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v 1 ] = v . o Y < v 1 v v
UDITRYGADHN 7] VAIUHUABUNIAMANYY (Mori, 1999) JUN 2 uaaalvitiuilussninmsnasain
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Jamsaeadadau CFRD  lawadesuulacll mnfideaailudeuiivon (Dumped
Rockfill) sniiludauiiuunse (Compacted Rockfill) lutlmeil w.6.2503 é’ﬂugﬂﬁ 3 Fuflunal
ﬂwiwgﬂé’mauﬁ'auammaaiwmﬂ Lmsﬁﬂﬁmmiaﬁaa%qLﬁaulﬁgqﬁuluﬂaqﬁuL?;auﬁuau
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Usenaunss
Crest settlement Horizontal
Face movement

settlement

Face
settlement

End of construction Reservoir filling

Legend
Design section
——————— Section at end of construction
————— Section after reservoir filling

a (Y § [ v [ < 5
E‘Lh’l 2 m'iwgﬂmwauﬁau CFRD #adn13nadinutastnuu

(Adapted from Mori, 1999)
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Legend:
Dumped Rockfill 0 Compacted Rockfill
1 Strawberry Creek 2 Salt Springs
3 Paradela 4 Quioch
5 New Exchequer 6 Cethana
7 Anchicaya 8 Areia
9 Khao Laem 10 Segredo
11 Aguamilpa 12 Yacambu
13 Tianshenqiao
A 68 CFRDs completed between 1990 and 2000, height 40 to 120 m

5UM 3 3dmnnnsueenisnadinaiau CFRD (Cooke, 1997, Extend to 2000)
1.1 dwsenavvaitlay CFRD

WauhnonunauniInaaninlugawsn IaNuFunIn (0.54 89 0.75 6 1) was
tomhiduaziluesuniemumhiuGes aulanaasediay Salt Springs figandn 100 AS 93w
' Yy o oA % £ o a3~ o A v v A o v a ¢
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WUy Empirical M@auaziigumhaamluasgui 4 (Fell et al, 2005)
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B

! ®
Features of early concrete face rockfill dam design (ICOLD, 1989a). (1) Cutoff trench, (2)
Concrete face, (3) Plinth, (4) Vertical joint, (5) Horizontal joint, (6) Parapet, (7) Crane-placed
large rock, (8) Dumped rockfill, (9) Slope, (10) Curved axis. (A) Reinforcement, (B) 1.9 cm red-
wood filter and Z waterstop, (C) Grout curtain, (D) Cross section of dam, (E) 18 m (60 feet),

(F) Elevation of face, (G) Mastic, (H) Premoulded asphal, (I) Compressible joint filler, (J) U
copper, (K) Reinforcement.

Ui 4 drmdsznavvaadiau CFRD Tuafin (ICOLD, 1989)

dulsznaunanvasidauiivanmaniiaauninlugatagiu Teaemlvuvaiy 3
@ (Cooke et al., 1987) aa3Ui 5 dulaun

4 ]

1. WWANIIUKUABUNIAM AN (Concrete Face Protection Zone) 1u§ﬂﬁ 5 laun

Q
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Zone 1A Woy 1B a0 1A dasiigaant@iuib fifennadn enumimdiiammhiiaams
$2FwehY perimeter joint wazvhmhiduihwiinnaiullastumsaarasurunauniamantilugid
imaiuihlugn uennniudefamsuanzasukuaauninmanh agaananazdasaananlia
dhlulusesuaniafiasid lgedarivssnhadadulutusasiunsunauniaiiaszaamsiiu
Faglusuilniilududeuiignnn g wnabiduiBnamnouesiussduhiigs dmiuiaq 18 ¥h
mhiitailastuian 1 A Nnmstamnewashmhiduihwinnaiuian 1 A
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2. FQINIVUHNUABUNINNIOVU (Concrete Face Supporting) Iugﬂﬂ 5 lown Zone
2A waz 2B Jaqlulzuiiasluiunivnenazd ialudiusassuukuasuninmaniniay o9
WuAunlzunasenin 7.5-15  Bufns MUases INnuneniamnesiEne anunnguas
o A g v A e oA g 1y o & S o v d g )
0.4-0.5 A5 Jdgilazidwagnenuinneitunsdeasnumssivenhuazininnidy  Uniform
Support  IWAUKHUABUNGH FBaMIFszTvlunmsuadaiagludiuil fa windiduanluaunedslv
ANNSEANRsEINsEEaNrsanamznnidy aulusenineaseieindusestlosnuilam
aananlaamstanuele  Shotcrete UaNMNHUAUAINANEINANNENNTUNMTUADALTBININBE Y
sznuden M ldeuguaamwiinlasn amuluunnsagnassnarald CURB aagui 6
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3. S’aqﬁmﬁau (Rockfill Zone) Iugﬂﬁ' 5 laun 386 Zone 3A, 3B waz 3C Fedoh
dhiaguanueudaufivonmanheauniomh Tou 3A Wuddendessvieiaglulaud 2 fu
funnituadaifiutiy wmnduas 0.4-0.5 was Jaqlau sA fvthiinsaslailiian 2B weliluauhg
#uon (Cooke et al., 1987) &wsulaqluu 3B szuasaflutumin 1 wes uasiiatlasiulaily
ukupaunIamaniedsudiiludasuadaiaailated Jan sc agduhaihiedenuddyda
mangadasunauniamavihlinn waruadaiaaimeanumniues 1-2 was
Location depends on height

of dam, rock quality, and
rockfill grading

Face slab

Large rock
dozed to face

Dam Section
@ Cohesionless fine=grained soil € Selected rockfill - 0.4 m layers
@ Random fill €@  Quarry run rockfill - 1 m layers
@ Perimeter zone filter @ Quarry fun rockfill - 2 m layers
€D Processed minus 75 mm
Upstream face
of rockfill ~Toe slab
Toe slab reference line Face slab .
4m or (2A)
(28] variable /
¥ 7
3]
2] ; 4
3] (3 =
Riverbed Traverse Section @ Y
T L5

Abutment Plan Section

sUi 5 daudsznauna luvaadiau CFRD (Cooke et al., 1987)
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PLINTH REFERENCE LINE

BOND BREAKER APPLY ON
EXTRUDED CURB SURFACE

CONCRETE FACE SLAB

5Uil 6 Extruded Curb PaLauIN 2 Useimnaan

1.2 Qmé’ﬂumwamﬁau CFRD lugunisaanuuu

ICOLD (2004) laaguansauziifuatiiau CFRD NNaasNaIuall w.A.2508-2543
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7. sYwuumsidaiessduuuideniianadasgedvsueu CFRD i ihaudu
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(Weathered Rock) vi3atilugudunznaunain (Alluvial Foundation)
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mslensiwginssnsauiuiunauniaiineeguuiisasiunuuiiondu (Elastic
Supports) M1FBLULTIARIgIUTAsTULULEAVEUIaY Winkler dauanslugiil 7 Taadimualie
Tugaazasgrusassunuudenguanlslumsirassmenaueuasdus (Spring Stiffness) 5zUUUD
aﬂ%qﬁﬁwamsm%’uﬁmgmsmLLuu%mju (Elastic  Supports) TasfiszuvzasaseazUsznaudas
dUS9 3 wuu leun sruuduSeeauuiuny (Axial  Spring) u,azﬁﬂaaqmeﬂuaﬂ%ﬁwgulﬁ'
(Rotational  Springs) %qaﬂ%qLwiamwuﬁv'maﬁauﬁﬁmaqgmiaq%’uLmu%mjuﬁummhqﬁ'u L2
5T URUULENNSY (Rigid Supports) 2aumufiufieinds (Blastic Edge) tiammuamanuuis
2998139 (Spring  Stiffness) 1viliAge wqaﬂssmENu,w'uﬂaun'%muuﬁsm%’ufrﬁwqansmﬂﬁmﬁ’u
wiumsunIafieeguugusasuLUULiNNT Tagmlumsinsiazdmmualidianuudes
sUS9 (Spring Stiffness) Aanudnnusiumauudwadlasadauiuiy SszuuaUdemuununy
fsunlasuiialviganasgasdufisessunuuee o wu grusassutiuuun (Line  Support) wuu
%mju (Elastic Foundation) lag Huang and Thambiratnam (2001)1Gi”ﬁmsLaua@iwﬁ’uﬂszawél%“a

(Non Dimensional Coefficients) fitananenulumuzfiovasgriusasiundrians

Huang and Thambiratnam (2001) lafaagusiuiuiinnuuisassunuudanguuas
14 Finite Strip Method tia3tanzvinhausaluunuiy asuaaalugun 8 wiuiunlalizunanis
10 . 812 30 ¥. V11 0.50 N.a9uaNlugun 9 Hassunuiunid Young’s Modulus (E) iy
3x10° IAUABMTNINAT Uay Poisson’s  ratio (L) LAY 0.3 1NBgUUFIUTBITULUUFUTIONN
PR ) = a ] zﬁ’ PR a U < a 1 [
wuAY LiaAnmengAnssuvesusuiy Watdsumanuudsasadsane g Auld
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la @, Deflection.
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Soil reaction
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sub g rade reactior

5UT 7 wuudnaaegIusassunuUEA Y@ Winkler
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B=10m

Eﬂﬁ 9 WHUNUEINA29219UU simply support (Huang and Thambiratnam, 2001)
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qmauﬂ’ﬁé’mmmLL%Qu,sﬂums‘sm%'uijuﬂauﬂ%mﬁlﬁaﬁwLauaﬁ'uﬁy’qﬁu Feazdanalianusanse
TumsSuusinseinnusesuiauruaaunsamhineenuahEneLazaataliiomsiuanin

2ILHUADUNINA AN DY

6.0E-03
- —+— K=10%*2
5.0E-03 | ——K=10%*3
—a— K=10%%4
- —— K=10%%3
g 4.0E-03 - / \ —o—rigid (method-1)
# Ia
S 30803 f - \
E /
g 2.0E03 |
g
>
2
4 1.OE-03 -
o .
_‘IIOE_OS 1 I ) 1 1 1 1 1 1 1

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
relative dimension (y/L)

sui 10 A3l aauulaan1slANeIeINUIEND B AILKEEININANAIUEY

(Huang and Thambiratnam, 2001)
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S.0E-02
——E=10wr2

4.0[-01 B +K-]u;;3
P - E=10vvy
¥ LO0E-02 | o K=10%*5
& Y —o—tigid {imethed-1)
S O0E-02 b '-
]
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G
E Q.OE+HDD oo
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=
=
B .ILOE-DI |
Ao

JOE-DT |

—4.':".':—':'1 1 1 1 = 1 I L i 1 1

0.6k i1 2 .3 0.4 0.5 0.a 0.7 (L5 IRy 1.0

rclative dimension {y/L)

sui 11 M3l aaTaUARAMINUUIEN B AILKEUININANAIUEY

(Huang and Thambiratnam, 2001)

1.4 WgAn333Lau CFRD
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miliuagiudnunsgUhuasivaniisesiulduiuasuniamanh maedeudildsduiusiuen

Tagaau AU NULAZANNNINYBNTUNTUADH

Marulanda and Pinto (2000) lﬁiwﬂmuwamsmaai’quﬁnﬁmmﬁiau CFRD #
F5908MSUNDN  MElAIINTLIILUY Biaxial Compression 21 1ALAAAIULAYU (Stress)
dasmnusdsiibinnlussnalndiugudon §udou uazsauq Perimetric Joint pealsfiony
Bau  CFRD fnaaselugrvasanaiaenuduiiosnnusedanmelusiusivasuninmami o
dnnzenanuly
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v
L -~ =

5UN 12 MmnsamnduiiauiinonmaunInaInwin (Hunter et al, 2003)
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_ — ) In vertical
Tension Transition Compression joints

Ll

Transition Tension
Sl e/

—_—

Plinth
—— Direction of movement
near perimetric joint

Face slab elevation showing movement directions and stress zones.

RISING QPENING
PENING N( —-) A(+)
(+ TANGEN
-)
& CLOSE

A=) —N N(+)

Direction of movements at the perimetric joint (Gomez, 1999).

3UM 13 1AN19NTARIUMUAZANYULYBIUTINTENYAIUKUABUMIANIANY (Gomez, 1999)
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#13579% 1 Post construction total crest settlement and long-term creep rate for CFRDs (Hunter et

al, 2003)

Rockfill Classification Total Post Construction Settlement Long-term Creep Rate, OL**
(% of dam height) (% /log cycle)
10 years 30 years
Dumped Rockfill 0.6 to 1.0 1.0t0 1.5 0.3to 1.5

Well Compacted Rockfills:

- Medium to high strength* 0.15t0 0.4 ~ 0.05 to 0.25
- Very high strength, quarried* 0.06 to 0.2 - 0.02 to 0.10
- Gravel Rockfills 0.2 to <0.05 = <0.10

Note: * Rock substance unconfined compressive strength medium 6 to 20 Mpa, high 20 to 70 Mpa, very high 70 to 240 Mpa.

** 9pstrain = OL (log t, — log t,)
1.5 ﬂs‘ﬁﬁﬁﬂﬂ’]ﬂ’]saaﬂttUUtﬁau’)%i’]aﬁﬂim

dawndnansuiudsufiuoumantiiaauniogs 92 was AumMaFuLeIe
wilahuazyhe 1.4:1 Mmseanuuuiidauadamsienziuuuadnemand (Statc  Analysis)
ﬁuﬁi"ﬂummuﬁuLﬁ'audaulwnjtﬂuﬁuﬂuuﬁlﬁmmﬂLma'qﬁu (Quarry) %qagiﬁwqmﬂﬁuﬁ'aulﬂ
mashumiiath 2 Alawas msandauldutadiy Zones vasiivmnace g fumuiisanuuuls #
suluaddauimsannin 1-2 wes Husvindeszeszeuiuasuniamemhiufday
(Transition Zones) Wudiuanadnaanauladasinuiu auduiuq a2 0.5 was dmSumsasnuuy
p9AsEnavd 9 spudiaudnaensn uaaslugud 14

v A v -:4' Yo @ @ o ' v v <
dudausanuuuliiianuguie lidmiumamiadinasnnnaaieuaiasauas
tenazaaUSinasivanludidion Feanuuulviifuneauniags 5 washwhidumunweiy

AdU I FIUULY N AT URIB UM UMD

UihaEhuswasasumumiiethldandumisiuasauy (Clay Blanket) 6%
wndudoulaudeszdu +135 .m0, luadaudien FnaUssadiainsasmafuriuash
waztaafumsIENT Perimetric Joint 289UHUABUNSAMAMIIAY Plinth uananiisainaNusiuag
TeFuaesudauuazlasfuuiunauniamamhanmsusuiuzasiuusnalvaeniken

1]
o Y P2y

Lwiuﬂaunfmmﬂwﬁwu,azmLLWQﬂuﬂauv’imﬁw‘ﬁLﬂuwﬁqﬁguﬁmaqéﬁlfiau ANUNVU
°ZlENLLBjUﬂ'ﬂ‘l‘lﬂ%ﬂﬂﬁﬂﬁﬁlﬁﬂ’ﬁdﬁuuuﬁaﬂﬁUﬁ']LLW\?ﬁJHﬂ‘gHMU’] 0.3 LtUAS LLazmqé’mdNﬂmﬁuLﬁau
#“BU) 0.6 LNOT uﬂﬂf\nﬂﬁ,gllﬁﬁﬂ']’il,ﬂ%ﬂLﬁgﬂElEi’NLﬁﬂﬁiﬂﬂ@laEl(ﬂLL'L!"JL%BN@B?ZWJ"NLLDJHV’]auﬂ%@l@nﬂ
WA Plinth (380177 Perimetric Joint LLazﬁﬁaqﬁu%ufwaaQ%gu R Hypolon 182 Copper Waterstops

o [ Py v . v v = & ] < v v . .
Fusunsianee (Joint) serinauEuadunsntuuUaiy 2 Ussianleawn Construction Joint wae
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BAUNANINT IF2.51/01

Contraction Joint (Expansion Joint) TaegM 52N UULNLABUNIAMANINLALMLYLNYI5DEABNG 3

a P o
Usztanuaaslugui 15 wazgui 16 nudreu

I — IMPERVIOUS BLANKET

2A — TRANSITION 50 mm. MAX.
2B — TRANSITION 200 mm. MAX.
2C — TRANSITION 400 mm. MAX.

3A — ROCKFILL I m. LAYERS
38 — ROCKFILL 2 m. LAYERS
4 — RANDOM FILL

DISPOSAL MATERIAL

TN
SRS
¢

Uil 14 whaem lwaadiamnBanansm (EGAT, 1985)

CONSTRUCTION JOINTS
EXPANSION JOINTS EXPANSION JOINTS

UPSTREAM CONCRETE FACE SLAB

5UM 15 mM3aanuuuutuAaUNINMANINIWaMTIaINTH (EGAT, 1985)

aw & o a a a a o a @
Tog we.05.qn5An0 AsaNW, Welusd naeessnnd, enund INaInel wazinergm waldale
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Inas covered with hypalon membiane

Bituminous fibre sheet joint filier

- £\ Hypaton
waterstop

Igus covered with hypalon
membrane

Protective cover

- : Mini - plinth
1, < Reinforcement
;o I A G Reinforcement
" A =t T Conper watersto TG No fines contrete
S e onc: 0 S R Asphaitic concrete
. 1 pad
Bituminous feft steip | Bituminous feit strip
Mortar pad = Copper waterstop
}-——Anchor bars
|
VERTICAL CONTRACTION JOINT PERIMETRIC  JOINT
Joint formed normal to
face above reinforcement —— ——— Copper waterstop
Reinforcement Y —_ Reinforcement
fi joint + . « . . g3 Rein
CONTINUCIS across Joim —— ——] continuous across
To =t -] joint
. =
Joint scobbled = Bituminous felt strip
Mortar pad
HORIZONTAL CONSTRUCTION JOINT VERTICAL CONSTRUCTION JOINT

suii 16 sagnalszaneaalunisaanuuuamizsiasnsat (EGAT, 1985)

alanAnsI9d8Y (Plinth Gallery) (uglasdnauniaiddumanynmbiiidugiuiuzes
WHUABUNIAMAN) ANIVITBINUElMIAINY H/20  dwmSuuSnmniiulinuas H/10
[ v a ad g a 2 P v g o g J < = L4
dnsuvsnanduiiug e H Aaszauinuinihgge sudezasglindasassuiuifienshana
2.5x2.5 L1037 N8BAANNENMALNA Manaasutnilugieg az 10 e & Contraction Joint N5

M3N3a6Ilate 40 Fadwwns lasdl Copper Uaz Rubber Waterstops 1N388618 UBNAINUNNUD
alivdasiaaulaiavia PVC 2mnadurugudnary 100 §adwas §1m5uu Grouting Tuainan

1.6 NSAANYINITIANUUULIDULAIUD S

WauuAUagiNNNGINNTBNNANUTEINN 70 LNAT FUBUNIN 9 LUNT NBFTN
lagldfiuoy Sandstone MaaumMUmiiawazMenianudy 1:1.4 aalauil Berm 10
F1ANNG 20 AT HANNNIN 6 a5 aevinda@eulugun 17 Jagamasuludiude

= 1 v dqj
maaztaami@aaamu

3A tUuiinoan Sandstone Humnalnajgalaitiu 1,000 nu.
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BAUNANINT IF2.51/01

3B tuiinen Sandstone Humnalnajgalaitiu 1,500 nu.

3C Wudagszwneh asuibilweduugunniisuuazsaadauunauninmani
nalugigalitiy 1,000 .

9A, 2B uduszuneihasidaauazvienu axudeu lEnsesduiiaazidaausnamei
284 Plinth ll¥wamnuih

& @ o o Yy ® o & v va o S '
2C, 2D luiagsassuasuninarani edndudaslvfinzesiagonainane la
naliialaumudanluukiuaauniamenth annaassiianuivihlogwwziae

] v

2C v 1X107° 8. /2nH tamuandnanihnlvaiusases
19 Y a oal [ L4
LA unawinaansula

LNUABUNIAMANIA (Concrete Face Slab) lumauniaasumannminiidudiu
futhuasdou Wafusnihusueeuninamanihazieasudiuasynlifuonldununsuninieda
dludnunzdasshituduanumneaseaunia lumseanuuuliiussundauSudldnaiigama
msngaeasiivan laglivihldaaun3aunnin Tesaanuuuldrauniniinnuwin 0.30 a3
whAuAaBaNaLY LLa:La%um?mu%nmf“{mmqmmwmLﬁ'ai”]mﬁ’umsl,mﬂ%'nmﬂqmwgﬁ 08D
sewnausiuaoundaluun@atnily 2 Uuuu #a Construction Joint  Wag Contraction Joint &9
Eouuaniaald@ana Contraction Joint RWE 3 ijuﬁg’mé’fuﬁiauﬁvﬁamﬁm samiagﬂuuuf:m?m
wuluwnnuazlidatiiasiu dau Construction Joint azfmaniadudaiiiasiuluaunuiades
GagUil 18

598@5¢1INN Plinth  AUWEUABUNIAM AN (Perimetric  Joint) lA@AAI Rubber

Waterstop iNNNaNuHUABUNSALAZ Copper Waterstop laisiuaaun3a tivaauqululainsimu

v I

sau@aille @uUwMiinlnazillaele Rubber membrane NN l1NI8908 Bitumen—-Rubber base mastic
Finud ldasnn 8,000 uw.”
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}/LQ Favustoy

— senuazvadudoy (1-0204)

. @:ﬂ__ MATERIAL DESCRIPTION
5l WAVE WAL 413570 74 - 340 0 ZONE  MATERIAL
(WITH MAX CANBER) P N advdudou sis.50 (W/O CAMBER) EARTHFILL
=i — ! 1
SULAA1I2D e TR . L | S 413080 FINE FILTER
S UM.4130.00 e f .- B i, —y——— COARSE FILTER

ZAU 1
F— FAU +123.50 FINE CUSHION LAYER

et marqadnynreBauuaiien 2

AU

COARSE CUSHION LAYER

— U #1350 ROCKFILL

COARSE ROCKAILL
DRAINAGE ROCKFILL

®HEECRE®

UNCLASSIFIED ROCKFILL
vy .
t LG puutingsinrmuBawaiuay 3

= — &zhU 403,50

seAvAusssuend —

1% nuuihasimenuBouation &
S.E

- 93AU +73.50

—5:RU +65.50
= l,-—@ ~—5sfu +86.00 —ahuuss

e A gy d — = . [
= T i ' \ ok 5 -
D ' o T e B Mmoo S e - S
i

e — —— — \ — —_——————

“gvwandus 27 U/ TOE (1-0204) ) '~ GENERAL FOUNDATION LEVEL TO BE COVERED
WTH 75 mm. OF SHOTCRETE

SeAugIUnEou—- i -gutyw 2" (1-0204)

SUAARNZNGEWTOU AN.0+170 (1-0201)

WA 1500

sUil 17 wihaan llwasdauwanios (nsngalszny, 2545)
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2 2| a 2| 7| al ] 2 g|
i & g il
& H E ] g & S I
| E g # g é| ] 2| g Igl
A o 36 SLABS
N4.5043180 | — EXPANSION JOINT & G L | | | | " f i
(seduguun P | f0+500 4 fa10va00 e Siantion Y - . gx-z‘:::i::lgivéua-rinuﬂfnaumﬂ1)
T —— . . ¥ 2 )
B é i < ¢ R R J’_ T | %R +133.80 (W/0 cAMBER) o7 | a— i Sl b G s
Ll VERTICAL JOINT (TYPE “B" JoiNT) i JONT
(TYPE "a" JOINT)
i 15.00
e@ e -
Y SRS |\ HORZENTAL CONSTRUSTGN JomiT w it a0 o,
N
N, :fu+119.50 7 4
AN | / %“’Oa
\\ 1 & PLINTH "X’ LWE — ¥
oo
N p—
4 s r0380
REH—
Seuee7.00 @
1500 axhiiesssn
Lo 5, &
——  JAEHUABDLWANTITUARNLULLUIANY 9
— PERMETRE 0T
(Vertical Contraction Joint) \
— @ PUNTH "X’ LINE
i T

@

SEAL+58.00

sui 18 ukiupaunIamemhasauumiiay (nsutalssmuy, 2545)
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BAUNANINT IF2.51/01

SYNTHETIC RUBBER WATERSIOP ———
(3 waudes)

POWER DR!VEN FASTENERS ——,

64 mm 554 mm &3 mm L GALYANISED

3 mm SYNTHETIC RUBBER MEMBRANE
QR EQUIVALENT
BITUMEN--RUBBER BASED MASTIC

OF EQUIVALENT (MIN ARLA 8,000 mm3)—. |
(1-0208)

6@ @ 0.20

END BARS 7D BE VELDED e 325x6 MILBITUMINOUS
@ FELT STRIP
256 © 0.30——— e

P 12 e RITUMINGUS FIBRE
SHEET JOINT FILLER

S RUBYIW T

~—258 @ 0.30

e LGSR PLNTH

Perimetric Joint

REINFORCEMENT
CONTINUOUS ACROSS JOINT

COPPER WATERSTOP kN
B

TYPE 8" 258 © 0.20
\ \

= < a a
o a e % L
g e C N
-] « - = |
o b .
o — o
S
MORTAR JOINT PAD —_— “———6 mm BITUMINOUS

FELT STRIP

Vertical Construction Joint

12 mm BITUMINOUS FIBRE 7 END BARS TQ

SHEET JOINT FILLER / / BE WELDED j-y‘—m-'

£ o WAVE WAL

252 8 0.20 ————
EACH WAY

168 & D20~y

160 @ .20
EACH FACE

Tl
‘.(/ =8 mm BITUMINOUS
FELY STRIP

e MORTAR JOINT PAD

——16¢ @ 0.20
EACH FACE

Expansion Joint

~— BITUMEN-RUBBER BASED MASTIC
OR EQUIVALENT (MIN.AREA 80DO mm2)

/— aUsny

i 2.00

” ]
| ) [ma @020,

— COPPER WATERSTOP
TYPE "B"

ASPHALTIC CONCRETE PAD

~—86 mm BITUMINOUS FELT STRIP
MAIN REINFORCEMENT CENTRALLY PLACED

Vertical Contraction Joint

5UM 19 sawsaszwInuLUABUNINMANYBITaNLARY (NsaTadssmy, 2545)
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1.7 DSUANEINITANUUULIBUNTN 2

WauRun 2 HANNGNMINGRanNgaUseana 181 W5 MNTEAUFIUINTBUN

o o v PR v Y v v g a Ve a
LOU +200 U.5NN. ﬂ’l’]Nﬁuajﬂ@’]uquau’]LLagﬂjﬂujLﬂu 1V:4H ﬂ’]uﬂjﬂuqﬂjwu@lwu Berm %

[ % P Y < Y 2 IS a 2 P2
eOU +319 N.INN.LURS +259 N.IND. Lwaimﬂumqmemmama’qumﬂssumau LUBNAN

@awhindaludaungssasaglugdaseniuay Mlimsiensisanuuudisuuazaauninme

wihlaihsInludiedwud 3 Hfduwnme whaamlvreadisuinis 2 uaaslugui 20 Jgaown

@auuualzunuaazlguiinnmmwzeail

1A

1AA

1B

2A

2B

3A

3B

3C

3D

[ a < = Py =] P2 v v d‘ v =] o & 1 a
Lﬂu@umﬂamaﬂ@wluummL%ammu Tﬁﬂquammaumumuam ANLLANUILITU

Plinth 9526U +284 w.5n0. manazldaznauduluuwiniluiagonlyuil

Wunszihzasamnauililidenu@auwiv wie daas Tdaguinile Perimeteric
. o Lo v v o 2 v v o o

Joint  Jagiudaslinewieliaanlusesunniasesuanlunauninae

wih Jagoniazlannduiiieannsliiu

[

da@uan Random nunasdu 1Ay Overburden Aguidgon 1A

(UnTagn3897 Perimeter %3 Internal Plinth tiailasnumsiadauivasdunsnauily

]
1T =

(1AA) Taannnseuaznsiauwiihlauniznaaazd

& v < & [ = v < [ a, & a 912’ v
HUNTBNNIN 5 e Wugusasiuasunsnmentn wasituisglanuneanlviny
v . . . Y @ & 9 v ) g v a
16 (Semi-pervious  material) tiailasnumsiililiguuss Jaqiazlaaniiu
Sandstone  laifimswaans Tlvladudunmelunneinivinenazd uaziiduiae

audealiiiusosas 7

(Uuzu Transition 5139 J8QI3895UABUNSAMANI (2B) AU iuawn (3B) Hzwne
d' < % o v d! Yo dy =Y d' ] v
aazfillulagnsasdmsuiag 2B Fazlddaqiinniunliuas

a o A Yo 3’ G4 3’ 1 1a 2 Ya PP
wanim@auldTurhwimhenughiugunnien ayanelildiu Sandstone NN
gaanalataniaalating drwneeazmvuennwanagaumssziiauaznagaunsue
a0 luguny

Auonifinaumwasaniniae 3B sansalddiu Sandstone Nifimsyamelataniasle
mvne 2nefiuluaingelaidiu 1200 ww.

k4

Fuszehzasiivoy 3B fidureey funenazniiduiagnssves 3B
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H 4 1
<~ I

3E  wunlivwnaluaind 3C uaz 3D awduiiuiinii 5 v.anauheiauy

nan ANy W ludedmud et ldmrualaunginssuzeinaunsnaanin
WAEMSLEINNEN gﬂﬁ 21 uaauruAsunIamambreaday Fevimualiudssudunanasnan
fudssesdaluwnds uiunauninaamihlau Compression figdaguinmsauidniinnunis
WHUBE 15 AT SIUUKRUABUNIAMAWIN LY Tension ﬁéiy’qagju’%nmgmﬁ'uﬁiauﬁv'qamﬁmﬂmm
N9 7.5 wes mssenuuumanaasunialivdnmsssnuuuiuasuniauuIunn WEnESY
ﬂauﬂ%'m%'umhﬂmeﬂmiﬂszﬁwmnﬁmawﬁmmeﬂqmw{]ﬁ ToaaSunan luuaazhama T
whaawmanasulitaanhioass 0.5 wsuuSnadidaan Plinth (ﬁuﬁlﬂumﬂugﬂﬁ 21) way
vnamuuuliimheamanasulivasnhdesa: 0.4 wazazlifimdnsduluwnsuidenda
fusesdassninusunaunioaagui 22

d' d{' 1 o ] 1 vV = v v

({HB9nANNgLaaund 180 was mlvlismnsanaasneauninmamile
ulu 139 menaaseaunIamavtnAeeautaiiiy 2 %29 sasealunNUINDNSNaFI NN AU
+293.4 4.500. NoanuuUUIBEEBINASULNDA

USAUSDEADITAIUANMT IMaTNYDNNGIY Copper  Waterstop  Lasfinaafiaay
PIUANYDITOLAD UATAIUUNAAAY GB-Sealant Material ZN9EUMBATOHUENLNDWEYANITIIN

50869
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DOWNSTREAM

UPSTREAM

T OMCRETE PAE AT,

CRITINAL GRCLND RRFACE—

PACAOSED, EXCAVATION URFACE—

LEGEND: (DAM ZONE)

SELECTED FINE GRANED SOIL

-
>

1AA NON-COHESIVE SILT
1B RANDOM FILL
2A  PERIMETER ZONE FILTER-SANDY GRAVEL (PROCESSED ROCK) MAX SIZE 19 mm.

2B DAM FACE BEDDING LEYER-SANDY GRAVEL (PROCESSED ROCK)MIX SIZE 76 mm.
3A TRANSITION ZONE - SELECTED SMALL QUARRY RUN ROCKFILL

3B ROCKFILL - SOUND SANDSTONE
3C ROCKFILL - SANDSTONE

3D ROCKFILL - (DRAINAGE ZONE) - SELECTED SANDSTONE

L) B NN | RERENERN

3E OVERSIZED ROCKFILL

U7 20 wihaand llwaaauinia 2 (Ch. Karnchang, 2007)
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TRANSITION SLAB THICKNESS = 030040 1.

A

TRANSITION SLAS THICKNESS = 0.30+0.40 m.

! i
i M. SLAB THIOESS = 030 m. | ML, SLAB THICKESS = .10 o I, SLAB THICKESS = 0,30 m,
! 1500 150.00 x 148,50
o | £0+250
] ] a0 g g ] DAMAXS /1 1 0 w150 el i
[ - - £ A N —C 1TV S - A A =is - =
f f
f s |16 | | 18| 1o [nof v me] e ns | nsf v sl | o | e | a o | o | e o | o e | _en | _ew RN et e e e e e e g et Eq RERe e
: P70 hasudam ofso - Jas.au) \ B 4518 @ 1800 - 210, ! \ | dsusfersd=1sfs e %
/ e : o i ez
;o RTILAL TENSION 301 \RTICAL compressicn omT g 1 vprmcpL Teion jowr | FLv 32800
Fan A :
7 . lall I B 4318386
/ — SEE NOTE 4" =
s / L+
i a0
/ PO TER SRS sy LIFPRNIEY S
/
10 14
1A A L
ol 1 7 - -
skl g
g ~——seE fioTe 3 e H
% seE woTE|'s ——= 3 3 L3130 4 H
= L4 &
3 ; A | lgg
< = 83
128 sshs T L saf2279) g5
PR & =" Iz
E I ‘ EL4316.99% L34 M‘Eh/ & N
~| r A g
Elgs PR Laapasl 2
—F aashon] = g
= A e 55
SeE harea 1.+304.226 o 22
‘ e — 4 ¢ 5 N
A i - - al5E

CH 04473879 (DAM XIS)

= +293.267
kS -~ f —
] 268540
g e
w2 EL4263.8)4
alo -

. EL4276.7)5
-

EL.+267.2}
—

L2983
=

JEL+297.401
F7 A

£.{ 251248
-

JEL+245.001

EL+229.461
-~
—<FF nETan e

CH O+307.261 (DAM AXIS)

CHO+430812

P5.1

ELa220.0pe f

\ 7 pzassd 7 /
S
e A
JEL+205. 339 g
- =
i
el el
e | CEL+199.000
M
! g L ireRnaL Lty 5
i L seremmceune | §
g E —— EXTERMAL FLINTH § 5
Ea g2
3 2
%] P Tz
alss giss

PLAN VIEW

O 0+256,341

P31

CH D+ 166,039 (DAM AXIS)

CH 04125321 (DAM AXIS)

CHOT 162,581

5UN 21 wiuMauNINAIANIIYANLBUINTN 2 (Ch. Karnchang, 2007)

NOTES :
L. ALL DIMENSIONS AND ELEVATIONS ARE [N METERS UNLESS OTHERWISE SPECIFIED,
2. SLAE THICKHESS SHALL BE CONFORMED TO T = 0.3:+0,003H, UNLESS QTHERWISE SFECIFIE
3. SLAS THICKMESS IN THIS SPECIFIED AREA SHALL BE T = 0.4+0.00178H
4. ADDITIONAL RETNFORCEMENTS SHALL BE PROVIDED FOR BENDING
STRESS RESISTANCE IN THIS AREA
5. SHEAR REINFORCEMENTS BY MEANS OF STIRRUPS OR STEEL FIBERS
SHALL BE PROVIDED N THIS AREA
6. REINFORCEMENT REQUIREMENT FOR EACH FACE SLAB PANEL ARE
SHOWH ON DV, NO. NNZ-P1-PW-26~428
7. SECTION A+ 1S SHOWH ON DWG. O, NN2-P1-MD-222
£ SECTION B-B 15 SHOWN ON DWG. NG, NNZ-91-MD-422
9. SECTION 112 ARE SHOWN ON DWG. NO. NN2-P1-MD-423425

SYMBOLS :
l:l REINFORCEMENT RATIO SHALL NOT

BE LESS THAN 0.4% FACH WAY

LEGENDS :

T5 = TENSION SLAB PANEL NO.S
COMPRESSION SLAB PAMEL NO.5
55 = STARTER SUAB PANEL ND.5

RETNFORCEMENT RATIO SHALL NOT
BE LESS THAN 0.5% EACH WAT
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REINFORCEMENT RATIO
0.25% (MINIMUM) EACH WAY
DB25 @0.20 (ADDITIONAL) [

7

REINFORCEMENT RATIO
0.25% (MINIMUM) EACH WAY

BOND BREAKER

EXTRUDED COMCRETE CURB
CONCRETE EXTERNAL PLINTH

DB25 @0.20 (ARDITIONAL)
DB25 @0.20 (ADDITIONAL)

~ ZONE 2A ~

CONCRETE INTERNAL PLINTH
REINFORCEMENT AT JOINT
BETWEEN FACE SLAB AND PLINTH

REINFORCEMENT RATIO

0.20% (MINIMUM) EACH WAY' \

DB20 @ 0.20 (ADDITIONAL) |

CONCRETE FACE SLAB
(SECOMD STAGE)
DB20 & 0.20 {ADDITIONAL)
DB20 @ 0.20 (ADDITIONAL)
DB20 @ 0.20 (ADDITIONAL) — | ——

\ E.JADO

BOND BREAKER

REINFORCEMENT RATIO

0.20% (MINIMUM) EACH WAY
CONCRETE FACE SLAB

(FIRST STAGE) ‘ y EXTRUDED CONCRETE CURB
REINFORCEMENT RATIO < + A
0.20% (MINIMUM) EACH WAY \

D820 @ 0.20 (ADDITICNAL)

DE20 @ 0.20 (ADDITIONAL)
REINFORCEMENT RATIO

0.20% (MINIMUM) EACH WAY

REINFORCEMENT AT HORIZONTAL JOINT
BETWEEN FIRST AND SECOND STAGE CONCRETE FACE SLABS

DB16 @0.20 (ADDITIONAL) ‘\

/7 PAREPET WALL

DB16 @0.20 (ADDITIONAL}) 7

DB16 @0.20 (ADDITIONAL) |

REINFORCEMENT RATIO
0.20% (MINTMUM) EACH WAY

EXTRUDED CONCRETE CURE
REINFORCEMENT RATIO

0.20% (MINIMUM) EACH WY
BOND BREAKER

REINFORCEMENT AT JOINT
BETWEEN FACE SLAB AND PARAPET WALL

D816 @0.20 (ADDITIONAL)
/ﬁnels 020 (ADDITIONAL) /

L. 2 .55

DB16 @0.20 (ADDITIONAL) —_
REINFORCEMENT RATIO

DB16 §0.20 (ADDITIONAL)
0.20% {MINIMUM) EACH WAY ; \ N

W

REINFORCEMENT RATIO
0.20% (MINIMUM) EACH WAY

REINFORCEMENT RATIO
0.20% (MINIMUM) EACH WAY

EXTRUDED CONCRETE CURB

REINFORCEMENT RATIO
DBI6 ©0.20 (ADDITIONAL)

0.20% (MINIMUM) EACH WAY

\—— DBIE @0.20 (ADDITIONAL) |

REINFORCEMENT AT VERTICAL COMPRESSION JOINT
BETWEEN FACE SLAB PANELS

DB16 @0.20 (ADDITIONAL)
REINFORCEMENT RATIO

DB16 @20.20 (ADDITIONAL) ——
0.20% (MINIMUM) EACH WAY ; N\ \
. LW

I DB16 @0.20 (ADDITIONAL)
/_ DB16 £0.20 (ADDITIONAL) REINFORCEMENT RATIO
\\

1

(W
el

REINFORCEMENT RATIO
0.20% (MINIMUM) EACH WAY

D816 @0.20 (ADDITIONAL) |

EXTRUDED CONCRETE CURE
BOND BREAKER

REINFORCEMENT RATID
DB1G 0.20 (ADDITIONAL) 0.20% (MINIMUM) EACH WAY

REINFORCEMENT AT VERTICAL TENSION JOINT
BETWEEN FACE SLAB PANELS

UM 22 J886aTEHINUEUABUNINAMAKINYBIBANUIN 2 (Ch. Karnchang, 2007)
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2. ANNLFI¥I8UYDY CFRD luanzund

Tudaudtl w.e.2503  Wuduinmsnasadsuiiuiimenheaunialimsuase
(Compacted Rockfill) udhnaadausiunauniamanihmuin aghalsimaiiadauduiuiinasd
ms%%uaanuﬂﬁt,ﬁuagjl,aua Tumneen N LHue UM anNisesuanRnIY Fea1aiafiea
LHUABUNIAMANINNIDIDYRDUBILKHUADUNTA FIUSUNSNUANIDMSUANYBIULNUADUNTAMA

v =S o o
vihluannzadadenans

Mori (1999) lashuunseasniianuusumauniamizeu laamlulasanidu 3
#iia loun

1. #4910 A 5285 NMANAUNNMTUAMIANAAUNTH SasNFHalleam lUaziady
Tuiiameanuunsu seasmizneanunindeeinn (Waeni 1 Nu.) wasdugaNzauuaIuEy
AaunIaMY luheeawiiasllgauauinades

- vy o Sa & £ oA o« Ao oA o
2. U® B IDYMBUAULNAYUNINNMIUUIUNWIBNITDONAULYDUINNIINIOAIUB

14
=

ey lagsaesnNiedulinazinauUSNMLI VNN NTBNANNGNYRNMIEDY

3. 9ila C 59831 HalNeNTINUMINAMIZaTaUlaEAT FMINIAEILANN
unauMInagvsalugasvasiagimihmnonudazlauiamuandiumn

]
=

Hunter et al (2003) laasunzauiunsiifzaadauiiuinaauninaani asgud
23 FRMNAUVVBIMINUG 4 FUNDU A9

1. Initiation M3 lvaraahenulaseasNfivINTNHeauMIFIRNIZYa (Concentrated
Leak) Ffianmgainmsluaduluudnueeny wu msluarusssueniisesfauuukunauninme
v . = o v o .:4' v
Wi (Joint) W3a308UANYBIABUNTAMANE wazmM3lradushugun@euld Plinth

9. Continuation ANNLFIMNHINMS VBTN WNUIG D LUSIlATNFINAUDNAIUNE
3’ <~ ] 3 d?, [ [ c} < % [ =~ U o’d!
n3a ity duagiveinenaziggoniiuiannses (2D, 2E) wniaqiiilanenuniinasizas
nanludrugaliarraziiomsnamnzaatiiaale

v ]

3. Progression Bumauiiuantianisluailunzusgiuanuaminsalums
MUMUMIHANIZBUTAAUINALEN wazANNuIsBlafuiasligud waziivinumslya
BuGYY
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4. Breach/Failure  M3IBNANIUBENTULNAULATIEINTAUON (3A,3B) 20

@hgsmMwasInaiu wistiomsguaralastasninnnaaazliihauihssudaule

Zone 2B

Zone 2E

Zone 2D

Concrete face
slab with joints

Zone 2| Gabions or other

meshed protection

= andy gravels in fourdation
Initiation of a concentrated leak ————p Conlinuation ————p Progression » Breach
Opening of perimetric joint {a)  Will zones 2D, 2E Will the leak progressively Will overall instability of the
Opening of vertical joints (b} 2Fand3Aactasa erode fines {(or form a pipe), downstream slope, or
Cracking of the face slab {c) filter system according leading to progressively unravelling occur, leading to
Opening of the crest wall joints  (d})  to filter design criteria? larger leakage? loss of freeboard?

Internal erosion and piping of {e)
the foundation under the plinth

Ui 23 nalnmsfivfivesauiivonmaun3nanwid (Hunter et al., 2003)

NFUN 23 wiuied AyeeInIzLINMIRNUAABANNTINTONTBITEUINTE
aNAUIFgIRTUABUNSAMANIN nanAs mananmMsgumuasUiinamslvadaduagiumsiiu
TaQnI8adIdgoN lugind

Tuflw.a. 2536 @au Gouhou lutlszinedu Fuiludeursuninaamhlditidann
MmgrIMINufisegdaszninaunIamamiasiunefuady fissdu +3277.5 w.5mn. fagu
il 24 TuwasfidawAuih ligesedu +3275 w.ann. masaliiagondeuiifunnsussnnaua
dagniawiaan  uashliasuninmamhygudzssmnmsiianoudaugud washaududu

@owihwma iihvnluiunvheihussigidedioni 300 ey @euawnantduiu@eu CFRD

(%
va ¥ @

tienautdednituiindiifiansitd Smsvamansitatudanuinisgondi@aunula

1
U R

2 v < o v A a ' o
LHNIETHEN LL!E]W’]ﬂI’Zi‘VI‘i’lEILLazﬂ‘S’m"mgﬂﬂﬂ L‘ﬁjgl(ﬂqqﬂlﬂal’ﬂﬂﬂﬁ]iﬁ')“ﬁu N{‘L?ﬂ,uﬂjiﬂaﬂﬁqq

aov &£ o a a a a o ’~ o
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08 _, .. 70 _
a b o .-\"‘-.,\\
(‘) 3282—-—-—0 7.0 Parapet o -—T \
7 f 1) I by \
7 Normal water level 3278.0 ;3577 35/ |\ 220 -0 Waterstop /™ [l 58 gf‘ \
N Concrete face \ A _ -1 "5* \
:
B /
Concrete face A~ . ol s
Y . -
CIose-_u_p view A

7 3220.0
73214,20 42100  Riverbed Gravel
7 723212.20 V 7 Loe T Y
“ ! ! Y ! ! ! '
¢/~ Curtain grouting Granodiorite
(b) 250
_B5 56 . 126
3282.00
32T,
w7 3273.00 ] - N =
LA aat/ il 4 ko Ko
7 3238.50
73222,00°
=’:=:z:=-_‘-___.=
) 3212.20

(n) MNAaLazIUAAMNENIVBIYBY Gouhou (Chen et al, 2006)

(c)

() dMWDY Gouhou HAINSNUA (Chen, 1996)

sUi 24 anwae lUuazn1sNiAnadtiay Gouhou
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Tog wA.a05.gn5dne asaun, wedlusd nesssund, neauas Junnainand wasunedsm waldalde

AuEABuazNaNIAMNITNUTRLATIUTIN NINNFBNHATAANS



BAUNANINT IF2.51/01

(@au Aquamilpa lulszmeiingln denuge 187 u. tiaseasmiuvaadunisly
U3 NUUYBILHUADUNINM OV Auaadluzu 25 Marulanda and Pinto (2000) lasneau

v v
a = CY

\Rendusessniifetuiufionuemissanm 165 . aduinhszdurasdudauain 55 . i
sapnfienanuiiietundmniideunesueda 3 TussEuiimsdnifiuihasiusn aumaiiie
sagmiliilannnniicTugdmnannanneiinuadaluusnamedudumilathsuduhe
fenfiuanaefiuann (Gomez et al., 2000) AlugaauaensIanNeLasiuiisussana 200-300
MPa 18z 40-60 MPa MUSIAU (Marulanda and Pinto, 2000) %!qLﬁ@@hmmLﬁutﬁaqmmmﬁﬁu

luukiunpunIaaaninidauna MiinsaeNILazmMmMIna e IaumNaN

LEFT RIGHT
OANK BANK

SIMBOLOGIA

o CRACK
—— COMSTRUCTION JOINI

UM 25 MumissasinNReTuIUPILHLABUNINMAWINLYEY Aguamilpa (Gomez, 1999)

\2au Xingo luUszmAumFa NANNE 140 s AMsutamsnaaivaiezuaay
5983NMNLINNUTBILHUAdUnIanin i awRetulnanusaadaiuiinsiaasaanuaunsy
6N 7 HBRNNNAANINFANUANE NN UYBIITANININANEIUTDUMNIUADUNINDFINNYALULY

THuaq

Hunter et al (2003) la@sINsanaNNEeMeuaday CFRD nnmMsuadumusay
wAN MINTAMLBITANMIYDY UasMTUaANEBILKUABUNTAMANI Tasuandlumsnn 2
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MM 2 dayamsAn¥IANNLFanIBYaay CFRD (Hunter et al, 2003)

Name Height Settlemen, Max Leakage Leakage causes
(m) total (mm) (1/sec)
Aguamilpa 185.5 307 200 Large increase in leakage rate when reservoir raised above certain level
(0.4 to 5.7 yrs) (due to cracking in upper part of face slab)
Alto Anchicaya 140 153 mm 1800 High rate of leakage on first filling, through the perimeter joint on the
(0.11 to 10.3 yrs) right abutment and open joints on left abutment. Repaired.
Bastyan 75 50 mm (0.2 to 7.5 yrs, 10 Approximately 10 1/sec on first filling. Gradual reduction with time to
SC3) base flow of 5 1/sec.
Cethana 110 137 mm 65 to 70 -
(0 to 28.6 yrs)
Chengbing 74.6 - 75 Max leakage during construction when reservoir level rose above level
of face slab. After completion leakage = 60 1/sec.
Cogswell 85.3 271 mm (O to 3 yrs, to 3000 Maximum in 1938 on first filling. Large crack in floater slab.
4/38)
Courtright 97 1237 mm 1275 Lower perimetric joints moved soon after completion affecting
(0 to 38 yrs) waterstops. Joints on abutments opened (~ 1968) and upper perimetric
joint opened tearing waterstops in 1989.
Crotty 83 55 mm 45 Peak leakage rate of 45 1/sec. Thought to be seepage through the
(0 to 8.5 yrs, SC4) foundation on the abutments where the grouting failed.
Dix River 84 1281 mm 2700 Leakage near intake tower, through cracks and opened joints in slabs
(Stn 16.9,t0 1957, 32 yrs) and through the foundation. Various methods to try and treat problem.
Foz Do Areia 160 328 mm 240 Maximum leakage on first filling. Gradual reduction with time.

(0 to 11 yrs)

AuiABuazNaNIMNITNUTRLAZTIUTIN NIINNFUNHATANANST
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M3NT 2 (sid) dayamsAnANNEaIBTaAlay CFRD (Hunter et al, 2003)

(0.67 to 15 yrs)

Name Height Settlemen, Max Leakage Leakage causes
(m) total (mm) (1/sec)
Golillas 125 52 mm 1080 Leakage through the foundation during first filling and some segregation
(0.46 to 6.4 yrs, to 10/84) of Zone 1 noted. Repaired and leakage reduced.
Ita 125 - 1700 Reached 1700 1/sec 4 months after first filling, due to cracking in slab.
Reduced to 380 1/sec by dumping sand and silty sand on face.
Kangaroo Creek 60 116 mm 11 On initial filling seepage heard through within the embankment.
(0 to 26 yrs) Possible seepage along horizontal layers in weak rockfill.
Khao Laem 130 - 53 Feb 1986 (3 months post first filling) leakage increased from 9 to 53
1/sec as a result of cracks in the face slab. Cracks repaired and leakage
reduced.
Kotmale 90 255 mm <10 At close to end of first filling.
(0 to 2.46 yrs)
Little Para 53 152 mm 19.2 Maximum leakage measured just prior to first overflow in August
(0 to 22.6 yrs) 1981. Wet spots and seepage on downstream slope on right abutment.
Lower Bear No. 1 75 375 mm 113 Maximum at FSL on first filling. Gradual reduction thereafter.
(0.07 to 4.05 yrs)
Lower Bear No. 2 46 116 mm No Leakage Suspect relatively small in comparison to Lower Bear No. 1 and other
(0.07 to 4.07 yrs) CFRDs constructed in the 1950s.
Mackintosh 75 333 mm 21 Max. at end of first filling. Gradual reduction with time.
(0 to 20.6 yrs)
Mangrove Creek 80 287 mm 5.6 Max. leakage when storage level was at its highest (1991)

a @ Q( W =)' a o a a @ = %
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M3NT 2 (sid) dayamsAnANNEaIBTaAlay CFRD (Hunter et al, 2003)

Name Height Settlemen, Max Leakage Leakage causes
(m) total (mm) (1/sec)
Murchison 94 104 mm 3.5 3.5 1/sec on first filling.
(0.08 to 17.6 yrs, to
1999)
Reece 122 221 mm 8to12 Initial leakage virtually all from right abutment.
(0.12 to 15 yrs, to end
1999)
Salt Springs 100 1276 mm to 1996 565 Leakage mostly through the upper part of the face slab (upper 35 m)
(0.26 to 65 yrs) through cracks in face slab, honeycombe pockets in concrete and open
joints.
Salvajina 148 90 mm 74 Approx. 14 1/sec through abutments and 60 1/sec through face slab.
(0.33 t0 0.75 yrs)
Scotts Peak 43 445 mm 100 At close to FSL on first filling leakage increased from 6 to 100 1/sec
(0 to 18 yrs, to 12/89) due to cracking in face slab. Gravel blanket placed.
Segredo 145 229 mm 390 Max leakage on first filling when at FSL. Leakage reduced by dumping
(to 0.4 yrs post ff, 1992) fill on lower portion of face slab.
Serpentine 38 77 mm - No estimates possible due to inundation of the downstream toe of the
(0.24 to 25.5 yrs, to 1/97) embankment
Salt Springs 100 1276 mm to 1996 (0.26 to 565 Leakage mostly through the upper part of the face slab (upper 35 m)

65 yrs)

through cracks in face slab, honeycombe pockets in concrete and open

joints.
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M3NT 2 (sid) dayamsAnANNEaIBTaAlay CFRD (Hunter et al, 2003)

(1.0 to 6.2 yrs)

Name Height Settlemen, Max Leakage Leakage causes
(m) total (mm) (1/sec)
Scotts Peak 43 445 mm 100 At close to FSL on first filling leakage increased from 5 to 100 1/sec
(0 to 18 yrs, to 12/89) due to cracking in face slab. Gravel blanket placed.
Shiroro 125 166 mm 1800 When close to FSL. Cracking in face slab near junction with plinth.
(0to 1.8 yrs) to 12/84
Tianshenggiao No. 1 178 926 mm 53 Max at end Dec 1999 when reservoir at highest level. March 2000 ~
(0.05 to 0.8 yrs, to Dec 30 1/sec. Repairs to cracks in face slab.
1999)
Tullabardine 25 19 mm 1.5t02 Current base flow less than 1 1/sec.
(0.2 to 12.8 yrs)
White Spur 43 58 mm 7 Limited leakage. &l/sec shortly after first filling. Gradual reduction to
(0.04 to 5.9 yrs, 4/89 to approx. 2 1/sec.
2/95)
Winneke 85 207 mm (0.17 to 16.2 yrs, 58 Max. leakage when reservoir at FSL on first filling. Gradual decrease in
Jan 79 to Jan 95) leakage rate since.
Wishon 90 954 mm 3120 Maximum within 2 months of first filling. Due to cracking in face slab,
(0 to 38 yrs) mainly at the perimeter joint. Series of repais to face slab over the
years.
Xingo 140 526 200 Leakage increased post ff from 100 to 200 1/sec. Due to cracks in

slab. Dumping soils on face reduced leakage to 140 1/sec.
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3. ANNLFYHIBYDILYaY CFRD annusansxﬁuwiuﬁulm
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AN EUDIIDDUUBZUHUADUNIAMAWINZNAANNVU 20-80 (NAT MNFURIDUDNFIUEY

@au uanannwamsaluiudulmiinalvdiiansnyadvesdudaunuii 40 udimas

2. (32U Minase Useinagu Wudautszian CERD #inaaselagns Dumped
Rockfill fiANNg 66.5 a3 faadaedalull wa. 2505 wasmndaadaeda 2 U luiuil 16
figueu U w.a. 2507 (Aawmansol Niigata Earthquake ¥amndaidiay 147 Alawes fnnaany
JURSNBILKUAU LY 7.5 M, mmL%ngqmwaqﬁuﬁulﬁawmmm’mi’mé’mméaﬁmcjuﬁulm
uwimsUszanuanaumsanuduRusiuianuigagezasiudulszana 0.08g  HaMI§I9
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3. 1Wau Cogswell Tuwasgundwadiils Uszmaansgowsm Judeu CFRD
Aaas9laed5 Homogeneous Dumped Rockfill lagfiuannaasiaadaludl w.a. 2476  @awnlud
WA, 2477 waigiidimsteaukunsuninmemh eduanagemindunmdadaiy 4 Wau
GaUASUNAN W.A. 2476 Budoufiney w.a. 2477 l¥iaafivoududidieh waziianmanga
dathannzasiaadideu Tasiamnsadzandouludausuney w.e. 2476 favue 5.8 Wa
WaETINTa 4 iauaaandduen 13.6 g Namﬂmqmitﬁﬂ%ﬁﬁﬂﬁﬁmﬁmst,ﬂ'fa"ﬂugﬂl,l,uﬂwﬂ
Togldlinifluuiumaniiins uazildsusndu concrete face slab aghenslull w.a. 2491
Tosemnugeasdaudouiiye 280 Wa anwemduidau 585 Wa U7 26 udeemhdauaziagen

Wau
I
: 585 feet Spillway
Crest
| /
. 24007 Concrete Face
z and Slab
z ]
% 2300 (
=
d LFQ : Outlet Tunnet
$ 52001 Class "A" Rackfiil 3
w '
@
2,100~
' \\ Class “B" Rocfill
r T T T ¥ T T L] L
400 300 200 100 O 100 200 300 4001t
Class “A” = Rockfill comprise the main body of dam and well graded mixture
Class “B” = Rockfill was used to place an upstream facing layer varying from 6

feet thick at the crest to 15 feet thick at the toe
Class “C” = Concrete Facing

5Uf 26 mihAauazIaAAILlau Cogswell (Boulanger et al., 1993)
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mamsalunudulm 2 ASaiiddny idemanssnudadiou Cogswell  Idud Whittier
Narrows Earthquake Tuil w.¢1. 2530 Feflmnaanuguuss 5.9 3nwed gudnanusuduluviean
o 28.8 Alalums uaz Sierra Madre Earthquake 11l W.61.2534 fo1naenuguuse 5.8 3niand
audnanusiudulvvisandideu 3.68  Alawes lumemsaiuiudulmnisesadinunsnio
anugagauasiuauiidmisdudoulonaiaiioda Srong Ground Motion 1d 0.15¢ uaz
0.49g MUAGU  GIUNUYBN Strong Ground Motion UAzTBYS Acceleration Time History waiasly

5UN 27 uaz 28 MU

commty 1Kt

Right Crast Center Crest

Structure Refersnce
Origntation: Nz338°

Earth Dam

Mazimum Height = 83m

gﬂﬁ 27 LUKUIUDY strong ground motion (Boulanger et al, 1993)
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LL] ™

| . s S A SN B SR NN BN SN B B RN M SRS a8
Recorasd Time-History st Dam Abutmen

LN SN Jn DU S S B SR e S S S B m s

o4 Recorsed Time-History &t Dém Abutrnent (ch. 3.

0.2

aasbivalyat

| PP ~

00 | Yirprsd

a0

az

Acceleration {g)

az

D4

LARE RRAl

TTIVT |lr!{ll|liv]!lr
¥
4
3
[
3
IUFI SETIURUE SNNUNERSRUT]
Acceleraion (g)
a
4
LA REARRALE RAES
% -

aisdengluds

o/ RN T K S N WOPY SR WY WA [N TRV SR TN TR N N S SO |
a2 0 AL 118

a8 VR WIS WO N NN A VU WU U ORS O Y N NN SR TS W

¥
H
g
-
5

e 170
Time (seconds) Time {saconds)

3
@

04 P T T T T T T T T T T T 08 LN B S S R B S B S N B B S B S R B R e S

Recomied Tine-History &t Oam Crast

Recorded Tirme-Higtory st Dam Crest {ch. 8)

c4
o2

Atahsatbaonade islansling

aalsnslengbasafsanting
Acceleration (g)
B
LA R RARS RAAY SEANLALE LAR]

[FUNUT R 0 TR T NN TS TS WA WY TUNL. N SN TN TOURN TN N WY T S WO S | an YIS U W T N WU T W SN VY T NN TR WIDUS SN TR S OO WU N T B 1

on ERd TI".(I.OL"‘.) 180 00 oa 50 Thm‘lon ) 180 a6
(a) Whittier Narrows Earthquake (b) Sierra Madre Earthquake

féllﬁ 28 Acceleration Time History (Boulanger et al, 1993)

NaNMIITIAUNAUHUAULYI Whittier Narrows Earthquake 11T w.@. 2530 lai
WuANNEEMELARIEIY uAEWSY Sierra Madre Earthquake Tuil w.¢. 2534 wui@owadouda
Tuwwafie 4 7. LazaaUMIULINTIU 1.63 0. UBNIINNIILAGBUGILEITINUMIUANYBIOUY
vududau MIUANMNANINENIWEY Vertical Joint 9 Parapet Wall 3 6Unte WaTHUMIUANYBT
wHuABUN3AMAmhA1Ng 1 s086aua Cutoff Wall Haap9728e Abutment 1AgINMIEI5IA Zone
YBINMIUANGT 0.6-2.4 L3NS 0 Parapet Wall 89l 10.7 (@5 UM Abutment ENZIUSE 4.5
a5 7 Abutment ihghe  2unamnunheassasuanduInnaaent 0.25 i1 Tasilvunaan
nhasnniign 1.25 7. aghslsinuanudameiiiotunimue idiwanssnudeamuiuasma

DU

4. Bau Santa Juana lutlssine@d didauaedenneznalug ldgnidanie
7 Concrete Face Gravelfill Dam (CFEGD) ﬁiauﬁmmgﬁ 106 A5 ANNENTUEIY 390 1WA3
anunieesduldan 6 0T WATAINGIUDY Parapet Wall 4 (N@3 ABETNUY Alluvial Gravel
Foundation W10 30 @5 #naasasaludl w.a. 2538 (Noguera, Pinilla and Martin, 2000)
NANNADETNEDY Santa Juana 1633 2 T luidleugaan w.a. 2540 Wamgmasiukudulm
210 6.8 3ned lasfyagudnaududulmviainideu 250  Alowas wezenudn 38

Alawues (11893910 Accelerometer  EM5YNNULE T IRlunsugneenNaN UGy wena
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Nnurudulmina iAo smiaaizes Parapet Wall 9.7 wudinegs diussdUsznavdu g vaudeu
lalasuanudams (Noguera, Pinilla and Martin, 2000)

5. @oullagasunezauidiou Sugesawa Tutlszmadiy ld3umansznunnmamsni
wiudulu Tottori Earthquake 1iauil 6 AN W.A. 2543 mmLs'ngqmlmﬁuﬁuﬁi’mlé’ﬁu’%nm
Saddle Dam §AWYNAU 0.36g Nnmsd e linuenudsmereadauiladasenimudnumsuan
LAZMSLARBURIIBE Y Sugesawa Failudaunaunden (Matsuo, 2000)

6. Wau Ishibuchi Tudszmadilu Wu@aulszian CFRD naasuiud@suusnyas
Usznadilu Tosashaadaiiall w.a. 2496 fanngadou 53 wes asnn@auwmididuidaun
ABUZNLAILD AIUUMTUND AR DULILIBEADEN ) YBILEUABUNSAM AN UsEENS Al

v o v [ < v o v PRI < & a 4 2] ) < o
AEAUN @\‘1"\)3Lﬂul@%ﬁﬂﬂﬂiﬁWi'J‘ﬁ‘zW)N‘ﬂL‘JNLﬂ‘lJu"lLLazl,‘l_lﬂal"lf\‘ﬂu WWUNMINTNUUNUIUNN

luiun 26 wogumen w.a. 2546  lanaududulmznaanuguus 7.1 3nwes
AugnaNuNUAU YNNG IBY 84 Alaluns 1ag Seismometer NAANILI B FuviNFUZAULAE

u

FIUNNHITUN 29 SINTOINANNLTWBINUAULA 0.15¢ UWaL 0.273g MUSAULBLNNUHUAU W

o9 u

SNWANITENUABLIBUINNAT 20 WBUAIFUN 30

dmuidiou Ishibuchi manamsaiusudulmlussaiulildsumstudunnms
fnahiimaedeudmeaadauviali udnsnussyhdswdawiuduln Usinamsatuiiald
fiah 2,800 Ansaadund wdadawsulmUsnamsgulafiviu 200 WialiUSinaurhiu
3,500 Amsdainii Tauvaihiilnasananiuiiddu Teshitlnagulvedaiiiasiu 4 Hluawdan
Hoududulm wanduihiluasanmnidifulng TasasdUsznauauq veadaulildsuany
Fevnennmamsoiusiuduluil

sUN 29 anwauendlUwaaday Ishibuchi (Nagayama et al., 2004)
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Sea of Japan Akita

Ya::ag:ata 1 | Tase Koromogawa
ret. 2 | Ishibuchi 14 | Koromogawa4
3 | Narugo 15 | Koromogawa5
4 | Shijushida | 16 | Kanagoesawa
5 | Gosho 17 | Tohno
6 | Kejonuma | 18 | Sannoukai
Pacific Ocean 7 | Hanayama | 19 | Kuzumaru
8 | Aratosawa | 20 | Senmatsu
9 | Koda 21 | Aikawa
10 | Kurikoma | 22 | Sugo
11 | Hinata 23 | Syukunosawa
12 | Ryorigawa

Ui 30 wanssnuanusiuAulisalion Ishibuchi waziiaudy q 1NN 20 Way
(Nagayama et al., 2004)

QWﬂﬁaHaﬁﬁwuuwﬁnguﬂwudw Bau CFRD wiazieanudemennurusulmug
1s\i§u|,l,iqﬁqmsﬁﬁﬁwmﬁiau Sherard and Cooke (1987) Hanutfiugananidaulsznn CERD
axhjﬂmmﬁmmmlm‘fumwamm%’uﬁ]au’tmwﬂwLLaxwé’qmﬂmiLﬁmLwiuaulm diasnidau
Uszaninfludeufinasededuiiimsuasafluated Wamamsduiiasnnuiudulvihae
MnsosznsaanNnidaunarlinelifeusisuthdruiu (Excess Pore Water Pressure) WHan
navadusudulmznaliiaaNuEeaZIAE WU Lﬁmmsmmﬁmmﬁuﬁiau WIDNSLNA

Seismic Deformation Lﬂuﬁu

Sherard and Cooke (1987) #lal@anamdnin dauNNuHuGUlmFINSadIHaAaMS
uwanzasukunaunInmaninuazinllgmsiiauiusesuaniu udarlidinadanuiung
apssnidau iesmnmsluasanihniumansoiusasuan shululugy Transition uazthuldazann
Avduluzu Rockfill  druheth weainmsluarugu Rockfill azlidenanssnudadidou
wansEnuiiesaghadeniiasninmslvaseniusasuan fe duassgiaiiosnnmsgade
Usmnanilusrafiuih

aov &£ o a a a a o ’~ o
log wA.05.gn5A00 Asanw, edlusa naesssnma, enun3 JnnaInenl waznedrga waldaUze

AuEABuazNaNIAMNITNUTRLATIUTIN NINNFBNHATAANS 39



BAUNANINT IF2.51/01

4. WYANIINNITABUTUBINNNAAIFNIVBIEBY CFRD Aausinszinueiumuln

mimauaummwamam{wauﬁaummmijuaulma‘imunvlﬁ 2 dﬁulﬁll,l,ﬂ' Huay

MIVDULBLUHUADUNTAMAYIN Laaiaasdanaail
- o A
4.1 BUDINMILUDY

ANHUENTNDUFUIN NN ENTalATeaI NI NTaas e lanlI8fnIurieny
8d5¢ (Degree of Freedom) luusastssinnuaslasaasnalaguaalugun 31 dwmsugun 31 (a) 109

.:4' o a v & o o a N W N .:4' o v v
Lﬂaauﬂuaaqwﬂmqmuumﬂmmmmaaizummwn‘uaaq E‘IJ‘VI 31 (b) msmaau‘nmaﬂmzuu

a v q' 4 3 a A 1 a o 1 " v d' a A 1 a o T w
WAAYBINNIILNN MIUUANILVINANNBIIZNAIINUTIN EUVI 31 (C) ANILULVENANNBDFICHAIUINY

=< A .:4 da & & = & @ ’ < &
WiINHBIM S UNNAZMAMITLINTIUWNINY 5UN 31 () Wumetzasdnnaasy s
idpuiivasudazduludassaanu yaguinasasialudaziuadnamsiadauiinimae 6y
ansuisanudaszisiannnuinuuueesdn (uas gilsaw, 2544)

Yy ¥y G
v O '3
u
L u
X X
(a) (b)
Uy
— u syt
L
274
U
(c) (d)

3UM 31 ANSUMIANNBATEUBITTULLUUEIN ) (MRS 150N, 2544)

woAnssumsnausussasigaduieu CFRD Tosfaqondaudulvajfiuiu o
(B auildnyarMINDUAUDILUY Multi Degree of Freedom (MDOF) Lﬁaqmn"i'aqmzﬂuﬁaﬁiau (3A
waz 3B) dansaLaasudiladaszansunslununsny wuids wazmasnyu malausenseid
wivdulm Funilaudunginssurelasiaednfisaniunienudassirhfuinutureiin ua

MSLANBUMANNULIBIIN Stiffness AT Damping 20IlATNESNANAUYBUNUN Shear strain 9
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9f (Kramer, 1996) aumshi 1 udamamstaasumzasszuvlomeldussnseinuiuaulm Toa
aqﬁﬂﬁzﬂauﬁugmwa\nﬁﬂusx‘uuﬂizﬂa*uoﬁ"aﬂ LLNLSEJEI (Inertia Force) , Stiffness Force Lbae Lb54
%1 (Damping Force) LLazgﬂﬁ 32 U8 33 LEAINSLARAURILUL MDOE  2aslaseadiedinuas
Baumuaau §mdulaseaniidszuuiniuieanudassuniunile (Singer Degree of Freedom
System, SDOF) Lﬁu‘[ﬂsm‘}ﬁwmﬁﬁu%y'uﬁmﬁ’mamlugﬂﬁ 34

mu + cu + ku = p(t) (1)
ija m = WIFUNTSUY
c - edulsEanSuernunig
k = Stiffness
G,U,u = @NL ANNGI LMV
p(t) = aAlsEnaULEipINUSIMELDN
m=035 1
k=100 ‘x
m=10 %
k=100 X
m=1.0 ®
k=100 \
T,=122s T2=0.44s. T,=033s.
3-Story Building
Mode 1 Mode 2 Mode 3

Py = & = P/ ' '
gﬂﬂ 32 6N 3 ‘ﬁmmxmaau‘vﬂmmaz;sﬂl,L‘U‘U (uﬂi Q'ﬂ:ﬁﬂ&l, 2554)
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0.0 T T T T
0.2 - -
0.4 .
06 1 /214
0.6 /2]
\|4/7.
0.8 - 2/3]
1
1.0 | I ] !
0.0 02 0.4 0.6 0.8 1.0

(a (b)

Ui 33 sUuuuMsIARauNITaNEaY (a) M5LAABUITIY Mode 71 1(U1) (b) NMstadaunly
P o a @ a £LX o )
Mode 11 2 (U2) laaiian m fAa dxnussanddunuluunuainisay (Dakoulas et al., 1985)

M=
M=

(a) (b)

=

UM 34 wuudaaedInIUIAITULAEINHANIUKIANNDITLYINUKIN (Kramer, 1996)

Nasim Uddin (1999) 3anzimsnauduaszaadou CFRD Tagismsiasaiiau
CFRD flanuge 100 wes Sssduiludlaugs 90 wes dudounts 10 wes medumedu
wilothuashehiianaiy 1.5H : 1V ukuasundanin 0.4 was wihdadauiilflumsiesz
waasluguil 35 (a)  SwSuaaEnidmenamansoasiaadition (Rockfill) Hunaasluguil 35
(b) lagasziing@nssumanacans laun

1. G, Tuz299 Strain vow 9 %ﬁuagjﬁ'um Mean Effective Confining Pressure LLos

K,  @<9aunI92849 Seed and Idriss (1970)

2,max
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G =1000K, (o )"?

2,max

(2)

AenUdauLlaemu@) Relative Density

b
©
|

2,max

ol Effective Mean Stress (Ib/in”)

m

2. Secant Shear Modulus (G) 9280848 Shear Strain LN

3. Hysteric Damping Ratio iNaUMUNAZUBY Shear Strain

4. Poisson’ Ratio azldannmsanmneumn (Seed, Wong, Idriss and Tokimatsu,
1986) luhiildynnu 0.25

dnsuaduusudulmnlglumsiesnziuulaain Accelerograms Nanansavuiinle
AauaaINTIW Response Spectra Tuguii 36 wazdayaunudulmlumsii 3

(a) Om
-
off N 1>
| .
A 1 100 m
f : ~
| |
]
| |
dl 1 [
[ 11 l [
L mm "!
(b) 1 -
G
Gmax
05 |
Rockfil
0 — = =
0™ 107 102 w0 1
T %
30
20
B %
10
1] 1 1
04 1072 1072 1™ 1 )
Y%

a Yy o oA PRI P VN o o o A
gﬂn 35 (a) WNAAaUN IILATIEH (b) AMTNUANNNAAITAIDNIFAAMILYDY

(Uddin, 1999)
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N 25 |
K Coalinga (PV)
E 20 |
San Salvador (GIC)
_5 5 |
8 ,
.
g 5 |
<
o 1 1 L
0.0 0.5 10 15 20
Perlod (s)

Ui 36 Response Spectra MINWEUAULWI (Uddin, 1999)

A15199 3 anuazuaInautuAu iUl (Uddin, 1999)

Earthquake Rupture M, | Record Station Distance to Site PGA
Name Mechanism Name Source(km) Geology (2)
Sansalvador Strike-Slip | 5.4 | Geotechnical Inv. 4 Bedrock 0.695
(October 1996) Center (GIC)
Coalinga Reverse | 6.5 Pleasant(PV) 11 Francisca | 0.602
(May 1983) Formation

HeMIATiMIneuduasasidamdauuanildlusud 37 uazguil 38 auiuld
hmspnganuswasiudugunnludsenygemidlumunnduidou Tesanuisaasiiudy
iisduan 0.6g fignuflu 1.3g Henugaiislumunnduidon wostssinm 1.5¢ dudau &
J00A8a9AUR Bureau et al.(1985) lé'ﬁﬂmmmﬁ"umu,axgﬂLmumsﬁﬂ’aLﬁ'au CFRD melaus
wiudulin wuhidauia Seismic Deformation fianugwiislumunnduday Taawamsiae
ilatusunnmsdinadiau El Infiemillo naawmamsaiusudulmludssmedingln

MTIAILA Elastic Displacement wmf"nLﬁmm‘sm'ﬁ'aué’aﬁﬁuﬁaunwstjﬂq@ﬂszmm
0.30 LAWY Shear Strain 3ATERlATA LAY 3x107° AT SNHAELNSIAFBUGINGBANIANN
quﬁ'amﬁuﬁuaﬁwaajuauaiuzumz‘?; Shear Strain NAUANSY B4 EIUUUIBNE BULT BsTINANNUTS
(Stiffness) °zlaﬁaqéfnL"i'iauuamsqﬁuwmﬁﬂmﬁauﬁﬁdauﬁ’mﬁmmimﬁ'aué’aLﬁalﬁ%'umié"uwm

s ue Uy
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Depth below the crest (m)
0
|

I
0.0 05 10 15 20

Peak Acceleration (g)

Qo

San Salvador I
(1986,GIC) ‘

_____ Coalinga

(1983, PV) ‘

Uil 37 @uL3958980 (Absolute) M9AAANINFILUBY (Uddin, 1999)

San Salvador
(1986, GIC)

Coalinga
(1983, PV)

(a) o 7
/
E s
= & ’
E
] /4
) 2 /s
Q /4
£ /4
- v
o_ v
2 s /
[]
-]
5 87
(=}
-]
[a]
g T T T
T0.0 0.1 0.2 0.3 0.4
Peak Elastic Displacement (m)
(b) o
E 3
-
w
g o
o <
-]
s
o _|
; ©
[]
< o
£ o
(-}
[
) [=]
o T T I I |
T0.0 10 20 30 40 50 * 10

Peak Shear Strain

sUi 38 Mmsulasuuasdn Strain MuANMFIHaUTIUON nstﬁmsaﬁaamsiuﬁu'lmﬁﬁgmm

(PGA>0.6g) (a) Peak Relative Elastic Displacement (b) Peak Shear Strain (Uddin, 1999)
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4.2 WHUABUNINAIAKIN

Uddin (1999) 1avnmsAnmuasiensimunamansyauiuaaunInaaviiueg
LﬁauﬁunuﬁgﬂusmszﬁwLﬁaqmﬂmjuﬁulm Tagihmsuidsmsitenzdesniumshassisgen
Baumuammass mslensisiuiunsunianinGeu wardiudastwiwiunoundawin@au
futaaiivon lasardeataya Peak Ground Accelerations, PGA fieiszanas 0.60g HHANT
Sinsieruadiadaniuaasliiiudednsarnmseauauasreudauivanlaaazuiuluiuseian
Aendastuukuiiuaouniowiidou sudmlizsuiaunssneandaauassendeasiiansas

o o o
GI’INVILLE{@QSL‘L!;SU‘YI 39 e 40 MNIOU

Concrete slab

Impervious fill

Plinth and grout curtain

Ui 39 sUaamllvasauiuan (Uddin, 1999)
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DETAIL (B : THE PLINTH

PVC band

Mastic filler
Compressible fillar
PVC - Waterstop
Copper - Waterstop
Sand - asphalt mixture

BN

(plinth)

5Uil 40 57892138AYAY Plinth Waz Perimetric Joint (Uddin, 1999)

& = v o ! v = < = vl =
wKuNuABUNIAMINZBUd UYL MANILILNYBIADUNIABEN 20 MPa WasH
M3tedumanagi 0.40% luudasianeeaukuiy anaunnasuHuiuAsuNInzIMANNIIN
o nullavegiuanugeeadsy Taemldudrnnuvunasanm 0.30-0.40 «. lusguilnany
v A o a &£ o v 1al ::4' - = ¥
duiauuazaziinnuviNaannaulagRdsuarzagNUszanm 0.002h, (1ie h, ABANNENYBIN
fimbatuwas) dudaysginseanuuunaznsnaas Perimetric Joint Fudusasaaszning
unuNuABUN3ALS Plinth SHulvajudrseadsiiinaziiusesdauvudanazarmnsodagllunnidy
Warhmasthuamblu@ay wiveaunsemh@aulesmliizweanuniedszana 15 w. §inns
Aaasnnnauangedulugdudauaatuduiilumumenuuududon ludiuwasiiusassuusiu
& o v & Y a Py & ' y @ ] -
HunsunInmihiauiuazlsznaulimeduannfizinadnniludumanzasdon iatszlanily
v 9| (4 Y o = v a P o v v a = & ] PRy =< Y v =
autlasnuliivaauniamhdaunamsedsumlaveange Jutuduniianuiivindsauazdl
Y o w v & P v ¥ o g & A o o A @ a vy
dadna liih naduruludidunebmsiliiaenadasadszesindey msuadavesivonlyil
d' v vy A < v 4 Ao v A [ P~
mstadaum lavaengalutadenisidasmuanuazaadaniagiinunin

Uddin (1999) lauvanihdanasdauiivandsznauds 150 aawud gauaaslugy
#t 35 (a) W@YMIANEWGANITINANSNTENBUSIT BN UK LRl BUHURLABUNTAM AW
NanvzyaEIuaaszuINLRUABUNSamawh A uId Auanlesuisasniiiu 2 Snuniai (1)
fuFsuuUENd® (Welded Contact) wae (2) duaduuuiusatdeaamu (Frictional Contact) 04
waaslugtil 41 Tesdudawvuidendaillihoasluanmeilifimsudauenssnihaukuiiunaunio
mhideufuiagiisasiuukuiiuaauniowhiday wasdudauuuiiusudaamuldhaasluansd
wiuiuaauniamhdaudusidesswinsiuiuitunsundamhd sutuddoudumiiathisiias
Taglgngusudaamuzasgasiin
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Concrete-Face Slab

N

WELDED CONTACT

X

Concrete-Face ~_| Rockfill
Slab —

Coulomb’s Friction

CONTACT ALLOWING
SLIPPAGE

Interface obeying Coulomb’s
friction law
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