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NUMERICAL SIMULATION OF THE DRIFTWOOD BEHAVIOR (3)
—ANALYSIS CONSIDERING THE DYNAMICS OF THE
ROTATIONAL MOTION OF THE DRIFTWOOD—

By Hajime NAKAGAWA, Kazuya INOUE and Masaaki IKEGUCHI

Synepsis

A numerical simulation model has been developed for computing the behavior of
driftwood and its dam up process due to jamming between and/or in front of the houses
when driftwood debouches into horizontally two-dimensional flow field. Calculations
were made with an interacting combination of Eulerian fluid and Lagragian driftwood
equations. Equation of rotational motion of driftwood is evaluated dynamically as well
as equation of translational motion. The positions, rotational angles of grouped pieces of
driftwood, and the amount of dam-up of water level due to jamming of driftwood found
experimentally are well explained by the calculated values. Moreover, the risk of swept
away of wooden houses found to be increased by the dam-up experimentally.
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Fig. 1 Definition sketch of the rotational angle of the driftwood.
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Fig. 2 Relation between rotational angle and relative velocity of the driftwood.
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Fig. 3 Experimental set-up for measuring the two-dimensional diffusion of driftwood.
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Fig. 4 Comparison of the experimental and calculated flow patterns.
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TWAZEDNDID, DL ITHBNLREHEREABONA L L), FORDRIERSIZEY S5 5D
BUTHhLLDEHESNS,

Fig. 7 \ZFARRAEMICEREEZRA, 0, DALTLE LIGEOFEREREBL P oy EERLIIGED
SHEER L KEEBRRER P FNEFNE L0 DTH B, w, = 0 DFIERERL, HARMEIZOW TS
AUNEDTIEIH 575, EERGEELHEN L CHHEL A L0%hh b, BEEAFEIZOWTIIFIREDIZH A
EFERIZB-MEDORAPENVL S ICEZITON S, wp DEBLAFHRERIE, RAROIAN 30 7%
DX CERBE—FLTEY, MIEEAOERLSOEE S ERMEOMENEL L CHIAL TS, &I, t=
20sec DEHERZERIL, NEAFEOEREHETER L LVEZ L2V RE-THEY, BELIGED)
DEARDYAN L, EBRERTLCEBHRLTWAZ Edtbhdrs,

5. MABODELDICLZIRERLERE

5.1 B &

ZITH, RAICHEA LRARAERICREILE 2 2 8 IC X > TREDEAPE LB & %, 4k
1N F T o o KBEBROEREY b 212, B ORLARABOEEDDY I 2L - a v FEV #HOTR
Ht B, DWT, HABEOIEILDIC L KN EFIZ L » TRERBROFEBRIENSED & 5 127% 55 % KB
EERERY b L IIEET D,
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Fig. 8 Experimental flume used for dam up due to jamming of driftwood between and/or in
front of the model houses.

5.2 RBREBHLUVHX
FEERIZHAVKEIZ Fig, 8 IRT XL )2, 1850cm, EX5m D7 2 ) VEIIERIT, GELIE 1/200 (C50%
ENTHWDH, KETHRMIIITEROEARITTHY, KEIEZONLL IR -T5S, KD

{
q t UNIT : cm
~ HOUSE MODEL
- STRAIN ¥
GAUGE /PX.1n
I
7.0
N J
@ I
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(=44
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Fig. 9 House model for measuring drag

force.

0.83g/cm® DFMFEAM CTH 5,

B 50cm D& AITEBIRAN P I ANY— R BB, N
WV b EIZHRAMEI % %) 850 ASEFIBCE LT b & HEEE
H5Z ETKRBEPUIRAR L 72 AME LY 2R TFiic
=0%&Y), TOHRBELEFICRIT-EFEAIATICE DE
BOFNEREMMA B 72D DFRARDIERE & [DEEMH Ok
ML #EEL72 $72, 2=2.5m DARBAIZ, &
10cm, ME5cm, £& 7cm OFBEEA 7 @ % KESIEHHIC
2.5cm OFBBICERE L, ZHUIX DFHARBEORE LD &K
MERZAERSEL EEDIZ, HROFBEAIL Fig. 9
VORT &) RFADEHIRE L, RAROEBLDIZE AR
BHEANOERNIGHITEL L) ik o Tnd, &6
12, CORBER EH1em & 12em (3K EHEIHO
F—REUKAE & 1 BTOREL, WMAEOEILEDIZLS
KL EREHERIL 720

FERGAMF X Table 1IR3 L9512, fE%E 38y, i
AEx 2HBYEILEE, BREI6 BV OERE TR 72 7
B, KHD Q\IFE, ho \IFTAKIE, uo 1 IHTITE, Fr
13 ho, uo BMEFARBEBEIZHOA 7 V- FH, /RFAE
Thh, B AKEEITER22mm, FE I

Table 1 Experimental conditions

RUN Q ho "o F, {

No. |(em3/s)| {cm) |(cm/s) (cm)
1 800 | 5.83 | 2.74 | 0.036 | 4.0
2 800 | 5.83 | 2.74 | 0.036 | 6.5
3 1400 | 6.32 | 4.43 | 0.056 | 4.0
4 1400 | 6.32 | 4.43 | 0.056 | 6.5
5 2000 | 6.60 | 6.06 | 0.075 | 4.0
6 2000 | 6.60 | 6.06 | 0.075 | 6.5
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5.3 MABOEIESHICLDKELR

EES IR TRABIFRBMES LORBAT CEILE 2REL EFMLL, Bito%a@) (BLE -
FoARAE N 2 RBICERE LBRARRK N, TBUZEOBHEZ L) 3B LSS T2~V v
FHEERRL TS, LT, BELEIEOE a., LIBIFOROBEZEL a() 1283 5 KBRESRRERS,
AFET) EFBHEND ZLdbh otz T2 TH, AFRETHOTHABOBLOBES S I 2L — b
L, ZRIZENKRED EFICOWTKBEERIER L VI 2 L— Y 3 VIR E P HBIRET 5,

Fig. 10 i RUN 3 8 LU RUN 4 DIEIEOFRDIFMZE(L a(t) DFHEMER L BB OR a,, DESHER
ERHBLIADTH D, ERTIIIENOHIE T o 7O THEERE TORADEILHBFEAY 7 4
WTELDP o7 LIkt s TR RIBIEDROAHDEHIE N, FRE Y, SR LEBIEOROERE L
IR - L ThB 2 L 2%hh s,

1.07

. 10 I T S i

S 0.8] | swesessessresesssssssssessessess RUN 4

T 0.6
0.4- -~- Qe (EXP.) -~ Qe (EXP.)
0.2 ——aft) (CAL.) —— aft) (CAL.)
0.0 . . ; , . . . . . , , . ,

0 16 32 48 64 80 96 0 16 32 48 64 B0 96
1 (sec) t (sec)

Fig. 10 Comparison between calculated @ (t) and measured @.,.

Fig. 11 &SR £ 581 & R CORBRELLEO KM EILOERE LHEEEZ HE L2 3D TH
o %8B, FEBEENIHRIZEE L-bOT, HFHROKER LR LTV b, HARES WO TEBEENC
BELZRET £ = 0sec & LT, ZOBREHRAFESTRBERIIEE LEb o7t = 90sec THEIL T
W5, t=Osec TREBAFET ST EICL DBRITKIIIHE EAT5 TH B, ¢ = Wsec TIE—ERDFALS
LS ONTEIEL, HiKE OMMHEIKE 25T, EHIKEDOLERARDONL, EEREIL 2 HT
LAGHIE T, BHETE HAREHRABOBILOIZ X 5K ER2BETA 2 &AL A8
I L,

RUN 4 R
6.6k EXP.  CAL. 6 7[ UN 6
A A =0 (sec) 0 9 HOUSE
.l @ £=90 (sec) '5\6 6 \ MODEL
E r -cb_s_EéP. o (eee)
t= eC
g o.4r HOUSE E | s
o b et TN MODEL S 6.4k @ t=90 (sec)
& o--* \ g 6.
L 6.3k N\
b ) = CAL. \
© 56'3' """ t=0 (sec) ) X
6.2t e = [ ——— =90 (sec) T
[ = 6.2F  aemer—C
6.1 L ! i 1 T TI 4 s , T ¢rl
240 250 260 740 355 L
DISTANCE X (cm) DISTANCE  (cm)

Fig. 11 Comparison between calculated and measured longitudinal water surface profile
around house blocks.
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Table 2 Example of bearing capacity of
the typical Japanese wooden

house
TYPE F M h,
1 0.95 49110 5.275
Jif 1.86 96153 5.275
m 3.70 191272 5.275
I\ 1.95 100805 5.275
Vv 8.10 418730 5.275

F : Total bearing capacity (ton)
M : Total bearing moment (Nm)
h. © Height of action point (m)

5.4 RABHOBILDICEIRERKGIRE

BRI L DRBHEIIFADSRERBICEETAEICL WRBEO—E, FZ3H 7 AECEEHR L TF
RRSHRHLDD SR DAL, SROFTAMEL TSI LIZX VKT HOFADH & LKA EHIC
L BBKED LRSI RBROT % EE o7& S ICRBREICELHELIELOND, FAROH RN X
BEBBEIEIIOWTCE, FHEHOFEFSHE LW EbHoTUILALFEIDITOLNTE LY, AEfELHIR
DEMICH ), ST, BEICL ARBREEREICOVTRET 5,

B BHAKOMC L ARBREERREEIZOWTIE, B8 - I - MK EEERRER L ERFKEROT R
%%%%m@%tLf*ﬁ%ﬁﬁ%ﬁ@ﬁ%&%&%t(w%“o::f%,%%ﬁﬁwt%ﬁ%ﬁmmﬁ
SRERH 518 5 N TER M TIHEARR B OISR E AW, HABEOEILOIC X 2 RKERILIREE % Hh
+2, EXFROFMHRE X0, EREH TEICL AR LAERROM I Table 2 1R T L9 Th
B, 22, TYPE 1134, B, KB LUBHRZI» OB S A RAGHESE, TYPE IZEARFHIC

=gy E a2V E ARSEE, TYPE IZERG
[ 10" ARSI A% L7258, TYPE Vi3 sAsuc=
[ RUN 6 & 1D HIR & B A 2 AN, TYPE VIMEIHE Las
ST HEETH D, TYPE VISHIGT A IERORE
M, ' after dam up J;/ WA OKTERAN L RESh&d, 227510, HEh %
[ Gl LEERTH L0, MEIMHRYELHETHDT
&, HHTHM & EAAMOREISTT AR I T
My BV, BLUOZORBREEIEEREDNSH SO DHED
[/ THIBT30MNI) gk ST - g KIS X BTSN BN
(i77) & LCEATEADE I MRIETIEIH LD, 20D
F & DR L B ATERE TEIC X ARERBOWT

5 / “pefore dam up FE—2 Y M40 F (N BETH D 2 Wb b,
L Fig. 12 3ERRRBEDEE DT A72DIZ7V— FD
010 4 ey 20 HHBBIERICT, KEERCHO N KEEBIEN TS
e WORERL, &OIEAEOMED0.7320 (h 3K
Fig. 12 Relation between u;A, and M, ZHBELTYE—AY FM, 23R®, & uids (up
after similarity transformation s o, A, SHIIREON) OEREHR)

Open circles correspond to the o N

data before dam up and closed EDBMRER IO DTH A, &b, BUFILRAISES
one to data after dam up. 3 8n/b = 1/109 (RFm 3B pidEW) THbH, H

1001

501 RUN 4
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IR TEIC L ARERBOM I T— 2 > FORLTH b, FERMHTHEICL AAERRIX 13
T EELTLTBY, IIHARPDOE—X D MII VL Y Y% o THEESHRADERI R L L &
R, B— AV FERREEREREIILTVWDEOTHD, MADOBAIZHARINEILE ZHOE~ 22 M %,
BRIBILE 5B DOE—- 2V FERLTWS, TREY, HABOBIEDICE VERTAE—X Y M
wpAp DHENNT B LATTRIAGIHIT 5 2 L A% B, 77, RUN 4 TidiiARBEAYEL F 2 5 Gl 2R
RUTTH o728, Bk 7B CTHHERRZBITWAZ Eavhh b,

6. & =5

FHFFETIE, 9, EBERE D LITHNOBZE & CHEB A RIERATEICOWTRE LT, 208
R, HIRTIE 1 ROBELZES % AW OB OBERKE (, RO EHHTEX L o7
7S, WEAEMCRT AR - NY 27 1 — A%, BHREORESIZ QUICK &% BV 74 ORIt ¢
13, ERBTOREOMES L RN/ — > OEEREF X FEBT B L0TES, DWT, FADTA
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HEEDBURAY I 2 b—2 a VICK ) HAEEERTELRZ LRSI, E612, KFEFHAVC2X
TEILESN BT BIABEOIRUC T 5 KAEBREROBRLRAEE, HAMES X OEEAREOER
FRVAFEICL 5T FLHB SN, AFEORYLEIMIE XN,

WATEOIBIEDIZ & BB EFIZDWT S AEH 721 KEEER LT, B CR L iARREOEIEDIC X
BNV EADEBERIVBMEL I 2L -2 a VI VB CHHTED I EAHRESNS, 8512, i
AHOBIEDIZE BRI EAFIZL ZRBORECRIEIZONT S KEEBRS R L IR L, 208
R, WMABPEECTEILE > 72BCRERBIEATAE— 2~ PRI T A3TL VML, AEFBROWHE
fEMREAP R DIET S AR SNz, 72720, BHEY I 2L — 3 a VI DRETII R STB LT, 450
S LTRR RN,
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