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Synopsis

Damage to buildings or houses in strong wind like typhoon or tornado are caused by
flying debris such as roof tile in most cases. Measuring aerodynamic characteristics of
flying debris is required to predict the motion of flying debris and to evaluate the impact
for the wind resistant design of claddings and the reduction of damage to houses.

This study aims to measure the aerodynamic characteristics of flying debris.
Stand-alone measuring device assembled with microcomputer, three-axes accelerometer,
gyro sensor, pressure sensors, SD card and small battery was built in three types of
models of flying debris. These models were dropped from the stage located at 50m in the
dome with no wind, and pressures, acceleration and angular velocity were measured,
while capturing the motion of models by taking movies with video cameras and
conducting image analysis. Based on the result of the measuring, the motion and wind
force acting on each model was calculated.
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Keywords: flying debris, aerodynamic characteristics, bluff body, stand-alone
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Table 1 Sizes of calculation models

No M odel Length width depth
1 Cube 1 1 1
Flat plate 1 1 0.33
3 Rod 1 0.33 0.33
unit:m

Table 2 Summary of computational method

Spatial difference scheme

Conv. term:Filtered Linear
Other terms:Linear interpolation + TVD

Time advancing

2 order backward

Pressure cupling

Piso method

Sub-grid scale model

Standard Smagorinsky (Cs=0.13)
with Van Direst law near wall

Calculation domain

xxyxz=20Dx10Dx10D

Grid number

Coarse stage.:NxxNyxNz=80x40x40
4 stage octree method

Minimum Grid spacing

dxxdyxdz=D/64

Reynolds number

Re=10000

Time step

dt=0.005 sec.

Calculation time

150sec.(T=50-150 for averaging )

Inflow wind speed

Uin=1.0m/s

D:model Length
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Fig. 4 Distribution of mean pressure coefficients
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Fig. 9 Trajectory of falling debris models by image analysis (1/10 sec pitch)
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Fig. 10 Time histories of accelerations (upper) and angular velocities (lower) of falling debris models

— 398 —



Thbb, WA EDOmICERST D EEE LTHE
U7z, P T BRAAIE oMtk A2 AR R & HR JREAEE R & D B
fRIZFig. 8DE Y Th 5. ¥ T BALARE I D LB )3
BN KELIRBD L O L.

4.2 EEBRER
(1) EREEIC & 5 REMIED OB
LRI & 0 R D 723> DR AT D B H %
T O#BROFIg. 9”9, ST IR(cube) DELBRE, %
TRARERIIKE R BB ER - THENTHH, #iE
I0MB7= Y 226, EHHFANCEIEERIEE > TS, F
B (flat plate) D356, ¥ THRRIRELH 2 b LB R D
WZ72 0, H =30md 72 0 s B AR (x-yiih i ) 23 e & 12
20, HiZH E20mb T b AKREE Y, RO
NESXORIRETHETLTCNDZERSND. &
R rod) DAL, FElil(xdm) 2K EIC L TETL
TV, HE30m®b 7= 2 5 Rgi(xi) 2 LA 12w
N5 L IRICEa (i) v OEEERIEE > TV DT
P Z BN TND.

(2) BIABFAZEDOFAKR

(a) MHEE - ARE

S HIE B CRIE L 7230 O TR BT o i g &
AL & Fig. 1012777, AL OB\ T
b, EHNE2I5 E11C—9.8m/s20 B ) NE EE3E L T
WD, FTCIo2FmER U<om/sPici s, 2
DzI5 B D INIEFE 30m/s2Z 72 - T- B A HHE T %
BltE L7-BER Th 5. M B~ TREZNZNEE O
EABICKRESLSLEHNELEZLETHY, SLHEK
(cube) TIE4.4%), MR (flat plate) TIE5.8%, #Hk
(rod) TII52 TH 5. 3O DI HT  ¥% T B
PSR i b BV, ZHUTESCR 23 i b B2 R
MWRE L MEF R OELKSIEINB R KRENTZD
EEZND.

SLJ7 R (cube) DA, 2J7 181 O NNE EE 23 0m/s2Z 7 -
TR A ICADENRREL 250, 25080 1o
Aicomisticir oL . FOMELAH -0 B35 M D
IR &3m0 o fAEE L RKESEH LTV D, &
TOMEEE, FAEENRET L TWD L&, 3y
WEHICEER L 2R OE T L TCW LM TH D &5
ZAbid.

SEHCIR (flat plate) D 356, 277 16 O A0 B 1L — B
Om/s2(% FRRMAE RN R > T2 BRICETH L2 RN HA D
ERREL 2D, SHFEROEA LENOM/SAUTILR D
V. AEER, 2B byl by i kE L E
BOEE L VREBRLEHL TS, ZhbXLb, 7
FF1a % b & (x-yllimm 2 K )N L, vl ) TARDIE
DS LIRS SHETFBIEAONATWS. £77, 2
il 5 17 O 13 350 LA TIL AT IEIE-9.8m/s2 3T

Differential pressures on x axis

g

=] X

[)] o .

(2] D N i

3 AN

& 0 2 4 6
Time (sec)

o Differential pressures on y axis

S5 ~ 200 f f f

? 0

g

o

Time (sec)
Differential pressures on z axis

200 : ]
-200 ¢ ‘ | ‘ ]

0 2 4 6
Time (sec)

Pressure
(Pa)

(a) cube, upper: x-axis, middle: y-axis, lower: z-axis

Differential pressures on x axis

200t
0 —
~-200t

Pa)

Pressure

Time (sec)
Differential pressures on y axis

2 5 200 —

8L 2001 T

- 0 2 4 6
Time (sec)

o Differential pressures on z axis

5 ~ 200f I ‘ ‘

2Z Q"

Q ~—-200¢

o

Time (sec)

(b) flat plate, upper: x-axis, middle: y-axis, lower: z-axis

Differential pressures on x axis

o

S5~ 200+ 1

@ C(Lu 0 _WWWM_‘

Q —-200¢ i ‘ j 1

- 0 2 4 6
Time (sec)

Differential pressures on y axis
—~ 200+ f f 1

0F
-200 ¢

Pressure
(Pa

Time (sec)
o Differential pressures on z axis
5~ 200f ‘ S 5 ‘
aa Of ‘
2 ~—-200¢ v
o 0 2 4 6
Time (sec)

(c) rod, upper: x-axis, middle: y-axis, lower: z-axis

Fig. 11 Time histories of wind forces acting on

debris models

— 399 —



DEERLTNDZ END, EHORER Il L %3
BT EICE L2 &N 5.

iR (rod) D&, SLHROSGE & REIZZ M OA
DOIEERRAIZKREL 2D, S L RELE
FHLTWD., oL, xdhil OfEENRRLICK
Lo TS, Thbbh, thmONMEENEAIC
RESZEH Lx#H@ Y O[HENRREL RoTND
XN Eh(xEN® 0 ([ZEEE L CWAIREETH D,
BT OFE R & 3HE LT 5.

by ZEE

3ODTB ML D B W ¥ TR D Z2E & Fig. 1112
RY. 3DOOREMEEL L 4, X, y, ZENTIEETO
ZEE IR CHRIR(EE) & 2o TV 5.

SEJT R (cube) DA, BEAAKIEE R o TV D HREET
W2 A EERRZICKRE L IR TWD. ka7 J51H
WZEHE LR D (O F RO ZEEE K& S EH
LR 5.

SRR (Flat plate) Ti, #2O haed 5 280> HX
FEDOEENKELSEBL TS, £, 27 MDE
JEWX/NES 7B EhE LenbRaICKRELRoTND
ZEDBGND . FRC3R LR TIXFEHMITIZIE—ED
BETHEL WD ERND. ZOZ b, N
HWEORRECH/R L@ BB SRR EEICE L 72
DR TE D, yFMOELIIMO SO EEIC
T/ E W,

PRk (rod) D4, xiil)&E 0 IZ[Ediz LT b & & (35
IR M, 2071 O IXER DS MR LR b K&
SEFHLTWD. xFHHOEEIIM D27 I b~ T
i/ hE<EdHB /S0,

5, FHRREEDOETEFOEL

DU 13RI 2 Bl
TRT.

A DY T B O

51 EHAZE

% FERCHM S IGERE, AEEZHNTHE
T OB D A AR RSB DB O T
WEBLOHELFEH Lz, £PFHEMOEEIIMAE
FEOMEND 7 A —HF =4 &R, BERITYZEKT
LR (BEER - ATRE, 2014). st EERICE
BRI O TR L OWLE %2 K 5720121,
HEXHERE R VT DR 2R D BN H 5 A3,
FHH S A7 NG EE O IR TSR T O TH H T
O FEFEAE RN BN D, 2 CHIEE DM B K
DI [EEATH & AV 2 2 & Gk AT SR IS B 2 M
W &R, BRARIC X DR IC L - TR
DOWETHERLOWIELZHEH L

5 X0 1
/\U? >/\/
= A \ Yo
(&) _5 L N, Z0
o .
RN
-10 T e e
0 2 4 6
Time(sec)
Fig. 12 Velocity of falling model
(flat plate)
50
45 |
40
35+
30+
Eos
o
N
20
15+
10 -
54
0-L
-10
Fig. 13 Trajectory of plate model
(flat plate, 1/10 sec pitch)
5.2 BEHKER
SERCIRASIR o o PEAT SR AT 35 1) 2 v T B & Fig.

1212739, xofh T OMEITHEZ VIR L TWD 2
L, BENZZEKAOBmM G RITERLTWS Z &
MBaMD. yolli R OEITIEE A EBLR72 L, 20
il 5 1) DA LR & (28> L 3FD LA R C g —10m/sft it
THBELTWDHZ bbb, 4B THIRA L) ICH
ISR EIZE L2 2 DR TE D,

PR DO EEIZ DV T, B AT (Image analysis)iZ &
S>THHEENT-EE) & ¥ 2 ¥ —(Sensor) 7> & HiH &
A ER A Fig. 13ICENEhRT. BB L O
TV K o TH M SR o E B (3 I pR
JEFE R Oy E D VIR O WTER Y, Kk EE R DOxo
HFMICEBE LR OET LTV AT Z b,
FEESRIE A A — R LTV D Z ERHRTE 5. — 5,
o=l X o THRH SN 8B T EGART & o,

— 400 —



20=30md> 7=V 2> 5 xoffi 1IE J7 A1 740, Xoffh 57 18112 5m
BETNELZAHIIHEMT IR Lo, HUEIC
PRENAUHBE LTIEELZ By L-Z &
I X DIRED RIERC, % TR OB & K &R
ELTWIZA, EEROE TR ORI IKE T2
W2 bz K EE, MEEE Y —0FEEZ DL
DIZEENDIBENEBZDOND.

6. FIRKEREDRENFREY

6.1 BEHAE

B B ISR 280 OFEERGCCRB L.

(1) I A AW E
IEEY o —CHLRMEE, BLW
AEE & o —TH LN EEITH B L U510
TH LI O TEE L2 AV, FE
TR CORNEHH L. EEm=6.54kg]),
B L OV E Y — T EH & 7 i 1)
DOMEE % FNE ax, ay, afm/s?]E& LT,
PR ERE R B W CHREICER T 2 B
F=[F: F, F][N|Z ()X TE L 7=,

ma.

X

F
F=|F, |=|ma (1)
F

y
ma

(2) ZEZEHWI=HEH
FEHErH—nbEonmEEE2 AV T
ToOXOICBAZEHM Lz, xlili g7 i oE S #
AL, yEhTEOE S RE, TR oFE
HEFLLE L, FREFLICTERT 2 EE2Z N

ZiPi, P, Pc[Pa), MIETLL, j, ko>l
EENENA, A, A[n?]&T 5 L&, BRE

BERCTORE I F=[F: Fy F][N]Z2);AT& L 7.

8
2P-A
F, :1
F=FY:IZH-& ©)
RS
4 Pk‘Ak

=1
HARNZVER 3 2 BEIZ oW, A & a0k e
THHETI®EELD, BROETHESNY ML
ExtT 2 HENRS MAPHEARNCER T 2 B~ 7k
N D. TNENOHFENSELNE F &R

|UI[m/s]% IV THRIRLEERE SR IZ 38 1T 2 B A1 6R 5 Cf %
Fl
Cf = |

1 3)

[ FX (g B

Fig. 14 Definition of wind direction

S 80
1850 0, 0 @ ood‘% o 70
o
S, o Rpe 0o
5 1¥
50 =
05l 40
30

-150 -100  -50 0 50 100 150
a(deg)

(a) Wind force coefficient based on acceleration
2 ‘ o
o © 8 ° OO 80
° o o) O o
155 o 3 70
¢ e L
51 g
50 =
05 © 40
° o 30
0
4150 -100 -50 0 50 100 150

a(deg)
(b) Wind force coefficient based on pressure

Fig. 15 Wind force coefficient of flying debris
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