &

3 )

) 3

3 L)
14
58 113

A R L . i
& 1 0 O
3 2z 0 0
g8 3 1 O

2 3 1 0

10 2 1 I,
3 1 0 o
2 1 0 0
3 6 0 0
5 0 0 0
3 0 0 O
i 0 b 0

1 .2 b _o

5 15 3 0

14

Torkal

13
17
33
41
51
2l
18
15
13
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e
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of the number of tornado touchdowns per 15-minute subbox by
Fegcale classification. The total number of tornade touchdowns
per subbox is shown in Figure 3. There have been ne tornadoes

reported with a F5 rating.

4. Estimate of Humber of Unreported Ternadess

Figure ¢ shows the number of persens per sq mf (population
density) 1n each 15-minute subbox of the iocal region. These
values were obtained for each county from the 197D census datai::] ,4£'
1f cities with population greater than or equal to 50GQ were
Tocated in a.county, the city population was subtracted from
the county population to obtain a county rural populatien. By
dividing by the county area, the number of rural persons per
sq mi wes determined. An image of the 15.minute subboxes was
laid over the county maps and a weighted mean rural pepulstian
per sq was then determined for each subbox. If 2 city with
population greater than or egual to 5000 was located in the
subbox, the ¢ity population wes accounted for fn determining
the populatfon per sq mi of ihe subbox. The scale of the maps
used and the nonuniform disteibution of population within the
countfes contribute to same unknown smount of error In these

caculations. Tha error 1s estimated to be less than £5

percent.,

13
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The number of reported tornadoes per subbox 18 then
correlated with the population density per éubbux tp obtain an
esti{mate of the number of tornadees that may not have been
reported. Details of these calcuiations are presented in

Appendix A.fpp §b1)

B. AREA-INTENSITY RELATIONSHIPR

The glchal region selected for deriving the ares-
intensity relatfonship 15 defined as the area hounded by
latitudes 31° to 36° and langitudes 79" to 84°. Figure 1
shows the global region and Tts position relative to the
Savannah River site. The area-intensity data are taken frem
the DAPPLE tape and include a1l reported tornadoes from 1971-
1978. Detnils of the area-intensity relationship calculations
are presented in Apperdix A. ( pp £3-¢= )

The mean tornado damage path areas for sach Frscale
classification wers determined from tormado records of the
aiobal region. A linear ragression emalysls, based on 2 log-
log plot of area versus tornado windspeed, is performad to
obtain a continuous functional relationship between area and
intensity. Confidence intervals are obtained from the
regression analysis and are used later to estimate confidence
intervals on the estimated tornado probabilities. Detafls of

these calculations are given in Appendix A. /gy fr-és)

21
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C. OCCURRENMCE-INTENSITY RELATIONSHIP

Development of the occurrence-intensity relationship

is somewhat more compiicated than the area-intensity relationship.

The size of the local reglan must be carefully seletted and the
number of unreperted tornadoes must be estimated.

tahle 4 summarizes the number of tornadoes fn the local
region per F-scale, The data are taken from the DAPPLE tape
for the period 19501978,

The number of unreported torradoes is estimated, based
on the technique described above. The number of unraported
tornadoes 1g distributed per F-scale in the same proportion

as the reported emes. Tha cccurrence-intensity relationship

{5 then expressed as a centinuous functional relstfonship. Gp.igﬁﬁéﬂfp)

Confidence limits are obtained for the binomial parameter p,
which 1s the proportion of the tornadoes of a certain F-scale

intensfty in the random sample of sfize n. (p} ¢t

D,  TORMADO RISK MODEL CALCULATIDNS
Datafls of the tornado risk model calculations are glven
fpe 69,7575}
tn Appendix A,y The probabTlity of tornadic windspeeds 1n each
F-scale windspeed interval ?E is ealcylated using the

following squatian:

22



TABLE 4

NUMBER OF TORMADOES IN THE LOCAL REGTON

Mumber of Tornadoses

Number of Raported
Tornadoes 58 113 5%

Estimated Number of
Unreparted Tornadees 17.3 32,9 1B.8

Tetal Number of
Tornadoes 75,3 145.9 7¥71.8

FO  F1 " F2 F3 F4 F§
1% 3 0
4.1 0.2 0.l
19.1 3.8 0.1

Lecal Regfon

Latitude 32% - 15°
Longitude go° - ma®

Period of Record 1950-1478
Arat of Region 34,453 sq mi

23



p § '
P{y = \TJ} “F E ?«1a” (11}

=]
whare & 5 the area of the local region, A4 is the number of
tornadoes per year in F-scale windspeed intarval i (occurrence-
intensity reiationship) and By 15 the path area that 1s exposed
to windspeed {1 tha intarval | of a tornado whose max{mum
windspeed 15 in the interval i, The probebility of tornads
windspeeds exceeding interval values in one year is then

galeuTated,
B
Piv > V,) = = P{¥=¥,} {12)
J j:j J

These latter quantities, by definition. constitute the tornado
r1sk mode! for the Tocal region, A plot of the probabllity of
exceeding thresheld windspeed In one year versus windspeed is

& convenient way te display the ternado risk mnde$z!?%e

tornade risk model is summarized 1n Section V.

24
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I¥. ASSESSMENT OF STRAIGHT WIND RISKS

 This section deals with the determination of straight
wind risks for the Savannah River Plant site. The datz &nd
the rationale required for the anaiysfs are presented,
falculation details ar¢ givan in Appendix B, The results

are sumnarized 1n Section V.

A.  WINDSPEED RECORDS

Records of annual extrame windspeeds arve not aveilable
at the site. The closest weather station with the needed
data is Augusta, Georgia, which 1s approximately 20 md
northwest of the sfte. The baslc wind climate st Augusta Ts
essentially the same as that for the site. The set of annual
extreme fastest one-minute windspeeds recorded at Auguste
were used &5 the dats set, After developing the straight wind
probabi1ity mode?, the cne-minute windspeeds are converted to
fastest-mile windspesds Tn order to be consistent with the
wind 1cad provision of ANSQ ABB.1.

Table § 1ists the set of arnual extreme fastest one-
minute windspeeds for the Augusta weather station site
(HOAR, 1978). The maxfmum value recorded fn the 29 year period
of record 1s 83 mph.  The minimem valug 1s 32 mph. Table 6

chows the annuzl extreme Fastest one-minute windspeads by

25




TRBLE &

ANNUAL FXTREME FASTEST ONE-MINUTE WINDSPEEDS
AT AUGUSTA, GECRGIA

Year

1950
194)
1952
1653
1954
1955

1956
1957
1958
1959
1960

14961
1962
1863
1564
1965

1966
1967
1968
1969
1870

1971
1972
1573
1974
1975

1976
1977
1978

* Windspeeds corrected to 10 m anemometer height.

Hindspeed*

[mph)

a3
34

73

Direction

SH
Ll
E

NE

NW
3

W
iy
NW
N
W

N
NW
;]
3
-k

(]

W
HW
NE
Hu

W
S
)
W
W

Hb
s
SW

Date

5/28
2/

7725
6/10
8728
5/29

715
117304
11/¢8

9/29+

7ree

6/11
4/11
iL/29
521
8/10

5/ET+
5/8
/16
/8
7716

711
3/2
13/21
3¢21
7/6+
3/9
1042
1728

* Windspeed occurred more than once during the year.

26



PNMUAL EXTREME ONE-MINUTE WINDSPEEDS
BY MONTH AT RUGUSTA, GEDRGIA

Spring
MooA
56 41 B3
49 Y
32 48
43
37

Fal?

5 0 N

J& 43 31
36
40
37

- TEETE L A T

B 1 1 .
J J A
7349 44
£ 42
B2 3%

48
43
43
37
k[
Winter
jij J F
39 34



month, @enerally tha peaks occur during the late spring and
ear1y_§g@@§g, with 2 secondary peak 1n Noyenber. As shown {n
Table 7, wind direction associated with the maxima varies
primardly from 5 to Hd with U and N being the most predominant

directions.

B. STRAIGHT WIND RISK MODEL CALCULATIONS

The anrual extreme Fastest one-minute windspeed values
given in Table 5 are used to determine the straight wind wisk
medel. The sample mean X is 45.0, the sample standerd devie-
tion & 1s 12.1, and the sawple size n i 28 years, Substituting
appropriate values into Equations {6) and (8), the estimated
windspeed and the standard deviation of €he estimator are
obtetned for any mean recurrence interval N. Results of the

straight wind risk calcuistions are summarized in Seetion V

and Appendix B.
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TABLE 7

ANNUAL EXTREME CGNE-MINUTE WINDSPEEDS

BY DIRECTION AT AUGUSTA. GEORGIA
Wind Oirestion

-

R
83
56
39
34

A
52

49
48
40
ar
36
34
il

N A

52
44
13
41
37
37
36
36
32

29

48




Y. SUMMARY OF TORNADO AND STRAIGHT WIND RISKS

"Risk Models are calculated for both tormadoes and straight
winds. Details of these calculations are presented in Appendixes
& and B, The final windspeed risk model t= & cnmb1nat1un of '
the tornado and straight wind risk modeTs. At windspeeds
betaw & certain value the windspeeds are more Tikely to be from
straight winds. Above this value the windspeads are more likely

to originate from tornadoss,
The probatility of the occurrsnce of a straight wind or

tornado can be calewlated by methods described earlfer in the
renort. For design or evaluatfon purposes, one needs to know
the type of storm that centrols the criteria. In the case of

a tornado the atmospheric pressura change and missiles must be
tzken into account in additfon to the wind effects. Because of

this the union of the tws events is not of particular interest.

A TORNADD RISKE

Tornado risks are cateulated for the Tocal region
surrounding the Savannah River site. Table 8 summarizas the
tornade risks. The probabflity of exceeding threshold wind-
spoeds in one year versus windspeed is plotted in Fiaure §

along with the 95 percent confidence Timits.
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TABLE 8

SUMMARY OF TORNADO RISKS
WITH 95 PERCEMT CONFIDEMCE LIMITS

Tornads Windspeeds, mph

Mean Risk
Recurrence Probability Expected L ower Upper
Interval Per Year © Malus Limft Limit
10,000 1.0 x 107} 58 30 g3
100,000 1.0 k 107° 142 113 174
1,000,000 1.0 x 107° 207 170 242
10,000,000 1.0 x 107 283 230 333
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" PROBABILITY OF EXCEEDING THRESHOLD

IN ONE YEAR

WINDSPEED

1% iG>

lglO

|:1d'7

\
_—‘
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\

\
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‘r\_

50 160 150

WINDSPEED MPH

aco %30

FIGURE 5. TORNAOD RISK MODEL WITH 95 PERCENT CONFIDENCE LIMITS
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Tornado windspeeds awe referenced to 30 ft above ground
level. RAccording to Fujita {1¢71), F-scale fntensity is ba sed
on fastest one-quarter mile winds, However, because of the
translational speed of a tornadd, winds acting on a structure

may be of consideratly less duration.

B. STRAIGHT WIND RISKS

Anvual extreme fastest one-minute windspeeds recorded &t
tha Augusta, Georgla weather station are used to caledlate
the straight wind risk model. The Type I extrame value distri-
bution is selected for the model. Reasons for preference of
the Type 1 over the Type 1I are discussed in Section 11,

The fastest one-minute windspeeds are converted 1o
fastest-mile windspeeds in order to be gonsistent with the
use of ANSI A58.1. The difference in the two 1s due to the
averaging time. A 60 mph fastest-mile windspeed has the same
averaging time as a one-minute windspeed. A one-minute windspeed
that i greater than 60 mph has a Targer averaging time than
the corresponding fastest-mile windspeed. Thus a fastest-
mile windspeed corresponding to a one-minute windspead is
Targer than the one-minute windspeed, Abeve BO mph the relatfon-
ship between fastest-mile windepeed and fastest cre-minute

windspeed 1s {McDonald, 1980}
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- V{L-min) X
V{F—M} 1,17 - 10:34
Table 9 summarizes the strafoht wind risks. The probability
of exceeding threshold windspeeds in one year versus windspeed

s plotted in Figure 6 along with 95 parcent confidence 17mits.

C. FINAL WINDSPEED RISK MODEL

The tornado and stratght wind models are combined in
Figure 7 to obtain the final windspeed risk model, AL
windspeeds 1ess than spprﬂktmate1y 172 mph {risk level of
3.6 x 1n“5] the straight wind madel égﬁerns. For windspeeds
greater than 172 mph the tornade mgdel dominates, Table 10
sumnarizes the final windspeed risks.

The straight winds obtained from the Awgusta weather
statisen data are expressed in terms of fastest-mile windspeeds.,
A qust Ffactor as defined 1n ANST AE9.1 should be included in
the caiculatfons for the design wind loads.

1. SENSITIVITY STUDY OF TORNADD RISK MODEL

The sensitivity of the tornade risk model o various
naramaters 1s presented heveln for use in comparing results
with madels that are devaloped by others. Factors that can

significantly affect the tornado risk model are:
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TABLE 8

SUMMARY QF STRAIGHT WIND RISKS
WITH 9% PERCENT COMFIDENCE LIMITS

. *
Fastest One-Mirute Windspeeds, mph

Recurrence Probability Expected
Intarval Per Year Vaiue
10 1.0x 107 61(1)

20 5.0 x 107 63{69)

50 2.0 x 1072 76(79)

100 1.0 x 107 83(87)

200 5,0 x 107 90(95)
500 2.0 x 1070 98(105)

1,000 1.0 x 1073 105{113
10,000 1.0 x 107 127{139)
100,000 1.0 x 107 148{163)
1,000,000 1,0 x 10°° 170(188)

L ower Upper
Limit Limit
52{51) To{7e)
56 (55} 79(82)
g2(62} 91({56)
g&{67)  L0O(107)
10{72) 102{117)
75(78)  121{13Z)
78(82} - 130(142)
63{a9)  160{177)
106{214) 190(212)
120{130) 220(248)

*
Values 1n parentheses ars fastest-mile windspeeds, GSee
Equatfon {13) for ralationship between fastest-mile wind-

speed and fastest ona.minute windspeed,
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IN ONE YEAR

WINDSPEED

" PROBABILITY OF EXCEEDING THRESHOLD

FASTEST~MILE WINDSPEEDS

Voo )
o> 1\ }l

50 oo 130 200 250 300 380

WINDSPEED  MPH

FIGURE 6, STRAIGHT WIND RISK MODEL WITH 95 PERCENT
CONFIDENCE LIMITS
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TABLE 10

SUMMORY OF WINDSPEED RISKS WITH 95 PERCENT
CONFIDEKCE LIMITS FOR BAVANNRH RIVER PLANWT

Risk Windspeeds, mph

Promabl 11ty Eipected L owar Upper

Far ¥eap Yalug Limit Limit
1.0 x 107 B7 67 107
1.0 1 107 113 82 14z
1.0 % 1078 129 99 177
1.0 x 1078 163 14 N2
1.0 x 1078 207 170 242
1,0 % 1077 283 210 133

Type of Starm
Strel{ght Wind

" strafght Wind

straight Rind
straight Wind
Tarnada

Tarnads

im



{1) Selection of g1uba! ragion
{2) selection of Jecel ragion
(3) Selection of perlod of record
(4) Estimatfon of unreparted tornadoes

(Y VUse of gradations of demage

In this study the global regicn is selected as a G-legres

sguare raglon surrounding the site. The region covers what is 7
believed to be a hombaeneous region of tornado characteristics. 'ﬁﬂi -
The large number of tornadees recorded in the ragioqii%%ii:)"“' t{11 #ﬂhﬁl]
contributes to the refatively narrow confidence bands on the [Ph'v*

arca~-intensity relationship.

The local region s selected 45 a 3-Degree cquare ragion
surrounding the site. The region is believed ta be 2 homo-
geneous ares with respect to tornade occurrence. The number _
of tornadoes recorded contrdbutes to relatively narvow confidence
bands an the occurvence-intensity relationship,

The 1571 to 1972 period for determining the area-
intensity relationship and the 1950 to 19789 pericd for determin-
ing the cccurrence-intensity relationship are believed to be
optimum for the quality of the data on available tornado tapes.

Since 1971 tornade vecords have been kept on a more systematic
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basis than prior to that time. Information-on path lsngth

gnd peth width are more accurate and more complete than 1n

the records prfor to 1971, Thus a relatively large global
region and a recent perfod of record 1s selected for determin-
ing the arez-intensity relationship. One could argue that the
16 year period of record for the occurrence-intensity relation-
ship 18 too short. Why not use the 63 years of data contained
en the DAPPLE tape? Studies of the mumbers of tornadoes per
year in the U.S. show that the annual mmber tock a significant
Sump around 1950 because of increased public awareness of the
phenomena resulfing from fssuance of the watches and warnings
by the Haetional Weather Service. A superduthveak such as the
one that occurred on fpril 3-4, 1974 might be missed, but the
missing data prior to 1950 seems to outwelgh the chance of

not considering the severe outbraaks.:

The relativaly small number of estimated unreported
tornadoes {74} has 17ttle effect on the final tornado hazard
probabitity model. The differences can be seen in Figure B,

Bacause of the Tand use, the type of terrain and the
population density. one would expect relatively few tornadoes
to go unreported in the Tocal region. This fact is born out

by the tusults of the correlation between population density

40
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FIGURE B. EFFECT OF UNREPORTED TORNADOES ON RISK MODEL
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and number of tornadoes per subbox, The estimated 74 unreported
tornadoes in the 29 year reporting period is 30 percent of the

total number of reported tornadess (248).

. “

Consideratfon of gradations of damage both along the 1Hf“§f¢“ﬁﬂ::

L, dptatt

length and scross the path Is realistic and represents & better |w» T
ku*“u ™

approach to risk mod¢) analysis than those used by the author ¢33

PI‘E'\"IQUEH'.
ﬂ==E;r-F

E. " COMPARISON OF PRESENT WINDSPEED RISK MODEL WITH EARLIER OME
The auther develeped a risk medel earlier (MeDonald, et al,,
1975} fowr the Savannah River sfte. The windspeed model included
probabilities of buth straight winds and tornadces. The twe
models are compared 1n Figurse 9.
There has been cons{derable change in philosophy, In
technique and in the data sets since }9?5. The prasent’

windspeed risk model differs from the earlier one in several

WaYys .

(1) Straight wind risk mode!
a. Different source and period of windspeed records
b. Type 1 rather than Type II windspsed distribu«
tion funcifon
(2} Tornade risk model
a. Different source and period of tornado records
b. Account for unreported torngdogs 1n the rscords

c. Consideration of gradations of damage along
length of tornado path

a2
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Each of these differences are considered an improvement
of the earlier risk medsl methodelogy. There 1s a major
diffefence in the results of the straight wind models. The

-tornado models are reasonably similar.

The difference in the straight wind models is due %o
tha fact that the Type T disteibution converges to lower
windspzeds at small probabitity levels. The risks based on
the Type 1T distribution domfnated the tornedo risks in the
earlier model even in this tornado prone region. This fact
supports the contention that the Type [ distribution is preferable
to the Type IL at 1ow probability levels.

The two tornado hazard probability models give fairly
similar results. This fact is coincident2). The local region,
the period of record, the data set and even the methodelogy are
different in the two models. Dbylously some of the differences

are self-compensating.
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VI, TORNADD PARAMETERS FOR DESIGN AND
EVALUATICH OF FACILTITIES

Gnﬁe the maximum horizontal windspeed {5 determined from
the tornado risk model, other tornado vortex paramaters are
defined based on tornado vortex machanigs. Because direct
measurements of tornade parameters are virtually impogzible ta
sbtain, numerdcal values of tornado vortex paremeter are obtafned
by indirect methods, The two most commoniy used metheds of
tornado parameter measuraments are photogrammetric amalysis of
movias of tornado funnels (Bolden, 1976) and engingering calcula-
tions af the tornadic forces required to produce observed dimage
{Mehta, 1976). Othar methods that have been used {nclude the
geemetry of cyloidal ground marks, debris patterns cbserved in
the damage path, and helght of ¢loud base abeve ground level.

The various tornads parameters and their functional rele-
tionships make up what 15 known as a tornado windfield model.
Numersus tornade windfield models can be found in the literature,
The two basic types are 1} metazoralogical medels, which attempt
to model the prototype through physical paraweters of temperature,
prassure and vorticity of the parent thunderstorm, and 2) engineer-
ing models which attempt to represent upperbound forces that can
be exerted on a structure by a tornado. The tornado model

proposad in this study is the latter type, It has been developad
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and refined by the Buthor over a perfod of seven years, based on
relatively simple physical relationships and on ohserved damage
patterns produced by tornadods, Tornadoes exert forces on
structurgs through three principal mechanisms: winﬁ. aiunospheric
pressure change and missiles, The tornado parameters associated

with these threg factors are discussed in the paragraphs below,

A, WIND PARAMETERS

The variation of wind velocity within the tornade vortex
15 referred to as the tornade windfield. One of the earliest
significant studies of tornado windfield paremeters was performed
by Hoecker (196Q0) on the Dallas tornado of 1857, More recent
studies are available {Galden, and Davies-lones, 1975; Zipser,
1976}, but for engineering purposes, the work of Hoecker gfves a
simple, but representative, model of the tornade windfield.
Hopcker found that at the 1000 £t level ‘the tangential windfield
behaves similar to & Combined Rankine Yortex. At elevations
helow 1008 ft the wind profile daviates somewhat from the Rankine-
type vortex bechuze of boundary layer effects and turbulance,
Sfnce the Combined Pankine profile 1s conzervative and mathe-
matically simpie, Tt s the basis for the windfield model proposed
n the desfgn criteria,

Componants of the 3.dimensional wind velocity vector are

showt 1n Fiqure 10. Associated tarnado parameters for different

4




iz

9. Of Tornade
Core

Dirgction of
Tegvel (Tronsiotion)

T\@

= TRANSLATIONAL  COMPONENT %
= RADIAL  COMPONENT | R T -
a VERTICAL COMPONENT

V,, * ROTATIOMAL COMPONENT
Ve VECTOR SUM OF ¥ & ¥,

&K S

' Rotationat Component

FIGURE 10 . THREE-DIMENSIONAL WIND
' YELOCITY VECTOR IN A TORNADQ

47

y
. 1 ‘o |
s TANGENTIAL " COMPONENT o _ 2




values of maximum horfzonta)l windspeeds are given in Table 11. The
table 8130 shows the functional relationshios between various
components of the wind velocity vector within the tornade vortex.
The radius of maximum winds must be assumed, Tornadces with
larger values of maximum winds temd to have larger radil of
maximum winds. These trends are borm cut in tornado statistics.
Based on an assumed value of R . the radius of damaging winds,
which is defined as the radius bayond which the winds are less
than 75 mph, can be obtafned. The aquations given in Table 11

are not exact, but glve a good approximation.

B. ATMOSPHERIC PRESSURE CHANGE
The atmospheric pressure change is obtained by integrating

the cylostrophic equation

2
p?a dR
R

{13}

p-

In this equation, the tangential windspeed ¥, must be written
a3 a function of R ta accomlish the Tntegraticn, For gur purposes
the following relationthips betwaen UB and R have been assumed

(Cambined Rankine Yortex}).
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TRRLE 14

LDESIGH BASIS TORMADD PARNMETERS

Wind Component Symbol Equation Maxfmum Va'lues of Paramaters
Hind Yalec!ty Components.
Mex. Hortzontal, mph . (From Rigk Model) 108 160 200 250 300 360
Translationat, mph ¥, {Azzumed) =1 S 1} 50 B0 5l B0
Ratational, mph 'I"m Yoax = i
w2y 70 w1 a0 st 20
1.72 ‘Ifa
Tangantial, mph L 0.89 Y., B2 B3 1M Ve 223 ERS
Rac{al, aiph ¥y 0.5¥ 1 4 &7 8 mz e
Yertical, mph 'I.I',u, 0.67 'ITE 41 54 84 118 148 173
Tornads Geometry!
Radiyg of Max, Windg, ft Roax [Assumed ] 126 150 1726 200 ZED QO
Radius of Demaging Winds, ft &, E”ﬁ—’- I['l.rmu! 187 300 467 67 1000 1440
Tutal Pressurs Change, psf  p o ¥ 20 41 oz 18 985 M
. v
® t
Rate of Prassure Changd dpfdt p¥e () ? i 18 59 75 100
pif/sac ' Bk E:

R A Sl WY o
B i T N I L



\.rBth = {ndnﬂgﬂu}
vER = ¢ |:Rr:1!|>rf:ﬂ'-m:J

The radfus of maxTmum tangential windspeed R, 1s measured from
the center of the tornade yvortex, The maximum atmospheric
prasgure changa (psf) 1s

)

P = P¥omax

whare

p is the mass density of air (0.002358 siugsffts}

Vepay 1§ the maximm tangential windspeed (ft/sec).

The rate of atmospheric pressure change 15 given by

d z 0
3% " pvamax F;;;

The values of maxfmum pressure change and maximum rate of pressure

change are given Tn Table lI.
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C. HWINDBORNE MISSILES .

Table £2 14sts the tornado generated missiles that shaulﬂ
be considered for design or evaluation of structures. The four
missiles 1isted in the tahie are those most 1ikely to be picked
up by the winds and are most likely to control the design of
walls and roof ageinst missile impacts. Other missiles, such
as 1 tn. diameter x 3 ft steel rod, 6 in. diameter x 15 ft
steel pipe, have beeﬁ included 1n some 1ists of potantial missiles
(USMRC, 1875). The author's experiences in storm damage nvesti-
gation shows that the 1ikelthood of these missiles being accelarated
in & tornado are extremely small, Therefore, they have been
exciuded from the migsile 1ist.

Table B3 gives the recommended horizontal missile velocities,
The vertical velocities may be conservatively taken as 2/3 the
herdzontal missile veluefties, This situation arises when 2
missile 1s carried to great heights by the winds and then is
thrown out of the tornade windfield and falis to the ground
under the influenca of gravity.

& computer program developed at Texas Tech University
(McDonald, 197EB), ealculatas the time-history response of missiles
ganerzted by the tornado windfiald model. The program predicts
conservative values of maximum horizontal velocities achieved by

the missiles, Conservativisms are built into the program in the

following ways:
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(1} The missiles are assumed to travel in a nontumbling
mode .

(2} The largest surface area of the missile is assumed
ta always be normal to the relative wind vector.

(3} Tha vertical wind component is assumed to be constant
with height.

The values of the horizontal missile velocities ara summarizad
in Tabie 13. The values are essentially based on results of the
computar program. The autemobile 15 one exception. The program
predicts higher values than those given fin Table 13. However,
the program does not account for the relling and tumb1ima of
an aute aleng the ground surface, The tumbling greatly ratardt
the geceleration of the car because of frictional forces
between the car and the ground. Thus, the automobiie s pxpected.
to roll, tumble and bounce at the speeds indicated in the

tzble.
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TABLE 17
WIND GENERATED MISSILE PARAMETERS

Ma x4 mum M1 nfmum
Weight Projected Area  Cross Sectional

c - - Missile ) {#t#) - Area ($t9)

Timbar Plank

4 §m. x 12 in. x 12 ft 139 11.80 0.29

3 in. Dia. 5td. Steel *

Pipe x 10 % 75.8 2.9¢ g.0156

Utiiity Pole

13.5 §n. DMa x 35 Tt 1490 30.4 g.499

Autemobile 4400 100.0 20.0

*Ha!ue given 43 matal arsa. In penetratfon calculations the gross cross
sectional area may be used.

TABLE 12
WINDBORME NISSILE VELOCITIES

Horizontal Missilge*

yeloeity, mph Max{mum
Design Windspoed 100 150 200 250 300 350 Height, ft
Timber plank g0 72 g) 100 125 175 200
’ g?ﬁenia' e 4 S50 65 8 10 140 100
Utility Pole L *h ek g0 100 130 3o
Automebile bkl wa ok 25 45 70 30

*artical valocities are taken as 2/3 the hordzontal missile
veloeity. Hordzontal and vertical velocities should not be

combined vectorially.
#*Miss{la wil? not be picked up or sustained by the wind.
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¥11, GONCLUSTONS

A windspeed wisk model which accounts for hoth tornadoes
and straight winds has been developed from weather records in

the regton surrgunding the Savannah River plant site. Straight

winds dominate for probabilities greaier tham 3.6 x ID"E.

Tornzdoes control for probabiltties smaller than this value
{Sea Figure 7).

The fullowing conclusfons are drawn from the study;

{1 Tornade windspeeds associated with the 1 x lﬂ'?

prabability Tavel is 2B3 mph.

(2) The population density and land use contribute
to the relatively small number of unveported
tornadees in the vegion,

(3) The homngeneous meteornlogical and topographical
canditions 4n the reglon surrounding the site
lend a qualitative confidence to the results of
this study. .

(4 The relative agreement of the previous tornade wisk
model with the currant one i3 because some of the
differences are self-compensating.

{6} The differences in the stralght wind models are
primarily due to the distributien functions used.
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APPENDLL A
TORNADO RISK CALCULATION DETAILS

~ AREA INTENSETY RELATIONSHIP

Globai Region _
Latitude 31° - 36°
Longitude  79° - 84°
Years 19711878
DAPPLE Tornado Tepe UT1B78

TRELE Al
AREA-INTENSLTY MATRIX

*
Kurker of Torpddoes

Brea

Interval F¢ EL F2 f3 F& f5
0 non Ao 00
1 10 58 4 N0 o0 ¢
2 1 45 10 E\ 0 0
3 1 3 13 1t Ny o0
4 k 29 14 2 E‘\ 0
5 O 6 7 4 0 N
B PN 2 2 1 0
7 0 6“\ o o 1 o
g 0 0 N0 0 0
g o0 6’*.\ 0 0 1
10 DL _0 6 0™M 0 8

Totals 24 183 8 8§ 2 0

Maan Area

ng Il'l”

0.318E-02
0.100E-01
0.31€E-01
0.100E OO
0,316 00
0.100E 01
0.310€ Ot
0,100E 0Z
8.318E 02
0.100E 03
0.316E 03

* Those tornadees ocutside the dashed Tines are considersd
outl{ers and have been cléminated from the data set.
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Mean Brea Pay Fa5caia
EQ Fl Fe F3 Fi F5

Brea, 3q mi 0.0243 00,1480 00,3407 1.2280 6.5800 -

Median
Windspeed, mph 56 92,58 135 182 233.5 289.%

Area=Intensity Function

Linsar regression anmatysis of the above arvea-intensity
data, bazed on a leg-log plot, yfelds the following
functional relationship:

Log {Area) = 3.0488 Log V - 6.8595 (A1}

The coafficient of determination for the regression
analysis is

2 = 0.98

trea=Tntensity Relationship

Using Equation gﬁl} to obtain tha axpectad mean area
and Equation {1) to obtain the upper and lower bound
confidence Timits, the following information regard-
ing the area-intensity relationship is obtained:

FD - . K1 F2 -F3 Fd Fb&

Expected wmean
area 2., 59 mi 0.028% 0.1364 0,431¢ 1.0738 2.2954 4.4207

Lower limit iy

sq mi £.0211 0.0579 0,309 0.7680 1.636% 3.140%
Upper 1imit a,,

sq mi 0.041 0.180 O.602 1.501 3.222 6.Z223
Median

W ndspeed, mph 56 92.5 135 182 233.5 289.%
The above data are plotted in Figure Al
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DAMAGE FATH ARFEA -3S0 ML

100

0.l

0.0

95% CONFIDENCE
INTERVAL

=5 925 1333 182 2325 2885

WINOSPEED MPH

FIGUHE Al. AREA-IKTENSITY RELATIONSHIP WITH 5% PERCENT
GONFIDENCE LIMITS
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OCCURRENCE-INTENSITY RELATICHSHIP
l.ocal Regicn
Latitude 329 . 35"
Lorg1 tude go? . g3°
CAPPLE Tape UTLETE -
Years 1680 . 1978
Area = 35,874 - 1,471 {area of ocean)
e 34,453 sq mi

Humber of Reporied Tornbdoss
Number of Tornadoes

ED Fl1 Fe F3 Fi F&
Humber of
Reported
Tornsdoas 58 113 5O 15 1 4]
Eumulative
Humba 248 190 77 18 3 1]
Lower Eound

Windspeed, mph 40 73 113 158 207 28

Occurrence=Intensity Relationship PBased on Reported Tornadoes
Linear regression analysis of the above data yields:

y = {381.52)1070-0035%  rye9n pph)
(A2)

y = {2956.29)1070-0250% 11507 mph)

where ¥ 15 the cumulative number of tornedoes with
windspeeds greater than or egual to x.

The two regressiun 1ines based on raported tornedoes
are shown in Figure A3,
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Unreported Tornadoes Because of Sparce Population in the
Local Region, '

The number of persons per sq ml per la-minute subbox
is tabulated 1n Figure 4, The number of tornadoes
per 15-minute subbex is given in Figure 3. The
estimated number of unreported tornadoss is obtafned
From a correlation between population density and
number of tornadoes per subbox.

In order to get an estbimate of the fotal number of
urreported tornadoss, the number of tornadoes per
year in the Tecal reglon from 1950-1878 15 examined
in Figure A2,

£ linear regression analysis is performed using the
data from 1980-1978. The positive slope of the
regrassion Tine indfcates that the annual number

of reported tornadoes ingreases with time, This
zuggests that there are tornadoes missing from

the data set, The tornadoes are undetected because
of

(1; Sparce popuiation density
{E Land use
3} Terrain characteristics

in connection with the papuletion density, the
estimated number of unreported tormadoes Is arrived
at as foilows: & correlation hetween popuiation
density and nmumber of tornadoes per 15-minute subbox
is shown in Table AZ,

Select Eh = 2. 248
With Xy T 1.72
Nw (2,26 -1.72)144

= 74 unrepovrted tornadons

¥
The 31 value selected for X, fmplies that all
tornadoes are reported fn  subboxes with popula-
tisn greater than 74 persons per sg mi, A total of
74 unreported ternadoes 1s 30 pereent of the 248
reported tornadoes. This valug seems consistent with
the land use, which consists of 17 percent crops and
managed woodlands {n & terrain made up of alternating
h111s amd valleys. The mean number of tornadoes per year
fs 11.1.
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Subbox

TABLE A2

CORRELATION BETWEEN PQPULATION DENSITY
AND MUMBER OF TORNADOES PER SUBBOX

Population No. of Curwlative Tornadoss
Denglty  Torradoes  Tornadoes Pgr Subbox
661 3 3 3.00
565 i 13 6.50
457 7 20 6.67
377 1 21 §.28
320 k| 24 4.80
232 1 25 4,17
226 2 7 3.9
gel 3 30 3.7%
203 3 a3 3.67
177 q a7 in
149 2 39 1,55
145 3 42 3.50
144 1 43 3.1t
134 2 46 3.29
133 1 &7 3,13
125 1 43 3.00
123 3 5l 2.00
123 4 55 3.06
120 2 57 3,00
112 3 an 3.00
110 3 3 3.00
106 ‘B 69 3.14
93 1 70 3.04
94 1 71 2.06
92 0 71 2.84
9l 3 74 2.88
ad 0 14 2.74
86 1 75 2.568
A5 3 78 £.560
85 1 78 2.63
84 0 78 2.55
84 1 a0 Z.80
az 1 81 2.45
81 1 82 2.41
80 0 BZ 2.34
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TRELE Az

{eentinued}

_ Population Mo, of Cumulative Ternadoes
Subbox Density Tornddoes  Tornadoés Par Subbox
K1 78 £ L1 £.33
k¥ 18 ] ad 2.27

38 74 1 85 2,20
a9 74 1 36 g.21
40 73 Z es 2.20
a1 7e 1 B9 2. 17
42 7 3 g1 .17
43 78 5 96 £.23
i4 7l 1] Gg 2.18
45 A5 2 oy 2.18
46 EE 2 1a40 Z2.17
47 ES 2 102 2,17
48 &4 3 106 2.18
49 64 0 10k 2.1%
50 £2 | 108 2.12
5] RE 2 108 2.12
E2 £1 3 111 2.13
B3 £0 1 112 7.11
84 B% 1 113 .08
55 E? 1 114 £.07
56 BE l . 115 2.05
57 KA 3 118 2.07
£a BB 1 115 Z.04
69 B 4 123 2.08
&0 B4 4 127 2.12
G B2 7 12¢ 2,11
67 5l 3 132 2.13
63 5l 1 133 2.11
64 B0 0 133 Z2.08
65 40 & 139 2.14
66 44 0 130 2.11
&7 49 0 139 2.07
&8 && s 141 2.0
g9 a5 6 187 2,13
70 a5 2 150 2.14
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TABLE A2
{continued)

: Fepulatien No. of Cunulative Tormadees
Subbox - __Demsfty  Tornadoes Tormadoes Pep Subbox

71 44 0 150 2.11
72 43 2 152 2,11
73 42 1 183 2.10
74 42 1 154 2,08
75 4z 5 1589 2.12
76 - a1 e 161 2.12
77 40 g 163 2.12
78 39 0 163 2,09
79 39 4 167 g.1l
80 iz B 172 .15
81 38 f 172 2.12
g2 28 3 175 2.13
83 38 3 178 2.1d
g4 38 0 178 2,12
Bb 37 0 178 2.08
56 37 0 178 2,07
&7 36 4 182 2,08
g8 36 0 182 2,07
89 36 2 164 2.07
30 36 2 186 2.07
9N 35 1 . 187 2.05
g2 a5 0 187 2,03
93 36 8 192 2.06
94 34 1 143 2,05
85 34 0 193 2.02
08 33 1 154 2.02
o7 32 1 195 2.01
98 32 0 1485 1.99
99 32 2 197 1.99
100 3l i 197 1.97
101 1 2 1498 1.97
102 31 1 200 1.96
103 g Z 202 1,46
104 3o Z 204 1,96
105 30 0 204 1.4
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Subbox

106
107
108
109
110

111
112
113
114
115

116
117
118
119
120

121
122
123
124
128

126
127
122
124
130

121
132
133
134
135

136
137
138
139
140
141
142
143
144

Poputation
Deng ity

28
2%
24
25
28

28
27
27
27
27

26
26
25
25
25

25
25
28
24
23

23
22
22
22
a2

22
22
22
20
20

TABLE A2

feontinued)

Ho. of Cumulative  Tornadess
To¥nsdoes * Ternadoes  Per Subbox
1 205 1.93
3 208 1,94
0 208 1.43
g 210 1.83
3 zlz 1.94
4 217 1.95
2 210 1.96
1 220 1.95
0 220 1.93
1 221 1.82
1 222 1.91
| 22g 1.90
2 224 1.90
G 224 1.88
¢! ged 1.87
i 278 1.88
0 228 1.87
2 230 1.87
3 232 1.87
1 233 1.86
0 £33 1.85
2 235 1.85
4 238 1,84
0 235 1.82
4 239 1.84
| 239 1.82
1 240 1,82
0 230 1.80
1] 240 1.79
1 241 1.78
1 242 1.78
a 242 1.77
1 243 1.76
2 245 1.76
1] 245 1.75
3 248 1.7&
0 248 1.76
0 208 1.73 _
0 lam ¥ 1.72 - X
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Mstribution of Unreportad Tornadoes

Number of Tornadges

FO Fl F2 F3 Fé

F5

Number of

Reported

Tornadoes from

DAPPLE Tape g8 113 LY 18 3

NHumber of
Repovted
Tapnadoes from

Regression
Analysis E8.00 116.28 62,B9 13.74 2.62

Fercent 1n .
Interyal 0.734 0.345 0.254 0.066 D.011

Estimated

Number of

Urraported

Tornadoes 17.31 32.51 1B,7E 4.10 .78

Total Number
aof Tornadoes 75,30 143.18 81.60 17.54 3.40

Cunmelative
Total 322,00 246,69 103,51  21.86 4.02

Windspeed, mph 40 73 - 113 158 207

Joourrence-Intensity Relationship Based on Reporied and
lnreported Tornadoes

y = (444,71)1070-0035%  (ye00 wph)

~0.0160x

y = (5,137.48)10 tx>92 mph)

68

0,48

0.002

0.14
0.62

0.62
261

(A4]
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Es

Cecurrenca=IntensTty Relationship

Using Equation {A4) to obtain the expected number qf
tornadoss A and Equetion {2) to obtain the upper and
Tower bound confidence Timits, the following informa.

tion regarding u:currenne-Tntensity.Is abtained.

Expected Mo, of
Tornadoes tn the
Intarval N 75,30
Lower Timit A 60,41
Upper Yimit A 90,19
Expected No. of
Ternadoas per

yaar, 11 £.60
Lower Timit 11 2.08

Upper 1imit 3, 3.11

. FO F1 F2 F3 F4 F5
143,18 81,65 17.84 3,40  0.62
125.70 66.35 9.80 - -

160,66 56.95  25.89 6,92 2.17
4,94 g.82 0.62 P12 0,021
4,33 2,25 0.34 - -
b,&4 3.34 0.89 0.24 0.07

73 113 158 e07 261

Windspeed, mph 40

The expected values of the above occurrence-intensity
relationship are plotted in Figure A3 for comparison

with the cne which neglacts unreported tornadoes,
The cecurrence-intensity relationship used in the

model calculations along with the 95 percent confi-
dence 14imits 45 shown in Figure Ad.

TORNADD PROBABILITY CALCULATIONS

The Tornade probabilitfes are calculated using Equation (11}

and {12} and the technique described in McDonald {1979},
Catculations mre done by computer,

pages summarize the computer calculations.

(3!
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"NO. OF TORNADOES WITH  WINDSPEEDS

Fo £l F2 F3 Fe F3

12000

&
O
v

o
o

o

o

EXCEEDING THRESHOLD VALUE

FIGURE A3. OCCURRENCE-INTENSITY RELATIONSHIPS WITH AHD WITHOUT
UNREPORTED TORNADOES
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FO____Fl F2 F3 Fa F3

WINDSPEED MPH

FIGURE A%4. OCCURRENCE-INTENSITY RELATIONSHIP WITH 85 PERCENT
CONFIQENCE LIMITS
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APPENDIY B
STRAIGHT WIND RISK CALCULATION DETAILS

The data in Table & are used for the straight wind risk
calculations. Equations (6) and (7) are used to calculate the
windspeed associated with any avbrftrary mean vecurrence interval,
The upper and lower conFidence 1imfts are then obtafned from
Equetion (%), Far a 95 percent confidence level the value of
aufz = 1.06. The compuiar caleuTettons are summarized on the

next paga. Windspeeds ara expressed as fastest one-minute
windspeads,

Year Windspeed Ypar Kindspead
1850 83 1965 &7
lg51 34 1966 3r
1952 42 1967 g2
1953 73 19¢8 43
1954 44 1953 43
1955 48 1970 52
1356 43 1971 34
1357 3l 1972 1
1958 35 - 1873 37
195% 36 1974 45
1960 36 1975 37
14901 48 ' 1876 32
1862 41 1977 43
1963 40 1978 39
19G4 43

Mean 15 44.97

Standard Deviation 15 12.13
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STRAIGHT WIND RISK ANALYSIS

Program by: J. R. Mclonald
B/30/T9 Latest Rev. 8/30/79

PROBLEM ID: AWNUAL EXTHEME FASTEST DNE-MINUTE WINDSPEEDS - AUGUSTA, GEDRUIA
ANBLYSIS BASED (N 29 YEARS OF DATA, 95 PERCENT CONFIDENGE LEVEL AND A[Z/OF 1.BE

1,DOE-D7

-

Mean "'.‘t,r-._
RECUrrance

Interval Probabd ity I VN SD ViL VAU
2 5, E-T1 8,37 43 2 9 47
5 2, 00E-01 1,50 1] 3 &7 3
10 1.KE-01 2,25 B 5 52 70
20 5.00E«02 2,87 68 3 56 79
b 50 2, 00E-02 3,50 76 8 62 81
100 100 -02 1,60 8 9 66 100
280 %008 -03 5,30 90 10 70 109
500 1.00E-02 5.21 98 12 75 171
1000 1,00E-03 5.91 105 13 73 130
2000 8, 00E -04 7.60 111 14 83 139
£000 2.00E~04 1,52 120 16 BY 151
10000 1.00E-04 5.2l 127 17 LY 160
1004000 1,00E-05 11.51 148 21 106 180
1000000 1.D0E-06 13.80 170 26 120 220
19000000 15,54 180 30 132 248




