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Number of damaged dams per year classified by causes
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Types of small earth dam damage induced by heavy rainfall
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Classification of damage causes of earth dams induced by heavy rainfall
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Distributions of small earth dams in Yamaguchi prefecture
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Relationships between rainfall and damage rate (1985)
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Relationships between rainfall and damage rate (1997)
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Relationship between hourly maximum rainfalls and accumulated rainfalls until occurrence of damages



S L R 7 e

+ I N

i ;
rHJJnlnd

-5
ol — BEmE

REAN e

Heasrty camfal {mm Pour)
=
I
=
LA )

S TOTS1d ST ARSI AR BERAIED
Dot

Fig2-13 FER (2002 4, HriElk) (<
M=zt
Change of hourly rainfall and accumulated rainfall
at Aono dam (Niigata prefecture, 2002)

= S ALLLY e
o] W EARE e -~ ISR
“-E' 196 _.l'- -
i i ¢ B ¢
. |
? 1 L i
£ J g
:} 2 | ""-'5"
8
k= o §
LT Vs i %
£ 1] -
Lo

4715 o0 O 17 300 8719 oo
Dutn

Fig2-15 K 1570, 45 3 8% (1998 4, FiEl) 12
B B IR R & & REHE R E 021l

Change of hourly rainfall and accumulated rainfall at Ootameichigo dam
and Daisanchouseiike (Niigata prefecture, 1998)

INSDRETIE, 1985 4FEB L1997 FEDRICE
OB S & FRE, RIS E ORI AT IERE IS S Tw
bo WTFNOKEIZBWTY, [NHEOFE & [k
BINEDE — 7 2R L7RRICHEEDPTEL T0D 2
Th o ENENDOHEIzDWMITxT LT, Kl K&
WS T COBBENEOMBRE Sy P LAZLONT
Fig.2-17 T& 4, Fig.2-17 |Z13 Fig.2-12 C/x L 7z 1TE S
B AR ANE PR SET CORENE LML
TWwb, Fig2-17 &0, #E-A)IEO -0 Is 8w
ThH, HHEKNE L EENEOMICH T OGRS
Rohsd, AR EHE - AR % ik T %
&, AR BT 2 5B o S5 B ICAE L TH
D, Bk - ANECIRINAR I ) b/NS 2R Czol
DR FDTET HEEDTR SN S,

O X ITHIRIC X o THMA /20O KITE2 5
WEIGEWY S LHEE LT, IR 0%

WICE T 2 P 151

u . .
I R _FRmmn
— Ani ARl e o TOURE Lo
1 i
-
E‘ ¥ -
]
E ™
T
=
E m 4
a L]
G DT 3003 B B4

Fig.2-14 #7847 (2002 45, A)IE) (2B A IFHN & &
FESL M = D ZAL

Change of hourly rainfall and accumulated rainfall
at Zenimoyachi dam (Ishikawa prefecture, 2002)

B
:

LBt
— MENE

¥ B & &

[LbALLF) i i

Hoapsly ramnfyl Loim
= o =
-
1
| '“
TR =

o L

£

2 8 28 =2 8 Eg 8 2 3 8 5
= & 2 E H E 8B 2 8§ B =
2 222 SR E P REE B
Dl
Fig.2-16 K 157:0i1h, (2002 4, HiEE) 12B1F 2 R
w & FENEOZAL

Change of hourly rainfall and accumulated rainfall

at Ootameichigo dam (Niigata prefecture, 2002)

T, FAEOWTRME, WK L 2 HFHRH T ED
I, BEOBENOEEZ E0BT oMb, 4RIGER
Ettm@wmmﬁﬁ oW, BElR72L) 57—
FEREML TV ZLIZE o T, T L ORFEN=
EHEEL, ibmﬁwmw%“$wﬁﬂﬁu&ét%i
b bo

2.7 AR -HHDOFFOLEM

bl L7z k902, BERE L 2ot S oIk &
&ﬁ%ﬁ%b%n,tb@@iAbuhmm%%th
B RENRE ST T2 L, IWRMO LADPHIATKE

BRI TCOAUREDND S Z L D057,

F72, WAL OLECHMEORE EHIIZREBOMICKE
A DS SNV E W EEEDTES N, —F, 4
5 (1998) OWFZETHOLMIZENTWAS X912, HIFEIC
LB OMOWEDEETIE, WIMLE AT 534k 1



152 BT HRE 4445 (2005)

&11]
— 45 | B s
2 a0 - .
= r L] 2 - —
E . -

. sz o u
E s b o T " -
# 25 - TS
=T l}-“-h_'
RTH! EH-Em B
|| [ RN =R 8
= 5 L|& -

i i

il 1 0 1) EN AIHi 1ol TOAN

Ry 2 TR (mm)

Fig.2-17 #5720 517 2 R iR 3 & B £ C ORI = O BIfR

Relationships hourly maximum rainfall and accumulated rainfall until occurrence of damage

F o3 A L B ORI TH O, IO T E
EREK OBMRDTH N &) HIT OO SR K EIC B
LD THLEEZOND,

g T 2R 2T o 7235, AR D4R
DEEWERET DRELERO—DTHLLEZ LN

%o L7255 T, KT OLEMH 7205/ 5 E 1k
LCEEBRE VD) L0, BERECHARMOZE MR

T, 4 D7D FEORMA - FEEDTIR, AiisEy
DR EOMOBEN DI L Y RE BT E LT
Wb EEZLRETH ), £72, Fig2-3, Fig2-4 B L
' Fig2-8 25505 £ 912, [ UEHEEOMIKTY, K
WeED DD AT B 5, BRSNS H
EDFRL DT DL ERIME A D7D H S EIZHS
NTHbo TNBMHA DT DMDFE DRI X 552
DVTHL DT 5720101, KTl XS iEr
W7 M Cld 7z <, Ao 720 B 2RO
2 34T 2 ATV, BRI R BRI % E DT
5,

Appendix.1 £, RE TN o 727200 H &, FEH
BRI, BEEEN 2 LRI IR E CE 00
WOV ZARNTHD, NSDZHMIZBNT, HEE
DB R L 720 E T 2 BB 2 S et Sz
AR R L% E0F— 2 &b 212, HEFEEO
A RATV, BB OFB O 555 5 B SRR D JEHIA L &
Wt A = AL OEIHZT> 720 Z OFER, Appendix.2
WCRT &) RO LIEEROF — 7 — K55
NTwb, ThEDHREFDFAMIOWTIE, FM~VE
Tk 5%,

4 -

179 <

28 7-HMOFRMAEOFBRICETSIELD
RETIE, 72OMOSEMKEEIET 5 M2 %
HEIT D720, KO FELHEOEEIC & - THEH
TOMDEIZITH L L b1, BRE & 72Oz
BIL Cotiair o720 ZOHSE, DTOZErHL 2L
olz,

@

7o OO FEIREIT AR S s, 30 Bk,

REWIBCSHEASTETH Y, TORTRERIEDS
BOELIEL TV,

RARD TE L 720D SOIBRED BT R VA
RO LN D07z, WEHLTH D WIS OE
THEOMEIL, WHOFESLPWHKILREE 5 5 F %
HTIE w00 o7,

B L 7272 0 iMBRAR DA O BE 2 FAT L 72kE R, i
FoEE (D) &RV EEZ R Lz, Lo L
RiE D O BT 720 Th, WEAIEEL TV LEH
BlAsd Y, FiE D OREE S WS OF WP SILRE %
ST B FEERTIE RN &0 o 7z,

19854F, 1997 4E D $EEIZ BT 2 FEFILHE & 5D B
PRz AT L7285 R 720t S, R KR &
EREEMEICERL, MOBENEEL S oI e L
TRET DI LD ol. B, dAREORKE
WEDFEAE L 7-R i C, MMM SET 2
&, MR, AWUIERL, oM ANE L
WA ZFED 2 Lo 72,

1985 4F- & 1997 FE DR QRS FF T, [HERHIEA
M — I T COMAME] DOBRE RO 74k
B, FNENATHY OEPHETEREL Z LA
Motz $72, TNHDEETIE, BEAFEY
20(mm), FEEFIERY 200 (mm) A3 558 A D T RRfE
THDHIENGholz, 12721, 2000 ~ 2002 4D
HE - AR D 720 p 5T 2 DBR & B L 724
R, INOORMERITPIMIE, HIBIZ L o THRZ
BUREMED D B Z LDV o 72,

ZEHIC & B 20O TIE, BERREICZ T,

WKL D FRADPRARDZEEDINTICKE 2B %
B2ZTWwWbZ ephhoiz,

WK OERE ST B EREZHS 2T 57201213

BRI E NSO 27210 % <, #%
T AR O 72 DO FEM 2 AT 2 ATV, BRIEIR
K OFERE L P IC B D3 A 5 = X L OfFEIH A,
BRI R CTH D,



Yi ARAN D RSEH 2 OO SR SCE I A 0F7E 153

I REWHEICK D -DMDEHER

3.0 BIE

BOETHRNRZZL ), EWIZL 2K 7DD H
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Table 3-1 FREMEEDFEAEITIC X %535
Classification of damaged dams according to damaged part of embankments

Rk ECHRIR Y | HkIEE D AN At i %

1985 4F [L11R 5 8 13
1993 4F [L11R 3 1 5
1995 4F g 1 1 M1 PokHEE 18 ER OB
1995 4F 4 I 2 1 2
1997 4F [0 3 2 5
1997 4 i s 1%2 1 ¥ 2 JEHECLIE 5 RO
1997 4 IR 1% 1 %3 RS 14 RO
2001 4F F I 1 1

i 14 12 2 29
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Longitudinal section of Sakonoeki dam

Fig3-3 004k720 Mo Jum ()

Cross section of Sakonoeki dam

Table 3-2 HD 272 O MR T O FEE
Soil properties of Sakonoeki dam

G5 M Ko b CEHHERTY
B (%) 5
w9 (%) | 34
NG (%) | 39
Koty (%) | 22
RAKEE (mm) | 95
50%#i# (mm) | 0.056
WEPERRSE (%) | 397

Fig.3-1
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Plan of Sakonoeki dam
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Photo 3-2 LMD/ 1 € 2 7k — v A
An entrance of piping hall on the upstream slope
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~() R To Tz, PJLUEHOHT % Photo 3-3 127K T,
LR72DMTIEIETOMIRD D > 7278, Miihis & [k
[P RAHE 2> KD L CHED T o 722 25,
RS PHEOE O JFIH TlE 7 v L e Sz,

Fig.3-4(a), Photo 3-3 (27”3 & 9 12, (RERDT <
o [ARAL FURaNE ] fHE R &R D A & HEE
ENDRVEHEFIR SNz, 72, Fig3-4(a), (b)
R & 912, PHEERA RO TR 12K 3D A8
FELTBY, 203D 1 Photo 3-4 (278 T £ 9
% EEER 50cm DRPEEFEREIN T D, ZOHHE,
Fig.3-4(a) D A-A’ Wi T, Fig.3-4(b) 1277 & ) %iRE
BRI DS L7 S HlEsE Sz g SROSHIIRIZ A L C
WL T Ens, PUERT D R R BRI AL L
TWizkEZ N, BERENSFIBEOTELRFERNTH 5
cHtE SNz,

Hat ot s 7)) v 7refte, FERBEIT - 2R
% Table 3-3 127”79, HatotEidk+t (CH) THY,
MEEOED 94 (%) LEmnI Enb, AR 10°~
107 (em/fsec) F—F—DFIp¥EEN D (HHEREBEDO T
B, 1999), &t oddifs X O kit s g
ZBWT7ay 73927 v 7 ERATG, FRENE T
W& ACER NI Y L7z AR 4 BN LT o 720
KAERDOFE R % Table 3-4 |RT, 7Ry 7% T 7
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Fig.3-4 REMBIEIC L ) L7 LR 720

Era dam, which breached by seepage failure

Photo 3-3 JLE /-0 Pt & Lt s o <

Damaged section and halls on the upstream slope of Era dam

Photo 3-4 FUiAHAICHE R S 7z)

A hall on the downstream slope
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Table 3-3 1. JL 720 it oM 4+ o 4 2 SR

Soil properties of Era dam

EREEe it (cH)
50% T4 (mm) 0.007
Mk a4 (%) 89
I RESEEE pamax (g/em?) 1.194
AL EL O FIREE pa (gfem?) 1.123
O EDEE pa/pama (%) 94
HAREKE D & O ERI= (%) 50.4

Table 3-4 JLE7COiA G+ D EKRE
Seepage coefficients of impervious zone of Era dam

- % KR 3
SR ERERE FH
(cm/sec) (cm/sec)
LyEhm e | 4.95 X 104
FR1E 5 1A] 3.66 X 10*
BIEE S 236 X 10+
B UgERRE | 2.06 X 107
IRFJ51A] 1.54 X 103
BIECGEE S 1.02 X 103

TS NI ABELE R O E KR 10* ~ 107 (cm/sec)
F—=F—=ThY), FMEIOHETEINLERREE N,
3~4F—F—DFEHDH o7z, Tz, KFEHMHEE
JEOK) 215, FRFHEERE 2 & Lo 2 0%
KRB R L7z LEORERD S, LRZOMMDH 4
1T, BEREORIINREEIEELTBY, FIC
AT DKFERINTIZZD X D aZip Bl L T
Wbl EZON5,

HETOWARERZ DL HITREETFLTwAZ E
OEHE LT, OIFKO ETEIC X 2B REA~O Tk
TORAE, WREICLLELE, OMWRLE)Y O /EE
2k B2 HEOHEE, OMKNEEOWEEY T v 7, & EH
b, {LEDMONE L1, Photo 3-3, Fig.3-4
(L) B L () ITmRT Lo, IrkICERERET 2 HiE L
HoTBY, EEEO~OD &) B LD HET LT VIR
WIZH o7z ZEZONL, FHIZ, HE T ORISR C
(%) 1Z50% L ETH Y, BAMEEDOGEIZL > TS
T 73 U TV REED O TRV, DUBEOFLIR T
&, ERO~G®n k) 284 %, [BEICX 5251035
IR L LT 5,

Ngambi & (1997) &, #HI @A EH L7241
RIEZEH &85 EERZT, LIEX DV ELIIEVAKIE
TNA KRB w275 0F%) v IhgsAL, @EEzL
KERET B E VI FERER/ TS, (LR7-DMDOSGE,
L OZENREICHF AN ASERE IS LA LTBY, 1Yo
AN IR I VAN 1 16T U O 9 5 770 Y el [
WHEMEDS D B o TLR7ZOMOW I T, VE&ETIRAL
T 72 %% BN SN O 23 s I Ak BRI X B
KIEDPVEH LT, "M a) v 277 27Fx") v 7%
L, BEDK - R ERERIES T REN

ThbeEZLNL,

DibEzFros b, MLEZODMTIE, AR LR
2B THETICRZE AL ER GO TARAEL,
C DRI 7 B SR O IR B IPE D AKRIEAME
HTaZLi2EoT, "M Fu Y753 7Fx) 7
PHRELIZ EPREBEOEELZFERNTHL LEZ D
b,

354 NAECTR—IDOBIREER : BrB1-0ithD
=4

B 72O WA I ALE L, 325 6.4m, 3E
£ 215.0m, B5/K&E 29,6000m’ DY) —EBRATH L, B4
B 720 M0 F-1H M % Fig.3-5 1237, BAKIIEYIETH
D, VEIRB X OBOKIEASIRM 30 £ T AYE S N T WA,
B 70O EEEKIERE L 7.60ha &N S VA, i
R T 7zod, TR E2DMAYEAE L, 32.50ha D
MEBEKIEY D 5, Rrazoid bigo 225070
WO E LTRHESNTBY, BFKAIEHE Ik
MCHERF STz, 72OMEHEDORRICL S L, TRD
VORI HK 22T BRI 7 R, Bk K25 L7z
CER oty ETHA,

2001 46 A 19 H~20 HIZHF TOZEMIC L Y, Fig.3-
SITRT LI, MIRERLVDOREA, BIZBWT/SSE
YWIEE LT REORKDTHRICEE L, T
D—HBEFKL, REFTIIR MRKOEEL L= L
7o WESEBROE MR 2 DT 2T 2 ED
KEETH Y, R EF TELTWEL o AT
DI E Y 7R = VDY RIE#E L <, Photo 3-5 1Z/R"T &
INCKEDOKDIEH LTz, M BIZBI Bk,
KIFIZBWTH LATHIRETH 72 HE SN TV
bo BHKMDISAE Y ZFR=IVDOAODEEEFTETL
Ty s TRk I ek L 7,

ISAE Y TFEE LB EIL, A ¥y T k-
VOO EL L RO > 7)) ¥ 7 a1 572,
Fig.3-5 2517 5 1 A B X U B OWilh =45 % % Fig.3-6
(a), (D) IR0 HADNAE Y Zh— VL, AODHE

P L

Fig3-5 27 #7-o X
Plan of Hoshigatani dam
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Photo 3-5 &7 7372 DO IRASE A RIL (T £ 0 Bi)
Leakage from embankment from Hoshigatani dam

59 100cm, HYTIAYH 70 ~ 80cm, PIER2STE 249 40cm
OMFWETH Y, AL HITIEIKICEAE S ILTRY
KELPRL Ty A E Y TR =D E TN
AR IZIZERIRTH V), Photo 3-6 [Z/RT £ 9 12 A A
LHOF CTREICABTIENTE, HBO/ISAE Y
ZR=VOWEIZRIZHETIER L, K REVWED S
TACERH I 30em, $RE T HIZH 15em DFFHIIZIK &
o Tz, LHFHHOAODERBIZHADONNL Y 7
F—= NV EIZIZFERLCTHY, ERMEIO AT CE T
L7z, IBIRACHICHERE L CTWw b, Tilom OffE e
&, fLEDVNE B mm OBEIRIZR Y, AT EAL
755 T AHA 12 F)3E LT\ 72, Photo 3-7 |25 B D/
AT R=VORIITDOEREZRT,

Fig.3-6(a) (R $ 5 1, 1, MIZHBIT 5 WEEER DK F
& KEFE 53R % Table 3-5, Fig.3-7 (2R $ o KEEE SR O % 5
2o, Bl EMERKRELTHY), MELIETHELEI L
Bahhe MNVIET, MERRTHIRGAe 0% < Hfk

M EFYE—lkAD
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Photo 3-6 :{A O/5A E¥ 7 k—)b (LMl & b K
Piping hall at point A

Tho g SNz, IR LR DL 90% L 1T

Hy, BB OB SNHETHb, —,
HI I T % 152 L 7245 %, Photo 3-8, Fig.3-6 IZ/R9 & 9

2, Rig2H D% S# 135em 25 L LTH I 2 &0 5D
FEEG, HI%Et FlIAEMn, ERERIERKos 2
LTw/, MItMOTEPFHLETHALZ Enn, M
EGIRATHIEEMEB T KE TS /207 T
AL L TR BEIcEm Lz neERONDL, Lizh >
T, ®WHOEMHIZ, Fig3-6(a), (b) DO X ) 124
ES NIz BFUIRT & 9 ISREME V0L, BFKRALAS
TLHIRENT V22D TH A,

e 2 T —Rmn
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o
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|ai HAlZHITSZOA M — LR
Skape ol a pipring hallal pain A
B 2 - B — A
Mo B =1k N i b
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i
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BB IzEFE S o — LT
Shige ol & piping hall ol poim B

iiL i cm

Fig.3-6 2o 87200/ 31 ¥ ¥ 7k — Lok
Shapes of piping hall of Hoshigatani dam
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Photo 3-7 [ B O/ A ¥ ¥ 7k — VO FiighE oM
Exit of piping hall on downstream slope at point B

Table 3-5 & 4 4720 O Py RSB 5

Soil properties of Hoshigatani dam

RHOHATE

E I I i i B -
g [TEPOEE o gew | 266 | 26 | 2w Photo 3-8 SEARHI i D5
“ larakiw, % 20.12 233 352 Cross section of embankment
B 2T % | 8o Lo 08
o [P0 TSym~2mm % | 20 | M8 | 55 4 8 e S SR b
R P S P T T B Jubledo T EROBIRIGINE
*5 5 5,um*‘ifﬁ % 09 2%.1 272 Permeability coefficients of embankment of Hoshigatani dam
FyyA[BEER W % ] %S | | B 0 HE D | $AIE KRB | ACEEASREL
Ty BUERE We % | 188 | 1809 | n4 (%) (cm/sec) (cm/sec)
B b 1452 134 2105 I 084 — 152x10°
5 H 4 it ot it I 94.7 2.97x10* 6.04x10%
N R | (AR | (SR | (RRIERE) i 94.6 2.10x10° 2.62x10°
HERY (cL) (cL) (cL)
| BKEBEE po gom’ | ] 1664 | 1% . ] ) i
WED | REEKL Woer % | 68 ] 09 V= K307 E STtk Bk E T v M LTR
wHoOK DE % 984 ( %47 921 ERR A BE L7z RO i o BBk R %
Photo 3-9(a)~(c) 127" ¥, M I BLUOTOFHKHNET
il B e &, AF LTI —THm S NIZE G DS HIRIZ5 LT
g ool lem =B BY, GEMEORBNEERL TS L BGDE. B
B e e ST OREFTIE, RIS & 2 & Bbi s Ml A RS
& 400 BATAEL Tize — 7, BMIIORETIE, 3O FHIC
3 ma @ 2em OIS DT R TE 245, AFL YT —
e e EHUERBIIE TEREL TV v, L7adsoT, FL

FERh (i

Fig3-7 &7 4720tk 457
Grain size accumulation curves of Hoshigatani dam
embankment materials

I ~MIZBIT 5 EKREA R L Table 3-6 2777
FBARRERL, 7Oy 2T L o THRIRL 723t
Bla KE B & OSEFINICEEE L, R EKER
TIT o 720 EARFREIE, R HiE 22120 T/HE
KRy, HWEAEMHL W28 T o306 Tld 10%m/sec
F—=F—thoTwnbh, TEBLUOHEOEIZIZIZET
ThrIraEETLE, HIBLUITIE, LY
DR RREPREL TV DEEZZ 5N,

AR CBEDPFE L T2 &%, TSI IR
T 570, BRRBTHOWZRBO FTHE»rbXFL YT

B - A U CRioED S 723 IANERT L IR SIS
Lo TEAREDRRKREC R L S>TBY, FEEOREHULT
TR EICRA o T EKEE R L TV A DICR LT,
EHIHA AR S o 2HROREM L ) LE TR
R ERE ARSI RKE KT LTS Z e300 o7,
UEoZ ehs, BrazoilcBirs fEr s
R=IVDIERAHZZLIIZOWVTEUTDOEIIZEZ SN
bo By AT-OMITHAKOTERE LTHYSN, W
WS O — WY 22 Ik B A RELIAL, ARIKRAL O IRTE THERE
ENTW720, AR ETIZERZEETIZEA LD
M CARBAVRIEICH 572, D720, HIEOREMOIE
2 B UK O S £ TOESIE, MR OR ARz
77w 7% EVGRRT 2K EOER T ANEIT L, RS
HllL TWwoebDLEZ 5N b, SFMIFICIE LRI
S5O0 DMANMAKIZR Y, 3D2D7dMDEK
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fep et 0 AT o
Paine [ i Above lmmlation)

Photo 3-9 & 7 4372 O MO NEFEL IR DB
Cracks of undisturbed soil blocks of Hoshigatani dam

WAL LAMARETE 720 A L7z7
O, IR WAMNEFTRICEHA LZbDEEZ LN
o BEH LI ROKESWAERIIEAE L Tn-fzd
BT EI2E->T, "M ROy 275 7F%)
VIUDREL, BEIERKLTNMEY T R—=VIlho
725D EHEEE NS, Penman (1986) (ZEHIRIZ2E 12 L
TV W T ACEREICHKT 5 2 Eofakitz4am L
THBY, M (1990, 1999) b WK AME { Rz T W7z
oM TEEICH KT A EICEYNL ) v T T
IF XN Y IHFRET AR EREL b, B4
TOMOEFNL, N1 ¥y TRV ORERIRLERKR
Bt R oo, TNOORBEEMTZbDLE VR 5,
355 BAAOMICETBEINITELTR—IVOFE : U
%5 7= & ith D E I

ERIEAATLTE A8 T 2 1G22, 3255 6m, ETE
£ 120m 0¥ —RIEKTH Y, EMLOTDITRAKT %

i,
I

D

ELTwo, ZORFNIFEMIC & 2RI EZ1T72HHIT
e, BB 2 ORISR ORI & K
ECHBRLTWDEEZOND D, NAEY T R—)
DL DR Z AT o T2 ROV TIN5,

Fig.3-8 (2 (111 7250 O P H [ % 77§ Fig3-8 12737
£912, RO FRAEER (1 F R LA
47) CHEMAE U CRADSTEELTEBY, AT
R VOHOE RSN R —HRRENTND, F
Tl DR DB E % Photo 3-10 3 & UF Photo 3-11 127R
ROM O EIZR A S TEZER 20cm DX E %% > Tw
B0, PERIZEMICRE SAVNS S R ) BEIRE 25T
W7z F72, Fig3-8 1R T X912, Tk
LARAFERCUE, KA LRI | 45512 HEE 2 ~ 8om
DRIHEHIER SN 7zs Photo 3-12 3 X U Photo 3-13 |2
INEDRDEHERT o ROFESIZHKT 80cm Lk
Db OHEH - 7255, PIEETIR M L T Y72 7200 3501 AR

Bl L mdt e L)

a

Fig.3-8 [ 72 80 {11 B4

Plan of Yamazaki dam
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Photo 3-10 |7zt Fiighh /84 ¥ ¥ 7R — )L

A piping hall on the downstream slope of Yamazaki dam

Photo 3-12  [LIF 72 ithod RiigtiE oK
Hall on upstream slope of Yamazaki dam

THb,

Fig.3-8 [Z/R$ W A-A’ I2B W TR —1) ¥ V#4247
W, BB L OEEOMEE K- L7 fLEFIH L
Wi KER (il TR HHE JGS1314) ISk - THEb R
7o BmRARE % Fig3-9 \ R T o AT EHIZEEL ) E
VIV TH Y, FEEHE AR EEE 0 R o E
Th b, WIEAGRERE RN S, BAEPIE (B2) B &
O T (B3) TUERMAD I £BERZ BT 107 cm/sec
T =T —DFERMREERLTVDLEOH L, EiiphmEH

(B1) T TARE TIZBWTH 10° cm/fsec +— 7 — D

H AT R s

HW.L 154%m

B ChrRE R )

Photo 3-11 IIE 7= ith FHFHE D781 ¥ ¥ 7k — LV AER

Inside of a piping hall on the downstream slope of Yamazaki dam

Photo 3-13 [l 7z ith i RHH DR (LK)

Hall on upstream slope of Yamazaki dam

BWERBREE o Twh, F72, Fig3-10 (2720
Wi BI1TF BIFKN & RKEDBIRZ RS, WARIE, T
T U SIS RE L2 = MBI X - TRE L 72,

Fig.3-10 & v, Jhk=13, Bp/KAL2% LGt o o356
LG 218 F Tk, BRI L CIITEBAY
2B L T 595, B R AT B BHE O 7 D50 A LG
LU R LW LIGDTWE I LD b, &
NEOZ LMD, O EFRMCEKREASET L, 4512
FIRAHE O AT B B LA TR %2R % A Hk
LTWBIELRGDD, DL IEREOK T, I

;f'ﬂ-l'. (HER L DR UL )

FoEEEmen i1 b L h— )

Fig.3-9 L7z 0tk I P & EASRE (EAEREDHAL © cm/sec)

Cross section and permeability coefficients of Yamazaki dam
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Relationship of reservoir level and quantity of leakage
at Yamazaki dam

R720OMR R r 470G TR X912, [BRE
CEBHBG] PRELLZEN—DODFERTH S &
FEZHND,

Fig.3-9 1213, KM ORL 5 3 5 ORI E I
EAT o AR BRI L T b, BRN AT ERAE O R D
EESELFCEAT AL, TRFHHISREKIZHL T
WBZEWGDDL, F72, BN AR EDIRET
X, THEONA ¥y Z R = VAR SR T L Tw
B2 EDHERINT VD, —H#RIZ, 7T—AFLATIETR
FHANZKDR T 2 &, TEROZEEI AT
THEVbNLTWD, WS (1985) (3K 2 RILOE
BHIERE 21T\, M D EAET LR CH, Bikai
BRI~ 2 CTHMA S L iso T8 ¥y s
R VHPHERT L L VIFEREB TS, IF20HT
(&, SRR LA O L 75, R
NT A L727201, RaEKD T AR L LT TR
FERPOEDONALE Y TPEELbDEEZLND,

DbaFewd b, MEzoicBlFs54 Y7
A= VOREBEIUTO L) ICHEESNS, TLO
I, TBRBEIC X ARG 72 12 & » CTIRAK L hime
FEOMEREDIET L, ZFNME4IHEST L TR 2R
FEOAADVIEE E NIz FiFHH ORI TIZ L -
TIRARN DR LS L, Finshi iRk %g L7z
R, PHRAHRER TREIC L 2D ORE, Whw
ZNAE Y INRE LIRS NG, 2F ), RPN
Tl OREIE DS il & T o BT S8 4 158 E L
TVWBEbDEEZLNL, TD LX) HikkizozBn
T, FEMICE 5 AR KA LA & BERREIC & 25K
NORBEAE EFEAER UL, B e TR oRss
DRMWY, A TIROBE 2 RN LK E RIAPRESET
LGRS b LEZBbND,

3.5.6 EREOME  EF-DHDOEHF

A B ICALE 5 E Tz oihid, 3 18.0m,
FETER 72.2m, #HEF/KE 85000m® D —RI7- D TH 5,
1995 4£ 7 A DM ATRRSENIC L ) PiiER» b2 =0
KT L 720 Fig3-11I1R$ £ 912, FWiZ7H2H”
53 HIZ ) CEFBER T 215mm & FLEkl 7 520 % 5
FLTWA, HEDERIZTH6HTH Y, iARET
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Fig.3-11 FF720ibfi 2517 5 RE R &= & SRR & D 2L

Change of hourly rainfall and accumulated rainfall at Ouji dam

A L2343 HIE, @ ShzREgicdh -7
EHEE S NI, S0 MoK, BEFIEX % Fig.3-
12(a), (b) 127”7, JR/KIZ Fig.3-12(a), (b) 1Z/RT A a
~gllBWVWTRIBLTEY, ThEfNhoHIZBNT
Table 3-7 12773 & 9 ZiRKEZ L2 ZOAFNZ
204 (m¥/day) IZ3ELTEY, FiCHdoBEAHEDS I
Photo 3-14 [Z/R T & 9 1ZKRDSHL L <M LTz,

b BA A i D BE AR A 1S B R KA 20 5 3.6m FTH o
ToliEENTBY, #HEEE (oK) OEKMITHE
PR TH o720 72, BEKOFERZIIAEA S i L
WKL 2 T S 72 R, BRI ASREE TR AL & D) 2.7m
TS o7 TH a ~ g DIRKITEEIFELL TWwa,

Table 3-7 L1720 MO SR BT 5 kR

Quantity of leakage water after Ouji dam was damaged

TR AT, KE (m¥/day)
a 38.9
b 51.8
c 38.9
d 78.8
e 27.6
f
18.8
g
ZOM (BT %) 38.9
& it 293.8

Photo 3-14 FL7- oMK (5 d)

Leakage from Ouji dam embankment (Point A)
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Condition of damage of Ouji dam
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Table 3-8 L T-7-0ithd T EFAERE X OB AR

Result of soil property tests and permeability tests of Ouji dam embankment

163

&, TF7-otogad 352 ~ 355 ficikx7z [k
7 Fiiahm | 2 AL E L72IRKTH D Z D00 bh,
Fig.3-12(a) IZR$H I ~VIZBWT, B 2L,
TR & R E O g o E KB T (g TRk
# 1 JGS1316-1995) 12 & BB EKRRERZ AT - 72k %
Table 3-8 IZ7R" T, KITTRT L9112, TEIEFHITICE T

R I Jif il v \
L g [DETOBIE o gom | 2723 | 2667 | 265 | 2678 | 2666
| EREKE Wa % 54.29 29.54 26.33 22.53 23.68
(B 2= 75mm % |00 | 570 L] 185 | A 163
| 2% T5pm ~2mm % | 29 |27 [ 40 | ST . 34
g o M EA 6 Tsm % | 05 |8l | 244 | 86 L. 21
|l spm kil % | 256 | 2 o] R R B 20 | 82 .
R S B A 26366 | 6.1 | ast2 | 1070
ES Yo 10.7 13 23 0.8
TV A MRS W % | 80.63 ... 4584 L.
Ty | BWRE We % | 4397 |l 2589 ...
I TEIEIREL Te 36.65 19.95
s g (A BUE ] RUDREE | RO DR | MR | BRL D MR | MIROTEREE
| rEERL T (VH2) (GES) (SFG) (SF-G) (SFG)
Sty | OREIE pogom’ | 079 || o8 | 087 | 088
BRI cm/sec 8.32x10° 7.17x10° 1.28x103 1.28x10° 1.39x10°




164 3 T

RELWEED20T WD, Seff BN KIIRE R T TH
D, BBIZLZREIZEHVTEEZ SN, BEHEE
Fi, BE2EUWELTH D, WIHEKRBUTIRE LR
T 10%cm/sec 4+ — % — TdH V) IR L E V. F 72,
EROBEAEE FIX 10%m/sec =45 — o TWw5h,
FF7zoihTIE, REOKzZ#iE LT3 HEL L34
Lanss, JHEEOREGHEIES Lh o7, ZOM
Ho—>28 LT, BHEOFIENHIT 5%, Photo 3-
14 OFAKEEEZ R 5 &, #L AR L TwWa25, K
3#H-> TV WZ ED5h 5. SRRIIZ IR R
ELOREINLT VL OO, EHEOBEEILEK
TORWERE LY OWELE R >TBY), 7408 —D
el Rz L7z RetEr mve 2o X912, BEAERT
MRV =V DHEETH I LI o T, KNI ED
HEPFEALTYH, TR TOMTAFHIE S URHBUE % el
WES L WGEND DL EDGD b,
35.7 TOMOER  HOF E-Hith, H/-Hith
o) Bz ez oo FHpE, 352 ~ 3.5.6 &
F TR ARZZFHOI OB R L R LBE P HEAEL TV DHH
BICTHb, HTOEEDND HDS, ZNF THR7ZHFO
HED7-0MIIBWTHERLGHLTIE LW L E2RT 7
B, L 2HEFIORAAERE LT IZHER S,
Fig.3-13, 3-14, Photo 3-15 |Z/R T HD )7 E/-oithid
I TSN LA L, 32 15.0m, 324 50.0m DA%+
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Plan of Tanokatakami dam
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DY —RIBEIRTH b, Table 3-9 IC Fig.3-13, 3-14 |Z/RT
I ~MOH TR L 72388 Lot R4, MO L
D, 1997 E£DHM 9 T2 L A EEMT, TR OB
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Cross section of Tanokatakami dam
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Cross section and piping hall of Yanagi dam
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Bird’s eye view of collapsed Asou dam

BCHEE D AR RSB S I THE R Tw
A, ZOREHIIERARE ) OFRAKER Clzdnay s b
sL—ThbEHEEND,

ToOMERE DRI L B &, AT DO HIZREAIRIINIC
WEL72Z DY, 20k, WS THS LTSN
oD L THbH, Photo 3-21, Fig.3-18(b) IZ/RT L9
(2, JARERANCIZIHRE L ZE R 5 b THORL HH

Photo 3-19 720t (T2 5)

Asou dam (viewed from downstream)
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Longitudinal section of Asou dam
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Geology of longitudinal section of Uchiharano dam
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Cross section and permeability coefficients of Uchiharano dam
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Soil properties of Uchiharano dam embankment
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Longitudinal section around the outlet pipe
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Illustration of mechanism of seepage failure at Uchiharano dam
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Takaratani dam (viewed form upstream)
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Plan of Takaratani dam
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Cross section of Takaratani dam
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Plan of spillway of Araisawa dam
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Leakage from a drain pipe on the spillway (Point I)

Photo 3-25 BN DHIRIERL SN2/ M E v 7k -
Piping hall found after an excavation
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Cross section of spillway and a piping hall found after an excavation
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Grain size distribution curves of an impervious material and
a material around spillway of Araisawa dam

KT
FHE

55 445 (2005)

%o PKI/E TR 247V, SR FHE TR & 1
B L TR 7200 F % Fig.3-30, Fig.3-31 12757, Fig.3-
30 1R &9, POk R BN O AN AT T
&, SEEZ L DR30emit FLTEY, AEETICLS
BEEDIEAE L Tz, F72, Fig3-31 7 5 Jok Mk
EHRRELESEDOBD T ) 7Y a rdznlz, R
ARSI T L TWDE I eSS 5, 3.6.1 i D
72 DD HFEG)TIRAZ2 & H 12, S (1994) 1%, K
BWLZ 2 B ICE DT — FEHIZ L > TH L <A sL
Y, NAKROY v T T F ) TEET B RE
VDS % LR RT V5D, RO ORAEICS, HEL
TAET LKA BE X O TT — FVER A L,
HEAMHARNBE LA 3 2 ACE L EATA L T 7 il REPEAS
e LLEoZ & s, okt il oME LS T
X, SO BAEETIZE T, R EEOKW,
TR BN LB Ty I EEL, N Ru) v s
FSOFXV)TNPEELIZLDEHEES NS,

F72, NA KV TR VS KA, Bt | (S
LTWwaZens, kL 7LEOMRRE r 7201
DHEBD L), A4V FR=IVHFER SN-855T
&, LI ARMAND TR T-OWRE, MR & OB
2L B HETDOHHE L TW 2 fetE b &\, Fig.3-
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Soil properties of an impervious material and
a material around spillway of Araisawa dam
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Longitudinal section of spillway and settlement of the upstream slope
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Settlement of banked soil on the left side of the spillway
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Result of measurement of leakage velocity using salt tracer
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Specimen of the hydraulic fracturing test
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Hydraulic fracturing test apparatus

SFIEHPHETEAL LI E>TWVD, RFZXAF VI
BEKE Y E2EZELADLRDPZENTBY), Erixlil
ATitR, OV ¥ I TIEAKRELT) o F 7o ED B DHEK
&, MR O A A 8 L TSR RO R — T 2 A
=BT &9 12> TnD,

ekt 2y Mg, ZEARDE (S, 1986) T
KE > R OHGERE ) % fafl§ 2, FrEdin/i TR L
Ttk HREYOKEZRKELFEE-ETLERSYE
T, M Fu)w 72 7Fx) v &EESE, ik
B ok X B HEIE S L OB OMmEIZIC L -
T, M F¥u) v s 795 0F%) 7k bBEOME
RN EBEE L7z, T2, RBvhoEAKE, HEARE,
RO ML ZRE L 720 EANRTEIZEKE VE TICHRE
L72KERHS L 0illE LTw b, ko spi Zeh 28
0y FIZE) A 72 O 3 — U REMRD, KA
L —H—ZEMEHC L D HlE L7z,

(4) LR OB
BAOMERIN 2 BIE T 5 720, Bk X I L 5 BHE
24T o 720 Fig.3-35 [ZHR X #i%eiE O 2RI, Fig.3-36 12
B FOMENIR T, Hik$ 5 372 B L3735
DFHR T Fig3-36 1277 & 9 12, #ifFE O J51H ($HE)
%z I, T =Ny FOWMON % y I, LIVIE
WX DM AE x Flale 35, 72, o ldAKFERD
B, 3R FEIRT), o 3RAFILNERTHOLET L,
BOX RIS x HIANSARCPEICEST L, ke &8 L T,
zy A DR Z T X FLH A 5 THIEREIITA S L9
2% 5 T\ 5o X K13 A 100k Vp, B8 i
ERASMATH L, ZOEBETIE, B+ VLo

o |

177
XWEYEm
LTTALS J TR ME T
W TE O et LIS ik
L' | L
L | exEniS
1 | | P
—1 ] 1 |
[ L |
T
Fig3-35 ¥k X HLEHBIEEE 2R
Soft x-ray system for observation of crack propagations
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Observation of crack propagations using soft x-ray
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Table 3-13 (ZFEBRSGM 286 KT LA HE K %
IR BAL S — ATEREY I, AsERRNO
HEWZDOWTEIFEE L7z, 77— A SX-1 ~ SX-4 [2B Wik

X MBI ZATV, T2 — A THBE TR OWHBiE:
211072,

Table 3-13  F2ER4Mt

Test cases
FEER T — A S-1 | S2 | S3 | S4 | S5 | S6 | S7 | S8 | S9 |S-10|S-11 | SX-1|SX-2|SX-3|SX-4
ox (kPa) 245 | 98 | 343 | 343 | 206 | 56 18 18 18 10 10 98 98 98 98
oy (kPa) 441 | 176 | 441 | 441 | 265 | 72 14 14 14 14 14 | 125 | 125 | 125 | 125
o, (kPa) 343 | 137 | 245 | 245 | 147 | 40 10 10 10 10 10 70 70 70 70
K S #E (kPa/min) | 1.7 | 1.7 | 53 | 110 | 53 | 110 | 10 | 0.16 | 0.01 | 10 | 0.01 | 53 | 46 | 24 53
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Soft X-ray photos on propagation of fracture (case SX-1)
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Soft X-ray photos on propagation of fracture (case SX-3)
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Record of injection pressure, injection volume and
displacement (Case SX-1)
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Relationship between the minimum principal stress and
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Record of injection pressure, injection volume and
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Propagation of hydraulic fracturing (SX-3)
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Propagation of hydraulic fracturing (SX-1)
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Direction of crack propagation when a direction of the minimum
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Concept of direction of crack propagations
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Concept of mechanism of crack propagation
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Specimen with pre-installed crack
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Hydraulic fracturing test using a specimen with an initial crack
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Mechanism of seepage failure of small earth dams that were used a long time
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Nomiyashikinaka dam

Table 4-1 K JZH A 72 DR IA L O

Soil properties of Nomiyashikinaka dam
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Condition of Nomiyashikinaka dam
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Plan of Zenimoyachi dam



194 J SE LR e

MW .U LU

AR R 241 T RR BB R

Pt
- | k- U R I s
2 TR - TR
e
- - Hr-\.. '4: - EEIN
— L "y
o "HQL;
e
(@) A-A Wi
Wi
. R - TNl L
= .'_.- . e R R
EERrmpORE- i & -
i l""‘-.__’ R T
—_— ST
(b) B-B’ Wi

HAZ 'm
Fig4-3 %A A7zt ORI =

Cross sections of Zenimoyachi dam

TR & AL L 2R, Figd2 IORT L9118, A
B/, FEREE S IHEBE T ORADPBE SN TWS, &
NS DOIRAIE, AR TEE 10cm D51 ¥ 7 R— )
St LT/ (Photo 4-2) o FIIEDFE LR IZ LR DS
MImOBEEITHBLTW A EREENTE Y, HiE
FRIZT X CHE SN TR D - 722 & 23550
5o RREEF LRI A R VTR T OLE %175
ToAE SR, WAL SEEETHERAL X 0 1L5m KT L72F T
RARIZEFIHMD Lize SO EDS, DK,
55 3 Tl e [KAL B AHE ] fHEE AT %1855
WL DDDTHo/2eESINL, T2OMWMEHED
FEICE B &, [ S ORI S LLAT O F R K AL
DIRETHHEAEL TVl L) 2 eThHb,

D EOFEA RN D, SEBENZOMICBIT 5T
FEEOFRMITLLTO L) 1t s s, ke s
Ml e T 2RENHEICL - T, TiahmIc ks
LT WP HRAKDSH 72 &6, Rk L7z
EOFELRNC, SERNIT S 2 0KRAEAGE L T

55 445 (2005)

7ebDLEZEND, FWEEORFKA L5 & BERIRE IS
L2 MBKEEFIZE T, BIANOKAL DAL,
TURAHI W S NREAGEE L 72RER, Tishmno
WP, TROPFEAELbDLHEES NS,
TOMDEEHIC X AHIETIE, BEHEDS T kiE
ICHBETAEAMNRERIC L o THRIEDEAET 56D
HHIENWGTDD,

433 READEKEETICEZRAKETNUHE | X

B S5O MDER (1998 F)

KB 17z, Friflk LmiciE L, =&
12.7m, 3ETHE 81.0m O —RIERTH 5, 1998 4 8 H
17 H, WHERZERICE > T, THRAEERICEZEDHR
KFEA L, FO% TRAHIIZ T 23%4: L 72 (Photo
4-3). BIEDIRL, 720 Ra T 5 falikar &
5720, 7oHME TR ALE S S0 H B FLERK 2 8 H
17 25 19 HE THlfTIEO & o7,

FEMED Fig2-15 12, Kl 1 572t o8 Ko
R ZRT o 8 A 13 B2 5 14 HIZ2 0 TAFF 109mm
DORERAH Y, 15 HOK T THobo KL, 1313
BERALIZE L TWic, 201k, 16 HRADS 17 HE
TICFESE N E 170mm OFERA S 1, IR IEEEFHIK

Photo 4-3  Ki# 1 5720 Tt FHA O § <) | (AARRFELAR
WEFTERT, 1998)
Sliding surface on the downstream slope of Ootameichigo dam
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Sliding surface and piping halls of Zenimoyachi dam (viewed from downstream slope)
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Figd-4 K 1 570D T XY H &/ ¥ 7h— )L
Sliding surface and piping halls of Ootameichigo dam
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A piping hall on the downstream slope of Ootameichigo dam
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Table 4-2 Kiff 157201 (1998 42) DRt D4

Soil properties of the embankment material of Ootameishigo dam
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Sliding on the downstream slope of Aonotutumi dam
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Conditions of damage of Aonotutumi dam
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HE%ZRT, $72, #IFED Fig2-16 I[ZEHEO 7T — %
EIRT o FEMIIE 10 25 11 B 15 H O SR £ Tl
WIE g 2B D feld, C OIS ATRT 574.5mm DR & % fi
FELTWA, F72, 11 H 15 H® 0:00 ~ 16:00 F TIZ 1L
98.5mm B EATRLE SN TV D, BRI, Tk
FLAERRFHORN . TH o - e SN Twn b,

K1 57O FHKE L KX %, Figs.4-6
(a), (b) IR, 72, Figd-7 \ MM %R, 1999
FICFER S NS TIE, EhFErHTERL TRIKDIZ
EAEDEYD CHREIBRE S, B LR E T CHT
HETHETERIN TN L, T/, TFHmHoOERICE
AREENE LW (R 255k S hTB Y, Tit
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Photo 4-6 i 1 %5 OHICRUL (e TM & b i
Ootameichigo dam (viewed from downstream)
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W ST W B 5B D FEE % Table 4-3 127K
Fo TR HPFEAE L7 SR LA EHE, BHR U KL
THY, 2 PO LB S O K% FrE DRI DTS
NLLHICRAELIZLDTH S,

TR OFIKIE, TRFHHOPE, S FEICHITTO
FKRETRYTHY, @I 12m, ETHRFHOESHH

o445 (2005)

8m, EEHN 1 ~2m CTho72, 431 ~434 IR L7
BT, WINBPEIT Y THo720I2x L, TOF
BICIEERVEHATRY) Lo Tnb, ZORHEREEIC
DWTLITIZEET 5,

Table 4-3 (2R T EAAR O STRHO FE: (T Hidk
BHARHRREE [54]) % v TR E Ko 763
% Fig4-6(b) |ZR3, 22T, HEMOEMIZL-T,
TR, Bk FTER L Qv EZLNS
7o, WM OGBStk & L CEMR 21T o 72,
F72, VTREROBEAEIZ 5 2k o T\ b
bOE LT, IO Lt a B E Lz, KR
T L9, REBIE, BEAEOZEN L > T mphm sk
ATRECETLTVELDOD, THRAmOTETIZHE
WCHHERIEE L o TV DB T 22505, HEKAO
EAEAHRE SN TVAIZHELLT, T0L9H) %iEH
WIZIRE o728 E LT, OHELE SRLTOMDE
KEZHF Y ED R L, PONELOMEIFHW-O, F
ST T HAREREAKR T TCE w2 L, @ T iRFHmAR
WRENWZEDPZETONL, MHOFETE, FEWICX
ARTEERMDSDEFEIIOVWTEERENTEST, BN
AN T B SR OREAIL, Figd-6(b) /R L7-iREM
L) ER LTRSSV, L72A > T, HHRRIC
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Conditions of damage of Ootameichigo dam
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Table 4-3 Kiff 1 5720ilh (2002 4) DKL DR
Properties of embankment materials of Ootameichigo dam

e PR e | ev
R ORE ps glem’ 2729 2.7196
ﬂﬂxﬁﬁﬁmm Wo % 60.1 22
B 5 2~75mm % 6 12
B 5 75um~2mm % 20 56
YNVME 5~T5um % 36 15
KBRS 4 Sum K% 38 17
R Uc - 260.43
=% Ue - 488
KA mm 9.5 19
2y RS W % 747 388
éfyﬁﬁmﬁwp% 41 26
FHE | MIMEER T, 337 16.2
5 4 paoy | BRLY
5 8 (| ERP
ik G (MHS-G) | (SCG)
| BERRS (om) g KNm? 220
B | WSS (o X 09) qukN/m? 38 6
= i ¢ kN/em? 8 21
| 00 g B 379 35
ENR SiiiA A-c A-c
ED | RKIBEEE o glom? 1135 1.608
5ol A K Wope % 413 242
DD 723 (pama X 0.9) DFEARI Kis emfs| 1.6 X 10 | 1.9 X 10

&, TURFHE O BT TiREKDR L L T2 TR
ml, ZORBEETME LTRHENT Y 25584 L 72
bOLHEEENS,

B SR HMFATE 2 17\, Figd-6(a) [ IRT A BICH
WT, FHEmAEE L 72iER, IR 5@ S Im o
& AICHBKEABIE SNz, TR KA A RIK
fCHh D, FEHTH RN E 22mm ORERAH - 72 2
L, ZOHBKEIL, FEWREICL > CRImZRE I
RSN TRETHLEEZOND, TDLI) L
WHEFORHIERE 2N REDL, KERELEESE
—DDERTHLEEZ BN S,

Figd4-7 [ZSEREIC BT 2 LG R OWEIMEZ R T,
7z, Figd-6(a) |ZSMTERE ) OWHEIMEZRT, Thb
DEEY, FYIEIE, ARMOHBHIE > TRAEL
TWD I EWGD b, HFMIZERAF L T 5 IHERAE T
X, fEE O 72REET 107cm/sec + — 7 — D EARARE & FF
DMK TH Y, Fro s L2ES 0 E KR
10%cm/sec =¥ — L KE{ R LR -TwB 2 ERD,
BT ASASE KT & 7 o TV W BRI DSE V. 72, BAHI
HERABTH 720, fEDIHIB VT2 KFE
FEAER LT Ao 2R d &5, BiER 2 & kv

= AR TR
—I ;

r~0m L L

Rl | (1] [H] Friil

Figd-7 K1 5 OHMEWTEED (Tl 25 O¥sgi)
Longitudinal section of Ootameichigo dam

A7 VAS, BB C, I TIREE IR E OB YL 257

HEL, N EFHLATEEDEETE 2V,

DrEaFeoHz s, REB152OMWIIBITLTD)H

HWEOANZZALEUTOL)ITEZSNDL, BIROHEE

BIUTHREROEGENL - OEEICXY, Tist

B T B CRFHAYE R & FHA 2R 23V IR

Ll oTWn, BNETRRICE 2 EMNICE T, BEMMES

WHFARREASHERF S LA & & 12, Kb L OV Fishm~

DREMRZEIC & o THRFH R ISREKIRI L,

DRMEETHETHRENT Y BIEIFEA LSO

EHEESND, 72, TRODPFEELZHEBE LT, &

BREC BT B HHIEH O ZES WL LTEZ LN D,

436 IANYBEHSRELZBHOEED

DL EgR 729700 A C e S 7o EEE R &

EDLEUTOLIIIH D,

1) 720MICBIF 52T EEOREEZ, £ Dr—2A
TERETRNTHL, L2L, KB1F-oib
(2002) @ & 912, EHEEA TR AT O® TS
H¥AciE, FHENT ) BBET L5805 5.

2) K1 57200 (2002) OFTRYDJEKE LT, ©
REEATT A ICEE L T2 &, QFEWIRE
WZ& - THRIEFRB 2 RN A T AP ELEL Tz
&, OUBREORNITOEE, RENEZLNL,
REMATT G R & sz L 22BN, EAEO
WHERHNET L SR OFEKREICHEVEN TV
&, TAHEAEAIRENW EXBIFLEN L,

3) RAEERAT- W DD ) b L L O[T, T
DAZFED SEB IR > TOBRT R TH -
720 — 7, HHIRZOMD X 5 \TRAR T i RHE % 32
HARDET L7727 — ATIEBERTRY Tld %z, K
ERTR)PELTWE, 72720, —HOT)D
HEE, AT OMECRAFIZIRICH R LTS
EEZ LN,

4) SN K 1570 (1998) @ X9 12,
BRBEWEP S TROGEIIRET 527 —A0H 1),
TeHWICBNTE DL ) LHEAN R A D ZALT
TP ETLHER DD L5072,
F72, INHDOTr—ATIIHR?SIRAPIEAEL T
BY, K150 (1998) Tl 3 T T/
AR T OEARED T 25 E L Tz,
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4.4 N BHRICET % KERRVIRET
441 FEBROBHEBE

Ll U 7-F60C, sk & R At T L E BT
72O OERITIE, T BEEORREILEKRT D
Tholze Thbb, BEKDOREE (% X Fimah
F9E) ICBWTRNS TR 2354 L, MR B~ &
TRODPEALCHEIERT 2 LW BIEERETH
Lo INLDOMTIE, WHEROTY O5ER,
HE K AEAR T DALE DS S 72720, BREDEITAME L L
7o LPL, 2OX9) BAEINENTSE, BHES K
FCHETLT, MRICERLRHEEL RITS PSRRI
3o T fEBR I IR & v,

T2OWMDOZEMEEIIBNT, TXY)PFEETLHNE
I EV)RELORET I Wi TH 55, ol i
KEEEWTH LI h D, TRYPFELZEEL, £
DTN PIRAREROPIEIZEL L DO EH 2, v
P ZASHFRA TSI 2 20 L9 20 & v ) B os
ERETHL, Thbb, BRIRN)PFEEL TS
DT, WIS LD X ) R EETEDORE O H
THEATS B 7, BEEAYRIG E CHEAT T 2 2089 9%, b
B OFHER TS OERBEHFEOLEEICKE
boTL b,

REITIE, $XY)BIBICHET BB ERL T, 720
WIRARDBRT XY OHEATEFRIZ OV THE &7 o 72
HRIZOWTIRRL, 720l kEEw CTH s L
Mo, BEMIIRAERS & O T RAHE O KRR E &
KA LA O O OER 3RS KIZT, L7zdS> T
RERRTIE, AR KICLP2ZEXEH S
EBRE WA EH S5 EBREITV, BIEOETICD
WTHE L7ze BRI, FOEB 2O W THE
41077,

O 72OMWIE R EEE AT <, BEITTHED
BWIE Db D0 %\w, 22T, BEORL S
DT E M 2 R FERRIC L o TH S IS
U721k, fabOi R & BEh ORI KA, RS2
LLRERMH ST, RO REHEDE NS
DWW THGET L7z,

@ WAL 5 & RN 2 SRR S & 5 FEEBR A
TV, TS ORBEDIRAEO REEDHEITIZE 2 5
HEIZOWTHE L7,

@ FEMERE DR S DR DR EFR L BR T
12 & 2B OMEITIZ S 2 B EBIZ oW THRE L
720

442 BEEDOXEALE 12—

B F K O R D225 PN DWW THERI BRI X - TR
L7zWisedipliz % v, LTICZ0/ENLZLDE L
Ya—195%,

AZED (1982) 1%, & 4m DFEY RO E T4 12
FER 2 S TR S A ER 7> TWnb, Z

%5 445 (2005)

DOFER, BEMGE & b1, FlEREoME» EA L,
RENZNEENE AT LT 28, HULEE TR 2%
BICERLBZVERE L TWE, F72, BT
100mm %z 5 &, F9EREICHBAKEAELT, #Hi
LRI EAT L T &l RTWw 5, Zo#E, flEbs
LB ICBRRIELD, FHEREICELFHREME L C
Wb,

SRS (1983) 1, &fifs, ~¥ 4, NibxHwTE
B L72 & 80cm OEIIZER 2 EH S &, AiEETo
FHAE N O BB E 2 3 HlE L Tnb . ZOEBRTIE
TODOWIERESBE SN TV, —DI%, BAREDOE
WIERHENZ BT, R AT ASHIEZRE & PATIC TR L
TAEKEIEL, FRICKELBBKIEIREET S
LIZE o T, P SEEICHED > TOBERIEIESFEE
THEBETHD, b —2IF, BARMEIMELEEL A
BRI EER 2B S 47234, BEFHS A EK
JEIET ARNCBEBRERED LA LT, flimidafkick &
BWENELT S L LTWwa, AKRDIE, I DFERH
B, TRELICBT A [LmERER] FHEics
FBKDZN) L BRERIEOREDFIHAREOKE %
PRI B LR T V5,

HES (1991), ¥4 5 (1991) 13, Fifirfd % v T
X 50 ~ 100cm D FHEAERNZ B & VEH &4 5 £ % 47
W, BEEES, FUEAR, MW, KEEEZ 0%k
BT A M) v ZIEZTEOEEEZRRTVD, Z
Mo OFERTIE, REARARI LT & 2T TATICE
A, FETHTOKEAER SN, WTKEO LA L LD
D BB N DBRBIEN LT D L) #RPE
ENTWD, TORRIE, KO- 2B KO E W
RIEIZ BT IR AR TH L, 72, Rinz
BLCHMRELZIGT S &, BRI 2 AR
ELMETLELTWD,

B (2001) &, % HVCE S 80cm O #HE % 7EHL
L, WWREBEMIZK > TRELIEASE, FlHEHES
HLEBHREITo TS, ZOEBOKER, KL 24
GELBENICL 2860, HTFKEE MFERA R DOV
T O BN E LIGD 5 L W R AR T 5,
F72, b7 T a v OWEKIEFRSHET 5 EENZER
TlEhwE LTwh,

RER 5 (1999) &, @I BWT, FHE O RN ESR
Ao TBY, BNV EELEA, LV EVE
EHCTHRIESBEL, BT RDVEEZTERT 5 &) &
REefFTwi,

443 EEROBMEELERT—X

Tk L2 X902, BB LA L 21251
L oT, 72OMWREPALEAL TR BIEIZES 2
HZALEWPSDPIIT B 72002, BAIEERIZ X 2HE %
To72e REEHZ VT 20MmoE 2/ L, Bk
LML 2REFEHSET, PEICEL T TOMB
KEB L LRI OV TEHI 21T o 72, BAFEERIL, %
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Table 4-4 ERIFEERD 7 — A

Test cases
. FHAF D% HiEOH .
ggr—2 | o T BEo BB 1
(gfem?) (g/cm?3)
Case 1 gk - A Wi 1.41 1.52 BB Y 22 KT E -
Case 2 Iy AW 1.52 1.52 B0 72 kA -5
Case 3 wEk - LW 1.52 1.52 HPKT%, BERER 72 BEmi & k5
Case 4 wEho - W 1.52 1.52 IFKkt%, 2% N
EBIOREDIRELZER 1247 — A% 17> 72, Table BT,

42 ENTFNO T — ADERFHEERT, /2, Th
ENOWEL LUTFIZRT
Case | | 720OMIZZ L BON DR IVE LIRIKD TR
DHEIED A = ALV THET 5729
12, B 141g/em?® DREEEOBERRI, B
B 7 B AR, BRI & - TIREFEH S 55
BraAT o720
Case 2 . #ifi[E 9 B AS LAY & W IRARIZ I K A & DR %
PERT 5L EOTRYBEED A = A L0
DWTHRE T 4729012, HIE 1.52g/cm3 D%
FEOIRMRIZ, BB R IR LRI X BRE
AP S ¢ BEBEEIT 572, Case 1| DFFEF L
W E AT, FRFHOZEMEIS 2 5 HE
DEBIZOWTHEH 21T 720
Case 3 © FERIIC & 2 RHAEKE 2 5 DR E DA TR A
HDOREMIGZ 5 EBERRL2012, %
i 1.52g/em’ O FEFEDIRRICIEN 2 /EH S &
B FEBEATVY, Case 2 DR L DI EAT-
7o BEFREII D 2 VRN E 2 H BRI 15

Table 4-5 & 7 iy Oy HAFAE
Properties of Kasumigaura sand

% s o i

5 L= fib
AR (mm) 4.75

B 4 2~ 75mm (%) 1.9

% B 4 75.m~ 2mm (%) 943
g VNG 5 ~T75um (%) 2
i Spm K (%) 1.8
YRR U 2.49
THRFDEE Gs (g/em?) 2715
f | KL poma (g/em?) 1.587
E i Gk Wopt (%) 18.55
B | REEEEE oama (g/em?) 1.669
BN | BN pames (gfom?) 1.387

Case 4  SRVERIE DR AT 72 O MIRKICIE § % & &
D, THRANEHOZEMLTIZOWTINS 72
W2, B 1.52g/cm3 DO IR &
200mm/hour D [E/ % — A ANEH &2 % EBR
AT o720
4.4.4 EEBMESLIUOERHR
FERISEBR A L 7R KRR I O 8 7 b T &
%o Table 4-5 |28 7 i O WAL MR, Figd-8 |2k,
EaAi R T o F72, BHH (2003) 12X B LE D
DKIEANE (BRI KATRAT B 72D DRFDOKE),
ZBRRAE (FRPICBEDRAT 572D DRFED 2R
JE) 13 & D ITHY-3kPa TdH 5, BRIFEERIZ BT, IFk=
FENIIC & 2923512 & o THETIPER O Mg 1 A B LR EE 7
5EIFREEN E BATT 2720, FOJIFMEENK X L
AT o L72h o T, KT B L EDRGED B LU
OB B B RN IR R D 72012, E
ek & — M AWTRER 24T 5 726
(1) kR
JEARABRI, 7 WO - ANEFARE T oL
B L VRAKBEOFI T T 7 AL B AR % 1
BEOIZEM LT, ffia s 7R L, ARk
L7-& SICHBIKE RIEMEBS 2RI IR TH S, R
BRI T oM@ Th b, Figd-9 1R T X9 HEAE
10cm, & Sem D€ —)V KNI, FrE D% E B X O HfI
EEA X I, = lem DZEEFE O L > TE 7 i
ORI VB L 720 Z OB B & i 8 % BERE Y

100

x®©
[=)

D
(=]

40

S B R E 23S (%)

FIAE (mm)

Fig4-8 &~ it DKL 34

Grain size distribution curve of Kasumigaura sand
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Figd-9 LA akERe:

Apparatus for compression tests

IR CIEME L7z & S0 mEILT) &2 mxllE L7,
SR EETOTr —AT20% & L, W% 1.41, 1.46,
152 g/em® D 3 7 — 22D W TEREIT - 72, BEIGH
X, -V NMEED 7 ) 7Y a v EEEL, ko -
TICRESINT-O— NV 5506 N EOFIHE %
BEERARITTIRE TR L CTsRked 72, 72, oz, FEHE
TSI A% 18kPa DRI CHERMA TE L DIRAKL, fafiaZ
T AN & BRI AR A WE L7, 18kPa &1X, KEIT
IR BRI FEER 1 BT B R E A DR EIE T T
%o

ARERAE R % Figd-10 1IR T BE 1.41 glem® OFEE D
HETIE, ORAKSED T TORBHIREE TIITHIER 2
FERRIE 2 R, @IBAKIZ & o TR E ST M558 %
NY, OAUKE TSN R R 2 RT, JeH
Grbe —7, B 1.52g/em? OFFEDOMEITIE, ORK
S5 TORMANKE, 12AKBOEFIIREE T Ik
W2 EMFE A RT, QBRKICL M7 7AIRIE3L
AEFEE LR, TV 5b, B 1.46 g/em’? T,
B 1.41g/em® OZFE) & 7] DB % 7R L7225, BKIC X
B ARFEIE A, RARBOMEETEEA 1.41 glem® DL
REN, /NS o7z, MR (1997) 1, Zok
9 AN T O EFRITE AR E 2RO L ) ICHH L Tw
Lo Tabb, NMafitTid, 2733 oxificks
T, EBERICH RS 5720, BRUKEE & O sPkRy
RIEMEE AR, faflla 5 7 A X ARREIERE, =
KICEBH 72 a v OWERICE > THRRIDTIDTEAT %
7Ol Lo THl&ERIENS, Ll R"Tw5, Figd-10
VR TIRREZEALZ BN, TAERATR R TV 2 A ffil 1oz
B AL TOD 2 EDT0D, Kifid 5k % Bl
BRCld, BAKIC K o TR 2 T TADFEAET 5 1.41g/cm?
ERIAN T T T AN L v 1.52g/em’ ORI O B
TEBRZIT-72,

(2) —HE AWEER

B O OB L OO O, A
BEHWT, —HEAMRBEEZIT 272, 15 X 15 X 6(H)
cm DY AWFEZ vy, B OREBTIIEEILT 2.0,

55 445 (2005)
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Fig.d4-10 JEAEEROHE R
Results of compression tests

5.0, 10.0kPa, % 5% OBk CITMEE LTI 5.0, 100,
15.0kPa DEILIVIREE TR AW 21T 5 720 #B ik 0 O RER
TlE, BE 141 glem3, &K 6.8%, Hitd DR TIE
R 1.52 glem3, EKIE35% &b L HICREFDIC
Lo TR Z R L 720 AR OREClE, 3k
eiits, ITEDOTEEIL T TER LR, T0FIHA
WraiTo7z. £72, fAMFEEORETIE, ANRAIRET
FTE DHFEBEILS) £ THREEZITV, BAKZIToBRIZEA
Wr 21472 72

B RS B % Figs.d-11 ~ 4-14 12 7R 9, # % 12 1.41
g/em® DAFIFIEETIE, Figd-11 1IRT L9112, wih
DIFIETHILH ~ DT AERIEETORILBE 2R L
720 F72, BKEOTA~EANOTABEKRERL L, O
FTHROWIMAENEREWE (51 Ly o —) 40T
WBHZ PGB, THITH L, M 1.41 g/em® D
FIfEE T, Figd-12 IRT L) 18, B~V §HEH
PRIGEALZEE) 2 7R L 7o R O3 A~ AT O 2 BIfR
T, HREIGEEZRLTWD, /2, TAKWHOIL)
~OF A MO AW OME S 13, RNEMEE XY i
FHE DT TR N TH Y, BIAKIZ & o TEABHIEA
EKFLTWBZ Wy ah, Lz->T, IHEEE 1.41
g/em? DFECTIE, ARFIFUECHiPERY, SufnFURCME
M7 288 2R L, BAKRICE o TE AW R & < Z51E
LTWABZEDGTH A,

—75, WA 1.52 g/em?® TIX, Figd-13 B X U Fig.4-
14 173 £ 912, ERIEE & fufiatklC, ¥ — 70
LHHEBERIRESRL L2000, WFhoBA LI
T~ 0§ ABERIIHAEE 2R L, AR OREZE(L
BEREE (51 LYy —) BRI, Lo T,
WHIHIE 1,52 g/em® TlE, RBAKIZE o THEEITKE (L
TT2b00, )]~ 0§ AERCAR LT O 4t
MBS NER /Y ¥ (A AR/ b A

Fig.4-15 [ —TH¥ ABE» S/ 5Nz 7 — 1 v O
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Results of direct shear tests for unsaturated Kasumigaura sand with dry density 1.41 g/cm3
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Results of direct shear tests for saturated Kasumigaura sand with dry density 1.41 g/cm3
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Results of direct shear tests for unsaturated Kasumigaura sand with dry density 1.52 g/cm3
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Results of direct shear tests for saturated Kasumigaura sand with dry density 1.52 g/cm3
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Coulomb’s failure lines for Kasumigaura sand

B AR Y. WYBE 141 g/em’ TIX, BIFIRAETS
=30.1", c=0.0kPa, ANFAFIIRAE T =33.1", c=2.7kPa,
P 1.52 glem3 T, BAAIIRAETH=38.2°, c=0.25 kPa,
FIFIRBE T =393, c=44 kPa & %2 o 72, WIHIHE 1.41
g/em3, 1.52 g/em® & |2, REIFURRED & SFIIRAE 12 H2
T L7, MNEBEEaEr IS TEEb12, |
P ORENDBRKELBIT DI L0505,

(3) BHEEBHOE LD

I 1.41 glem® OREFEOREHE, KETISIRAR 2 FEEIE
BROINTI L XVIZBWT, RAKIZ L B AEFIREE D & iy
AURFEENOBATIC L - C, faflla s 7RIk B2 KE& 2K
FEHEREAE L A 2 e o7z T72, ARIFIRRETIZ
TEPERY 70 & AWTEE), ASERUREE TR 72 & AW
BaRT 2 LD o T,

—77, B 1.52 glem® TUE, BRIEEBROIET L ~VIZ
BWT, 3T 7 AL AREERITIE & A LTSEE
¥, REALREE, SALKEEE D12, TR AW
EIRT ZEDVG o7,

F 72, B 141 g/em3, 1.52 glem® & 12, REIFIIKRE
DO FIFIREEICRAT T A 2 L 10X o T, BB AME
DI T 5 L L b1, BT oRENFRENAE
W5 e mhoiz,

445 BEDHRFOEKICEZREER
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Distributions of pore pressures and deformations
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Shape of the model after failure
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Deformation of the loose embankment model
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Change of the upstream water level (Case2)
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Change of horizontal displacements (Case2)
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Distributions of pore water pressures and shapes of the model (Case2)
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Photo 4-7 L flIZKAL 96cm SEHAREEIC B 1T B BAZIR (Case2)
Condition of the model when water level was 96cm (Case2)
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Condition of progress of sliding failures (Case2)
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Condition of the model when water level was 116cm (Case2)
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Change of the upstream water level (Case3)
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Change of rainfall precipitation (Case3)
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Table 4-6 BN & FEFRARGERER] (Case3)

Rainfall precipitations and those duration times (Case3)

No. B FRAEAER T (sec) PR (mm/hour)
1 116800 2mm/hour
2 14865 7mm/hour
3 10905 13mm/hour
4 14334 25mm/hour
5 10701 50mm/hour
[§ 6720 100mm/hour
7 1020 200mm/hour
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4-6 Zf) ZRLTW5D, REiB I U449 HII1ZB1T 5L
FEDRIZBWTYH, FFORLTZREL TWwb,

(2) FEBRHRGF

Figs.4-34 ~ 4-36 |ZHATI N O BIBEUKIE, ACEZEAL, $hiE
TNLDZEALZ TR T o BIBKEDZE IOV TIE, Ik
Baad - SkOBRIcoOVWTERL, KPEMB LY
SHE AN DO ZEALIZ DWW TIE B = 7mm/hour & /EH & &
TR LIS DWTERR L Twb, F72, Figs.d4-37 (a)
~ (i) ICHIBKTED S & FIEZRZ L L 72 D& IR
¥ o Figd-37 DD 1L, Case2 EFEETH 5,

DI, BRAKEDZLICOWTHHT %, Figd-
37(a) 13 MF KA 70cm CRENHIAERIDRETH L, 2D
AREED 5, B 2mm/hour % 3RAKICVE S, SRR O
FRAKEDSEFIRREIC 72 5 F THUE L 72, Case2 DEFKIZ
LI BEMEOE LR U, BEFTHASH BRI R O E
WCEET L &7 v a v AT L, BBAKER-
3kPa Ll EFCEA L7z BEOHZETHESNTW
B &9, BEMIC X 2R EHHR ISR & 1T IFPATIC
Wﬂ~LAtoF@¢”%)Ki?l5“,%%$%%ﬂ
B2 D3 CHEDERAE L 7 BB A TR AN
A, FETHBHIGH 346000 75T Figd-37(c¢) 2R &9 %E
Wi EIREE & 7 5 72, Tmm/hour 7* 5 400mm/hour ¥ TEX
Ry 12 Féﬁ%%iﬁkéﬁé& Figs.4-37(d) ~ (i) 127”7
£, RN TARAIEKE < EH L7z, Case2 D
WK % ER 38727 — AT E TR DO KMZED K
%<&ofw<0@4m%w> W LT, BRI
s 2 A S A358120F, Tiifls X 0K FoH
Tﬂ(ﬁﬁ Hih EATS X ’)0 FHL, SHENICIEHT K

FIZAKFIC o TS Db T72, Fishm

_i{hT7k7J‘(’ytHj LG % Old, M= 13mm/hour % 1EH
SHLETH D,

RIZEMB L OHBEBRICOW TR L, R E

WICE T 2 P 211

"IIlI' O
" sl " L= i
PIit _J
= LE ol
I'; H g . P51E 1 LE =i
b ] ! L j o
- [ sl
E z r """ ' Iv'.i.u - =!
.E I-r gl 1] H:ll PR {1 |
- e — FETE = | -
: F’ '"“f;' ' ===
& | ) - =R
Fa o - Fl =~
b || (T —_ e Fm"" =
| -",;I_ 1 5 =n
i L} T ] wugy T r I
| e | FEE L
0 NN ONOT 1SU0D FXXON TSN 300000 350000 LG0T
Emgead Timsieac)
Fig4-34 FIBKIEDZAL (Case3)
Change of pore water pressures (Case3)
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Figd4-35 ACEZEMOZEL (Case3)
Change of horizontal displacements (Case3)
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Figd-36 AN OZAL (Case3)
Change of vertical displacements (Case3)
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Fig.4-37 RN ORI BKIES A & BRI OFIR (case3)

Distributions of pore water pressures and shapes of the model (Case3)
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Photo 4-9  [% [ & 25mm/hour & H IR BE 12 B 1T 2 B IR
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Condition of the model when rainfall was 25mm (Case3)

LH
RS0
B0 ;
R0 =

E=ar ™
g =" T0H

=
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Progress of sliding failure (Case3)
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Condition of the model when rainfall was 200mm (Case3)
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Change of the upstream water level (Case4)
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Change of rainfall precipitation (Case4)
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Fig4-41 FIBKEDZAL (Cased)
Change of pore water pressures (Case4)
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Condition of the model after 30min since 200mm/hour

rainfall was applied (Case4)
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Figd-42 JFZERDOZAL (Cased)
Change of horizontal displacements (Case4)
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Fig.4-43 $HEZEMDOZAL (Cased)
Change of vertical displacements (Case4)
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Progress of sliding failure and duration time of each failure (Case4)
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Distributions of pore water pressures and shapes of the model (Case4)
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Mechanism of deformation and failure in the model tests



WA L RSE OO SR SCE IS S A 5L 217

() Cmeed (EFhdcDBRRESY W) ldlih iR Gim
Seepage Fafee i Uhe eimbunkiment e jn the case ol vased

-

.-"';

o KT TAR

.

[ F el A

(%) Cescd CREFERECOELREST WD ok T AR 2

seepage force mthe embankmes model in the case of cased

v AT IR E
| WA

el Cased MWmmshour BEERIE) T2 T FFEH 5]
Seepage foree in tee embankment moded in the case of cased

Fig.d4-47 W TFRETIRDZE N X B12E S OVEH OB A
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Concentration of overflowed water at Ookamiyabu dam
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Cross section of Nagasawa dam
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Damage of Small Earth Dams for Irrigation Induced by Heavy Rainfall

HORI Toshikazu

Summary

There are 21,0000 small earth dams in Japan which are important water resources for agriculture. Because they
were constructed long time ago, many of them are aged and collapses of these dams, induced by heavy rainfall, occur
almost every year. Author investigated these damaged dams and conducted model tests in order to revealed
mechanisms of embankment dam’s failures induced by heavy rainfall.

First of all, damages of embankment dams induced by rainfall are classified into 3 types, such as seepage failure,
sliding and overflow. Influences of rainfall precipitation and increase of reservoir level to each type of damages are
described.

In terms of seepage failure, following mechanism were revealed. Initially cracks occurred in embankments by
hydraulic fracturing or some environmental effects. These cracks make permeability of upstream slope of
embankments high for a long time. When reservoir levels rapidly razed by heavy rainfall, these cracks open and
piping failures occur.

In terms of sliding failure, effects of rainfall and filling to stability of embankments are described. It is considered
that large sliding failures likely occur by heavy rainfall or rapid filling. Also, rapid filling causes piping failures,
which progress sliding failure of downstream slopes.

In terms of overflow failure, conditions of downstream slope surface effect degree of damages when reservoir
water overtop on embankments.



