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RISK ESTIMATION AGAINST WASHED AWAY OF
WOODEN HOUSES BY A FLOODING

By Tamotsu TAKAHASHI, Hajime NAKAGAWA
and Shigeki KANOU

Synopsis

In Janan, there are many wooden houses in flood hazardous zone. [t seems that the wooden
houses are comparatively easy to be swept away due to its weak base structures. By carrying
out the model experiments on hydraulic force acting on the house, it was found that there
were linear relations between the moment M arround the bottom of the pillar and the hydraulic
force factor w?A by taking water depht % as a parameter. Then applying the maximum
estimated momental value of resistance to collapse derived from a real scale wooden house
test to this relation, we obtained the curves which present the critical combinations of the
depth and velocity in the flood flow which will destroy the houses. So far river flowing data
showed rather good agreements to these critical lines, whereas, tsunami data did not. The
main reason to this discrepancy was attributed to the difference of mechanism of external
force between flow and wave,

Resistance of a window glass against hydrodynamic pressure were examined and the risk
of the glass window failure which may result in a severe damage to the house was discu-
ssed. Moreover, in relation to hydraulic force, effects of existance of the other houses with
various arrangement were also examined.
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Fig. 1 Example of base structure of typical Fig. 2 Example of base structure of old-
contemporaly Japanese-style wooden fashioned Japanese-style wooden
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' s
pillar ~
tenon
i_..J‘/ S Table 1 Example of bearing capacity of
r ““base of pillar the typical Janese wooden house
TYPE F M h,
[ 0.95 49110 5.275
P I 1.86 96153 5.275
il 3.70 191272 5.275
H v 1.95 100805 5. 275
v 8.10 418730 5.275
\_plastic hinge F : Total bearing capacity (ton)
Fig. 3 Behavior of tenon as plastic M : Total bearing moment (Nm)
hinge subject to lateral loads h,: Height of action point (m)
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Fig. 4 Plan and vertical views of typical wooden Japanese test house®

Table 2 Example of bearing capacity of e 7,280 g
the North-American type wood- f T 1
en house $=L T“J—' J“E -
} - force force
F T, 3 | 1
case 1 5' 15 138793 2 75 plan(ist floor) plan(2nd floor)
case 2 6.85 184608 2.75 Fig. 5 Plan views of typical wooden
case 3| 6.10 328790 5.50 North-American-type  test
house
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Table 3 Experimental conditions

Q (cm¥/s) R, h (cm) u (cm/s) F,
4079 6230 4.56—9. 48 8.61—17.89 0. 089—0. 268
4992 8330 4.95—9. 24 10.81—20.17 0.114—0. 290
6166 10230 5.36—9. 26 13.32—23.01 0.140—0., 317
7157 11760 5.66—9.32 15.36—25. 29 0.161—0. 340
8174 12480 6.01—9.45 17.30—27.20 0.180—0. 354
9179 14010 6.31—9.32 19.70—29. 09 0.206—0. 370
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Fig. 7 Relationship between drag force F Fig. 8 Relationship between drag coefficient
and hydraulic force factor uw?A and Reynolds number
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Fig. 9 Experimental and theoretical Fig. 10 Relationship between #?A and
data coricerning to the height M taking water depth % as a
of the acting point by the parameter in hydraulic expe-

hydraulic force riments
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FHEEORME, FEOEREEIUXBREOMESIVERRNICOVTRD b - RSER S sE BT
HIZEDOMHE I DEOMEBEMNHD, SBRIOIIBF—2E2PELT, 310 ROEAMERINT ISLE
BH 5o

X OIANIKIZ2. 1 TR T 2 Y AT B 2N L 2E L KEEDBRORINT N B, 7272
L, WiEHid—BAHE L, EREIRKED 2501 LIRELT, BKEHEMHELE—4 v MicEE LKk
SOhOKDIbDTH 5o HRRMFIBHEV0 feet/sec (3.05m/sec) PTOWATHBo & DERTHAHE
TREYDERZEINTOROY, KEHNI M~ 5 mEEQCHH, 7L LRNEDBEOHARETE
BHEORENTATEINS I BHERICBOTRE, COWEERINEE DR —BT 3H55H 5.
Fig.12(b) 13, 2.2 TAN/PHBETHRICLZAEAREOWAICEL, Table 2 O&RHY — X DIFH
FHBREOHAEWMNE LT, B.10) XD B=5mE LTRKDARBOBRHEBRIRTH B, 12770,
FAERANMRNORERES LT, THEMAE1/20E LTS, FEHANIORERED Fig.12(a)
DHDERELZOTEELBIITERON, RENRBICH IS RD VB THEIC L 3 BHEOKERED
BBEREHRICI > THRLDOF—2R3MH D X HEIN S,

4 BKELHTEIRHFAOWMA

—RiCH 7 AOWINCE L TR, BEMCHT 2RBEENEDONTEHY, BELERICESERE
ERIZTTRROLSTH B,
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12
10 o SWEPT AWAY DAMAGE OF HOUSES
® SEVERELY RUINED IN MISUM! DISTRICT
JULY. 1983
8 ~—~- TSUNAMI (by Aida et al,in Usa)
Up 6 —-— by the Criterion of U.S.A.
(m/s)
4
Br=5m
2+ 0 el Tm
“—10m
0 1 1 1 1 i '} J
2 3 4 5 6 7 8
hp (m)
(a) For typical Japanese wooden houses
12 o SWEPT AWAY (DAMAGE OF HOUSES)
® IN MISUMI DISTRICT
. SEVERELY RUINED JULY. 1983
--s~ TSUNAMI (by Aida et al,in Usa)
8 —-— by the Criterion of U.S.A,
U
P 6
(m/s)
4
2
O 1 1 1 1 1 i

hp (m)

(b) For typical North-American-type wooden house
Fig. 12 Critical lines concerning to the house destruction



R« U Ik BOKIDE IC X AR B ORI S 465

paz%gﬁ(t+{) ......................................................................................... .1
LT, Py 75 ARMEMAT ZHERET (kgf/m?), A; %5 ROEEE (), o; # 3 XOBHIcL->T
WEDIEH, ¢ 7 ADES (mm) THb, BERS 5 A TR a=1.0 BAVLNE, AEIZ, Q1D
Ricxt L, #'5 2 OFHIEY B I UOBHHHOBEEER LRAEBRELTH 3,

PAT)=f+S+ %<1+ K—;longO’) ................................................................ 4.2
zzig, T; #arsi (sec), e BXY b; 5 AOEABLVRADES (m), S, K XU n; EBRE
T, #heh S=3.5X100~5,0X104(kgl/m?), K=70, n=7, [; RERKTH 5, # 7 2ABKEHT 3
BAEEY O ORENRRATEL 6N 5,

- (4.3)

g, p; BROFE (kg » sect/m"Y), v; B#(m/sec), C; BAFRETH %, COBFREHRKICERNT %0
Z DA, WERBHEESEE, Zhick sk
HEHREEHHET S EREL, Fig.13 TR

Table 4(a) Conditions of calculation

TR, EBMOENCBBKESDLBH, a6 m|Dm) ¢ mm
BKiC X O REWKEDSKELE F LBAEE CASE 1 0.7 1.0 1.3 | 1.9,3.0,5.0
A, BKEOH%EHRET %o Table4 (a) i CASE 2 0.7 1.8 0.5 | 1.9,3.0,5.0
BEOREINRIESE 25 —2AD H & %, F=0.5, S=4X10%, T=1.0, K=70, n=T
Table 4 (b) iC (4.1) XU 4.2) XEAL
FEADHEKRE R, KL, BOFRNE Table 4(b) Results for calculation
1.0, Wk E 18 & LT3, D&, C P
D2 —AENRELT, # 7 ADHFEMNE
CASE| EQ 1.9 3 5
\ hydrodynamic 41 P,, 84.1 158 338
P i 153 | 210 | 3.0
<\ hydrostatic je— 1
b <\ pressure : H P, 73.4 148 345
. | pa L2, 1.43 2.04 3.11
ZTX =S IR i1 P, 84.1 158 338
D:elevation of lower frame .
d:depth from upper frame to water surface 2 v 1.14 1.57 2.2
Dilengeh of window P, | 103.8 | 196.2 | 254
:water depth 4.2 )
Fig. 13 Model of flow field subject to v 1.27 L7 257
hydraulic pressure P,: (kgf/m?), v: (m/s)
D=05(m) CASE 2
10 ' D=1.3(m) CASE 1 10 .
g
8 \‘ N Py . N
\ 0% 100 cm
6 Be7m 130 em
v \V/(E;.a.w) i ont
ms?
2
%V 2z 3 4 5 & 7
H{m) H{m!}
(a) case 1 (b) case 2

Fig. 14 Critical lines concerning to the window glass breaking
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Bz AR EKEE OBBERDE 5o K6 H 45 D+b DLEDESE, THbEEMRLILD KA E
- A RRERAR—ERE LD, H<D+b OBSIR, BOMAFRORE b ohbyic H-D, ¢4
PHAKREERTETCOEIRBVBECEEL, HIRAOMAR L.2) RpoKDETLILT S # 7
ZDWHICAHLE TS v & HOBKRIZ, A.2) BLU L.3) REDRDXIITKRE 5,

=/ 2 gt t_jogl0"), (D<H<D+b
v ‘/pcfsa(1+KH~D10g T) (D<H< )

v=y/ %}S%(l+ KLiog 1
p=1000/9. 8kg * sect/mt & L, (4.4) REFHNOT Table 4 DEMAD b ETHEET, v & H OBFHE
ko0 Fig. 14(a) 8XU b) ThH s, AN, REOBBERIEMEORLTHZ. ChOORE
b Bk FERIT KA A D53 & THRRE OBHEGREEL D BN 7 A OBBEERELSPLDENT L3bh
%o # 7 A DBBIREIKEDAICHAL & ORBHOFHEICL > TEBKEL S0 LIchi>T, FlEHOE
Eick BN 5 2R OWEERER DO THHLPICT ZLESNDH D0

), (H>D+1)

5. RERBEPTRIZHREN

ChE TRIThOBICE—ORBEHEET SBAEID o T les, EROTHICEY 2REDRE
WA THY, DEKOBE G NICHESNEbDEEDAS, 2T, Fig.15WRTXS, Al

FLOW FLOW
R NIEE |
L5r
_ID ., t DT“
& iy 7
\IMEBURED
(a) (8)

Fig. 15 Arrangement of house blocks

Table 5 Experimental conditions for arrangement
of house blocks

TYPE | #/b 11
A 00| 15 20 25 3.0, 3.5 4.0
A | 05 | 1.5 2.0, 2.5 3.0, 3.5, 4.0
A | 10| 15 20, 2.5 3.0, 3.5, 4.0 o )
A | 15 | L5 2.0, 25 2.0, 3.5, 4.0 9/ 05 | 15 2 25
A | 20| L5 2.0, 2.5 3.0, 3.5, 4.0 v'/b
A | 25 | 15 2.0, 25 3.0, 3.5, 4.0
B | 1.0 | 1.5 2.0, 2.5, 3.0, 3.5, 4.0
B | 1.5 | 0.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0
B | 20 | 0.0, 1.5, 2.0, 2.5, 3.0, 3.5, 40  ~O5*-
B | 25 | 0.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 Fig. 16 Relationship between &'/
B 3.0 0.0 and F/F, with parameter I'/1
(TYPE A)
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1 EB LT 2 MORET 0 v 2 2BE LIoKEERERET IV, HOFKEOFECE » THRET BR
BICIERT 2HARANED X S ITHBENEDOPIEDOTHRIT 5,

7ok 3.1 TN/ bDERAUTH Bo Filitid 8174 cm¥/sec, KEEE 6.1cm EEL, BT
Oy 7 OFEEOENC X 2 EBOACED U, KEREREAIETOLD, REOTHHRI, Fig.18 O b
BEU L AZRENELSE, Table 5 ICRT LS ICEHILED TH B0 £, TYPEA XU B 3zhe
NHC I ML 2MoRR T 0 v o ZEE LKBEATSH 5. 1, I/I1=0. 0l 3 EEFICEE LIcBa
THbo

39, TYPE A ORLEOERISEIC OV TEET 5o LBERE Fig. 16 IR, fllicy w v 7 gl
MO 5 &7 0w 7l EokE, HMCEBTESNIBAMERT BHEKN Fo iIKX > TR/
UiciitkH F/Fy & -T2, ALY, 87/b 0.5 68T F/Fo 82 EH L, ZTOHARK U/l &1
IR, MALTHnS, b7/6=0.0F7bb, 22007 vy s 2ihicd L TEICRE L/HE%E
BTHB. COEE, U/l BRENEETEDDE, Tao 7HBAKELEIELE F/F BSR&LE50
I/1<3. 0% TR HHORANER G, I/1=3.04LET F/Fo o kisy, /I BEORREES &
F/Fy bK&ID, KECEATRONIIED Fo OIEIGEL 85K TH B, 2D LEhORLL
5AHTHE S Photo.1(a), (b) BLU(3Eh T I'/1 132.0, LOBLEULODE XDOHREAERLIZSD
TH B U/I=2.0TIR7 0 v 7 BEAKHHFOT 0 v s OBicd, BERROLY, 7a v OFHE
OIFSBEHDEL LD, FHAOHEKTEZFTEbDLELN S, I'/I=4. 0OTREIFD T vy s oS
BEASHIDOT By 7 OFEICHELTHY, FHLDIENSELRE 6D LEDNG, I'/1=3.00 Photo.
1(b) DFHEN ORI B 2, F/Fy e afETHEHE S MIhr o0, MEDOPMMSRETSH S L
L AMEEAN Do Photo.2(a)~(d) i3, 1'/1=2.0& LT b'/b %0.5~2.0% TELEE7 & & DENDRE

(@) I'/1=2.0 (b) '/1=3.0
Photo.1 Flow patterns for TYPE A (&'/6=0)

(é) b 1b=0.5 (b) &/b=1.0 (c) ¥/b=1.5 (@ ¥»/b=20
Photo. 2 Flow patterns for TYPE A (I'/1=2.0)
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2RLISDTH B, Fig. 16 25 F/Fy H31 %z 3,
FTIDOBHFORRET 0 v 7 I L BHA I BRI E SN
BEED b'/b 13, 1.3~1.5 DFFTHY, ZOHEDHNADR
MEIX, BAIKH D7 0y 7 ORIMORNHZEAICTHNE Utk
%% Photo 2(c) DRIEL D L LHFIDLS>TH B,
-z TYPE B 0oFE&ER % Fig. 17 10573 T/,
V/1=2.0 8LV 4. 00N DRI A Photo. 3(a)~(d)
RNY o /b DEALDS F/Fo TG BHBEOOTHRFEL L
20 U/1=0.0 BV L5 DEEERE, F/Fy 12 b'/b O
Bink &bt K& BT3B, LML, V/bhkxlis
7oy s BEARE LTRIENEZZ 2L 5t b,
F/Fy B1IKHRET 30 2DT &5, b /b=F/F, fiigiz
BB 0/ THEKEEXEZRTTHB, I'/I=1.5T3 b'/b
=15 FhET F/Fo 8 — 2 2 ->T %, U/l M 1.5 &
DRENVBEATOEREBEDHBOBK ERE T,
o, BB V/bDOFTCE—rhE-TcbDE Bb s,
Zhid, OO T oy 7 Ik MmO BENE LTS
/b & VL CHESNABATHEEELI LN, b'/b

O s a5 s 35 AMNELM, TRbLBHIOT E s OREASKOE X, ©
/b NS DSHRDIMERGHRALE 1, [0 ST T & T F/Fy 78

Fig. 17 Relationship between &/b IN& LT8R, U/ OFEIICPES F/Fo OFfLZ, #LT
and F/Fy with parameter I'/1 v/l DIEAYNS GRUE F/Fy 28000, K& < Bicoh

(TYPE B) THDT Bo 1)1 HMICK & < AULHIOMIED 1%

128D, F/Fy R 1IKBGRT 3T THEBEDERD U/l OEEER TR S HICEN TN,
Wi V/1=0.0918b B3 2D 7 2 v 7 MY HIT BB/ DVTHRIAT 5. & O Fig. 17 o XHIT
RENTN B, THEKD, /b DB F/Fy 358205 1 ~NEBEBICHL LTINS, Z0FiRE
Photo. 4(a)~(d) it7RF . A)TR7 2 v 7 BRIAVNS W odICZ DR OMEH T IEDIE L, ZHEhn—k&
o> TREDHTIREALE LT B, 70y /I TOR X EIFAEHET, CO& X D& S & OKALE
318 cm THUADIHCIZ1.0cm §5TH BT & o F/F, B k&L BT, 2D & Fig,
1T ZHoHNT S MIBIAIEMREIC>NT (b)~W) LRSS LS ICHIBE®ET 2HESEML,
@) TRET 9y 7 BHMTREINL S BHRNZERLTED, ZOER Fig. 17 K BN TH 3,

@) ri=2.0 (b) 17/1=2.0 () Vi=4.0 (@ U/i=4.0
¥/b=1.0 b /b=2.0 ¥/b=1.0 b/b=2.5
Photo.3 Flow patterns for TYPE B




TERE + TR o i BOKIDENC & B RE M DEIREE RN 469

i x : b 4 N
@) ¥b=1.5 (b) #/b=2.0 (c) v/b=2.5 (@ »/6=3.0
Photo. 4 Flow patterns for TYPE B (I'/i=0)

PLE, WHR T MR E & A& RFR N EZ Y, ERESEOEEE LIRS Ebh ol &
7o, WHNIDSA X LBBARKET O v 2 BILICAR D HEE LT A BAICELN TN 5o HNOHHL
DEEEHS 53T, EEBREDHEA DR 0D, R, B &K BHNERROLSHETR/AE
W EDD D, B AT, AREEEOEENCOHELSTRTEZbDE-EDLNS.

6. ¥ B

DL, APFEICHOT, kiU R E Lo oREHEDOBISEREDRMEITEn, AL it
th1 & ORGSR E RSz, DNT, KEOHSEBHBBE LT, FKOBEICHd 28N
5 A DIMHEBNCE O, PEERE ST - 7o BRI, RERORBIC OV THE L, YT, &
RTEONATEREREMERET LOTHE LT %0

(1) KL £ AREOWEL, AERESESFFRTL, BES AV SNTO 3AREREOER
R D EZT, FKICEBANDE—* v F SBEEERIEEIICII DB 2T &b~ T,

Q) H A OGRS & FIR T 7 % ik e B9 2 /KERBMEROMR KLY, HIKE
IO RBIEE/ 25 £ —& —& LT, KM E TEDIN I RBOWHEERINELSEF L0 T e
RO SO 7 — 2T LSS, IokiUEicd LT RS 2B C N TRBI NI, HBcd LTE,
P00 E I &SR GOEND Y, WIKNOAH TRBUIEGERE A3 BT &y DTS DD EHERE
ENize

(3) FROWAMERE LT, HKOBIHFICHT 3244 5 RDBEICT OO TR LR, KEOERICK
2 B IERR AT H T IS 0 NS WA I TR T AERiEAsh B & L AsE RN S i s e

(&) 1 FOFENSHIL OREDERIBICTEAICA » 7RIETIR, EMREOEE L 020 2 I OHMHE
Ko UL, HIORETR M Lcimbsts0RBORMICHERET 5 K> MREI 5 &, BMERE
TRYBNED bhA~TREL B, TOKRERE, IFORBEMEINT 2HEEHE, RATL 6]
(E &1 Do 31T ANFICIRM S NI A ERTINTE 2 SR S AEBELH D, B THEBDIKE
BT 3 Esbirotce UL, ERBOREBICHEMT 5icid, HhOBRBEMNEELLEDT, JKERZE
PEDMEATFIED, X O TERNISTHNET 2LENSH S,

() LEREOEEBIOHRIMATHYD, MHbkeTHb. ki, WADPSZT BN bFITHMES
DTS LIhi»T, T THRLIENZMSRE Lokl Caic & 3 RERECT ARG RZ
I ACE R BRICHT ARKOA I E LTEC L THMT E 2pMEMBHEA . LIL, ke shd K
YR M 7 5] S ic S NAUT T SIS RSB Z T8 S T & TE L S0

(6) A[ElE S NI [EREEEEE, @HAOKEFETHEIN/EDTH B Lol, EBOIKLHEIIIE
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EFRERTH B0 LIchi>T, ERONERRICHN U TEREMEEL, 1cLARDEORAY 12—V
YEMNUTHES8E, RERSWELEOL I CROES ObsHMELE5 5,

() REOHSHYISBIRER AP € O OFEDDOERBKEITH S 5 o REDIIIIBBRIHE
BYLEOERCBHEBRBREST 2L 05D, ChocRT 2BEMME TR ILEND B,

Bk, APMEO—EIL, SUFEREMER (ERRSEIMER FEES59025034) OMMEZ .
BRE AL L THEEERT %0
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