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Fig.1 Positions of a tornado and an observation point
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BE (m/s) PN IE Y (m)
90 —o00 -25.0
80| —-500 -750

-100.0
—-200.0

-150.0

-250 -200 -150 -100 -50 0 50 100 150 200 250
BEE (m)

Fig.2 IZBW\TiZ 20m 23 T RYICHI Y L, BUEFHILE
Fig.2 (b) Wind speed induced by tornado, right hand side

T 25 BN S 2 REZE xR T, MOENLLA
WCRBENT D LR Y O T X UimEREL TV DT
W, T UFAROFLNFHEIGEO T (Fig.2 (a) %

WAL EITIE, T oF e X2 R & B Ehid A
BENBEFIIED L, T ox o mo L AL E O
A (Fig.2 (b)) Z#DGA, 7 imic & 2 mE &
BEREDNME S, FHUAZE O REIED 7R ) K& <
2%, TV RO LFHIALE K0 10 5K mH
HART I A I8 EE,HE®QMMﬁEAEﬁQ
FED TMEZEDHEITIE, WL FHALE
D LAZONFEH T 2,

T VX RO RBE R L UL L E T
B KRR 13 282 S RO B I BIRE T 5 A% TR (E %
Ffo, Z OMBKAEIZIZIT BB IRD 5 i 0 850 i

ERORFICE LA LS, 2kl T, Jv
& Ui D i KB AR O SMAICIEE B DS IR B
LR mGE S R & 72 B,

Fig.3 1%, @& (7% i) il i KR & &

gmax (m/s)

-250-200 -150-100 -50 0 50
y (m)

100 150 200 250

Fig.3 Maximum wind speed induced by a tornado.

— 474 —



Table 1 Rank of strong wind hazard
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Fig.4 Map of damaged houses by tornado in Saroma chou.
Thick dotted line shows the expected pass of the tornado.
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Fig.5 Vector of wind velocity at point (0,y) when a tornado is approaching to the point. The tornado moves from left to

right.
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Fig.6 Tracks of flying objects, 5cm wooden cube
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positions, 5cm wooden cube.

BE bifsRiBIC Lo C, BEE T U Ufe LSS
DOREERE O OWRI3AG & ZPUTEE S BI040 & gt
L7,

4.1 BIEIC & ST

(1) fEreTN

REAENEE U THEEICESWTL 58455 25,
FIL.g10 (2R3 & 912, ®E&EZREEHE D OfER A
1 ODRTRL, WMAVGERT v v Wit & AUE
T5L, ZOBAEOMEEY OFASE, HEUD—
BRI & 5 IAE » OASEIz, MEOHTICH D
TRICEDMNGOMEFICL > CTRIATE D LEZ
Livd, WG, TOBEFERERT v LW (2) 1

2

W(z)=u, (z+a—j+ixlog(z—z)
z

aZ
—ixlog| z—— |+ixlogz
z

TERTIENTED, 221, alZAEOEE, «iT
RO S ICERT 5, Z IXEEOHOIE, Z
X Z OBEFEHTH D, Q)ROFE 1 HITEEOBE)
HEART IR, F2HITEEBELR TR, F3HE
i, MR ORREMZ RTINS O8
BALBIZED TR, 54 TERERNE OWE %27
B D OICHEOHLICEW R EFE L TWD,

Z Ok B R q DT 2 F ARICHIS
THEIICk DEERDD &,

®3)

K=qur=—r/272' 4)
L%, 221, TIERBHEDL #EE LA oisk
DR ZER L T D,

(2) MR OFE
R TERINDIEREERT LN Y VEWHRT D

—d=0
—— d=1=dumax
d=1.5

d=2
—d=25
—d=3

Fig9 Track of fluid particles

Fig.10 Simple model of a tornado approaching to a
circular sylinder

T EITEoT, FRERY OEERD D ENTE D,
e,

dw .
—=u-iv
dz 5)
) a’) | 1 1 1
=Uu —— |+ 1K -_—— =+
' z -z 1-a%/Z
L7e3»> T,
aZ XZ_yZ
b J 20

’ (xz+y2)2

. K(y—Y) . Ky

(x=x) +(y=-Y) X +y

) w(XE Y ){(X 4y )y -2’}
{(x7+v)x—a'x} +{(x +v")y-av}

(6)

. —x(x=X) , KX
m()<z+y2)2 (x=X) +(y=-Y) x'+Yy
(XY ) {(X7 4y ) x-a'x}
(X7 +y ) x—ax} +{(x +v*)y-av}

U]

2a’xy

— 478 —



(3) Wk DELES
MR OBMBRE, (6), (7)XD x,y I X,Y ZHRAL, i
SKOLEICRBIT 2EEERD, TOAEEES T L
ko TRkdpZENTES, AID,

zV(Z)

£(2,,2)= j

dZ+F(Z) (8)

yy&v
[N N,

Z 13k OUINLETH D,

@t@ﬁ TOPRE LN VEMETH Y, fRNTHE
ERDDH LIRS TIIRONOT, ZTZTHE, Fio
£ 91T, bW LEERR 2352 LIT&D
R OALE 2B L7z, BlD, MIIEZ = X +iY 2>
SR T, REFFRE At TA A T —kIC L 0 IER RS
FETDHILIZEST, ALEOHZ B L 72,

FA 7 —IETIE

X =X +u At ©)

Y =Y +v At (10)

a (X7, -v") KY kY
u, =u y1- + -
B B OG0 NS SRR S R ALY

(11)

X, Y, —«xX KX

i-1 i-1

2

- m(x;+riY XT 4y, X' +Y' -4

(12)

(4) EXRBBFRRCHREIERT AN
MAEIAER T 23R, M REICB T Dz ]
HLT, HEShE LA DOERICELORDD L
NTED, L, AERmOEX
1 o¢

IO—P=E/J(UN2—0I )+pg (13)

¢:K{(X—X)v—(y—Y)u

_(x—x*)v*—(y—v‘)u‘}
(x=X) +(y-Y)’

(x=X) +(y-Y)

(14)
I, PIERRROET, q iXMEREOWE, u,v
XiR D X, y FIIOBHE, *IZMHFENOA 2 — ik %
L, XY u,vViEzzEnthkcians,

. a’X
X = (15)
X +Y°
X a’yY
Y = (16)
X' +Y°

. a
u =— ~u (24)
X +Y
. a’
V=———V (25)
X +Y
(5) WHEOER

Fig.10 1%, FMEIZES R OBiZ R L6 DT
bb, REHEIL, 1R OESE i KRE % 75m,
I KRJEGEA 60m/s DI/FARTR LI L &, Tl %M
BRI A5 2 DiRICOWTITo 72, RSk, A
A TRE LRSS HEE (E 75m) L, Zh
B8 37.5m D 2 RoTFHAEIC L » TR L 7=, ko
HF ST, B L2 450m B ETHY, RIR
U 72 B3R &2 e B iR 3 I8 L7556 Ok
DO EZR LTS

WA DOMEAT 7 M O LM HEEM 3 I 5356 (Fig.10
LD, BARTMFERZBET D X O IC L TR, EEOME
THMOEMCEED R S 554 (Fig.10 TR, &&
MR EFEOND 2 ERm0d, REIRLE

MR T, WRITMAFRICIRZ D NAAEE Y #0125 Z &
W7D, BEITHRARDE T R UomEIRE L

TIE, EEMHEEMICL-oTIRADNIZEE, —
BITEEOMEIIMEWE O oML, 0%, ik
MOBHTELEY ~HAOMIIEY BT ~EBET L,
EERDPEY IR 2 SN DB, SITHE O R E
SIZHE LW, 2k, EEVPHEEDIZX > TRA bk
B OFERDOERIIHE I LV iE-5<,

4.2 BEBE (BEEILRRE) 12Xk ST

HIEI T, EHE —OOMRTET MEL T, &
DEEYICHEE - BT 5 & & OEBORKKICONT
B L, L, EEEHATET ML LISS
R OO TIHEEAEKRICKRE S 25720, kR
MRS - IR 2 B R » o R R IR
WCKREL 2D, —F, MIEETIRLEL I, &
BT X UMTETMMET DG, HESAACHREY
DIRH ST )72 EIZDNT, D TRW—EBE LT,
T Ui, BRBEE O N & RS — RISy
L, TOMITOWMENO THDLEWVWIWMET LT
b, TITE, TRt —RRICOAMT 28D
Rz > TETLL, ZNEEET 5RO FFEH
Y ORI H BEBA LIRS/ IEIC L0 AT, SRTEER
BT 2O EFERT v ouix, Q)N AEPLEL TU
ToOXoIRTZENTELD,

W(z)_um[z+azz]+2{izclog(zZ)izclog[zaZz]Jrixlog z}

(17)

— 479 —



Cp-10 5 0 5

cp -10

-5 0 5

Fig.11(a) Distribution of discrete vortices and pressure
distribution around a cylinder, initial position of a center of

vortices is y=a, r=2a

Cp -0 5 0 5

Y
N

vortices is y=-a, r=2a

— 480 —

Fig.11(b) Distribution of discrete vortices and pressure
distribution around a cylinder, initial position of a center of
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Pass of Flying Objects Destroyed by a Tornado
and Wind Force on Structures induced by a Tornado

Hiromasa KAWAI

Synopsis

The wind velocity and the pass of flying objects are calculated by the Rankin vortex model and the
equation of motion when a tornado is approaching and moving away. The results are compared with the
observed report of the damage of structures induced by the tornado, which attacked Saroma town in Hokkaidou
prefecture in December 2006. The comparison the wind velocity with the damage shows that the wind speed
corresponded with the hazard rank 3,4 and 5 proposed by Okuda are 50,60 and 70m/sec respectively. It is
expected by the calculation that destroyed objects at the right hand side fly parallel to the moving direction and
the objects at the left hand side fly normal to the direction when a tornado with anti-clockwise rotation is passing.
This result can explain the direction of flying object observed in the Saroma tornado. The wind force on a
structure is estimated by the discrete vortex model simulated the Rankin vortex. When the tornado is
approaching and passing at left hand side of the structure, large suction act on the structure, of which pressure
coefficient based on the maximum velocity in the tornado is smaller than -4.
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