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ON THE EVENT OF THE GATE DESTRUCTION
OF THE WACHI-DAM

By Katsumasa YANO

Synopsis
Wachi-dam situates at the middle reach of the Yura-River in Kyoto Prefecture and

was constructed by Kansai Electric Power Company from 1966 to 1967. The tainter

gate of this dam was suddenly destructed and flowed ‘down stream, on the 2nd of July,
1967.

This paper describes on the reasons of this events on the point of technical invest-
igation by the commitee which is consisted of the several hydraulic and structural engi-
neers and also researchers. It is showned that the main reason of the destruction is due

to the buckling of the supporting arm member by the water pressure.
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Fig. 1 Situation of Wachi Power Station in Yura-river.
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Fig. 2 The side view and cross section of the dam.
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Fig. 3 Water level, inflow and out flow discharge, gate operation
curve before and after event.



EE: FH S ADY - PERITOVWT 207

5. ZOMI07 6 AICPHEYRELACDOT, A3
3 ¥ BRI ORENB LR T ARETH S, =D
M 7 BS1EHE T Ly — + DB bR gER
RABELTHEEEROBNLFLD D 2155 &R
7, 8 A18~20HTdotc» CHIE & ABBIT K\ T
KEF AP EEREL T, WiilcbAR RT3 0F
BE LI, Z OMBIFEEHK. K. iZ X » Tap@/lo
WEAIREFROT v & — « & — + RBrP, BIER
FrK. K 2 X 570 5 A 88 oK EEER M7 TR
REBFOL I X hic, ’ i o
GeI DT LR B RS 3 4 — b ORI Photo. 2 View of the general feature

. o of the buckling members of
A THRE QSR B AAEA NI DT, & OFED the gate.

FEREE B TR LIRMRTH B, bbb
AFE BTG, (T, ME, TE (BE) D420 EN LKL FOBERRAIRTSZ LIz L T
DT, FxDBEEZOWTRTLTHELHT L.

14 HHBEOFYE— - ¥—F

bR IRENTH 1,500 r G SBRERINTHT, CDOIBTF Vv E— - F—BAEHIRATWS
DI 200 Y HLER TH Do KFADEE LTI L000FIE VI BEVCEEELRL TV B, ZhbDF v 42
— - F— IS HEFTRALEERT, FOREXILLOOHBDTESED L 5 hBHHIFD T »T
v, REERERAOKEMEDT v & — « ¥ = DY R LEEER—EH -7y, Z0L ETFHET
HETIRIIVIE ST L 5 TH 5B,
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Table 1 List of constructed tainter gate in Japan.

e m e e oo s o
Neme of Dun | Helghtof | Wit of | "o | Wit ot Desin Company
Takokura 8.50 12.50 39.2 0.368 Tahara Co
Sasadaira 19.70 9.00 38.2 0.397 ”
Sikamori 12.00 10. 00 47.4 0.397 ”
Takasiba i4.37 9.40 64.8 0.480 p
Sizunai 9.30 10. 80 40.5 0.403 Ishikawazima
Sizytsida 13.12 9.00 46.0 0.390 Ind. Co.
Yuda 7.88 9.00 18.8 0. 265 ”
Okuizumi 12.30 9.00 45.0 0. 407 ”
Kasabori 9. 50 10. 00 32.6 0.343 ”
Sin inotani 12.60 9.20 45.0 0.388 ”
Zintsu, lst 11.80 9.20 58.0 0.543 ”
Kawamoto 10. 30 12.00 43.9 0.355 ”
Futakawa 10. 89 11.90 55.8 0.431 ”
Omori 8.55 9.20 25.0 0.318 ”
Sonohara 8.06 7.50 19.5 0.323 ”
Kawaguchi 11.80 9.00 70.2 0.661 Mitsubisi Ind. Co
Hatanagi, 2nd 11.50 8.80 66.3 0.655 ”
Kitagawa 6.20 12.00 75.9 1.020 ”
Ozegawa 12.80 8.00 75.9 0.741 ”
Yellow tail 19. 60 7.60 139.2 0.934 ”
R. Ahgat 15.30 12.50 129.5 0.677 7
Oyodo, 1st 15.96 11.50 108.0 0.588 Kurezésen Co
Ono 11.04 9.50 32.6 0.311 v
Yokoyama 13.11 8.60 47.5 0.421 ”
Siroyama 16.60 10. 00 84.0 0. 506 ”
Tsuruta 14.44 12.00 78.0 0. 450 ”
Simokubo 15.85 8.00 57.9 0.457 ”
Iokigawa 9.30 11.00 33.0 0.323 Hitachizésen Co
Yamaguchi 11.80 12.50 44.0 0. 298 ”
Takiyamagawa 6.80 8.50 17.8 0.308 ”
Yomikaki, 2nd 13.00 10. 00 51.5 0.396 7
Hirotsuse 8.32 15.00 43.5 0.348 ”
Takinamigawa 7.50 6. 50 13.9 0.285 ”
Toyomi 11.20 9.09 51.3 0.504 4
Wachi 12.00 9.00 37.5 0.347 ”
Qadirabed (N) 5.64 18.29 24.8 0.240 ”
p ) 7.01 18.29 35.8 0.279 ”
Maralan (ND 4.27 18.29 17.5 0.224 ”
” (¢9)) 5.79 18.29 26.1 0.246 ”
Sinnariwagawa .128 10.00 33.2 0.409 ”
average 0.428
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Fig. 4 Several kind of Structure of Tainter-gate in Japan.
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T, HEHONFIBRRZEACE L, R Photo. 3 View of the flashed gate and
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Fig. 5 Estimated flow out pattern of the gate at the dam crest.

(i) BRIRAFAECSHEITEZ » T 3k L bFA S ARCER 1B,

(ii) =7 BB E VEELR T WIIHDRMECIIRIEE L B E D EHL Thints,
RATESCECHEMEH = v 7 ) —~ FEE ORI AT D 2S00 L 5td T L shtnb,
Gil) kOBEICIze —F e b OBRNAEAL, BRIEEIEHB LI DEELLRS, COLELY
Wil b ORT DA Z - TEMORE— 4 b CiEd TR E BB L EL BRB, hTh
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Fig. 6 Estimated flowing down pattern of the gate in the river.

— 9 —



212 KBS RUTRFTHE#E115B (.43, 3)

(v) MEETH 130m OFKICED TS TOMCY — ML LEERELTAF Y7 v — X EHZEMN

L AR ECEE L DL Bhbh b,
PEBLETLav s ) — P EACEINACEZETHELSBERSLOBEC L - THRLILDRTET
REEEIL o2, REEOFHM 7 — P OXEB R FHIT5 Z L AHES DTV e Bbh 3,

2—-3 HELEHERN

DTV E— = B TE UTIBKE, B, 7~ 73RNIRBERCHREKERENE
Abhd, ThoXBRT 5 E Fig 7 CRERKERRIKEY 12.6m kb k, KFEHEK Pr=
79.20t/m, TEHFFEIC Po=20.26t/m TERAKEL

P=1/P)t+ Py2=81.750t/m

m
< +12150 /20
2 +/2050 osym |
Q P Q
’ v - k
(Paty) i15 « 460 <
design pressure —_— [ % S
QA Q Ni g, Q)
NS ¥ 8¢z N
Py NN 860t/m? | % ol
mamic pres. S 4 R
/.
EL.+10870 —LL 4 T,

J [
_ /7] 1750 1260 t/m?
12.600 t/m? l

Fig. 7 External Force acting on this tainter gate.

Lol 9.0m DAY 1Y b LA E 81.750 t/m x9.0m=736.0 ton D HAIMND & LI D,
ZOBKERCRT 5 ¥ — b HFHCE BT E— 2 v b, BTN, BHARORADICHOREHELL DN
Table 2 Th - THIFE~ 2V b, BIMIANIEIEL A% »— FEEEY A) e vF#4, B) HliES, C)
—REEwEm, D) 28HEN OB OWTOL, b, TEROMBCE A EHALr F=4v - VIR
b3Sy b DRACE bR DHEEY TR L . TR LB LEERADE v FREGOESTEN L IcbA
LARLER, TOMOEBERTIEL, [MhdLOEITNE BE2RA EETR W L2355, LbLER
RRBIEERC, DOLSKEME VNS LLDSBEEIBRBICKRES Lo T B LMY, FHE

Table 2 Calculated values of thrust and deflection.

Kind of structure Structure A Str. B Str. C Str. D
Sketch of str. % %

upper arm 113ton 111ton 111ton 111ton
Thrust middle arm 124 121 124 123
lower arm 150 148 146 148

upper arm 13.0mm 5.4mm 4.1lmm 4.0mm
Deformation middle arm 15.8 6.0 4.5 4.5
lower arm 14.2 6.5 5.1 5.0
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® key point I/ %45, O EIXBIBRRBZ Liet b,
24 B B X B

12.0m (BEiT 11.8 m OXEE) OEAKENMEALICBEOMME AD ¥ — PCEB LD X 5 It Ins
REBWTWAL RS AnIc8 H9 B I VBT LT, 8 A20BAHANFERET Lz

HALICORRE 1By - PR EKEEXZNTTY = £ AV A—D BHGHRE, FAEEREEETH -,
oo EROBEIE 1S — FHECAELYVWRT, ¥~ LOMOZEMRY 7 TAEBANRSERL T
Table 3 D X 5 IeRAGRHTHT - 72,

KEDHI ik Fig. 8 iRt

Table 3 Cases of experiment and loading.

case - gate openning loading head remark

1 perfectly close half head 0.7h |stress distribution test

2 ” total head 1.00h ” (h=11.8m)
perfectly close and right side

3 gate lifted. ” ” ”
perfectly close and left side

4 | gate lifted. ” ” ”

5 openning 8 m.m. ” ” vibration test

Case 1,2
1.0h

O7h \

7]

2 3 4 5ime
EXOMEHEUMEHD M)
s,.g”{ Fill up water @ Measurement
Drain water @ Gate operation
Case 3,4,5

1.0h
O7h

Fig. 9 Measurement points of stress
distribution.

"0 T 2 3 4 5tme

GOURLGBUOUOY

Fig. 8 Time change of loading diagran.

ERIIEEOEESER L CERC TN WHOREDT DI, ATy b, EHECAIL—V
F-oRRELTEOWMEI T, BNOWERRT VYT « 2 —2RATA FREMEHC L - TH
B, A3y b, THOTKEOEMSHB S, Ol —1 1 L e — 7 OEHAE LTI,

EERRILY — F OFEY 8nm 1fRo TIEEF W X » Ty — &K, »—FROERFBEREY—2D
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R& U CEAREB AL .

UTRBOBRELB<L 5,

ESENBHETH B, Thit Fig. 8 KRTHEEC OV TEXMEL UL ELEREARD &
Fg ik ME, MF TEEW: LE, LF kT 1400kg/cm?® @1 IR BWTWB T LA 3-
o KRDODOHEE (15mm EORAF#IZEE) KRR LT LT, LOBRKAMEE 1464 kg/cm? L\
S5EERTEDLHotce AL Ty PREIENIANLIFET/IEL 50kg/em? FiETH Y, FHX
200~500 kg/cm? DL IGAARAR B,

BN ERDTHD L Table 4 (AT X HSCEARTI LT, BEHOEN—BCKEVWN, £
OEEITL L FB 7R\, i i 2805 4i% Fig. 10 &oRd,

Table 4 Thrust in arm, experimented.

i full load right side left side
position normally gate lifted gate lifted remark
upper arm 74. Ttonl 80. 2ton 83. 0ton

left side middle » 01.1 114.3 112.3

lower »# 112.4 93.5 106.6

upper 7 87.8 89.4 91.0

right side middle ~# 122.6 126.7 116.9

lower 7 152.4 128.2 126.7

Table 5 Deformation value at middle point of arm.
left arm right arm ’
loading condition | case E’:t&f measured state —
p upper middle lower | upper middle lower
1 | 0.71h Watefogrf/sz' 9.8m.m — 82 | 7.9 1.0 7.5
full load normally 2 1/2—)0 8.9 _— 8.3 7.9 10.7 7.0
3 h 0—>full 20.4 — 20.1 | 20.4 22.1 16.1
4 full-»0 20.6 — 22.3 | 20.6 21.8 14.2
right ‘side gate 5 ” 0—>full 22.4 23.8 21.0 | 20.4 22.6 20.1
lifted 6 full>0 |19.8  23.8 20.1 |17.9  20.2 17.4
7 ” 0—>full 23.1 24.0 22.0 | 22.4 24,4 24.0
left side gate lifted .

8 full->0 19.2 23.0 17.8 | 17.8 19.8 17.6

WCHTE— 2V PERDTF my F Licb O Fig. 11 TEHE ORAT T +4.0 ton-m BEDIEDH
FE— 2V IMBE, €VEHT—-2.0ton mDADE— AV F BTV B S EHRHET IS, BROMHIE
E—AVMIE, J, TEREAROHGETHLE, FTRIATWBEVRIORA L 5 v bIEACEL —4.0ton m
BRETHS,

ENOWER Fig. 12 &WRTAHEK TiTbih, HBhREO AL Table 5 &, +J =+ v voOfiE
BichAit Table 6 CEHR LA L 5 KBRS TIL 20.0mm & W3 BAERRLTWS, vtk
T2 0.6 mm, ZEFBICERETIE 0.8 mm FEHTIE OILEVWEEZRL TOA T Lo,

BEERIZS ~ P 25U TRV Toh% 8.0mm 2T <, BBEOSLKHALL T 4B
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Fig. 11 Bending moment Distribution at full load.
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CoOWTIRERYHEIE LT Table 7 DfER%E 2 +F0OE
BhrEhic oich’, KEOBELE UTERFEAMPEZELTT
5.0~8.0c/sec BEDOED THI W EDRBE Y 5E1 TV 52
ERGot,

BhLFE— 2V D FEEL OREEY BRLE bost
Table 8 X(* Table 9 TH2, EHOFEMBEIIrF=AV »
CvOER, REOCHRRKEROBEYERL TRDILITE
> THZDEIZ—~FL TWbH, B £~ AV MoV TREHE

& REMEIT DL D DHEND B, Fig. 12 Measurement Position
SRR O bR OB D BVT VB EELD of Displacement.
hab,

Table 6 Deformation value at tranion pin.

left arm right arm
case
up and down ward | left and right direction |up and down ward | left and right direction
1 —3.9m.m -1.5 —-0.8 —-0.3
2 -0.2 +0.2 -0.3 +0.9
3 -0.5 —0.1 -0.3 +0.9
4 —0.7 0.0 —0.6 +0.8
5 —-0.7 +0.4 —0.8 +1.1
6 -0.7 —0.4 —0.2 +0.6
7 0.0 —4.5 —0.8 +0.6
8 — -1.3 -0.8 +1.9
Table 7 Vibration test of gate (frequency) unit. c¢/s
m.m
measuring position N:};p()f opening | 8 opening | closing p:ll;)f:ec!tily remark
left lower arm | No. 3 /5.2 59| 52 59 |59 6.5/6.0 6.8|1, water level of
middle point 4 5.2 5.4 5.5 x No.3 and 4 exp.
up and down ward 6 5.6 6.0 X is full at the big-
inning of opening
right lower arm | No. 3 5.2 5.0 8.0 8.0 |7.0 83| Speration.
middle point 4 x x x % ?;hii‘uﬁ.ateﬁ g;e::l
up and down ward 6 7.0 4.8 5.0 7.1 7.5 and is hglf water
depth at the big-
No. 3 6.8 6.3 - - inning of closing
LD.3 4 — 10.5 - - operation.
6 - - 2. x means that
frequency can not
No. 3 5.3 5.2 A A be read due to
LD.4 4 high cycle vibr-
6 ation.
3. A means the
No. 3 5.3 4.8 5.2 A A condition of scale
MD. 4 4 5.5 5.2 5.5 5.7 out due to water
6 level variation.
4. — means that
No. 3 frequency can not
4 read by small
6 5.4 5.0 5.0 6.2 vibration.
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Table 8 Experimented and calculated value of thrust.
left arm right arm
value :
upper ‘ middle | lower upper ) middle ’ lower
calculated 81.0 115.0 138.0 81.0 115.0 138.0
experimented 74.7 101.1 112.4 87.8 122.6 125.4
Table 9 Experimented and calculated valuelof bending moment in
lower arm of left side bank.
value panel pt 9 13 16 19 remark
calculated ~0.82 -0.11 1.14 3.27 o
experimented —4.49 1.45 5.50 3.24 A
13
difference —3.67 1.56 4.36 —0.03 5

B3 2 ORI T 5 RO ERIT L KENMEVICESOHE, ATy F SORTHIERL T
BIGNEFDORITMB Z AR, BCHRBI NS HRIE 8 & LERE & OBEEIC DWW TD—D2D
B 5L BLDTH b,

25 & B ¥ B

Table 2 IR /EET B NOEERFR L. ShicX 5 & FRHEOIERE/NT 113.0ton TH D,
LAFrhEYiE 124.0ton, TFEUL 150.0ton L5 fHA/RL T3, ZOBENCH LT, KFstoHELEMR
B ofofir o0 Thamit, ZOERXOERYRDDZEELETE»>TL 213 TH 5,

il e v FORBOLFEHEEL Euler £RBEHICIBL

AEI  3.14%x 2.1x 108
Por=""p"= 11.8

SER IR vFLELTIL8m LD, LOLARTRIHETAF Ty b ofRe LTORE
ThrhbEEOHEEY BV 2bitic ity BERE L TEBEEEOHER BT cbA/AE (W
HZERHEHEY) LHFFERNC L 5% BEBEHNFRLSARATAFHENM) Trhfhfiito it Dl
Bz x 5L Table 10 @RLI- LT 98.5ton ik 93.7ton THRA XA UMEERL TV 5, S LEH
RCBAERX- T 113.0ton fEHT30HLT, ZOBEIEDSTRERTHIZLMNGD, SEOYF —
FEROFAFRRIIIOACHBE Vo THBETIEH ST,

x 4,610=68.6 ton

Table 10 Buckling strength.

Euler’s formula Deflection method Energy method

68. 6 ton 93.5ton 93.7ton

L LEROKESNLBREDORBIDOLES - Ic L ZEVWERAVDTH T, BEEOMDOKRME,
T EORMA, REKVbiTiZitve, ThboRBCRENBRELTELDH LR TS,
E/BBDOBEST B AT - 1ofs % Table 11 IZ/RL 724, COBACIEMER LW L2 PE T 5,
THBADEEY TR ThIzDH Table 12 CRERMEIX N 5= VHRA Ty PEFFHIKEZ > T
5O TEEMREOHEBROLEBERRT,
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Table 11 Transverse buckling. Table 12 Effect due to initial deflection in upper arm.
Member‘ Buckling strength Initial deﬂéction
Stress
upper arm 2. 882ton 10m. m 1 20m.m | 30m.m | 40m.m
middle arm 3.355 N(t) ~108.4 ‘ ~109.2 | —110.0 | —110.6
lower arm 3.612 M(t.m) 1.99 | 379 | 568 7.60
an(kg/cm?) —764 r —-770 —775 —-779
ox( » ) +518 | £987 | +1.479 | £1.979
oneu( # ) | —1.282 ‘ —1.757 | —2.257 | —2.758

ZDORTHD L5 CHHIBAIC L 2HBITRVERITRE LT B, X+ 5=V EVORERIC X il
TFe— AV OMBERHEL TADEEEREY0.212L 5L vy DEb ) OfEEE— 2 v MIkll. 4t-m
toT, BA (Ev X0 Lmitishiity A r—1i) CE (EVflAt 5y FEMH) BEDA (&
— b, R 7 REAER) ol e — 2V b X A6 L Table 13 oR3@ Y CTh 5,

Table 13 Stress increment due to friction

moment at tranion pin.

Section
Stress
B | ¢ | b
My (t.m) -2.2 -1.0 +0.9
o, (kg/cm?) +573 +260 +234
3. & S

1 BRENER

BB TR Y &7 — F B REEEST PR E LRI L7225, kR cRKkEHRYRH
THEREIIN o TWARWD THREN B RLYBRS 2 LIxHERVA, FRBEDRECIEihkD o
ENEZ D, HBEORMBEC SWTIHMEREY L LEBRAEERR &, tERGEHEEL LTHN:
SRFNRBE T o oM S RIBIR s o e 2 EAVHBB L7, # — MRRCBIL Tkt BBt & hiz
CEREHR ETHIE I R e IERIEIR o & 5 Bk B VN ERGRIC A A IR ORIEY S — F OS2
AU X o TRRET 2 WAERCR 2 EAIC O8N, AR DR AERIE oM & o g
Ihah, BRECHEERR VO THRE TS C Lk, BTl Y, v —7HEOTRC LS
FrRoOMES 7 v EORT, BEOHEITNHEOME I HIEE ShARENLERE XD 2o\ 5/
FET EORENRL 77— X7 v 7 IR TABRECEARENRCZ L X EREOFE I TH B, LHLEIE
7, OIS, ¢ v OB, /NBEESHRIC X DIREN S E AR O bA R BIRE LD A ERE ot
EHEZBR, 25 LHBORENHRODBEYERI b, ERRF/ABEREORECH 2720 &
ETHE, SARFINBEEI NG 2 T BETHBH, 3 KRB IO KPINEREL BRI, Ch
BAMAT b B OB R & T CHREBRCERLRBIZS 5 L0 LBRE D 2700, F 3 AKMDZRIWE
BLIERAERIERT 5 L3RS CHol, BTFBRIDY — F OFMI+7cEmEL e, R&L
TORBORELMECRIT T RICFEEOEREH - fcb D L BbR b,

2 900

Fh = DR EFRA Eh o S BOBERTHANRTE L DEINE S 2 bRioh, OBETH



KE: MR ADY - ERIZOVT 219

Wl FBRECAOUAREIELADERDTORS, TR EOCMECIIShILVA, KD 3 AIKBCESR
IhBREHFED L 5 ItBbh s,

1L Hiofosr - rieonTit, *0RERPBRCF 2 v 7 T5Z L,

2. PP OFFHTOWT, FAOEEL L AREBHEYERFTE L,

3. - DRAECE biso TERT AN b R OB B OV COPFE Y HEET A 2 &,
BRECBRELTND 3207 — b OV BRACTESORMEY T2 CLkoidths, £HEHELT2
2 FRTAHORBEC OV TUIWACAERDOD - 128 TH 50, BEHREROTEBBEIZS - =ik
ADBTRIMZEBML THERE L TOBRELHBRTIIRETH D & OIERIC e T, EBBHO A
PFy b RESIBEORERER 90.4ton TRH EThbnh, AN F v b 2B » &R
THLENRD S,

AL R ELDDEH > TERASOEREMDOBLAERNCHTHE L b, £ O0RM, £, HE
OFERXFAIRTH - L2 e TRBT5 L0 TH 5,



