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Tornado hazard model with the variation effects of tornado intensity along the path length
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Abstract: Most of Japanese tornados have been reported near the coast line, where all of Japanese nuclear
power plants are located. It is necessary for Japanese electric power companies to assess tornado risks on the
plants according to a new regulation in 2013. The new regulatory guide exemplifies a tornado hazard model,
which cannot consider the variation of tornado intensity along the path length and consequently produces
conservative risk estimates. The guide also recommends the long narrow strip area along the coast line with the
width of 5-10km as a region of interest, although the model tends to estimate inadequate wind speeds due to the
limit of application. The purpose of this study is to propose a new tornado hazard model which can be apply to
the long narrow strip area. The new model can also consider the variation of tornado intensity along the path

length and across the path width.
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Table.1 occurrences of tornados (include entering/passing)

FEA - TR FO F1 F2 F3 | RBH | &t

1961 LI 48 117 49 6 21 241

1991 4ELIRE 48 8 21 1 16 164

2007 4ELIRE 31 13 1 0 11 56
BT — % 394 | 187 49 6 0 636
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Fig.1 Moving tomados in strip areas

32 €AY FRSICE S HEmE w%i%
HA RCTHhiEfMESNTnb ko1, DAEOR:
BUIIR I CIER I . FRIC, {ﬂiJ:“C A L%@?&L
Peli-mk (EpEmd) 1, BB oRA LRl
HIZET S0, AR CRA LI-mR 0%
WAL L CThY U M D2 8L, N P— ROyl
\ZOTRINBAREMER S D, FOERTIE, FhEmda i
UNCRHT 2 Z &A%, AEOZ Y — REHlilZ 27235,
AR T v N A, K1 DOBLEND

-24-



RINHE DT, EEOWERES CIT, 2R LMS)
T, e sgiERoRS BUF, 87 A
NEEFES) B2 H0ONHEYITHSL. TDT=DDIE
L LT, AR - HIRATEORE - BREED O AN
I AL NEZERD, TNEREORDVICHND )
EREZ D AT, HiEl LES).
ZOMDFEE LT, #IFANTE A MRS EH
ETDHELEZBID BUTF, FiE2 EFES) . i1
X2 1R & D1, 8D OFEMAS y~+D OIXFENIZH
HETDH. R0 TRAEL, yElsmzZTLET 5 180 B
OFPAN BIZIE, WA ORER) ~BET 582k L, ©
TR, ZOEMEMESD 7 AL N ROSEHE Ly 1%,
wACRIND.

Ls(yaLO;D):
2 Lo(az_al)_y+D10gl—cosa2 +21o 1-cosa,
V4 2 l+cosa,| 2 1+cose, o)
@)
Z 21,
alzsin’l(y/LO) ; 0<y <Ly
o =0 ;<0

a2=sin_l((y+D)/Lo) ; —D<y<—-D+1L, 3)

7 a2
o| ! L12 \
: ¥ L at

A~ e

o a0

Fig.2 Segmentlength in a narrow strip area
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Fig.3 Effective segment length in a narrow strip area
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Fig.4 Damage length and effective max segment length
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Fig.5 Effective segment length in a narrow strip area with

different directional functions.
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Fig.6 Damage length and max effective segment length with

different incident angle 6, of the directional function, sinfa.
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Fig.7 Schematic model of the tornado wind speed intensity

variation along a path length.

Table 2 Variation of tornado intensity along the path length
(a) table 6b in ref. [14]

[14] Table 6b Recorded Tornado F Scalse

Percentage FO F1 F2 F3 F4 F5
o | _Fo | 1.000]0.383 | 0.180 | 0.077 | 0.130 | 0.118
EREG! 0.617 | 0.279 | 0.245 | 0.131 | 0.125
- [ R 0.541 | 0.310 | 0.248 | 0. 162
g F3 0.368 | 0.234 | 0.236
g | m™ 0.257 | 0.187
= s 0. 172
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(b) accumulated value of (a)

[14] Table 6b Recorded Tornado F Scalse
Accumulate FO F1 F2 F3 F4 F5
° FO | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
§ F1 0.617 | 0820 | 0923 | 0.870 | 0.882
— F2 0.541 | 0.678 | 0.739 | 0.757
>
= | F3 0368 | 0491 | 0595
o
S | F4 0257 | 0359
is
F5 0.172
(c) accumulated value of Eq.(5)(6)
Eq. (5) (6) Recorded Tornado F Scalse
Accumulate FO F1 F2 F3 F4 Fb5
o FO | 1.000 | 1.000 | 1.000 | 1.000 | 1.000 | 1.000
;)S F1 0.793 | 0.869 | 0.900 | 0.918 | 0.930
~ F2 0.590 | 0.687 | 0.744 | 0.782
>
o | B3 0.437 | 0.540 | 0.608
&
S | M4 0.305 | 0.408
S
F5 0. 199
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Fig.8 Path length modification rate
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Fig.9 Tornado wind speed hazard curves with different

tornado occurrence definitions.
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Fig.10 Tornado wind speed hazard curves with different

effective segment definitions.
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