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MINN 1 auvguiamsiifuasdaulvginndunaumsaiiunisnaaine lag ICOLD
(Thomas, H.H., 1976)

iiy’umauﬁud]ummq kbbbt N
A B G E R M
M5E19 9 5 6 49 2 1 72
TAAADEIN 1 - 2 8 - - 11
AMTINEILHUS - 1 4 17 3 - 25
M8 4 6 13 48 3 2 76
MINDFIN 1 1 2 32 5 - 41
msldanu - - - 5 1 - 6
ﬂ']’iﬂ’JUQN 1 1 - 3 - - 5
I 16 14 27 162 14 3 236

A = Arch, B = Buttress, G = Gravity, E = Earthfill, R = Rockfill, M = Miscellaneous

MSIN 2 WANISTEITIBAINITNUOVBILTAY

Area Reference Failures Total Dam Period Rate (dam
Years (vears) years) ™"
United State  Gruner (1976) 33 1764 40 5x107
Babb and Mermel (1968) 12 3100 14 ax10™
USCOLD (1975) T4 4914 23 7x10™*
World Mark and Stuart-Alexander 125 7500 40 4x10™
(1977)
Middlebrooks (1953) 9 T833 6 2x107*
Tapan Takase (1967) 1046 2x10° 15 4x10°°
Spain Gruner (1967) 150 1620 145 6x10™*

7130 : Baecher waznaue (1980)

MATANTNNNMUSNBAE BIangAnssulumsiuvesdaulunaadsand 89
V.P. Jauhari (1999) lanunndauniiemsivfsdnguuseduumaliiowdsdiomnnnh 10
auaululesiuvasiinaasdayannuanauieaiuaadlumsnd 3
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15797 3 ﬁ'uﬁnmsﬁﬁ'ﬁwmtﬁauﬁﬁﬂﬁ'ﬁ@'Lﬁﬂ IONINNIT 10 AU A6l A.A.1860

(Jauhari, V.P., 1999)

e

Dam Country Type | Height Year Year Cause of People Cost of
(m) completed | failed failure killed damage
Dale Dyke
England E 29 1858 1864 250(1) £0.5 m
(Bradfield)
Iruhaike Japan 28 1863 1868 oT >1000(2)
Mill River MA, USA 13 1865 1874 SF 143 >$1m
El Habrat Algeria R 36 1881 oT 209
Valparaiso Chile E 17 1888 SF >100
South Fork,
PA, USA E 22 1853 1889 oT 2,209
Johnstown
Walnut Grove AZ, USA R 34 1888 1890 oT 150
Bouzey France G 15 1881 1895 SF 150(1)
Austin PA, USA G 15 1909 1911 SF 80
Lower Otay CA, USA R 40 1897 1916 oT 30
Czecho-
Bila Desna E 17 1915 1916 SF 65
slovakia
Tigra India G 24 1917 1917 oT >1,000(2)
Gleno Italy M, G 44 1923 1923 SF 600
Eigiau/Coedty § Wales G/E 11 1908719 | 1925 PI/OT 16
St.Francis CA, USA A 62 1926 1928 SF 450
Alla Sella Zerbino Italy G 12 1923 1935 oT > 100
Vega de Terra
Spain B 34 1957 1959 SF 145
(Ribadelago)
Malpasset (Fréjus) France A 61 1954 1959 F 421
Oros Brazil 54 const 1960 oT ¢.1,000
Babii Yar Ukraine E 1961 oT 145
Panshet/ 54/4 const/18 SF,
India E/R 1961 > 1,000(2)
Khadakwasla 2 79 OT/0T
Vaiont Italy A 261 1960 1963 oT 2,600
Zgorigrad (Vratza) Bulgaria Ta 12 oT > 96
Nanaksagar India E 16 1962 1967 SF/OT c.100
Sempor Indonesia 54 const 1967 SF/OT c.200
>42
Frias Argentina R 15 1940 1970 oT
av g v ¢ oa o o a =
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Dam Country Type | Height Year Year Cause of People Cost of
(m) | completed | failed failure killed damage
$30-
Buffalo Creek WV, USA Ta 32 const 1972 oT 125
50m(15)
Canyon Lake SD, USA E 6 1938 1972 oT 237* $60m
Baniqao, late <230,000
China E 1975 oT
Shimantan, 1950s (4)
$0.4-
Teton ID, USA E 90 1976 1976 SF 11-14
1bn
$20-
Laurel Run PA, USA 1977 39(3)
45m(2)
Kelly Barnes
GA, USA E 13 1899 1977 SF 39(3)
(Toccoa Falls)
Machhu II India E 26 1972 1979 oT > 2000 $15m
Gopinatham India 1980 1981 oT 47(5)
Taus Sapin R 77 1980 1982 oT > 20(6)
Stava Italy Ta 1960s 1985 269(7)
Kantalai Sri Lanka R 15 1952 1986 PI 82(8)
Sargazon Tadjikis—tan 23 1980 1987 >19(9)
Belci Romania E 18 1962 1991 oT c.48(10)
Gouhou China 71 1987 1993 PI 342(11) $18m
19-37
Tirlyan Russia E 10 <1987 1994 oT Rs40bn
(12)
Virginia No.15 S.Africa Ta 47 1994 39(13) $15m
Lake Blackshear,
GA, USA E <15 1994 OT 15(14)
Flint River Dam
Notes:
Dam types: E=Earthfill; R=Rockfill; G=Gravity, M=Multi-arch; B=Buttress; A=Arch; Ta=Tailings
Cause of failure : OT=overtopping; PI=piping; SF=structural failure; F=geological/foundation
weakness.
* unable to distinguish dam break fatalities with those caused by “natural’ flood.
1 EI Habra first failed in 1872 without loss of life. It was then rebuilt, failed again in 1881, rebuilt
again, then failed again in 1927 (without fatalities) and was then abandoned.
§ The flood from the collapse of the first dam breached the second dam downstreams.
av g v ¢ oa o o a =
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Source:

1. N. Smith, A History of Dams, Peter Davies, London 1971.

2. F. Lemperiere, "Dams That Have Failed by Flooding. An Analysis of 70 Failures’, Water Power
and Dam Construction, October 1993.

3. J.E. Costa, “Floods from Dam Failures’, in V.R. Baker et al. (eds.), Flood Geomorphology, Wiley,
New York 1998.

4. Human Rights Watch/Asia. The Three Gorges Dam in China: Forced Resettlement, Suppression
of Dissent and Labour Rights Concerns. New York, February, 1995.

5. Centre of Science and Environment, The State of India’s Environment-1982: A Citizen’s Report,
CSE, New Delhi 1982.

6. “Overtopped Spanish Dam Collapses as Spillway Gates Stay Shut’, World Water, November 1982.
7. *South African Dam Breach Followed Warnings’, Construction Today, March, 1994.

8. “Kantalai Failure Leaves 18,000 Homeless’, Water Power & Dame Construction, May 1986.

9. "Burst Raises Doubts about Sovient Hydroelectricity Dam’, Nature, 26 March 1987.

10. “Flooding and Landslides Cause Three Major Failures in Romania’, Water Power & Dam
Construction, October 1991.

11. *China Disciplines 15 for Dam Break’, Tibetan Environment & Development News, Issue 16,
1994.

12. "The Tirlyan Breakthrough’, Moscow News, 19 August, 1994.

13. “When the Bough Breaks....", Higher values (Minewatch Bulletin), April 1994.

14. *Georgia Flood Deaths’, International Water Power & Dam Construction, August 1994.

15. B. Ellingwood et al. ~Assessing Costs of Dam Failure’, Journal of Water Resources Planning andManagement,
Vol. 119, No.1, January/February 1993.

All others : R.B.Jansen, Dams and Public Safety, US Department of the Interior, Washington DC,
1990.
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CONCRETE (world wide 1900-1975 for dams in excess of 15 m)
DAMS | |
OVERTOPPING 29
FOUNDATION 53
sEePAGE |0
OTHER 18

FILL DAMS
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137 : Gulliver and Arndt, 1991
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15191 4 a'gﬂaﬁﬁmmqm‘sﬁﬁ'ﬁwmtﬁaﬂm USCOLD

Causes of Incident or failure % of 240 dam
External erosion (overtopping / wave action) 29
Internal erosion (in dam body / foundation) 38
Foundation instability 14
Excessive dam deformations 13
Deterioration (chemical / physical) 2
Malfunction of gate 2
Earthquake effects 1
Construction error 1

137 : Hoeg (1996)

Tuill .4 1995 ICOLD l@aantanasudeaddmsiuduaadiaumlanantiulszine
Ju w181 Wau Fuudisuduiniu 129 weu lasaransoaguaddsmamsitdusadioudy
laaeansnn 5

M5 1N 5 aa;ﬂaﬁﬁmmqm‘sﬁﬂ'ﬁwmtﬁauﬁuim 1coLp Tl 1995

Earthfill Rockfill Rockfill and
Cause of Embankment Failures
(%) (%) Earthfill (%)
Overtopping (of crow) 23 45 31
Internal erosion (piping)-in dam body 20 8 23
Internal erosion (piping)-in foundation 13 13 15
Other structure causes 29 25 23
Other causes 15 9 8
Total (percentage) 100 100 100
Total number of dams 92 24 13

137 : Hoeg (1996)

Tuanenmsdnwues U.S.B.R. (1998) muanuLdeasantuzmINUfveadau
nagluanusuiiarevzasibanuzasdialesitenzinnlsianinsiuiinll wuhlamatie
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MINN 6 Tammﬁmm‘sﬁﬁ'ﬁmnmmqm’w °] 229Launad USBR(Tatalovich ,J.,1998)

Von Thun Von Thun Assessment Number of
Type accident failure probabilities samples from
probabilities probabilities averages risk assessments
Overtopping 1.84e-05 1.57e-04 4.70e-05 16
Foundation 9.22e-05 1.88e-05 1.34e-03 17
Piping 9.24e-05 9.51e-05 3.19e-05 20
Sliding 8.07e-05 6.90e-06 6.38e-07 5
Structural 1.69e-04 3.52e-05 9.71e-05 9
Spillway 2.82e-05 8.86e-06 6.81e-05 12
Earthquake 1.18e-05 6.90e-06 1.85e-04 42

Foster Wazaaiz (2000) lagguaddmsnitfuasdisuduanuinalvel 61 ad. 1986

AIFA LUMTNT 7 uay 8

a1 7 ddansiiRaviauduonuea lvaitell 1986

No. of cases

¥ failures

(where known)

Average frequency of

failure (=107

All Failures in  All Fallures in  All Failures i

Mode of failure fatlures operation failures  operation failures operation
Owertopping and appurtenant

Overtopping 44 40 359 342 41 3.6
Spillway—gate 16 15 12.5 12.3 4 13
Subtotal 62 55 434 470 53 449
Piping

Through embankment 39 38 305 325 33 34
Through foundation 19 12 148 134 1 1.6

From embankment into foundation 2 2 18 1.7 0.18 018
Subtotal 59 57 46.1 437 3. 5.1

Slides

Downstream 6 4 47 id 0.54 038
Upstream 1 1 0e 0o 0.09 0.09
Subtotal 7 5 3.5 43 0.63 0435
Earthquake—liquefaction 2 2 16 1.7 018 018
Unknown mode 8 7

Total no. of failures 136 124 122 (1.2%)  11.1 (1.1%)
Total no. of failures where mode of failure known 128 117

No. of embankment dams 11192 11192

Mate: Subtotals and tofzls do not necessanly sum to 100%, az zome failures were classifisd as multiple modes of falure.
o
7147 ; Foster uazpae (2000)
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aunssndMaaulngesanigawdm (USCOLD) laasumsiitdueadouli 6
ansazmaiuiamINsaiaNnamaiuanaNiuaLaasly sUn 4

Crest Overtopping

a) Overtopping leading to washout:
less cohesive silts, sands etc. at
greatest short-term risk.

b) Internal erosion and piping with
. migration of fines from core etc.
Internal cavity forms (note regression of “pipe” and
~ & formation of internal cavities:
may initiate by formation of internal
crack or by seepage along culvert
perimeter etc.)

Foundation Erosion <€—— Piping Regression

Crest Settlement

c) Embankment and foundation
settlement (defromation and internal
cracking) : note also cross-valley
deformation modes:

d) Instability (1): downstream slope
too high and/or too steep in relation
to shear strength of the shoulder
material.

e) Instability (2): upstream slope
slips following rapid drawdown
of water level.

f) Instability (3): failure of
downstream foundation due to
overstress of soft horizons.

sUil 4 msidAueadan 6 anvae mm’faa'gﬂwaq USCOLD

#i%1 : USCOLD

aw £ o ~ o o a =
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@ aa a wvad 1 v < v oA = b = &
NAUANFIUNNEDHraemMIRTANNa1NLED asiulan@avasiidaymsduiuy
@INMINAY UANRNIITNIDIEINA589 7 89w Felunanensdiaziuanwaiaduiiedeeiu 4
& o P aa o v 1 1A o W s &
vneassngnfiadiasga lUlduiganfennagle svadan 9 lidsdaluil

2.1 MINTNUNFIUIINUAZHIYDY

Was@auunnmb danihliiaanuaszauzaniluan washeiiusssuen
PanihiazwengNmnMennnszaugelud Taarunsaadaunazgrusnnaauiulumssanuuy
Aennsaznengnaamsduillitioenge loamsuasadumisnduunuiaunisdadaiyulugu
30 udthnzwennumgasneiasdnuhengalogmnianuTmIauNauINNNenaziazw

< A v [ v [ A a & v A L ' 1 k4
iladuluamulunson 9 nudia mstawnzitiedumeludmdauainanlismnsaasanule
Tagdrg Jonvaziianmsnamnzasiiissauiusmaliisunalalufige dumisdanludidoui
amsnawnzlalosds lauaaslugui 5 da

—L
3
Filter
UM 5 msndauasinuaziiiay
Vsnmil 1 998682843 U9 wnuduwmilen was Filer ihangunniilvaiuuwiyuazlve

Y . <
1g Filter logi3)

[ ]
o

vinad 2 sesdenasunuduwmile uaz Filter sruvhenh Toshiidushuunuaslwaung Filter
winad 3 punacuheh Tashiifanngunnislnetuginduaaiomsaesdmado

@ (Boiling) &

Tuudnad 1 uar 2 Hilmseanuuu Filer fitwa masaunsiaslifiody dunsd
fiialuudnmil 3 1adaewh Relief Well ¥a Toe Drain flasthlimsssinghaananngunnldlos
Lildidamstan:  uenmnanwmgiitisadumsaanuuudnanudmsnguminsaialdnn
aumwasuasad lildanasgunazmadanisgondidauiiliudunsznadudnliuada

(Dispersive Soil)
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Frethazasmsntalunsdillaunidou Teon #3gloals ansgawsm 1ud a.a.
1976  wliaudsdio 14 au wesihldiimanssquinliidemsasnngmnaduamaaande
doudindn  TunsdiasUssmalnglduddauyavuifimesiBurugunn Tl w.a. 2533 ud
lasinsudlalanunaleslififladuduanauazdemnlaimsdenusnuslalildnulamuind
(gﬂ"?; 62)

) @Wauyauu

]
a Va o

sun 6 mswumntﬁmmms%e‘z’imamﬁamgauu

2.2 MSNUAMINHIAUTULIBY

mafdfnmhaududoun Wusnmandeldiiamsivdludududu g gUa 7 udes

v
Y

gadnmsRUAliasnnihaududiou dwsusmaaaiedulannonasaime asagulanedl de

n. Mamamsainegnainen limansas
2. Madlatauuszneiauligneas

= 1 = 1 o Y a ‘ﬂ' 1]
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J. M9aantuu Freeboard 13Jmm::ﬁu
. ﬂ’li‘&'l’;:@l‘lla\‘m'lui?dﬂ’lﬁl

2. MItanuusznglaINAYIEg (UM 8)

anuhazidulumsivfgsvediveiiovaadioudnete Bowles udaz  Anderson

(1997) lataupANNFNWUSIZ1IN Probability of Failure AuaMNgzashiaududay eugilouss
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FIG. 1-NUMBER OF DAMS AND FAILURES DUE TO OVERTOPING BY YEARS OF CONSTRUCTION

suin 7 damansNUALHaI NI UFUIE Y

sU 8 Mmadnmsidannihauduiay
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Typical Overtopping System Response Probabilities

09 [

08 ’ ””””” Earth Dam |

06 [

R

04 [

Probability of Failure

0.3 * ***************************************** 1.1 m Parapet wall

02 [

T G

0 0.2 0.4 0.6 0.8 1 1.2

Depth of Overtopping (m)

Dam Crest

vy o oA

3UT 9 ANMENWUSIZWIIN Probability of Failure AUAMMgIZaTiauduan

7147 : Bowles and Anderson (1997)

2.3 ﬂﬁﬂ'gm‘h@inﬁuﬁﬂﬁiﬁmaﬂu,ﬂﬂ"luﬁ’uﬁau

P2 v % 1 vy A& a a = = T
WauuazgunnUsenaumelagnaa e iiuiu n5I0 n9g iU ¥IeAUNTA 1NBE
o < a A A a o o = S CY o/ = v 1Ta

vugunnidudunsafuansssnnd Waiusavdamminannevunialasuuseanueiudulm
danaziinsiedsudilesmmizagniimangadluwnds dimsnyaaiieduaiiananlidaedl
@ 1Y A & v & = o g ¥ a <L 9 vd a v A = =
suane uadnieudniuninazinarhlviiasesuanuanulansivenyesdidiay Famnsoiy
1 w3amaludi@isudeennadamsnsrany uardsanalusmaduiiiasnsliiions513uvaedd

v
=1

@aule anwarnmsnaduazuanuanludiday maiedulan

. NMSLENAINYIN (Transverse crack)

DaNNIN BTN UAUALWN (Terrace) ogiaNuma llaE@NarIaANNNN
avgudug U liainans (UM 10) wiamanaasnninmsinaeliuaannaaseaameanad
i iiasesuanaeduwadueuy (5UN 11) Hdsuanagelumsnazfiomssiweniaua

2
YIR)R
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Crack

A A AN

Relatively Incompressible Soil

5U 10 sasunnmuzINUINTUEaY

gﬂﬁ 11 MSUANYAIAUUNUTDULHBININNIINIA N A ANITILH SV

aw £ o Y o a =
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2. MILENANLULUIYUIU (Longitudinal crack)

dnannaziianamangadeesiidauliohiy deliifesesuanmuunmnudy
wnULEau (gﬂﬁ 12) MANWIZH ANSWareIEIing gy Fagentialuaiuen s]?laqé"aﬁiau ANY
#nupe3aauny (Cutoff trench) M l¥anuguasdauseiu madinenuguasdudaulosmsue
Souii o lunsdivesdavguaiad (5U7 13)viannmsgandeenuduludiui quasday du
o

NGIENAWU

2
v

(28N YDINITWLIR N 3ol laun

sUil 12 sasusnzinuuInNduiay
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sui 13 mmmnmuﬂnwamﬁauq‘ua%'mﬁtﬁmmnmsmﬁ%uﬁ'mﬁau

A. Msuanelumaay (Internal crack)

Rennmngaddeiuzasiagieaiivaessiio wu unuduwmiless Fngadunnni
dufiumeuan visdufiflunsundanududiiuiu Hudu (31]"7; 14) MSuanANa lUaNHL
Tension crack (udiuann waziisuanogegn nzliamnsoaranunnmeausnle Feonainms
NUGpdnunnule (gﬂﬁ 15) uannnaziimsaanaaiasiiaiansiaasudmludou (gﬂﬁ 16)
LEANANHULNITLINTBEUENANUIIAY (Tension Crack) "?'iLﬁmnﬂmi‘n‘;ﬂﬁmmnshqﬁuszwimazm’a
sowsiiadoudicheiu TunsdiiifuwnTiumamsaduandiusswihadiou ReC wosiaufiuow

WAUAULYTENBIDAUADBINLLAD

CLAY POCKET

gﬂﬁ 14 saguwenaglualay
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sui 15 AsNiaLtasInMIsKenMa U aY

Maximum Water Level F28UANIINNINIAMNUANAINY
—SPILLWAY
LEFT ABUTMENT ~UPPER GaY ERY RIGHT ABUTMENT
; > - PRER GALLERY:
“ ROCKFILL -
==d=ockgrf-—d \\!J _____ :J:\I] —:;::EAH;_::: e e
ALonER RIY uPPER BAL[ER - ~

J:ﬁ:::I S S S y 7“ SHAFT \ :jkn: E==2==g=

r b J L L I

RIVER QUTLET
AND DIVERSION

Ui 16 msnj‘mﬁ’mmnshaﬁ'usw’imaﬂ@iawauﬁau RCC waztdauiivanunudutien
A A a v £
YBIYAUAIDINSLAD (FNDANG, 2550)
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2.4 NILAIDUNIYDIDIALTDUUAZFIUIIN

msnvaanvausiiinazifiezuedaunay loaiimsuanmaalviiasann wazain

Wwaswnumsdsunlasenuauhmeludmi@iasuniagiunn Fingaiianafiemsnia ds

v - (% v [ . J v o oA
N, 5¥WINNI81INI5ABa319 (End of Construction) TUSEWINMTUABAMIDDUIL
mliinenuauihauludm@eu Budiaugaduanuauinnaziaann mldenuuduswssduanad
< v a o o a o o A 4 % P 2] a v & v
suarauamg liiiamsiedaudwasduiiondrdaudule (5UN 17) Zazamnsoielananaiuy
Wwitlaihwazmet  nSalaEUNSNUR9UaY Calaveras U 0.¢.1918 NLAANMINUATEHING
AadsN (UN 18)

il
A ansAasuT TuEny

CA Dept. of Safety, of Dams

sui 18 MsiiAwuULaau laanadiay Calaveras 35WINNNITAAFIN
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v < o & . . v o J =
2. EINAUNDUI (Impounding of Reservoir) 611!‘3::%’3’1&1‘(1’]3Lﬁ‘UﬂﬂquNm‘ﬂﬁa
2 BNEOUMEY Nnmuniiaih e enyewihlueidisuasaas 9 wWindy lamanaziie

lﬂl v v 4 g’ I o d'
NIILEIDUNIN NI UM YUIASHNIN muamﬂugﬂw 19

\ SLIDING SURFACE

P a @ a ' S o 5
Eﬂ‘n 19 ﬂ’litﬂaau‘wqwa\‘]Lﬂau1u§3W31ﬂLﬂUﬂﬂu1

v [y Y v [ < . J o 2
A. EHINNNTANILAUBBNIN LHE198E1959A152 (Rapid Drawdown) tiaseauiinlu
1 ] < d' o g’ U = QW d‘ 1 = d‘
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® GEOLOGIC CROSS SECTION A-A’ @
Eiey Eiry.
oo SHOWING LOCATION SLIDE PLANE, 1600
s GROUND WATER LEVELS AND ROCK UNITS. | 00
1400 — {— 1400
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oo —f =ide 3
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wod Mg Eams - — Ll o 100 I
700 700
Reck unils medilied
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Handrun /Patton, 1988, e ' (5 For Alignment of Section see
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~rralm e pEIe: / Gao A, Kiarach, 11-63
400 — e B e i ity = B )’ Additions: Headran/ Potion, 1985 | 0o
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Fig. 2-29, Geologic cress section A-A". showing location of main slide plune of 1963, the carhier slide plane of 1960, aud the OW slide plane cancieni). as well ws groundwater levels helore and ane
impoundment. the principal reck formations and ¢ritial units, and the general outline of slide material fling Vaioni Valley. From Kierseh' with additionul new duta.’
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2.5 ASNUAIINNISTNALEIE
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suil 23 (fia) MInaLTIZAIEAY

2.6 MINUAKIBLESWISLIaIINWE LAY %)
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mstaauleavidaguiizasiay

a o &£ o Y o a ~
HA.O3.gNEANG AsanW gudiTeuasiannIanssulgiuazgIusn (www.gerd.eng.ku.ac.th) 26
MAIIANTSNLEE) AUIFINITNAENS NININNFLLAYATAIFAT



Tasamsausy anxdaaanaauluaanzunduazanizaunse
eWINNIUN 20-21 AUENEY 2550 & LSIUIHATIUABLATUS ABUITY

v o A
UININAVDU

Photo courtesy of LS. Forest Service
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sUi 26 sasuanINUNTUEAY

smgdananidudsediduamalemalumsifatasiigaludilamaiiogege
awngit 1-4 Wunmgidlemafadmuszdiiiumsimnsiiamamnanudamemnn aunadl
5-8 ilummaiiilemaiiannnihuazmmnsolssiivanudsmelasldwdnnguidiamnssu
Ugiiandnfiumsiensvile azhﬂsﬁmumﬂaﬁaﬁmummwmﬁﬂmﬂﬁLﬁﬂﬁumnﬁqﬂ A M3Na
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Aa Swdummaidaliiieenudemedadeulduusiigadamaia Liquefaction Mafiudin
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MINUAINNIIAG Liquefaction

Liquefaction ﬁaﬂﬁnﬂgmiﬁaumww%ansmﬁﬁ'uﬁaﬁmﬁwLﬁmmsgmulfmﬁwé’\a
ilasnnussdusziiiousaawiudulm madananidenniienuduaziiiousasnduusiuliiuss
wailsihliuseduhludioduiumnntudenalhifiofuagetumnnty Masduhninzasiuie
anas gmMInidanaMaziamzAunnenauviansaifiauuiiue Liquefaction @50
Hazulanadududounisdugiunn waraansomldidawiamsivilasgeniady doud
Aeaadsmainmdasislulagtuunuazliilomaiio  Liquefaction ¢ dwiuidaw
Uszianidaudifilamatie Liquefaction deﬁqﬂlﬁ'uﬁL?iauﬁfiaa%'wﬂﬂﬂmﬂﬁﬂ Hydraulic Fill %38
vasatulagldihia
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Uil 27 msiiAuaaiay Sheffield U W.A. 2461 (Sherard et al., 1963)

H
VU aA o

d' % U = L4 = \ k4 YVa ]
wauasnanlaldnulull w.a. 2461 waznaalasmamsuadanamlvidues

Tuamwvialy HBEmyMaNa MO INIAZa A UAANNNITAN Liquefaction NUSHMFIUTIN
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AFTER 1971 EARTHGUAKE

sUi 28 anudemavaay Lower San Fernando U W.A. 2514 (USGS, 1995)

3 NSAANEINTNUAYIaY

3.1 N3N INUABAY Teton (5UN 29-31)

sUi 29 anwaznsNUGPaBY Teton Dam
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5Ui 30 FUuUauaY Teton Dam
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sUi 31 3UmAALUBY Teton Dam

3.2 NSUNISNUGALIaY Saint Francis

nsdimsfitAvaeiou Saint Francis 7l Southern  California  Uszinean3gaiadm
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5Ui 32 @ WU Saint Francis NaUUazBaINITNUR
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3.3 MSANYINITNUAVDILYAY Malpasset
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