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Montri Jinagoolwipat 2010: The Behaviors of Concrete Face Rockfill Dam During Construction-
Filling and Earthquake Condition: A Case Study of Vajiralongkorn Dam. Master of Engineering
(Civil Engineering), Major Field: Civil Engineering, Department of Civil Engineering.

Thesis Advisor: Assistant Professor Suttisak Soralump, Ph.D. 258 pages.

Concrete Face Rockfill Dam (CFRD) is becoming popular extensively because of economics and
safety reason. However this type of dam has a weak point which is the problem of slab cracking that lead to
leakage. Therefore, we need to understand the stress-strain behavior of this dam in order to properly design
this type of dam in the future. This study concentrate on modeling the behavior of Vajiralongkorn Dam which
is the first CFRD dam in Thailand. The study found that the appropriate way to model the stage construction
is to assign the linear elastic as a material model during construction stage and later on redistributed stress
using elastic-plastic model to obtain the deformation after the end of construction. The result of model agreed

with the settlement redorded from instruments.

Futhermore, this study has evaluated seismic dam safety behavior from earthquake which has PGA
from 0.054g to 1.264g. The result found that most of movement would appear at the downstream part of the
dam which could calculate the minimum factor of safety during shaking and the end of shaking of 1.50 and
1.70 respectively. At the upstream part if the water level remain normal water level, the movement would not
effect to face slab. But if the water level is reduce, it would effect to concrete slab cracking. The vertical
dynamic settlement along the dam crest has a maximum value of 4 meters which is less than the 7 meters

freeboard.

Lastly, it clearly shown in this research that the shape and geologic type of foundation are main

contributors to the slab cracking both in static and dynamic loading situation.

Student’s signature Thesis Advisor’s signature



paanssudszma

1 199 9o a Y dy = Y
YONIIVOUNITAUNBUazUNA N1 Tumseusudeagsnnalnlemania
= o L] lddl 1 9 = 09/’ = =
MsAny1 duayuede linviannunnseuduaiioinsuReInaATze212a101TANE
0911 I o w a 1 Ao QO) Y] o 1 A
annenealuniaslaluddaauen vovounsEAAAD HAL.AT.gNTANA ATAUN 061983 Tuns
o o I 4 a a 4 o
T wuzihwaziulsgsmnssumsndTneinertinus saudelianuewniizrdlums
a A a Y 9 1 A Y Ya a d dyd? 9 3 ~
UszanFuszaminanud luauaiee e l# IdInetdwusauivy wiounenuznssunsn
v oA
Usnu1lszneudie sa.as.a9ns 10509 uaz as.aure Uszesdius Anganldainug
o o ) 1Y o a Aav a a o 4 < 4
Auuzii uazdorguenuziuIndmsumsautuauIteauInednus iuduasvanysel
=} a [ Y4 ~ Y I [
YOVOUNTEAY 5A.A5.J1N05A NTeN Inena Aldanunganiulsesmlumsde gadaan
4 [} [ a { { 4 o Ao
WaNgNBIE tazguaiis Jauaanna ldanunjanerdoyaiietiniiite siuddaz

I 9) a 19 o
nawilugnsnaalumsdeuungive

o Ia o 7

VOUOUNILAM AUF IUTH NOITITNFIA UNITo sz IguaITonas NauIIAINTTY

U
Y

a @ o o Ia o %
ﬂgﬁuazgmimnwnmmamﬂymﬁmm HAZUANDINTNINUAVDIAUIIVYLUAS WA U

Aennssuilgiinazgusn Juil ieu waziutiowimnisulsi dmsuanusiavaouas

Y
o o o o o A a a s o 1
Auuzihdmsumsantuu luIneinust damsuswusii maele mmmamﬁa ae

Ya o Y

o o aw J g ' a [~ ] A
ﬂ1§ﬁuﬂﬁ1§u1uﬂ15ﬂ1ﬂ1u3ﬂﬂﬁ W?ﬂﬂiﬁﬂ“ﬁWU“ﬁQiUWi%ﬂm@EHQFN LLﬁ%W'N!‘]JHE)UWQEN’N

U u

a a LY dy [~ d !
IUnUsRUE Nl levineaiusiu

YU UNITZAM NoInIulananelon AergesneTes ms lWildhendauna

=) ng; 1 =S A 9o 1 o [ a o
Uszme lne Dnnsaaniu dazsiil d1uremsreriigeinelost niw. uaznadsde Ty
Y Y Yo A ~ a P ~ X q Y Y A
HITUNTI HBIYADTIUIYNITIUDUATUATUNG thl‘].lﬁ“lrﬂi mﬂlwmmaumiwwmay‘mmzﬁmum

U U

o aw A a Ja o @ a
“I/l'lﬂTi’JﬂfJ‘ﬁ@ll')%iWa\‘]ﬂim ﬂ.ﬂ"lﬂ]ufl]uué 3'3115\1@1!‘(’J’JﬂfJL!fﬁ$W@JJ’L!']'Jﬁ'Jﬂiﬁ‘JJ‘]JﬂﬁLLﬁ%iTL!iWﬂ

a [ s g ¥ Jaw o o =2 a v o = Qdy
UH1INYIAYNHATAITAT Wiﬂi@ﬂ?ﬁﬁj?ﬁ]ﬂﬁ?ﬂiﬂﬂ?iﬁﬂy"l U UNIINYIYDUNITINYTAU

S A a o 4
HUAT IUINAINAY

I8 2553



a3vey

GRERIL

%

TTUYNTN
M3VYNIN
o a v J o 1
ANBDTUNITAUANHULASANYD

A1

e

agUsyen
N13AINBNAS
4 ax

9Un3aluazIsNs

gunsal

asx

A3
HauazINgel
agduazdorauonus
a31)
9y
Yorauonus

ONATUAL AI61904

MARUIN

MANUIN N HANTAATIZHoIAYTEno VYo InaULHUAY 112
MARNUIN U HANTAATIEHNIADVAUDIN WA AAT
MANUIN A HANTIATIZHATNFARI01231A7T Dynamic Deformation

9 v
NARNUIN 3 ‘]J“I/Iﬂ’ﬂllﬂ'l'i‘].]i%‘lgiﬂs]ﬂﬂﬁ’Jﬁ’JﬂSiNIEJ‘ﬁHLﬂQGBWIﬂg\‘]ﬁ 15

WNINGFEYUAT 1Y

15z3amsfnun uazmInau

(1)

oy
@
&)
@D

108
108
108
138
222
222
226
227
232
233
242

245

248
258



MIN

10
11
12

13
14
15
16
17
18
19
20
21
22

23

=D.

AUy

Post Construction Total Crest Settlement and Long-Term Creep Rate

for CFRDs

%’ayami?fﬂmmmu,ﬁﬂmﬂmmﬁ]au CFRD
anuruuuYesIagalunses Nl
mmwmuu’umaﬁﬁ@am%uiuaum
lqllll,’(?(flﬂ‘VITL!ﬂ1EJGI,Ll"UE]Qﬁuﬂhlgﬁﬂl‘n%i1aﬁﬂ‘iﬂ! NNITNATOU Triaxial
lqllll,’(?(flﬂ‘VITL!ﬂ1EJGI,Ll"Uf]Qﬁuﬂhléﬁﬂl‘n%i1a\1ﬂ‘iﬂ! NNITNATDD Oedometer
) Drainage Poison’s ratio Tagszua

$03yaup3A Elastic Modulus 11a2 Poisson” Ratio
mmﬁquuiwmLwiu?m"lmmmmw Modified Mercalli Intensity (MMI)

MIsznum K, 91ndasiaiu Inswasanuniuiuduwng

2,max
[ A =Y Ao = 9 ) FX a 4
dnyazvotnauuruan lvanTunn lduaziinnlslunsimsiz

o ~ 9 wAa 4 @ 1 <3 =
awlsnlylumsmgaauianiawamans 913 IAAIANUSEARDU
Tuauy

MIIAADUAINIITVUAALIINTNIA

'
A o A

unasiinvesdeyanuautinidgion VRK

q

Y
a (%

si?umumifiaﬁ%'mmzﬁwﬁuﬂ1s@1ﬂmm?qﬁai’ﬂwqﬁﬂﬁmmﬁau VRK
inFoailTangAnssuveudou VRK
AaaVIAvINUONAIMIUMIUTVINGY Linear Elastic Model

A ENTAUITUONAIMIUNIUT UMY Elastic-Plastic Model
AuautAveIiuoNd M UMIUSUINeY Hyperbolic Model

q

Av A A Y o a ¢ A A
UIVGNNEIVOINUMTIAATICHIVOUIFT 109N T B
= Y 1T A ~ FY a 4
eazdadoyauduau Ivinldlums sz
TuQaesUNOUFIEA (Maximum Shear Modulus) 910411439861199)

a1 Bn dmsuTnuamsauaieg

2

14
19
30
30
35
35
39
40
55
67
68

91
103
111
112
113
119
120
120
123
125
128

129



AN

24
25

26
27

28

29

30

31

=D.

a13UYMIN (71D)

v Y
HAMIMIUIUNMITNIAAINTUA DA
a 4 a 4 A,
HANIAATIEHATUFITUIAVDUVOU 1A8ITVUDY Shear Beam Approach
TuTnuamsauusn
AMUTITUWIAVDUYBY VRK 91ATUATUDI Ohmachi and Tokimutsu
1 ~ ] AA 4
Alszinaves v, /A 1037930 o ao1lnvieaIngaguinas
uruau T lidu 50 A lawag
ANNABUAZNTNTZIIBAIVDINOYAAINTZIZN1VDI Predominant Period
Snunsaimsaszivearuau 1ua 5.0-7.9 Mw
NMINTAAIN1IT 1A8I5UBI Swaisgood Arenauumuan lvIvLa
5.0-6.9 M,
v ad . Yy A 1A
MINFAAIN1IT N85V Swaisgood AreAAULHUAY THIVLIA

7.0-7.9 M,

3)

144

170
172

173

175

179

201

203



M5 IEUINT

fl

2

N3

V1

U2

U3

Al

f2

f3

a13UYMIN (71D)

g9

v Y
HAMIANTIZHTBYALNUAY THINTV AR 5.0-5.9 M,

Ce

<Y 1A 1

namsdinaedeyauruaulffivinadaud 7.0-7.9 M,
wamﬁmmzﬁd’fa;ﬁmLwiuﬁu”lmﬁﬁwmé’?md 6.0-6.9 M,
wamicﬁmﬁzﬁmmeuﬁuawmé’mniﬁ:uﬁuqﬂqﬂ A AWNUA
voudoudieuruanlun1a 5.0-5.9 M,
wamﬁmﬁzﬁmm@uﬁuawaqﬁmuiqﬁuﬁuqqqﬂ U AU UIN
voudoudeuruanliiuna 7.0-7.9 M,
wamﬁmiwﬁmm@uﬁuawmé”mm'ﬁruﬁuqqqﬂ A AU UIA
voudoudieuruanl1u11a 6.0-6.9 M,
HAMIIATIZHAININGAGINT FeAAUUHLAL IMIVUIA 5.0-59 M,
(Ch.590)

HAMIIATIEHMININIATINIT AaeaauuALAL THIVINA 7.0-7.9 M,
(Ch.590)

HAMIAATIEHMININGAGINIT A2EARULALAL NIV 6.0-6.9 M,

(Ch.590)

4)

234

234

235

243

243

244

246

246

247



MN

10
11
12
13
14
15
16

17

18
19
20
21
22
23
24
25

=h.

AUy

Y]

IMAMIVBININDAS 1101 CFRD
1 Lﬁ' =
au1seneuveuUeU CFRD luoan
drutlsznound lveuiiou CFRD
) Y
Extruded Curb ¥93adu1i13u 2 Uszimeaaid
o 4 @ 1 3 g}

MINFARIVDUYDU CFRD HaIMIneas1aaznuih

A INMINITAVD UV URUDNADUNITAAIANTN

ﬁﬁ'ﬂNﬂTiLﬂﬁ@uﬁ’lllazﬁlﬂymgmﬂﬂlﬁﬂﬂﬁg‘ﬁ”I%f’)xillﬁi!ﬂ’f)ll@ﬂﬂﬂ?@ﬁﬁ?

mIngamndudeuiuaunouninaIanin
anbazin luazmantiaveudou Gouhou
4

Jumsneauey Campos Novos

A A d? ] = 9
fl"E]Ellmﬂ‘mﬂﬂ"llublulmuﬂ@uﬂi@]ﬂ'lﬂ?iu'l

9
a K [ 1

furisesd NNNATUNLYOULHUABUAT ANIANTI YU Aguamilpa

A

wihdauaz Taaa o Cogswell
AUMHUIUD strong ground motion
Acceleration Time History
anyuzN ldveudion Ishibuchi
HAnILNUINUAUAY 111781 Tshibuchi HAZABUDUS HIAAN
A

20 10U
0o v w =) a <3
AT DU URDUVDIAUTATE L
Shear envelope VOINUDW

k4
YUFEAMUMBTUADANNAUAININ
uHUIMIUsza R dmiuruou
Tugaavesrinonluiou CFRD
E, fIANUgavou
E /E, fMIANNgulY

E. A1 Void ratio

)

11
12
13
15
16
17
18
25
26
26

28

28
32
32
33
34
36
37
37
38



MN

26

27
28

29

30
31

32
33
34
35
36

37
38
39
40
41
42

43
44

=h.

a3UYNN (79)

a 4 o v o J o 1 (] 1 a a
Waees G, uaz F, AUANNTURUTV0I0AT18IUFI119Y0IAUTIA
A4

4 1 1 3
Wounianyueily Valley Shape

o [} a 4 4 o 4 o an
f9d19HANS AATITHMSIAaUAvuToY TuanYuLaRINALas
TN
Stress-Strain Relationship Y94 UaNInMs I luauinlusenang
M3neasie

o 1 1 9 < g} o v o Jdo A
Tugaaluszninamsnedind U AANNANITUSIUANNGIvBUTDY

a 4 [V [ 4
HANIAATIZHNITNIARIVDILAUADUNIAAIANTI1UDTBU Cethana

A

Hazvou Ita
Y o A .
NUINAUOU Areia

'
v A

4 i1
m3ngasinaiuludou Areia

Y ]

MINTARIVDIAUADUNIAAIANTIUUDU Areia
v Y 9 :’ A ),
MINTAAINUMBU VDY Areia
v A 1 9 A a3 g‘ A A
MangaaInuilsziamsnedianazlsziamanuihveuve oy
TSQ 1
myfTeuieuviavesruan 143 Taemsiiuiaaledsae
s Ao w o 1 dy a
23A152NPUNTIAYUDITNTUTIVDINUAY
viauazaIulsznouANNAVELHUAY 1117 El Centro
#20819n51% Fourier Amplitude Spectrum
4 1A 4
Response Spectra NARaULAUAY 117 2 MmNl
. ) P 1
Fourier Amplitude Spectrum 9INMsAUAZINIOU 2 1MMIATN A1 T,
TndiReanuy
M5UsEnaszeznaIUeIMs aUaLiNouA13D Bracketed Duration

Hysteretic Curve

(6)

40
45

46

48
48

49
50
50
51

51

52
57
58
59
60
61

62
63
64



=h.

MN

45

46
47
48

49
50

51
52
53
54
55
56

57
58
59
60
61

62

a3UYNN (79)

M3 euneuaIAMUIS URDUUTIIU Ch.554 , Ch.560 Las Ch.530
1m83% Downhole 11ag Crosshole 111 W.71.2527 118275 SASW

Tl w.a.2549

Aed K, dmsunie lugmmanumuimiuduingaig

A4 K, §115unsaa lugnmanuvuududuingaen

Low Amplitude Shear Modulus 919 Void Ratio U89 Gravelly Soils

YUIAANNE)

ANVLANAIYBIAT Shear Modulus 11 101035 Msnaaey ludnyazae

AUl 5U591¥09A1 Shear Modulus U4 Gravelly Soils 1U52AU Shear
Strain f114°)
Damping Ratio @113UN5I9 % Dr = 80 %
Strain Dependent Damping Curves
Strain Dependent Shear Modulus Curves
ANSUHIANNDATEVBITSUUUU VAN
A A ] ' Y = o
manaoun luugarglunuaie veelasaasnean 3 ¥u

=

suuuMIIATOUNUDUVDY (a) MTIATOUNA Y Mode 7t 1(U1) (b) M3
d’ d' d‘ dl 1 A [ a Qddg’ 7

1A UN 1 Mode 71 2 (U2) Tagna1 m Ao dulseanfvuny Inuavos
MIdu

o o U Qng =) d‘dd =} 1 =) 1 U l:!
HUVI1009d M I VoI5 FUIAEINNANTLHIANNBATLMIN UM

Y o A Aq Ya o wa o o o A
(a) MiNAAUBRUN1HUATIZN (b) paraNTanINamansveITdad NI
Response Spectra R1ALHUAY 1417
ANLTIGIA (Absolute) maaﬂmmqu%u

d' ! . d‘ a o) o
mManlasunlan Strain MUANNFIVOURUIY NTANTTI0
upi@u l1INgUIT9 (PGA>0.6g) (a) Peak Relative Elastic
Displacement (b) Peak Shear Strain

5ﬂ‘]eliu$§5]"I’JLLL!’JEJ"I’JLL@$ﬁﬁTﬁﬂlﬁ@u3%§1ﬁﬂﬂim

(7

65
66
67

69
70

71
71
72
73
74
75

76
76
71
78
79

79
81



MN

63
64
65
66
67
68
69

70
71

72
73
74
75

76
77
78
79

80

81
82

=h.

a3UYNN (79)

SNy EIAINNUSNUTIUIINWe LT 1aInTa

wihda llveuiiou VRK

MsPRNMUDLIAUABLNTAAIANT 1EBY VRK
seeapllsznnaalumseenuundoy VRK
TumeumaniuazAeadiudouFnansa

WA Seismic Activity YoudoUI LAY

Design Response Spectrum (PGA=0.2¢g 182 Damping ratio 5%)
dusuidouay

Acceleration Time History S 1m09iudmIuMIINTIEN (PGA=0.2g)
Shear Modulus L& Damping Ratio FMTUMIAATILEMIne VAU
VOIHUDY

Finite Element Mesh d 5 usihdaniianugegagaueudiownuvay

U 9

Y
1A o

Y 3 A a 7 D) ~ 1 < g/
TUTULITINDUADAYFIFA (KN/m) asal Ui lueranih

v o a a ¢ 2 ad o o
FAUTUUSIUNDUTDAYGIGA (KN/m") NIUNUNNUIGIGA
Acceleration Time History AN US Element thcﬂuﬁm%u -

a g :’ < 1
NIUNUVUUANDN
v
1A o

Y
UsUROUNAMEATNY Cyclic Shear Strength ATal haidii
Y ]

J v o
UIAURNOUNAMEAT N Cyclic Shear Strength gl lwvou

Cyclic Stress Condition Causing 5% Strain in 10 Cycles in VRK Material

9
idudunugewadIuanNlaoans (MaITuLs AN UADNUBIT

= ~ = :l d‘
o) n3dl lutiihluaeu
9
iduduanugaesdadiuanulasans (Massuusunoude
] A A 3’ d’
MieusuRoY) NIl lueu
{ o 4 9 [ a 4
Acceleration Time History AdmeudmsuMIBATILH (PGA=0.25g)

] 9 9 9
NmﬁﬁﬁﬁmmmﬁmiwﬁamGi?uz%uﬁamﬁ’mmﬁaﬁmasﬁmﬁw

(®)

83
86
86
87
&9
92

93
93

94
94
95
95

96

96

97

97

98

98

101



MN

83

84

&5
86
87

88

89
90
91
92
93

94
95
96
97
98

99

100
101
102

=h.

a3UYNN (79)

HamM3InTIed a1 AenanavidaiouTasls Acceleration Time History
Tuuuafes i

HamM3IInTIed o fenanaiidaidonTasls Acceleration Time History
Tunuasiy

Normalized ¥89M151AAUAINITAUAINITIATIN

Normalized ﬂlﬂﬁﬂﬁmé@uﬁ%m’liﬁﬂﬂﬂmfﬂﬂﬁﬂiu Logarithm Scale
AMINITZIGAMTUNOUFIGAVDIAUADUNT AR IANTI1910 Design
Earthquake

AMINTL0FIU0 THIIUAFIgATDILAUABUNTANIAKIII9IN Design
Earthquake

usuneugage lunkuneunsaaaninnusansziunuau lno
Tumudaagaga lunkuneuniaaaninausanszduruau lna
HHUNIMIAUHUNIUINY
TuABUMIIATIZRMIABUAUBIMI AT AR VO TOTT 104N Tl
mM3siaesdn Mg ILIINAeUMInoadIuToy Tﬂaizﬁ’uﬁuﬁmimagﬁ'
+70 1.5

mM3saeamanead 1 lutuAouR 1 auiesEdy + 80 1.30A.
mM3aeamanead e luTuAouR 2 auiesEdy + 106 WM.
m3aeamanoad 1l unoud 3 auaaszdy + 125 w.3nn.
m3aeamanoad i luunoui 4 audaszdy + 158 w.3nn.
mssasamaroatialusuaoui 5 wleufumsnoadi Face Slab as
Wave Wall tazauaud e (Backfill)

M3t asan AU AR IFe

mssaeudouluan iy
srduhfnAsunlamunanemsfuningaesion VRK

Stress-strain Relationship VOIUUUI1A0IAU

©)

101

102
102
103

105

105
106
107
109
110

114
114
114
115
115

115
116
116
117
118



MN

103
104

105

106

107

108

109

110
111

112

113

114

115

116

117

=h.

a3UYNN (79)

d' A o a o 1Y = = a o’d'
130300 IANYANTINAMIUMITouNeUMNaNTUATIZHN Ch.590
Modulus Reduction Curve UB4H UM AMALHUDNA WO UN 1

a o
lumsiasen

. a a o A A X a J
Damping Curve Y9aHUFIUTINUAzHUDNA WO UN 1T 1UNTUATIEH
Natural Period of rockfill dam

o a o 4
HULTIADINITAATIEUNINAMTAT A VO LIUAUDIT] Y1 (Ch.590)
1 v o d
VYD ULUAAT Maximum Shear Modulus (kPa) @1UANUFTUNUTUD
11 Mean EffectiveStress (Ch.590)
1 o v 1

YOUAA % Damping Ratio MUANUFUNUFTUDIA1 Mean Effective
Stress (Ch.590)
#10619MTAATIZHNMINIAAI01ITVDUYOU Waba
Tu@ﬁﬁumﬁauqaqﬂuuu Curve Function {181¢ Step Function
YDINUDY 3A
Tu@,ﬁ’ﬁumﬁauqqqmmu Curve Function 161 Step Function
YBINUDY 3B
YOUIVALIU-819909A1 THQATLT UNOUFIFAUVY Curve Function
NIV UDY 3A
VOUIVALU-819909A1 TUQA T UNOUFIFAUVY Curve Function
AmMIUNUDN 3B

=1 =1 Y 1 1 9 d' % d‘ 9 (%
ATeuMeUMINgAAITENINNOETINTEAY +80 1.5nN. 1ald Tugda
nInmMsmuan Iaglda1n1sniad91n Hydrostatic Settlement Cell
(N3 El)

= = v A [ A 9 [ o
nfFeumMeumsngadInszay +80 w.3nn. e ly lugaaanmsfiiuiu
Tagldmmangadaninmsasraialusgninmsneada (nsal E2)

! ~ o A [ 4 9 v
nfFeuMeumsngadINgea +80 w.3nn. 1We 15 Iugaa91nnssIuTIN

Yoyan Tugaavouieu CFRD 30 W01 Hunter et al. (N58i E3)

(10)

122

127

127

129

130

131

131
132

135

136

136

137

139

139

140



MN

118

119

120

121

122

123

124

125

126

127

128

=h.

a3UYNN (79)

A =l =1 v A [ A 9 o
AN 118 1iFsueunsngadinszan +106 u.500. o 14 lugdeaain
m3fium Iaeldf1n1sngaaa91n Hydrostatic Settlement Cell (N8 E1)

= = v A [ A 9 Y] o
nf3euNeuNINgAAINTEAY +106 1500, 1o 1% Tugdaainmamiuia
Tagldmmangadaninmsasinialusgninmsneada (nsdl E2)

= = v A [ A 9 @
nfFeuMeumIngadIngza +106 w.3nn. 1We 15 IugaaaInMIsIUTIN
9 1 (% d‘ d‘ =
Yoya lugaaueuyd CFRD 30 W8UY0I Hunter ef al. (D591 E3)

= = o A @ 4 9 o o
nfFsumMeumsngaaIngea +125 w.ann. We 15 lugaaanmsniuia
TaglHm1n13n3AA910 Hydrostatic Settlement Cell (N8 E1)

=\ = v A [ A 9 [ o
nfFeumeumsngadingean +125 w.3nn. We 15 lugaaainnsmiiulal
Tagldammsngadaninmsasiaialusgninmsneada (nsal E2)

= ~ o A @ A Y @
nfFeuMeumMsngaaINseay +125 w.3nn. We 15 Tugaa91nnss iU

'
1 [ A

Yoyan1 Tugaavoudou CFRD 30 10U Hunter et al. (N5 E3)
anuFuiuss eI lunuAuasnilemstaadvesiuan
AYDUIN Hydrostatic Settlement Cell (HS1-HS12)
AN 125 0f5euMeunan1sTNIARITINUIRUANANUBUNTZAL +80 .
INN. 3EHINHAINUVVTIA09 Hyperbolic MWW IHAIIN Creep
NUN13NFAAIIN Foundation Settlement Cell No 19-21

=) = v a v d‘ Ad' [
TeVNeUNaNIINGAAITINUBIRUDUA AT UNITEAD +106 13NN,
FEUINHANUUVIIABY Hyperbolic NHI1TUINADIN Creep
ﬁUﬂW’i%qﬂﬁﬂmﬂ Hydrostatic Settlement No 4-6

= = v a g Lﬂ' td' U
FouMeUNaNINIAAITINVBITUDNA VO UNTEA +125 W.3NA.
FEUINHANULUIIABY Hyperbolic NHI1TUINADIN Creep
AUNIINIAAIN Hydrostatic Settlement No 7-9

v o d { a 4 a
ANUFURUTUDY Non-Linear Elastic 1 1¥1umsinsizinganssy

msngada luseninmsned’ nvesiunulouIFiasnso

(1)

140

141

141

142

142

143

144

145

146

146

147



MN

129

130

131

132

133

134

135

136

137

138

139

140

=h.

a3UYNN (79)

IR Yield UTNUFUADUNTOANIVDIAIATY HIAIIABINUITI

Y
AAUADUNTADES 19 (Stage Construction) Taslduuuiinesvesiang
A <3| .

NUANWTIY Plastic

] o A ) . . [} A A 9
W10 1UANVDUINUUDI18049 Linear Elastic (88 9N U319

<3
1859, Ch.590)
WUUTAZMIATINVBIIAAAUYOUDINNITI Stress Redistribution
#1811191294 Elastic-Plastic (Ch.590)

= = (% 4’ o a a L
Se1NeUn13N§AAIY03 Concrete Face Slab DA UHUNTUATIZH 11

k)

1 < v o o . 5 v o .
serunuUnnii1 Tael4uu$1804 Linear Elastic 114118194 Elastic-
Plastic #9/1UNTLUIUATI Stress Redistribution 41ADU

= =} % a d' [ d' o
AFeUMEUNINTAAIVDIRUDNNTLAV +80 1.5NN. 1WBT1ADINION

Y Y
ATUABINVOUANTUADUNTND I

= = % a -d' [ d‘ o
AFEUMEUNINIAAIVOIRUDUNTLAV +106 1.5NN. (DF1ADINTDY

Y Y
ATUAYINVOUAUTUADUNITAD A1

= = % a d’ % d‘ o
AFeUMEUNINTAMIVDIRUDNNTZAV +125 U.5NN. (DT10DINTDY

Y Y
AT UABINVIUANTUAOUNTND A
mafSeuiioumsniadasavnnuuuiiasazdoyaniinsaians
Nn3Aa2 luuIAINTZAY +80 W.39N., Ch.590
mslSeufisunmsngadasunnuuusiaeazdoyanisaianiams
N3 1UUUIAINTEAD +106 1.390., Ch.590
msfSeufieunmsngadasnnuuusaeaztoyan1IATIIANS
N3 1UUUIAINTEAD +125 1.390., Ch.590

Y Q' d' v [ d‘ o =) = v 9

mangaad lunuamssaudueunnuuuiaelssumeunudeya
1595297010 Crest Settlement Point

= = % ] = Y A v o g’ [
fFeuMeHaNINgARIVHUABUNITAAIANIINIZAVNUANIIA1G

NNUVVTIADINUHANITATINIANN Inclinometer 4 Ch.590

(12)

149

149

150

150

151

151

152

153

153

154

155

156



MN

141

142

143

144

145

146

147

148

149

150

151

152

153

154

=h.

a3UYNN (79)

= = 7 ] = 9 A 1 9
ATeUMeUNANIINAAIVBWHUABUNIAMAKTN TUAN 1LV UND A

<3 1 o <3 o oy 1 ) % @
@59 1AZNTLALNUNNKNIAIGE VINUUUIIR0INUNANTATIVIAIN
Inclinometer 8 Ch.730

= = % 1 = Y A v I @ oy 1
nfSeUMeHaNINIAAIVBIAUABUNTAAANUINTZAVNUANIIIAINE
NUVVIADINUNANITATIVIADN Inclinometer 8 Ch.1000
ANHAUZMINTARIVDILNUABUNTAMIANTIININLDLTIAY B Ch.370
ANHAUZNMINIARIVDIWAUADUNIAAIANTIIINUUDEI1ADI Bl Ch.450
ANHAUZNMINIARIVOILAUADUNTAAIANTIIINUUDTI1ADI B Ch.590
ANHAUZNMINIARIVDILAUADUNIAAIANTIINNUULT1A0T 81 Ch.730
Y [ ] =\ Y o
ANHAULNIINTAMIVDIANUADUNTAAIAKTININUVUT 10 B Ch.890
1Y [ ] = Y o
ANHAULNIINTAMIVDIAUADUNIAAAKNTININUVUIIA03 2 Ch.1000

Y 3 o 3,' [] = 9 ~ (=} 3’
idugumsngada luuuanininvewruneunsaaanti lunsal luiii
Tudou (19F09MUE + UNUNT IR, - LNUNTNIAR)

Y 091’ @ :JI ] = Y A A <
iduFumIngaal luiudmnue wruAsUNIaaar I lunsaliTun
Y Y )
1IATAUTA (+ 140 1.3NN.) (1ATDINVY + LNUMT 1A, - LN
MINIAAI)

Y :JI @ Qall ] ~ 9 ~
iduFumMIngaal luiunamnue sruasunIaaari lunsal

{ (% :’ % { I~ @

wasuulasszavii seavlasunilasen + 140 v.50n. (Wuseay
+155 1.500.) (INTOINNY + UNUNT NG, - LNUMTNTARD)

a Jd 3 .
WAN1IAUAITIEH In-Situ Stress (Y-Total Stress) #1811191294 Elastic-
Plastic Y091 UFIUIINADUMIADES 11U

' ) 1 Y
nionsas I lunuifsvesd uveutazivuIulugusin 1nnsou
> A
JUaOUN 1
d 1 v Y
nieus s lununsesd o utaziuIulugusn vinmsoy

o =
YUADUN 2

(13)

156
157
157
158
158
158
159

159

161

161

161

162

163

163



MN

155

156

157

158

159

160

161

162

163

164

165

166

167

168

=h.

a3UYNN (79)

' ) 1 Y
nionsas I lunuifsvesd uveuuaznuIulugusin 1nnson
z g
VJUADUN 3
' ) [ Y
nionses I lunuinsvesd uvoutaziuIulugusin 1nmsoy
M A
JUADUN 4
4 S o A 2 4 A A
niouseam lununasesdnveuuaziuyulugiusn oo
1 9 3
NOAI AT
@ 1 [ d’ 9 o
mssuamwnuenssuludrveulaelsuuudiase Stress
] 4 1 <
Redistributiom Ha39 10 pUND A3 19165
[ [ d’ Ly v =
nionsasw luauvenluannzilagiiu (300 hon)
Maximum Shear Strain iuﬁﬂwazi’]%ﬁ;ﬁu (300 Lﬁ@u)
nihoussluan e adadmans v LHUADUNTAAIATITI
I~ =1 1 d' Y as
SeuMeua1 Gmax N ldannsnaaen 1ae3s SASW, Crosshole
11a¥ Downhole
1WSeuneun1 Gmax 311ANIAIUIA 1A8IT SASW numsnages lu
Y a wva
no1l1ians
v o 1 o ] ~q U a 7
ANUAUNUIUDIAT Gmax NU Mean Effective Stress ﬂ“l«ﬂummmiwﬁ
U Ch.590
] Y] 4 a o A ~ [ < A
ANVAUNUTUDIAUFITHHAVDIA VDU U THuAN 1 AUANNEIAAY
HFAUNDU INNANTAITID SASW VDIUDUITFI18INT
@ @ 4 a o A ~ % <3 A
ANVAUNUTUDIAUTITUHAVDIA VDU U THuAN 2 DUANNGIAAY
UTUNDU IANANTAITIV SASW UYDIUDUITI1AINT
@ @ 4 a o A - % <3 A
ANVAUNUTUDIAUTITURAVDIA VDU U THuAN 3 AUANNGIADY
HIAUNDU NIANANTEITID SASW UDIUDUITI1AINT

M15N52919ANDUDN Predominant Period ﬁﬁﬂﬂ@ﬂﬁﬂﬂﬁﬂi%ﬂWﬂﬁ’JLmﬂ

Tawlnd

(14)

163

164

164

165

165

165

166

167

168

169

171

171

172

174



MN

169

170

171

172

173

174

175

176

177

178

179

180

=h.

a3UYNN (79)

ANUAUIUTTZ1I190AT 1595989 (PGA) 118 Sustained Maximum
Acceleration (SMA)
ANMUAUIUTTEMI190AT 59598 (PGA) 118 Effective Design
Acceleration (EDA)

manfSeuieuaduududu lniitanuadiaueseiunnaeunamsal
wrudu g adu () vz it 1 lumsSinsed
ANUFURUTIZNINOATUTIGIgAIDL 5L oL U INITAI TR

uruau T

ANUTURUTILHIN Arias Intensity 1L TZ8LHIINUHAIN LA
uruAu Tnn

uruAn 147 Northridge .71, 1994 lutlszmeanigomsn vu1a 6.7 Mw
Hszezrienngudnanunauruau1va 26.8 flawas (PGA =0.217g)
uEuAY 142 Loma Prieta 7.#.1989. Tulszimaanigomwsn auia 6.9
Mw Hiszozvinnnguinaainauduan T 11 Alawas (PGA = 0.507g)
urudn 117 Gazli USSR 9.91.1976 Tutlszmasaideo auia 6.8 Mw 3]
'izazﬁnmﬂfguETﬂamﬁmwiuﬁu‘lm 3 N lawas (PGA = 1.264g)
msnovauesvesnauLiuan I luuSnaA1 veuiou
nsdiaMIaiuiuaY 12 Gazli USSR A.9.1976, Ch.590
anuduuiueea PGA vesnauuruau Tnnszihiignudeutu
Samdnmsvensanusaidudon masuideudumiioiuas
Fufhonia
ANVUFNIUTVDIA Epicenter Distance AT IAIUAMIVIIANNIT
fiduivou

Acceleration Response Spectrum (Sa) ﬂlmﬂ”ﬁmuau@wmﬂéu

windn I luusnamen veadlen nsdimamsaiuiu@nlng USSR

f.7.1976, Ch.590

(15)

176

176

177

178

178

179

180

180

182

183

183

185



MN

181

182

183

184

185

186

187

188

189

190

191

192

=h.

a3UYNN (79)

da51amMIvengnNusanauunuan 1l o anudnlimseeuaues
VD4 Spectrum Acceleration 4gA Turinoud o
Spectrum Acceleration Ratio (Sa/PGA) UTNUFUAVOU Lﬁ@gﬂﬂau
urudu lnana1e PGA nsziingiusiniden, Ch.590
1 Y
Spectrum Acceleration Ratio (Sa/PGA) USHaasuiiauaimiion
WegnadUNHUAY IHIKa189 PGA nszihifig1usInIYou, Ch.590
1 Y
Spectrum Acceleration Ratio (Sa/PGA) DS msuieuamuiiei
iegnaduUHUAY IHIKa189 PGA nszihifigIusIniYon, Ch.590
MUTTTNHIAVDInaUUNLAY 112 U THuAMTTUA19Y & VTN T UV
ANUFUIWHTUBIA1 Epicenter Distance USATIHINNTVEEAINLI
N UoRoUNUAUTIUTIN HAZOATIAIUVEIOIN Plum
Pudding Area
o ] 1 A 1A A A aAa Y
dasdIumMIVIIEANNITInaULALAY 117 Wennsananuain g
v

M3ADUAUDIVDIAT Spectrum Acceleration (Sa) IgA TUHFUHY Plum
Pudding ag Power Station, Ch.590

d’ £ a | =) a 1 a
m3ndeudusalSeuisulusunuvaznausuau v a nan
A A o ' A
N1 PGA gaga N32AUANNFIANC) YD UYDY

o v 7 1 1 4 Y 1 1
ANUFNNUTVDIAT PGA NTIUVDUALDATIAIUNTVEIOA NI
d' [ tﬂ' Y o 1
NTUVIU U HIAAAINE
ANNFNITUTUDIA1 PGA AT IUAURUALSATIAIUMT V8RNI
~ o A P A J Y o
NAAFUVOUAUH NI B HIIAAAINE
ANNFUITUTUIA1 PGA AT IUAUBUAUSATIAIUMTVBANULT
A o A F) 9 g} Y o v
NAAFUVOUATUNIYU D HTIAAA1E

ANNFURUTUDIA1 Epicenter Distance HUSATIAIUATVEIANNIT

'
[ A

ATUVDY A NTNAAAI

(16)

186

186

187

187

188

189

189

191

192

192

193

193



=h.

MN

193

194

195

196

197

198

199

200

201

202

203

204

a3UYNN (79)

tﬂ‘ % a = = a 1 =)
msmasudasulTeumeu luuaruvanaunuan vl o nan
Ao ~ [ 1 A 1 Y o A
N1 PGA ggaNnszAuANNgInINe vo3vou Tuuaasnindaoau
(PGA =0.489¢)

Lﬂ' % a | =~ a 1 a li'd
msmaeudarulSeuien luanuvasnaunuan vl o naiid
PGA g3ga NzaUnugen1en voudou lunaazmidaion
(PGA = 1.264g)

o 4 ]
Maximum Shear Strain 1Ausenszimarmans (1u'laswluanie
a o JoA
afadmans) Negluueuuaued Modulus Reduction 1183 Damping Curve
o 4 o 1 4
Deformation Mesh LaZ1INABS MSIAADUAD (V818 5 111) 31AAAU
uHuAY 1119 Gazli USSR 1.71.1976 (1.264g)
MINTARINITVOITUVOUINAAUIHUAY 117 Gazli USSR 1.7.1976
(Ch.590)
M3AABUAINNTUBITUIVOUNNAAULAUAY 112 Gazli USSR A.7.1976
(Ch.590)

[ v { 4 Y] % =
ANUAURUTUDI PGA NIV UAUNITNIAAID1IS IULUIAL (Ch.590)
ANUFLITUTYDY PGA HE Ao UAIMIIARBUAID1IT IUIUITIY
(Ch.590)
ANUFUWUTUDIAT Epicenter Distance TUMATNFAGINIT o1 AWK
#19] Y9 AUVYDU (Ch.590)

@ Y] 4 1Y) [ o 1 [ 4
ANNFNIWUTVDI EST AUMINTARINIT &l A WHUIA1E VUV
(Ch.590)

= = 1 o o A o A
M3fFeMeuMnIINgAaIn1IINALsINTEIINamans nduvan Tag
2% Dynamic Deformation AUITNADAVDY Swaisgood (1998)

=y =} 1 ] o A A
M3nfFeumeumnIngadInnTNNLIINIEiINamansnauveY
Tae7% Dynamic Deformation BN NADAVOS Swaisgood (1998) uag

wamﬂmﬁmﬁwﬁmm SMEC (1984)

(17)

194

195

196

197

198

198

199

199

200

200

203

204



MN

205

206

207

208

209

210

211

212

213

214

=h.

a3UYNN (79)

MINgaAI013 TuIAIasan W T Ao 1a87T Dynamic
Deformation
lﬂ' % % tﬂ' Aad .

MIAAOUAINNT IULUITILAAANNENTUIVOU IAYIT Dynamic
Deformation
YouisuNIneUANDIV0ITATUTIFIGA B VTIUTUTOU 1NN
a 4 9 [ = o
A1z lag 19 Tugd e s uReugIaAIUY Step Function g Curve
Function

= = [ 1 a [ A 9
nf3eUMeuMINeUAUBIVBITATUIIGIFA B VTNUAAFUIVBUATY
9 g; a o 9 1% A .
Mo 919MIUAIH Lag e Tugdes unougagaU Step Function
1% Curve Function

= = @ 1 a [ A 9
n3uMeuMINDUAUBIVBITATUIIGIFA B VTNUAATUIVDUATY

= 31 a s 9 [ = .
#0111 911nM3 A1z laely Tugaaus uRougIgaANU Step Function
1ta% Curve Function
S eUNeUMIAOUAUDIVDY Spectrum Acceleration UM F LB 910

a 4 o
M3uATIH Ineld Tugdans uougegaIUY Step Function 1Az Curve
Function
ASeUNeUMIADUAUDIVOI Spectrum Acceleration STETR LT RT EATIET oY
Y
o a o Y]

aumheth :nmsinsd lee s Tugaausunougeganuy Step
Function it8% Curve Function
WseumeumsnoUaUoIvey Spectrum Acceleration U?nmm@%m%u
9 = oal a o 9 [ =
UMD 1INMIANI 1 TaalF Tugdeaus uRDUGIgALLY Step
Function it8¢ Curve Function
[ ! 1 Aa M A 9 [ =
9A31AIUMIHUN A DAINTMIFUGIga e 15 lugaausudougiga
111U Curve Function
Iy [ 1 d‘d Q'J d‘ 9 [ A
9A31AIUMIHUN A DAINTMIFUGIge W 15 Iugaausudougiga

YUY Step Function

(18)

205

206

207

207

208

208

208

209

209

209



MN

215

216

217
218

219

220

221

222

223

224

225

226

227

=h.

a3UYNN (79)

Beuifisunsngadinns luiwans ainmsiinszd a9 Tugde
LLNLﬁEJLlQquLUU Step Function 4181 Curve Function
WSsuifieumsiadendin1ns luuasiu ainmsiinszd lae 19 Tugda
umﬁauqaqmmu Step Function 481 Curve Function
mIngafIanIusHuduleunuveuavesa Tugdausuieuqaga
mamdeuiinIsuTnadudeua e uIvave s Tugdaus uiou
qaqe

ANULANAINVOL TUAALT UROUFIFA VINVOLIVAVULAZ VO LIVAAN
VeI G,

AUUANAIYDI Damping Ratio 1INVDLIUYAVULAZVOVIIAA1 NV
MG,

msnaeudnFulTeumeulunusuaasanNugUTOU o U

[
[ 1

4 4 o 3 [V g‘ ' o
HANAANABY IWBTLAUMUNNIBENTEAUA1GY AU

1]
Y
s o

PUUAVND +155.00 1.

[

Maximum Shear Strain mmm'u?m"lm Gazli (3¢9

nn.)

S 3 o

Maximum Shear Strain mmwiuﬁu‘lm Gazli (i$ﬁﬂﬁ1lﬂﬂﬂﬂ +145.00 .
nmn.)

1A o g’ I @
Maximum Shear Strain mmmuﬂu”lm Gazli (5ZaUUUNUNN +135.00 .

INn.)

Y
@ <] @

Maximum Shear Strain mmwiuﬁu”lm Nahanni (izﬂﬂﬁnﬂ’Uﬂﬂ +155.00
U.3N0.)
Maximum Shear Strain 910UHUAY 111 Nahanni (izﬁuﬂngﬁuﬁ’ﬂ +145.00
u.3NN.)
Maximum Shear Strain 1nuHuAY 1417 Nahanni (i%ﬁﬂ‘ljluﬁ‘uﬁﬂ +135.00

1.5N0.)

(19)

210

210
212

212

212

213

214

214

215

215

215

216

216



(20)

a3UYNN (79)

i ¥
228 Sandnmasadovosaasuioud et vinmsianey
Ta63% Pseudostatic 1pM915811A13 41111119719 217
229 mangadinsuinadudeunnaauuruan T ludiamedie 218
230 msmﬁ@uﬁamaﬁﬁnmﬁuﬁaumﬂﬂé‘uuviuﬁu”lm“luﬁﬂmwhm 218
231 Sandunmlasagovosaaduieud et v e
1a#7% Stress Base Method 219
232 wihousaluanznamaniveauruneunInaIantINMAM el
uruAY 1119 Gazli USSR (1976) 221
233 wihesussluanznamansvoauiuasuniamantnmamssl
UHUAY 112 Loma Prieta (1989) 221
MNAANINT
A
al VNANUMIUIzgIBINITIAINTIN T WHIFIAATIN 15 WHIINGTY

9UaI YN 249



Mmetinadydnvuainazmede

ﬂa1uquﬂiuuminrﬁaﬁzﬁuﬁ%wm@ﬂwuﬂa1q
Vajiralongkorn Dam

Concrete Face Rockfill Dam
International Committee of Large Dams
Finite Element Method

Maximum Shear Modulus

Shear Wave Velocity

Spectral Analysis of Surface Wave
Horizontal Seismic Coefficient

Yield Acceleration

Design Basis Earthquake

Maximum Credible Earthquake

Local Magnitude (Richter Scale)

Surface Magnitude

Moment Magnitude

Single Degree of Freedom

Multi Degree of Freedom

Predominant Period

Peak Ground Acceleration

Sustained Maximum Acceleration
Effective Design Acceleration

Pacific Earthquake Engineering Research
Snowy Mountains Engineering Corporation

Earthquake Severity Index

2D



=2 a d' a t = 1 \ Y 4
ﬂﬁﬂﬂ‘lel“l‘l/‘lt]ﬂﬂi‘im‘llﬂuﬂuﬂuﬂ1(7]?11!1?1914ﬂ‘i?ﬂ‘lﬁ$ﬁ31~‘lﬂ1‘iﬂﬂﬁ’i1ﬂ‘m1u

uaz@mnzuﬁuau‘lm : ﬂ‘iiﬁﬁﬂﬂ“%@ﬂ?%‘ﬂaﬂﬂ‘iﬂ!

The Behaviors of Concrete Face Rockfill Dam during Construction-Filling

and Earthquake Condition : A Case Study of Vajiralongkorn Dam
A

A A g A a Y =
mauwsmqﬂﬁmgﬂumauﬂizmmwuaumﬂwmmﬂﬂauﬂm (Concrete Face Rockfill

Dam) uransnvealszme Ing Tasanveuiinugs 92 WasINFIUsINAoU Inue1dY

] 4 Y
A

Wou 1,019 a3 tazinnun3aduvou 10 as @ueuI¥I 10908 A9vauiiuaiios

[
[ [

damuyu sunenergll Janianmgaus YeAveuioulszniuoumaniineunia
A o a 1 £y o & ! Y 9 A o 9
Ao mahuvna lvguioundiuada seansoneadalags Tasilianuiunigeaie uaz

o A

Y (a a 9 13 dy Y a v Y v 4 ~ 1 g’
lwl5uiasvesrivoutos uanatinslsriulunmsuasansziilianveuialuIsaun

4 Y
o R Y =2 ] o

@ 2 dy 9 = 9 1 o o w £ A
aaiuvsanveideil Tagns suduasunIaImIAn I uuRUNDI 11U Taasal
Audutanaznganssuiuanaenuuldausiuny doulinansznuainunauenIn
1 Y N Ao o A a 9 o daA
msnoad e luduldamwmiasgiu Tasflymndrrgvesiouiuouaaniineuninnne
Y ' = Y & o ! 1 ' < Jd o
MsuAns1veIRuABUNIAAIAKT ez ldgms Inasenvenirlusranuii diwsy
Ao q Y 1 a Y a 9 A o @ Y o
awigii lduduneuniamaniunansuani 1 iesnnnilateais dsznoulidae Jag
v A 1 9 nm vy KX o o dy Y 1
uaoa 3smsnedasaazmsauguau bildnasgu seiledetiamnsonuanldlusznig
J 9 o [ Y v Aa 1 ] = Y A ~ & 9 1 o
msneain dmivilieninansznudsurunouniaaiantonnsainilelaun n1ngada
HunuA NI UIazMINgadINUAnA 1 I uLAaz UTNUABEANINETIOU FINTUHANININ

YoIamngIuInAuiuanaiutazaNy luainaueveTEAUgIUIINF Iz dIHaADF1519

E4
Av A

Y o A Y= =2 [ A a o A v
wihaaweun Tasluanuiveil lddnyineniuiasadsveuvouninnganssuaeiing 1910
9 Y = a A ] 1 o A Y A 3
H19qu 59 ldanganssunszdwwansznuaeanuilasasuvonluaiudug Meluaning

a 7 4 1A ) ax a <Y o A o d?
adadmaasuazanzuduau 1 Tagaziinensmsinnzidisuuusaosngnimun iy

[ a [ 4’ o ] o d‘ @ ;{ 1
vl Tunsdszilivanulaeadevey dred19ve U100 INWALITUN 19U
N3ZUIUNMINI Stress  Redistribution  lumsdSuaniwiag liaiiounganssuasaluauy

A a 4 o as Jaa A 1 ax . .

¥3N151AT12HNTNTARI0195 15 1 TuAdawud #59n1135 Dynamic  Deformation

Fludu



U

Sagisyasn

4 o o v a o A a ¢ ¢
1. iefAn Ui mesmingadvesiagiuouaniouluannzadadmans

2. 1NBFANYINDANTTHMTNFARIVOIHUDUA ITBULAZ IR UABUNI AAIAY 91nilade

4 1 1]
YOITUADUMINDAS 1TDU AnHVBIgIUTINLEzFUs unThdaou
d‘ = a d' 1 o 1T Aa
3. efAnINGANT SUMIABUAUBIVBITBUADISTINTZII0INIAUAY 117

4. efnuINgAnssuANNlaoansveulpUIFTIaINTAAoNTINTEi luan e

a J 4
aOAUMAATLDSNARITAT

VYIUIVAVDINFIVEY

1. TumsduiumsditeazfAnyInganssuueudoul1Fiaensa ar1uamuyu suno

@ (7

NOININN JINIAMYINLY3

a L4 @ @ 4 1 o a
2. ﬂ?ﬁ’l!ﬂiW%ﬁﬂ1ﬁ“V]ﬁ;ﬂ@]'?lsllﬂ\iﬂ')kﬁ@”!tagllﬂuﬂ@uﬂgﬂﬂ1ﬂﬁﬂ1@1luuﬂ15

a 4 Aana
TagTalsunsunanalinsansuuy 2 U9

o @ @ d ;& o a [l
3. msfinpIimangadjudunwmziggdniousuiuiuoutazuiuaouniania

9

Y Qﬂl} =1 [IE7) a 4 ] ] = 9 d‘
" 'I/Nuvlll!uui'J?Jﬂ”lﬁ'lllﬂin‘ViWu?ﬂlﬁ\111.!LLWL!ﬂi’)LlﬂiG]ﬂTQWHTLLﬁg'ﬂTﬂTiﬂigﬂ@UW@u

4. ﬂ”I'i%Lﬂ313ﬁfﬂi@]f’J‘IJfTLl’fJQﬂ?ﬁWﬁﬁWﬁ@]gﬂJ’ﬂﬂﬁ’JLﬁ@u lasiasausansei

119911910 Hydro Dynamic Force



N13A3IVONAT

RUAUINMAINIABUNIA (Concrete Face Rockfill Dam)

'
av A

AINUHINIVOIUVYOU CFRD

A a Y = A A A Y
DUNUDUAAUINBUNTH (Concrete Face Rockfill Dam, CFRD) A9 [UBUNNDHT N
o A o 1< 3 o o a v W <
Tﬂﬂmiumumm@mﬂqu ﬁTH’iUﬂJu1@ﬂJ@ﬂWuﬂNﬂ5ﬂﬂﬁauﬂuqﬂﬁ]WﬂﬂJuWﬂLﬁﬂ‘ﬂNgﬁu
A : ' y v ) A a ~ 4 4 A
muauﬂﬂqmuwﬂmymnmumﬂm IﬂﬂluﬂWH!WHﬂuWWuﬂﬂJ%gﬂﬂIHW@]ﬂﬁNHﬁNﬂLu@Q%Wﬂ
Y ' o ' a Y & y £ A A g A o =
El‘]f!‘]J’Hﬁ')uif]ﬁiﬂlmuﬂ@uﬂ‘iﬁﬂWﬂWUW G]Nﬁ'ﬁN"lll.liﬂLW@iJ‘l’ilﬂﬂiHﬂWiﬂﬂﬂuﬂWill'ﬂﬂG]ﬁJ"UfN

Y ]
v A

DRRITE IO

Y o a dg’ o A ] a =

Concrete Face Rockfill Dam lanefdutiadumluaamsiunies luunawesiiioun
F4 1 Y 1
Agua WA, 2395 FlugatiumseenuuuileuiunuamanouniadIulnaeIderannsuuy

.. = 9 4 [ v A 9 1

Empirical Tagizouinnilszaumssinazerdenmsandulovesdooniu 31519909 CFRD
Tugrausng 1935msoutinlaen1s Dump a3u1910 Abutment F9u3 3192 1AW UF TR
Q'J [ 1 d’ = = a ,3 (% 1 Y a 3’ Q'J =
Tunazdszvba ualileIniANUFeMOIAAYUAY Concrete Face  no lHiAA115 1w
119991NMINFARIvRITag R UONFUNAIINITNISNOa319TA83TN15 Dumped  Rockfill
FINILUENULIA (Segregate) M1 110U CFRD Tasuanuilsutiosas Tagialiidenld Clay

Core Rockfill Dam (CCRD) UNU

auaou vl w.a.2493 TaunmsnaamisadnsnToslosiansathnunaeazuaoa

=2 Yo o A Y} ~ s 2 =

Compacted Rockfill e 1avundun1aen]¥ Concrete Face Rockfill Dam 8nasanile uag lad
o aq 1 Y A 2 o % I A Ao w

msaulumsesnuuuuagiimaneasiuioont auteilegtiu CFRD  flwdouiidinsy

A A 9 [ dgl o 1 9 Y A A [

Mouadnuuniunilannidt 50 Uszma vazamsaairelduugiusinidinauli
(Y] d‘ = 9 [ (%] 3 [ 9 9 dgl [ 1

mangauiu@ouneunia d lnslszvdauazilasans nedsasielageiiu Tagdszndani

'
= Y

A a A o = o Y
LUBUFUADUN L‘l"iiﬂ‘ﬂ‘ﬂﬂﬂ CFRD #1laonse llﬂll,ﬂ

v Y Y
1. usanihnszidenrunounia daulvgoie hlggiusinuinamiioniain

!LU’JL!ﬂuﬂaN!"ﬁfJu



. v A ay =2 Y1y o s 9
2. Uplift g Pore Pressure Tugnveniidesuin 3¢ ludenimnnerteslums

3. anwansalumsfuusudou (Shear Strength) VoHUINNAIZIAZAINID

4. anuennsalumssoussduazimounnuruay Inivesiuauduvouiiniga
a 9/09} 1 P4 @ Ao A Y
5. Auowansa i InarulaTastaoassTuvmz g lilaneas s Concrete Face

Slab

Aa v 4 1 {1 I 4 a
Fmsneasrevou CFRD lanasuuasl aninearaiuiveuiivey (Dumped
I 4 a Y] Y] { 9 I
Rockfill) ¥ u@eurinuuasa (Compacted Rockfill) TuJaed) w.7.2503 aalunini 1 suilu
] o A ' o q ¥ ' Yy A ) o o
nalimsngadivealouanasednuinuaziildamisoneadudon ldgeuluilagiu
d’ a =) 9 1 9 Y 1 ] d‘ . . =) d‘
WoURUINADUNIANIANTIINOAS 19 1A gINT1 200 AT 131 130U Shibuiya UszmaATu 1Wou

Campos Novos szmeausisa

auilsznauveaor CFRD

A a = 9 ~ [ = [ a 9
mauwuam@uﬂmmwuﬂua}mwﬂ UANUFUUIN (0.54 D4 0.75 619 1) LAaTWINU
I = Y a A 1 9 A . ~ A
T UADUATAMIUHINT UGS INONOFI 19V Salt Springs 6l‘lﬂl‘ﬂ A.f. 1932 NUAIUG
1 = A 1 9 o A v Qy a = g‘ = 1 A ay 9 9
1731 100 1UAT IUTUNOFI NAAVOUAIYNTNIHULAZAANT LasNUAUABUNTAUAA TN
A g & A 99y A ¢ - o A ~ Y o &
[UDU “VN‘L!ﬂTi@’E)ﬂLL‘]J‘]JGlu6@1@1%ﬂ15’3lﬂ31$ﬂll‘ﬂﬂ Empirical Tﬂﬂmmemzugﬂﬁumwﬂﬂ

@9nINN 2 (Fell et al., 2005)



200
d =
i2 O
160
o < 10
E o o[ ¢ "o £
£120 3 o ° B
2 o’ - ° 8 ° o ¢ 1,
80 3 L 1] L] o
F ° o [+] o o
1 ® o O %
40 e [ L o © ©
E"...- - s *o
ole Cee| 3
1800 1925 1930 1340 1950 1960 1870 1380 1990 2000
] EARLY PERIOD I TRANSITION PERIOD WODERN PERIOD
Legend:
. Dumped Rockfill 0 Compacted Rockfill
1 Strawberry Creek 3 Salt Springs
3 Paradela 4 Quioch
5 New Exchequer 6 Cethana
7 Anchicaya 3 Areia
9 Khao Laem 10 Segredo
11 Aguamilpa 12 Yacambn
13 Tianshengiao
A 68 CFRDs completed between 1990 and 2000, height 40 to 120 m

MW 1 aa’GJJHWﬂ']‘i‘ll’éNﬂ'liﬂ.’ﬂﬁ%INL%ﬂu CFRD

#301: Cooke (1997), Extend to 2000

! ®

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 feer),
(F) Elevation of face, (G) Mastic, (H) Premoulded asphalt, (I) Compressible joint filler, (J) U
copper, (K) Reinforcement.
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4. Breach/Failure NMIFMAATU0E 1T ULTIIU TSI 19 UDN (3A,3B)

a a A a o Y A v v ¥ o A v
VIALADYINTINUDIA AN U “Vi'iﬂlf‘lﬂﬂTiQ‘]JGI?‘IJ@\‘]Iﬂﬁx‘]ﬁﬁNTHJ']ﬂ@1%%3114141@11!5111%61!!,"1161‘![1@

Zone 2B

Zone 2E
Zone 2D

Concrete face
slab with joints

Zone 2 Gabions or other

Zone 3A meshed protection

Initiation of a concentrated leak —— Continuation ———p Progression ———— Breach

Opening of perimetric joint (a) Willzones 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

MNA 6 nalnMINITAYUVOUTUDUADUNTAAIANTI

131: Hunter ef al. (2003)
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Face slab elevation showing movement directions and stress zones.
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Direction of movements at the perimetric joint (Gomez, 1999).
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M1319% 1 Post Construction Total Crest Settlement and Long-Term Creep Rate for CFRDs

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

Well Compacted Rockfills:

- Medium to high strength* 0.15t0 0.4 - 0.05 to0 0.25
- Very high strength, quarried* 0.06 to 0.2 - 0.02 to0 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.

** 04 strain = QL (log t2 — log t1)

#31: Hunter ez al. (2003)
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Concrete face
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#301: Chen ez al. (2006)
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Hame Height Settlemen, Max Lealiage Leakage canses
(m) total (mm) Lzec)
Agmamilpa 185.5 307 200 Lafge increase in leakage rate when reservoir raised abowe certain lewel (due
(0.4 to 5.7 vrs) to cracking in upper part of face slab)
Alto Anchicaya 140 133 mm 1800 High rate of leakage on first filling, throngh the perimeter joint on the right
(0,11 to 10.3 y1s) abutment and open joints on left abutment. Fepaired.
Bastyan 5 50 mm (0.2 to 7.5 yrs, 3C3) 10 Approzimately 10 Vsec on first filling. Gradual reduction with time to base
flowe of 5 lisec.
Cethana 110 137 mm 63to 70 3
{0to 286 yrs)
Chenghing 4.6 = 75 Max leakage during construetion when resermoir level rose above lewel of
face slab. After completion leakage = 60 lisec.
Cogswell 85.3 271 mm (0 to 3 wrs, to 4/38) 3000 Maximum in 1938 on first filling. Large crack in floater slab.
Conrtright a7 1237 mm 1275 Lowes perimetric joints moved soon after completion affecting waterstops.
(0to 58 yrs) Toints on abutments opened (~ 196 8) and upper perimetric joint opened
tearing waterstops in 1989,
Crotty 23 55 mm 45 Peak leakage rate of 45 Iisec. Thought to be seepage through the foundation
(0to 8.5 yrs, SC 4) on the abutments where the gronting failed.
Dix River 24 1281 mm 2700 Leakage near intake tower, through cracks and opened joints in slabs and
(Btn 16.9,t0 1957, 32 w13} through the foundation. Various methods to try and treat problem.
Foz Do Areda 160 328 mm 240 Maximum leakage on first filling. Gradual reduction with time.

(0to 11 yrs)

6l



M319N 2 (519)

Hamne Height Settlemen, Max Lealiage Lealage cases
(T} total (o) Laec)
Golillas 125 52 mm 1080 Leakage through the fouwndation during first filling and some segregation of
(0.46 to 6.4 vrs, to 10084 Zone 1 noted. Repaired and leakage reduced.
Ita 125 - 1700 Feached 1700 lisec 4 months after first filling due to cracking in slab.
Feduced to 380 lisec by dumping sand and silty sand on face.
Kangaroo Creek 1] 116 mm 11 O initial filling seepage heard throngh within the embankment. Possible
(0to 26 yrs) seepage along horizontal layers i weak rockfll.
Khao Laem 130 - 53 Feh 1986 (3 months post first filling) leakage increased ffom 9 to 53 Usec as
aresult of cracks in the face slab. Cracks repaired and leakage reduced.
Hotmale a0 255 mm =10 Atclose to end of first filling.
{0to 2 46 wrs)
Little Fara 53 152 mm 19.2 Maximum leakage measured just prior to first overflow in August 1981, Wet
{0to 22,6 vrs) spots and seepage on downstream slope on right abutment.
Lower Bear Mo, 1 75 375 mm 113 Mazimum at FEL on first filling. Gradual reduction thereafter.
{0.07 to 4.05 yrs)
Lower BearMo, 2 46 116 mm Mo Leakage Euspect relatively small in comparison to Lower Bear Mo. 1 and other
(0,07 to 4.07 yr3) CFRDs constructed in the 19505,
Mackintosh 73 333 mm 21 Moax. at end of first filling. Gradual reduction with time.
{0to 2006 vs)
Mangrove Creek 20 287 mm 5.6 Mazx. leakage when storage level was at its highest (1991)

(067 to 15 yis)
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M319N 2 (519)

Mame Height Setflemen. Max Leakage Leakage canses
() total () Lrec)
Murchis on 94 104 mm En3 3.5 Usec on first filling,
(0.08 to 17.6 vrs, to 1999)
Feece 122 221 mm gto 12 Thitial leakage wirmally all fom right abutment.
{0.12 to 15 yrs, to end 1993
Zalt Eprings 100 1276 mm to 1996 565 Leakage mostly through the vpper part of the face slab (wpper 35 m) throwgh
(0.26 to 65 vIs) cracks in face slab, honeycombe pockets in conerete and open joints.
Ealvajina 148 a0 mm 74 Approx. 14 Usec throngh abutments and 60 Wsec through face slab.
{0.33 to 0.75 wrs)
Ecotts Pealk 45 445 mm 1n At close to FEL on first filling leakage inereased from 5 to 100 Lisec due to
{0to 18 vrs, to 12089) cracking in face slab. Grawel blanket placed.
Eegredo 145 229 mm 390 Max leakage on first filling when at FEL. Leakage reduced by dumping fill
(to 0.4 yrs post £F, 1992) on Loweer portion of face slah.
Zerpentine 38 77 mm = Mo estimates possible due to inundation of the downstream toe of the
(0.24 to 25.5 yrs5, to 1597) embankment
Zalt Bprings 100 1276 mm to 1996 (0.26to 65 565 Leakage mostly through the vpper part of the face slab (wpper 35 m) through

yrs)

cracks in face slab, honeycombe pockets in conerete and open joints.

IC



M319N 2 (519)

Mame Height Sertlemen, Max Leakage Leakage canses
{m) total (mm {1/sec)
Scotts Peak 43 445 mam 100 At close to F3L on first filling leakage increased from & to 100 l/sec
(0t 18 ym,t0 12/89) due to cracking in face slab, Gravel blanket placed.,
Shiroro 125 166 mm 1800 When close to F3L, Cracking in face slab near junction with plinth,
(Oto 1.8 y3) to 12/84
Tianshenggiaon Mo, 1 178 936 mm 53 Max at end Dec 1999 when reservoir at highest level, March 2000 ~
(0.05 to 0.8 ym, to Dec 20 1/sec. Repairs to cracks in face slab,
1999)
Tullabardine 25 19t 165t Current base flow less than 1 1/sec,
(0.2t 12,8 yr=)
White Spur 43 58 ram T Lirnited leakage. &l/sec shortly after first filling, Gradual reduction to
[0.04 to0 5.9 y&, 4/89 to approx. 2 1/sec,
2/958)
Winne ke a5 207 mm (0,17 to 16.2 yrs, 88 Max. leakage when reservoir at FSL on first filling, Gradnal decresse in
Jan 79 to Jan 95) leakage rate since.
Wishon a0 954 mm 3130 Maxiraum within 2 months of first filling, Due to cracking in face slab,
(0 to 38 y=) aainly at the perirneter joint. Series of repais to face slab over the
Years,
Hingo 140 536 200 Leakage increased post ff from 100 to 200 1/sec, Due to cracks in
1.0to 6.2 ym=) slab, Dutnping soils on face reduced leakage to 140 1/sec,

1301: Hunter ez al. (2003)

[4¢



23

a A 1A
mmmsmmmmamaummmuﬂu"lm

o 1T A % o o [ a
L“Vii{!ﬂ']'iﬂlLLN‘L!ﬂL!111(?ﬁilﬂfﬂ8E]ﬂu'13J'IW“@5\‘]?]QWMMuﬂQﬂJﬂQTﬂiﬁﬁ%)NElﬂﬂJu"] NNIAINTIY
' o y A A g X A 2 o Jdyy A ‘o &
agmm Tﬂ‘c’JLﬂWTZﬂ‘UIﬂi\‘l’dﬁNL‘Uf]L!‘VlﬁiNGUHMWLWf)LﬂUﬂﬂ‘L!fl? mﬂmau"lmmmmmm

A a 1A A [l oY [ 9 9 oy I < Y A
luﬂ!ﬂﬂllwuﬂullﬁ']j@ﬂ'lﬁ‘ﬂﬁ]gﬁ\‘]Waﬂﬁg‘ﬂ‘llﬂﬂﬁj@g@’]ﬁﬂﬂ’mﬂ’]uclﬂ']ﬂu']ﬂuqq ﬂglﬁuvlﬂj'llsll@u

A 9

Anoadaluedanlulduldarundniainssuaz 1d5umansenuainuruau 1y

ﬁau%’nmn Lﬁ’ﬁ)Qﬂ']ﬂﬂ1i‘lJ'lﬂﬂ’J'l§J!‘lsllﬂfﬂqlL!ﬂﬁfi’f)ﬁ%}"lxilmgﬂﬁﬂ’f)ﬂlllm HAINNITINAAIN

4
=

9 ] ] Y
d@omoiinfudidrelianud v luseutiouuniuluilagiu qnidna (2549) 18a51

A ) 1 a wa A A o 1A o dy
fﬂlfﬁﬁ]‘ﬂﬁ??JTiﬂllT“lﬂf;fﬂ?iW’].l@ﬂl@Qﬂl@UL?JﬂQﬂLLﬁQﬂi%Tﬂ!LNuﬂullﬂ’Jﬂ\i@]@]’lﬂu
A Y] A A P A
1. M3AaRUAITDIUITaaaaU IuUIAs Inda U

d‘ [ d’ Y d’
2. ﬂh‘maaummmaamaauhgmwau

a 4 g} 1 I g} 4 &
3. mMananauIielus1aunuIii (Seiches) 1HBIINANVTUAZINOU

9 '
a o 9 v A

a 1A 1 1 < :} 1A o
4, mimmmu@uﬂamauanmummﬂu‘imwuﬂuhlﬂmﬂﬁ’m@mmmﬁumau
a a A v g’ o Yy v 09’ Y
5. INANITNUAVDIDIATITUIADUN T]Tiﬂulﬂﬁ'lﬂ\l'liﬂigﬂ'lEJHWUl@
= oy 1 [ d‘ (% [} d‘
6. fﬂﬁUl‘l/iﬁclﬁﬁllﬂ\iu']WWU@I'JHJ@H@]UJﬁE]fJLW]ﬂGI,uLLu'J"U’]NﬂUﬁuL"U’E]u

7. migudvesdudonlunuiauilounnnussdudziion shildinasosuanaiy

UMD WD

= o w

8. MygaydoiaeuoIdud1Teu30g1U5 N9 INMIINA Liquefaction liAa

g

A =) g A
mimau"laamaﬂummawuau

Q



24

A a 9 = < A A

WAUHUIUAAHUIADUNITA(Concrete Face Rockfill Dam,CFRD) e unIAw
o A 9 o Aa < 1 9 o A 1 <3 =l 1Y)
3J°Llﬂ\‘1QNL'L!’EN%TﬂﬁlsﬁﬂﬁﬂﬂwﬂﬂWmv”U\u!iﬂiuﬂTﬁﬂ’f)ﬁi'l\WI’JL“UfJu f]fJNul,iﬂﬁTJJﬂJWMLﬁEJﬁTEJﬂ‘U

o A A a Y 3o aq ¥ & 1 v o
ﬁjmjﬂuﬁiﬂﬂ’auﬂiﬁﬂM‘ViuWﬂﬂJﬂ%zNGlm‘ViUfJngJ@ IﬂEllﬂw'lgﬂ']ﬂﬁlﬁllj\iﬂﬁgﬂ’]ﬂ']ﬂ

1T A % 4 3 d 4
LLW‘L!WL!IIW’J ‘%Qﬂ’ﬂﬂlﬁﬂﬂ?ﬂﬂl@%ﬁﬂu CFRD uu"lﬁ’sammmqmimmm ATNIHANTITU

E4
v A

a [ 2
msnauFuau 113 dail

A . am 1 9 I A [ A A
1. 19U Cogoti IWUszMAFa neasruaioll w2481  1Wwilou CFRD N3
nOA3 19U Dumped Rockfill g985 was l@a5unansgnuainuaten mgmsaiukuaulug

I%U #AIN Tllapel  Earthquake 1udl w./.2486  Tvuiannuiuuse 7.9 Snimes gudnang

'
a a

1 4 )
uiuanTregiisnni@on 90 Alawas Tannusegegavosiiuaungudou (PGA) 14
0.19¢ 911nM3§1329 linuanuderevesdudouaz iAo NI AMANTIIFIIAINH N

[ di = 1Y d‘ 1 4 T A dyl Y a LY
20-80 AT MNFUAUBUDITIUFWTOU uaNaINAMIBiLkuAY Tratine 1HinAn1TNARY

VOIFUVOUNUN 40 (FUALIAT

2. 1Wou Minase Tuilszmadiiju Whuveuiszian CFRD fineas1alasn1s Dumped
Rockfill Tin1uga 66.5 was neadiuadaludl w.a2505 ndennnearaads 2 lududi 16
figuiou T W.a.2507 Aavan15al Niigata Earthquake ¥1991ndadiou 147 flawas duuie

Y ]
ANuguLsIveILRuAY Tna 7.5 M, ANusegegavesiuan liaunsonsiaindleniesia

IMA
[ 1 v @ c’oaj = 1 dy a

Lmuﬂu'lm LW]ﬂ1§ﬂ§$l]Til!ﬂ"lﬂﬁilﬂ"lﬁﬂ'ﬂllﬁiJW‘Ll‘ﬁuu%Jﬂ'J"liJ!i\iqqq@ﬂlﬂﬁwuﬂuﬂﬁﬁiﬂm

) @ d 1A <} @

0.08g Naﬂ']ﬁﬁ13'Jﬂﬁa\‘iﬂ"lﬂlﬁﬂﬂ13mLlwuﬂuulﬁﬁw‘U‘ﬂ'J"IiJLi?ffl‘l"ﬂﬂ!ﬁﬂﬂ!aﬂﬁ@ﬂﬁﬂﬂﬂ"ﬁﬂﬁqﬂﬂj

VOIFUIVOU 14 LBUALIAT

A [ a = [ a I A
3. 10U Cogswell  lumasguaavesiile Ussmaanigousn 1Wudeu  CFRD
'l a a ' <3 1
fnea3191A83% Homogeneous Dumped Rockfill Tasriuaunoas1aasalull w.a2476 o
{ 1 1 a v v a -2
Tudl w.p1.2477 vauzlimsneadaruneunsananth aduanegamindunaifaneiu

v 0 v
41fou AwATUNAN W.A.2476 DuApuTiuIAY W.A.2477 1 Taaiuonduddreimazie

'
g A

NMINIAAIDI1UINVOITARA NV TagiianisngadlrveuveulufousuIAL W.A.2476

q

=

o o A v ¢ P Ao g VY
MInua 5.8 1a 1agsIune 4 weunaaasruan 13.6 Wa waninmgnisaiasstiiilided

! ] I ' o { <3|
msulasugduuyIndnnms 19 nduuiuaanddnns saznfdeuunilu Concrete Face



25

] E4 ]
Slab 08190125 14T W.7.2491 TasaugevesduUouiige 280 Wa AnweIduou 585 e

A 13 uaasidauag fagauvou

! e 585 feet ——— ] Spitiwoy

Crest
| !
2,400 Concrete Face

and Slob

2,300

2200 Class "A" Rockfill

¥

ELEVATION (ft}

Outlet TMM'J

2,100 =,
' \\Closs “8" Rocfill

400 300 200 100 0 100 200 300 400t

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

(%

Ml 13 wehdauaz TaaAliou Cogswell
fn: Boulanger et al. (1993)

mamsaisuanng 2 memsaiidfyiilen Cogswell 1&5uranszny feo 1ud
W.A.2530 Whittier Narrows Earthquake JUU10AMUNTS 5.9 Times quinatsunuaulng
g udon 18 s uazliil wr2534  Sierra Madre Earthquake ¥11AAIINTUUTA 5.8
Snnes g{uéfﬂamwiuﬁullwm'nmﬂﬁwﬁau 23 i a2 migmsaiuruan lviansada
mmzi'qq@qmmﬁuﬁuﬁ@‘iumﬁqﬁm%uTﬂmﬂ%eﬁai’ﬂ Strong Ground Motion 4 0.15g
iag 0.49g MUMIAY AWK UV Strong Ground Motion uax%"emua Acceleration Time History

uana lunIng 14 uag 15 audIay

wavnmMydsovaanaunuan 1na1ud) w.i.2530 Whittier Narrows Earthquake
Iiwuanudorioundudon uadmiuluil w.a.2534 Sierra Madre Earthquake WU3UdjoU
indoudilunAe 161 11 uaznaoud I 0.63 42 wonnAMsnaoudId TNy
MSUANVBINUUUUF DY MIUANAINAIINEIIVEA Vertical Joint 7 Parapet Wall 3 §1114119

Y v 4 U
UBAINUTMNUMITUANVBIUNUADUNTAMAN TN 1N T087BUB Cutoff Wall 119a09Flav0 4



26

Abutment  198910115613599 Zone VYBINITLANGN 2-8 Wa 910 Parapet Wall 8311 35 #a
V3190 Abutment Heu3maz 15 ¥a i Abutment Hedne v11aA1WNINVDITREANTIULIN

v ' e ~ P A 2 ' 3 ~ Aa 2
woond10.25 W Taslivieaanunieannige 0.5 17 ed1elsnamanudemeninadu

9 v ]
ﬁd“ﬁNﬂUliJE‘NNﬁﬂi%%ﬂﬁﬂﬂ?TNﬁuﬂQﬂlﬂﬂlﬁ@u

comattt Pt

Right Crest Center Crest

.....

Struciure Reference

Orientation: Nz338°

Earth Dam

Maximum Heigvt = 83m

MNN 14 A unraves strong ground motion

fn: Boulanger et al. (1993)

so == T T T T T T
ok g Ty S Een s o’ Reconed Time-History & Dam Atutment ch. 3) 3
8 E i 8 . E 4
E el i F 'Y PR 3
00 vy 00
Ay - o e =
E E E i 3
af E ol 3
3 3 E 3
af E hat 3 i
P P e A ek 4 ! 2 . o~
00 0 130 2 00 LY e 50 20
Time (seconds) Time (seconds)

..... T T T T T T T Y

Recorded Time-History &t Oam Crast

Accelaration (9)
°
Accelecation (0)

(a) Whittier Narrows Earthquake (b) Sierra Madre Earthquake

MW 15 Acceleration Time History

1311: Boulanger et al. (1993)



27

A P | 9 Y 1R 4 ~ A
4. 19U Santa Juana 1uﬂﬁzgmﬂ%a ﬂ')L‘lJ’E)iJﬁﬁNﬂ’)fJﬂi’)ﬂﬂlU?ﬂclﬁfg %Q‘lﬂgﬂlﬁﬂﬂﬂfi’)
71 Concrete Face Gravelfill Dam (CFGD) Lgﬁauﬁmmqﬁ 106 AT ANVEITUADU 390 AT
mmn%ﬁwmﬁm%u6 LUAT LL@%?]’JNJQ\‘]‘U’PN Parapet Wall 4 1473 ﬂ"l’)ﬁ%}NUu Alluvial
& [ <3
Gravel Foundation ¥i141 30 A5 Faneaduasaluil W.7.2538 (Noguera, Pinilla and Martin,
o 1 Y A 3 =y A a 4
2000) N INNOTIINUOU Santa Juana LEI 2 ‘]J 11!!@]’01!@161?1% NW.F.2540 INAANITN
] a a 4 4 1 a 1 4 a
LLNH@UU],VI’JEUHW] 6.8 ITNINDT T@ﬂﬁqﬂquﬂﬂammuﬂu"lmmamm%u 250 ﬂiﬁ!,llﬁ'i
d‘ 1 ) Y =K ) 9 1 1 dy a 1
1UD31N Accelerometer hbef"lﬂJTiﬂVlNTullﬂ ‘N1/]1(114hlll‘l/li?ﬂﬂ]iﬂﬂﬂ’l"lll!ﬁﬁwug’]u LIAAINADIN
T A y 1 a LY a 1 o 4
uruanlnaiine 1MinAN1I N ARIUDT Parapet Wall 9.7 1uduas d1uIAlszNoUBUY VDA

wou lu'ldsuanudene (Noguera, Pinilla and Martin,2000)

5. WouTlageuuidrvealou Sugesawa  Iwszmagiu lasumansznuin

J 1A i o H . Y o
1AM aiAUAN 119 Tottori Barthquake 103U 6 ga1Ay W.A.2543 ANUITIFIGAYDINUAL
d’w Qld' a a0 | - o ] =Y d’ a)
130 1dNuT 1w Saddle Dam TR wmny 036 1NMsd1599 lnuaNUdeMIBVR UTPUTA
1 o 1 4 @ 4 g d G
FOUVIAWANUMTUANLAZNITAADUAIVOUYBY Sugesawa FUTUIVOUADUNTA (Mutsumoto

etal.,2001)

4 i I 4 o I 4
6. 10U Ishibuchi Tuilszmagiu Wudeuilszinn CFRD Nneasuuiouusnuos
A 9 < A =t A A A 1 dyd
Ysemagiu Tasas1aaS ol w.6.2496 UANNFUVDU 53 (AT 1HINNAUDULKITITIY
A A 9 1 1 o 09/’ v o A 1 1 ] = Y KX A
WBUNADUVIUNILA AIHUNITUADAA VO ULALTOIADA1S) YDILAUADUNTAA AU
a a (DK S o o <3 9 o 1 A A <3 oy a 9 =
Uszansam hiasediin asazmiuldonmsdisnnsenineisunuiazlaldau Fany
v X I o A Y Aa 1A
M35 dusaumnn Tui 26 wguman wa.2546 lamauduau livmnanNugunse 7.1
a 4 J 1A ] o A a . A a 3 4
Saes  gudnanaunuau 1 nndadon 84 nlawas Tay Seismometer NAAA1TI
] v Y
AU Uz g UIINAIN NN 16 ansatannussvesiuauld 0.15g uaz 0.273g
Y 1 v 1 1
audautaznupuau Tl dINanITNUADIDUNIANIT 20 AIBUAININN 17 A MSUABY
. . d 1A 09/1 oa/' " Yo Ao ) 1A A
Ishibuchi #avInmgmMsainruaY v luasaiulildsumssuduninmsdisieniimsndou
LY di A ] ] 1 1 a ] a a o'.l = d'o.l P =]
Avoulounie li uasrenuszynewnauduan vl Usiansiisunialaiia 2800
a 1A )=} @ a ] a v X 4 A d? A A A ' v
805000 nasnnausy MTuam s su Tamuau 20% wIellsurauniu 3500
o 4o A ¥y 2 o ¥ 4 \ DA 2
ansaodui sawnaihn lvaeenuiuiidyu Taeird lnaqulvadeiiosdu 4 4Tuq
[ a 1T A [ 09: (;y ~ A g a 4 d'
wasnnnauruan 1va wdsniiwin vaeenunidmiuilnd Tasesdilszneudus ves

A m Yo = J 1 a dy
wou lilasuanudemennmamsaiukuaulvail



28

Dam Body

=

MW 16 anyaznallvouaau Ishibuchi

fan: Nagayama et al. (2003)
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1301: Hsu (1984)
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Measured strength = sliding friction +dilatancy
+ crushing and rearranging

rushing and

Extrapolation of
eqrranging

measured strengths/
at low pressures ,

Shear stress

Dilatancy

Sliding friction, D,

0 Effective normal Stress

H o v w a <
ﬂTWﬁ 18 ﬂTﬁ\iiULLiQLﬁﬂuﬂl@Qﬂum@WfJT]J
301: Lee and Seed (1967)

Tangent to circle
T through origin =
secant to failure
envelope

Tangent to failure
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MNN 19 Shear envelope YBIHUIY

131: Douglas (2002)
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[ Isabella granite 100 mm @ Infierniilo diorite
O Cachuma gravel 19 mm @ Infiernillo conglom, 200 mm
@ Cachura gravel © Malpaso conglom.
65} & Cachuma quarry 75 mm & Pinzandaran gravel
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~ -~ B Greywacke (A) 38 mm (present study)
] ~
55 Average O Greywacke (B) 25 mm (present study)
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L 45 g

40
Low-strength rockfill o Q +
{Leps, 1970}
35 -
Lower limit
proposed by Authors ~
30 1 | 1 1 1 |
7 14 35 70 140 350 700 1400 3500

Normal pressure oy: kPa
d‘ =) % Y QBJI
MAUN 20 14umﬂﬂ‘nmmaimumm@mmam

301; Indraratna ef al. (1993)
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Barton and Kjermsli (1981) taua3snmsisziivyudsaniumesluvosiuounuy
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#31: Barton and Kjaemnsli (1981)
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Nominal lateral stress pressure (t/mz) ¢ (degree)
25 45.4
50 41.7
100 40.0

31: SMEC (1984)

15197 6 ym!ﬁﬂﬂwmmaﬂlummﬁmmﬁauﬁmmﬂm INNINATDY Oedometer

Testing Condition (I)Sec (degree)
Dry 41.14
Moist 40.76
Saturated 40.01

301: Hsu (1984)
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GIANETT
E,. =/MHd, /5, (5)
E;=y,d,/0, (6)
Lﬁﬁ) E_ = Rockfill Modulus During Construction in MPa

Y = Unit Weight of the Rockfill in kN/m’

H = Heigh of fll above that layer in m

d, = A thickness of layer of the dam in m

85 = Settlement of layer in mm

E, = Rockfill modulus on first filling in MPa

Y. = Unit weight of water in kN/m3

h = Depth from reservoir surface in m

d, = Depth normal to the face slab in m

8n = Face slab deflection at depth h from the reservoir surface in mm

AN
gl IR
MODULUS DURWNG CONSTRUCTION MODULUS DURING RESERVOIR FILLING

mwi 22 Tugaavesiuanluweu CFRD

nn: Fitzpatrick et al. (1985)
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Fitzpatrick et al. (1985) and Pinto and Marques Filho (1998) UUAINMTMIAIUIN

9
Tugdansaeuiisanoaemsiszaumsngasivesruouniananiil Tageas1diuszning

4 a 1 yw 1 [ QBJ} v o Jdo
E/E_v0udounsiainsaiianlszunm 2.5 uonnniideszyoni lugaaina 2 anuduiusiy

ANINGIVDIVOU AINTNT 23 1B 24 AIUNNA 25 LAAIAINAUTIUT YR E_ 111 Void Ratio

@ Vory high strength rock, well compaciod

£ & Medium 1o high strength rock, well compacted
é O Gravels, well compacted
(§ o Aguamiipa 34 X Reasonably compacted rockil
k-
2 2° 7 [Medium to high strengih rock
b E, = 113 /00022360 Novh -
% ot om oy Figh sirangih !
il g E,.=9.0x10°. dp'™
g =9, .
s 150 \ . [F* =083 |
w
e 7 e
B 00 N =Ny /
[—4
g J\ A A\ ~ A4
&’ 50 A  J ‘—-___—_.
a 2
(1] t
0 50 100 150 200 250 300 280 400 450
dgo (particle di eq itio 80 p passing)
d' [ 1 1 9 [} d’
HNINN 23 Iuﬂaﬁﬁlu%’NﬂfJﬁiN (Erc) NUANNTUUDU
a
N1M1: Hunter and Fell (2003)
49
i | | Dichao Laem
- Estimation of trendling for upstream |
: ol 1.3-1.4H10 1V J
80 )-—:—

Sootes PLak D o 4 —
uP 25 > i &
T 20 ' ] o e
w — [N

Mackiolshle =~ LiFaz do Arsia

15 — ( e, - X Qoliige —
0 A O14Hw0 1Y
Serpentine A S15HI0 1V
08 Very approximote estimation of irendine for W1EH 0 1V
upstream siopes of 1.5H 10 1¥ +1.7H0 1V

0.0 ! ! ! 7

0 25 50 e 100 126 160 176

Embankment Height im )

MW 24 9951dIUV04 E /B AUANUTITOU

#31: Hunter and Fell (2003)
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AMIANYIVEY Kulhawy and Mayne (1990) J@ANHI@Z5IUTIN AN Poisson’s Ratio

o318 MU0 (Poison’s Ratio)

0,35 04
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voeaulszana1eg wua v linasuutlasunniin §1150AUN sotropic  Elastic Falian
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4 1 9
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Poisson’s Ratio (V) PAUNMN 0.5
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Trautmann and Kulhawy (1987) 1dsagduuvaumsdmsuilszuma v, medieluns

szanan aaaasluaunsn 8 uazaunisn 9

!
v,=G,—F, log(GC/pa) (7)
vV, ~0.14+03¢ (8)
! o o,
¢ =, -25)20";00<9, <1 9)
4 () U\
e el = Relative Friction Angle
!
(I)tc = Effective Stress Friction Angle in Triaxial Compression Test
G!
S = Effective Confining Stress
Pa UIIAUUITEINA (100 kPa)

MmN 7 M Drainage Poison’s ratio Tagszan

Soils vd
Coarse Sand 0.15-0.20
Medium Loose 0.20-0.25
Fine Sand 0.25-0.30
Sandy Silt and Silt 0.30-0.35
Saturated Clay 0.20-0.40

#31: DAS (1999)
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131: Kulhawy (1969)

Davis and reynolds, 1996 3 ’J‘iJ’u"JiJGfl}’f)iJ“aélJfN?h Elastic Modulus t01¢ Poisson’ Ratio

£ 9y & <
“IN]lﬂi]1ﬂﬂ15T]ﬂﬁ@ﬂiu&'uin%ﬂuﬁﬂ%ﬂiﬁﬂ 8

M319N 8 %’agammﬁw Elastic Modulus L% Poisson’ Ratio

Rock Young's Modulus (GPa) Poisson's Ratio
Granite 56 0.22-0.27
Quartzite 79 0.18-0.22
Diabase 84 -
Marble 48 0.24-0.30
Shale 63 -
Limestone 53 0.25-0.32
Sanstone 45 0.20-0.32

31 Davis and Reynolds (1996)
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3. Mohr-Coulomb Model (Perfect-Plasticity)
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4. Soft Soil Model (SSM)
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5. Soft Soil Creep Model
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Fig. 12. Contours of displacement increment just before failure for 2D
condition at the final construction stage without water storage
(H = 50m, r = 2.0, subgroup 1).

Fig. 13. Contours of displacement increment just before failure for 2D
condition at the stable seepage stage with full storage (H = 50m,
r= 2.0, subgroup 4).

(Maximum Cross-section)

Fig. 14. Contours of displacement increment just before failure on 3D
condition at the final construction stage without water storage
(subgroup 1, L= 100 m).
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M3199 9 ANNTULTIVOIAUAY 1111011951 Modified Mercalli Intensity (MMI)

ANNTUIII

AOBLY

I

Not felt except by a very few under especially favorable circumstances

II

Felt by only a few person at rest, especially on upper floors of building; delicately

suspended objects ,ay swing

III

Felt quite noticeably indoor, especially on upper floor of building, but many
people do not recognize it is an earthquake; standing motor car may rock slight;

vibration like passing of truck; duration estimated

v

During the day felt indoor by many, outdoor by few; at night some awakened,
dishes, windows, doors disturbed; walls make cracking sound; sensation like

heavy truck striking building; standing motor cars rock noticeably

Felt by nearly everyone, many awakened; some dishes, windows, etc., broken; a
few instances of cracked plaster; unstable objects overturned; disturbances of

trees, piles and other tall object sometimes noticed; pendulum clock may stop

VI

Felt by all, many frightened and run outdoor; some heavy furniture moved; a few

instances of fallen plaster or damaged chimneys; damage slight

VIl

Everybody runs outdoor; damage negligible in buildings of good design and
construction, slight to moderate in well-built ordinary structures, considerable in
poorly built or badly design structures; some chimneys broken; noticed by persons

driving motor car

VIII

Damage slight in specially designed structures, considerable in ordinary
substantial buildings, with partial collapse, great in poorly built structures, panel
wall thrown out of frame structures; fall of chimneys, factory stacks, column,
monuments, walls; heavy furniture overturned; sand and mud ejected in small

amount; changes in well water; persons driving motor car disturbed

IX

Damage considerable in specially design structures; well-design frame structures
thrown out of plumb; great in substantial buildings, with partial collapse;
buildings shifted off foundation; ground cracked conspicuously; underground pipe

broken
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M319N 9 (90)

ANUTUUT fesUY

X Some well-built wooden structures destroyed; most masonry and frame structure
destroyed with foundation; ground badly cracked; rails bent; landslides
considerable from river banks and step slopes; shifted sand and mud; water

splashed over banks

Few, if any, masonry structures remain standing; bridges destroyed; broad fissures
XI in ground; underground pipelines completely out of service; earth slumps and land

slips in soft ground; rail bent greatly

Damage total; practically all works of construction are damaged greatly or
XII destroyed; wave seen on ground surface; lines of sight and level are distorted;

objects thrown into the air

Nz anand (2549)
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4. Body wave magnitude

dd‘ 1 a a d? d‘ v =K U
Gluﬂﬁﬂ!‘ﬂlmuﬂuulﬁ’JLﬂﬂﬂJuﬂ’i%ﬂ‘Uaﬂﬂﬂﬂ (Deep Focus Earthquake) N1IANTIVINA
YUIRVDN Surface Wave i]%‘ﬁflﬁ?{fﬂﬂ Gutenberg (1945) "l@’fmua‘ﬁ“lumiﬁmammummm

1 a dy v dy
LLNUﬂu‘lﬂ'}ﬂiSﬁmﬂuiﬂﬂ P-Wave A4

m, =log,,- A—log,,-T +0.01A+5.9 (16)
Tash A ADVIAGIFAVDIMIIAAOUAINAIAY (LLm)
A d‘ % u'.: a =S
T Ao MUMIAAUAIVDY P-Wave (Taend T)1lszanas 1 3uni)

5. Moment magnitude
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31: Kramer (1996)
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Fit): Seismic inertia as a function of time
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1.0 T
52
0.9 7
a.a
0.7 =
0.6 5
3T ¥: Yield acceleration (g)
0.4 A: Peak acceleration of horizontal
ground motion (g)
V: Peak velocity of horizontal
0.3 T ground motion
g: Acceleration due to gravity
0.2 u: Permanent displacement N N
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1311 Tejpal Singh Bhatia (1984)
M5197 13 MIAABUAINITVBILADLIMITNIA
Slip Surface Y(g A(@ Y/A V(cm/s) Aug/ V2 U(cm)
30 m D/S 0.23 0.29 0.79 53.0 0.045 0.4 min.
0.178 1.8 max.
40 m D/S 0.13 0.26  0.50 53.0 0.668 7.3 min.
1.631 17.8 max.
60 m U/P empty reservoir 0.14 024 0.58 53.0 0.316 3.8 min.
1.000 11.9 max.
80 m U/P empty reservoir 020 023 087 53.0 0.015 0.0 min.
0.082 1.0 max.

fan: Tejpal Singh Bhatia (1984)
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A lugadansdin 1 (E1) uazarlugadansdi 2 (E2) lawmnmsdiuin Tagld
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AN A1AAN UM THINA TAgIgAIUIUIINHANITANIIVIAAINITNIAAINGNIA
Tag Hydrostatic Settlement Cell 11azn15N3AAI1NNITHY Test Section 1UTTHINMINOAZ
A o o 1 [ A 9 = 9 1 [ A
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Tugamvzmuaumuihmininszdwaz sz gads limniagilonneoudidiein Tugded
a a d‘ = 1 [ dl 9 asn
araAnvoIiuaUUEY VRK Ialszuna 0.82 mivesTugaain 1da1n  Oedometer A10ATN3
1521121984 Clough and Duncan (1969) $IHAINMINATOL Oedometer HA1UTEN1 60 MPa

Y v ad o 1 @ A
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M5 VATIEIUIIFDI (Poisson’ Ratio) 14doyaninmsany1luodnlae Davis
and Reynolds (1996)Lfimmﬂllii”lﬁ'ﬁmﬁ1/1ﬂﬁeuﬁuauﬁ’;Leﬁﬂm%ﬁmmﬁﬂuﬁmmmz
Tuestliiams

n3dMInT e nuauiAvesi Tugdd 3auuus1aed Linear Elastic 1as
Elastic-Plastic t10oniiunuuiiansas 3 nad demsnadl 17 naza1ssii 18 dauuuuiiaes

Hyperbolic 9xMINeanIalAe7 Aaaanauiavouuilaedlumsan 19

M1 17 guantiavoIiuaudIMsUIUDT1004 Linear Elastic

Y (kN/m3) E (MPa)
Case \Y;
3A 3B 3A 3B
1 22 21 90 70 0.25
2 22 21 60 40 0.25

3 22 21 45 30 0.25
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M319N 18 AuaNTAVINUANAIMSUIUDT1a04 Elastic-Plastic

Y (KN/m3) E (MPa) O (degree)
Case A%
3A 3B 3A 3B 3A 3B
1 22 21 90 70 0.25 41 40
2 22 21 60 40 0.25 41 40
3 22 21 45 30 0.25 41 40

319N 19 AuaulavoInuaNd M UIUDTIa89 Hyperbolic

'Y k-modulus
Zone 4 n k (0) R, \Y; NI
(kN/m) (kPa)

3A 22 41 300 0.4 1 0.7 0.25
SIGMA/W

3B 21 40 200 0.4 1 0.7 0.25

(2007)
Foundation 23 45 450 0.4 1 0.7 0.25
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1 Earthquake resistance of embankment dam - Khao Wang, Chi-sheng, AIT 1982

Laem Dam

2 Slope Stability of Embankment Dams under Seismic Tejpal Singh Bhatia, 1983

Action “A Case of Khao Laem Dam” AIT
3 Dynamic Analysis of Khao Leam Dam SMEC 1984
4 Dam Safety Analyses of Earth and Rockfill Dams Kriengkrai Tansupo, 2008
Induced by Earthquakes Using Dynamic Response Kasetsart University

Analysis Method : Case Study of Srinagarind Dam”
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wiudulng Woyamamsal /T aowdl Suudeya  vinaueuayIng
Kocaeli, Turkey 1999 Q3N 15 7.4 Ml
Tabas, Iran 1978 NI U 3 7.4 Ml
Landers 1992 ansgolssm 12 7.3 Mw
Cape Mendocino 1992 auigowsm 3 7.1 Ml
Duzce, Turkey 1999 A3n 9 7.1 Ml
Loma Prieta 1989 auigomsm 8l 6.9 Mw
Nahanni, Canada 1985 LAUIAT 8 6.8 Ml
Gazli, USSR 1976 auigosm 3 6.8 Ml
Spitak, Armenia 1988 915 1tle 3 6.8 Mw
Northridge 1994 AnIgoTM 45 6.7 Ml
Superstition Hills(B) 1987 ANIFOINTN 2 6.7 Ml
San Fernando 1971 ansgousm 39 6.6 Ml
Imperial Valley 1979 ﬁwiam?m 3 6.5 Mw
Georgia, USSR 1991 anigomsm 3 6.2 Mw
Morgan Hill 1984 anigosm 9 6.2 Mw
Helena, Montana 1935 ansgomsm 3 6.2 Ml
Chalfant Valley 1986 anigosm 12 6.2 Mw
Parkfield 1966 ansgolsm 6 6.1 Ml
Friuli, Italy 1976 a1 6 6.1,6.5 Ml
Victoria, Mexico 1980 W 1o 3 6.1 Mw
Oroville 1975 auigeusm 2 6.0 Ml
Whittier Narrows 1987 anigomsm 15 6.0 Ml

N. Palm Springs 1986 ansgolssm 21 6.0 Mw
Helena, Montana 1935 E‘T‘I’iimlﬁm 3 6.0 Mw
Santa Barbara 1978 ﬁﬁi’t]m?m 3 6.0 Mw
Coalinga 1983 anigouTm 34 5.8,6.4 Ml
Mammoth Lakes 1980 anigousm 24 5.7,6.0,6.16.3 Mw
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@ 1 ! a 7 2 1
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- Anpuiiedenlddoyannuduiusszniei Tugdmiounazsnndiuninmiag
AUANATEA (Modulus Reduction and Damping Curve) ¥943aQ1/5100 Granular Tag1d
Hoya91n9 11356049 Seed and Idriss (1970) 11ag Gazetas (1992) fudumuvesivaudton
waz 1940910 Schnable (1973) ifudaumuvesiugiusin ilesnndauanslugiii 104 uaz

105 918191
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- 'u'amauﬁffayammﬁnmmmmﬂﬁuLgmﬁaumummﬁﬂ (Shear wave velocity
profile) VOUYBUIFI1AINTUINAMINAADV IA8IT Crosshole 11a% Downhole (SMEC,1984)
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Modulus Reduction Curve

—e&— Rockfill (Gazetas,1992)

—#&— Rock (Schnable, 1973)

—a— Gravel (Seed et al., 1986)
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Damping Curve

—&— Rockfill (Gazetas,1992)

—&— Rock (Schnable, 1973)

—A— Gravel (Seed et al., 1986)
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M3197 22 Tugaausuneugaga (Maximum Shear Modulus) 9109143786A199)

Max. Size
Researcher Apparatus Type Gmax Equation Unit
(mm)
Seed and Idriss Sand and 05
- - 1000K, . (o)~ psf
(1970) Gravel
Large Torsion
Prange Railroad 7230(2.97 —e)?
Resonant 70 T 038 kPa
(1981) Ballast d+e)(op)
Column
Kokusho and Cyclic Crushed 13000(2.17 —e)®
) b - 1 1055 kPa
Esashi (1981) Triaxial Rock (1+e)(oy,)
Kokusho and Cyclic Round 8400(2.17 —e)?
} 11050 kPa
Esashi (1981) Triaxial Gravel (1+e)(or)
Baba Dynamic Crushed 440(2.97 —e)?
9.51 T, 7055 ksc
(1982) Triaxial Sandstone (L+e)(oy,)
Nishio et al. 9360(2.17 —e)*
Triaxial Rock 10 TN04 kPa
(1985) (1+€)(on)
Tanake et al. 3080(2.17 —e)*
Triaxial Rock 10 TN060 kPa
(1987) (1+e)(on)
Gato et al. 1200(2.97 —e)?
Triaxial Rock 2 TN085 kPa
(1987) 1+e)(on)

a 4 a o 4 a 8
- ANTIEHMIMUTITUFIAV0IA AV TAEIT Shear Beam Approach %9 Gazetas 1982

TdWannaumsdmsumMsmMMIUsITua ioNasani Iuuamsdua1ee) aaaunsi 35

167 H

T= o (35)
(4+m)(2-m)p, V,

A A A
$V13} H a9 ﬂ'ﬂiJi:IN!(’UfJu

F4
Q‘f& [

Ao = o & v =
m, Bn Ao dulszansyuny Inuavesmsdau %Qﬁ?ﬂﬁﬂ‘l’i”lhlﬂémﬂﬁﬁﬁﬂ 23
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m n

1 2 3 4 5
0.00 2.404 5.520 8.654 11.792 14.931
0.50 2.903 6.033 9.171 12.310 15.451
0.57 2.999 6.133 9.273 12.413 15.554
0.67 3.142 6.283 9.525 12.566 15.708
1.00 3.382 7.106 10.174 13.324 16.471

31: Gazetas (1982)
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Ohmachi and Tokimutsu (1982) “d]i\ﬁ'J‘]J3’311ﬂTﬁ3Lﬂ51$ﬂﬂ1ﬂ1’ﬂ‘ﬁ33M‘H1ﬂﬂl@ﬁlﬁ@uﬁuﬂwﬁﬂu3u
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MNN 106 Natural Period of rockfill dam

#131: Ohmachi and Tokimutsu (1982)
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Instrument Ol (m/day/cycle) e H (m) Log (t2/t1) Settlement(m)

FS 19 0.020 0.375 30.0 0.447 -0.195
FS 20 0.021 0.375 44.0 0.447 -0.300
FS 21 0.025 0.375 44.0 0.447 -0.358
HS 4 0.050 0.375 26.0 0.084 -0.079

HS5 0.065 0.375 26.0 0.084 -0.103
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15190 24 (919)

Instrument Ol (m/day/cycle) e H (m) Log (t2/t1) Settlement(m)

HS 6 0.057 0.375 26.0 0.084 -0.091
HS 7 0.072 0.375 19.0 0.234 -0.233
HS 8 0.074 0.375 19.0 0.234 -0.239
HS9 0.080 0.375 19.0 0.234 -0.259
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Offset From Dam axis (m)
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Chainage
0+200 0+600 0+700
0.00
0.02
0.04 -
0.06 7
0.08
010 4}
0.12 |
0.14 |
0.16 -
0.18 -
0.20 +
0.22
0.24 -
0.26
0.28 Shale Limestone Sandstone Shale Limestone
0.30 0
09-Nov-1984 142.12 13-Dec-1985 153.65 19-Nov-1986 147.91 16-Nov-1987 147.23 17-Nov-1988 149.81
10-Nov-1989 148.38 24-Nov-1991 149.95 20-Nov-1992 143.41 — — — — 25-Jan-1993 142.36 — — — — 21-Sep-1994 155.01

27-Nov-1995 151.21 — — — — 19-Nov-1996 150.93 19-Nov-1997 154.18 — — — — 16-Nov-1998 141.50 — — — — 25-Nov-1999 151.72
18-Jan-2000 150.93 13-Mar-2000 148.67 - 14-Jul-2000 146.03

0+300 0+400 0+500 0+800 0+900 1+000

1+100

Settlement (m)

Elevation (m.MSL

Calcareous Argillaceous Calcareous Calcareous Argillaceous

14-Nov-2000 153.14
17-Sep-2001 152.29
09-Jul-2002 150.15

20-May-2003 144.37
10-Mar-2004 147.05
05-Jan-2005 146.46
10-Nov-2005 153.27
11-Sep-2006 152.53
Model +140 m.MSL

....... 23-Jan-2001 151.63
15-Nov-2001 153.14
09-Sep-2002 155.05
08-Jul-2003 143.29

— — — — 04-May-2004 142.32

------- 07-Mar-2005 143.37

10-Jan-2006 152.08

— — — — 11-Nov-2006 152.62

—— Model +145 mMSL

- — 16-May-2000 145.33

19-Mar-2001 149.34
23-Jan-2002 151.51
07-Nov-2002 153.84
10-Sep-2003 150.06
10-Jul-2004 145.65

09-May-2005 138.80
06-Mar-2006 149.43
05-Jan-2007 151.45
Model +150 m.MSL

25-May-2001 145.55
18-Mar-2002 148.59
20-Jan-2003 151.63
12-Nov-2003 151.82
19-Sep-2004 149.95
11-Jul-2005 138.09

15-May-2006 144.43
12-Mar-2007 148.43
Model +155 m.MSL

— — — — 14-May-2007 143.15

20-Sep-2000 151.94
16-Jul-2001 147.98

21-May-2002 145.13
24-Mar-2003 148.08
13-Jan-2004 150.04
19-Nov-2004 148.33
20-Sep-2005 151.38
18-Jul-2006 148.36
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Distance Along Dam Face (m)

Displacement (mm)
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—=— End of Construction
—— Face Slab
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Dam Station (m)

Distance Along Dame Face (m)
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Elevation (+m.MSL.)
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5.0-6.9 Mw

Earthquake Event Magnitude PGA Epicenter Distance Settlement

(year) (Mw) (e (km) (m)
Coalinga, 1983 5.8 0.082 9.7 -0.006
Coalinga, 1983 5.8 0.141 9.7 -0.008
Coalinga, 1983 5.8 0.394 9.2 -0.040
Coalinga, 1983 5.8 0.840 9.2 -0.660
Coalinga, 1983 5.8 0.187 10.9 -0.012
Coalinga, 1983 5.8 0.210 10.9 -0.014
Coalinga, 1983 5.8 0.230 12.2 -0.017
Coalinga, 1983 5.8 0.375 12.2 -0.042

Mammoth Lakes, 1980 5.7 0.065 243 -0.009

Whittier Narrows, 1987 6.0 0.227 9.0 -0.016
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Earthquake Event Magnitude PGA Epicenter Distance Settlement
(year) (Mw) (® (km) (m)

Nahanni Canada, 1985 6.8 0.489 8.0 -0.137
Nahanni Canada, 1985 6.8 0.987 6.0 -2.486
Gazli USSR, 1976 6.8 1.264 3.0 -9.814
MorganHill, 1984 6.2 0.098 16.2 -0.012
San Fernando, 1971 6.6 0.192 24.2 -0.036
Loma Prieta, 1989 6.9 0.395 17.9 -0.134
Loma Prieta, 1989 6.9 0.507 10.3 -0.193
Imperial Valley,1979 6.5 0.109 26.0 -0.021
Coalinga, 1983 6.4 0.151 31.8 -0.029
Northridge, 1994 6.7 0.217 26.8 -0.048
Mexico, 1980 6.1 0.304 34.8 -0.064
Northridge, 1994 6.7 0.054 St -0.027
N. Palm Springs, 1986 6.0 0.061 73.7 -0.020
Loma Prieta, 1989 6.7 0.071 80.0 -0.038
Loma Prieta, 1989 6.9 0.098 77.0 -0.050
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7.0-7.9 Mw
Earthquake Event Magnitude PGA Epicenter Distance Settlement
(year) (Mw) 6 (km) (m)
Kocaeli Turkey, 1999 7.4 0.146 4.8 -0.018
Landers, 1992 7.3 0.721 1.1 -0.252
Landers, 1992 7.3 0.818 1.1 -0.463
Cape Mendocino, 1992 7.1 1.039 8.5 -5.596
Duzce Turkey, 1999 7.1 0.066 11.4 -0.015
Duzce Turkey, 1999 7.1 0.118 11.4 -0.021
Duzce Turkey, 1999 7.1 0.159 11.4 -0.027
Kocaeli Turkey, 1999 7.4 0.203 17.0 -0.056
Duzce Turkey, 1999 7.1 0.053 30.2 -0.025
Landers, 1992 7.1 0.06 42.2 -0.028
Landers, 1992 7.3 0.08 42.2 -0.042
Duzce Turkey, 1999 73 0.012 33.6 -0.054
Tabas Iran, 1978 7.4 0.087 94.4 -0.076
Tabas Iran, 1978 7.4 0.108 94.4 -0.087
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9
v

Y a o 1A | 1
MIHUINT N1 wams s zddoyauruau TviRTivueaus 5.0-5.9 M,

Bracket
Epicentral Magnitude  PGA SMA EDA Tp Ia

Earthquake Duration

Distance (km) (Mw) (® (® ® (sec) (m/s)
(sec)
Coalinga 9.7 5.8 0.082  0.075  0.076  0.160 2.035 0.057
Coalinga 9.7 5.8 0.127  0.091 0.123  0.280 3.820 0.107
Coalinga 9.7 5.8 0.141 0.092 0.110 0.160 2.850 0.105
Coalinga 9.2 5.8 0.840  0.346  0.588  0.600 7.650 1.737
Coalinga 9.2 5.8 0.394 0.152 0.200 0.080 8.075 0.367
Coalinga 9.2 5.8 1.083  0.333  0.643  0.040 7.480 1.675
Coalinga 12.2 5.8 0.230 0224  0.157  0.080 7.335 0.403
Coalinga 12.2 5.8 0.233  0.171 0212 0.180 7.495 0.331
Coalinga 12.2 5.8 0375 0212 0354  0.300 6.935 0.514
Coaling 10.9 5.8 0.135  0.119  0.098  0.060 7.910 0.148
Coalinga 10.9 5.8 0.187  0.118  0.167  0.100 8.220 0.228
Coalinga 10.9 5.8 0219  0.184  0.196  0.180 8.785 0.311
Coalinga 10.9 5.8 0210  0.141 0.182  0.100 9.440 0.273
Coalinga 10.9 5.8 0.152  0.142  0.105  0.060 7.710 0.196
Coalinga 10.9 5.8 0217  0.196 0202  0.200 8.790 0.350
Mammoth Lakes 24.3 5.7 0.065  0.053  0.064  0.480 2.105 0.053
Mammoth Lakes 243 5.7 0.194  0.077  0.105  0.180 2.710 0.089
M31aEINd N2 Naﬂ”|s‘imi13ﬁ%’amﬁauviuﬁu"lmﬁﬁwmgum' 7.0-7.9 M,
Bracket
Epicentral Magnitude PGA SMA EDA Tp Ia

Earthquake Duration

Distance(km) Mw) ® (@ (® (sec) (m/s)
(sec)

Cape Mendocino 8.5 7.1 0.754 0.183 0.686 0.080 7.50 1.375
Cape Mendocino 8.5 7.1 1.039  0.287  0.643  0.080 19.50 2.388
Cape Mendocino 8.5 7.1 1.497 0414 1.654  0.260 19.26 5.955
Kocaeli, Turkey 4.8 7.4 0.220  0.197 0203  0.280 24.01 0.813
Kocaeli, Turkey 4.8 7.4 0.146 0.134 0.105 0.080 16.63 0.349
Landers 1.1 7.3 0.721 0.673 0.501 0.080 33.26 6.959
Landers 1.1 7.3 0.785  0.642  0.465 0.080 33.32 6.580
Landers 1.1 7.3 0.818  0.711 0.377  0.050 33.54 5.226
Duzce, Turkey 11.4 7.1 0.066 0.056 0.057 0.14 8.25 0.096
Duzce, Turkey 11.4 7.1 0.118  0.114  0.119 0.36 13.84 0.414

Duzce, Turkey 11.4 7.1 0.159 0.136 0.145 0.26 14.67 0.447
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Bracket
Epicentral Magnitude PGA SMA EDA Tp Ia

Earthquake Duration

Distance(km) (Mw) (2 (g (2 (sec) (m/s)
(sec)
Kocaeli, Turkey 17 7.4 0.203 0.09 0.18 0.1 6.43 0.186
Duzce, Turkey 30.2 7.1 0.053 0.043 0.055 0.18 0.03 0.043
Duzce, Turkey 33.6 7.1 0.12 0.103 0.121 0.3 8.94 0.203
Landers 422 7.3 0.06 0.05 0.065 0.16 18.46 0.106
Landers 422 7.3 0.08 0.061 0.081 0.2 16.94 0.117
Tabas, Iran 94.4 7.4 0.087 0.070 0.090 0.320 19.72 0.189
Tabas, Iran 94.4 7.4 0.108 0.079 0.101 0.240 15.02 0.215
v v 9
=1 a g Y 1A ~ v '
AT NHUINT N3 Nami’smﬁzwmayjauwu@u"lmwmmﬂmgm 6.0-6.9 M
Epicentral Bracket
Magnitude PGA SMA EDA Tp Ia

Earthquake Distance Duration

(Mw) (® (® (8 (sec) (m/s)
(km) (sec)

Gazli, USSR 1976 3 6.8 0.608 0.573 0.538 0.080 10.89 4.66
Gazli, USSR 1976 3 6.8 0.718 0.684 0.643 0.140 10.30 5.00
Gazli, USSR 1976 3 6.8 1.264 1.238 0.894 0.100 12.89 16.89
Helena, Montana 1935 8 6.2 0.150 0.088 0.094 0.140 1.75 0.07
Helena, Montana 1935 8 6.2 0.102 0.057 0.089 0.140 1.53 0.03
Helena, Montana 1935 8 6.2 0.173 0.102 0.153 0.280 1.57 0.10
Loma Prieta 1989 6.1 6.9 0.890 0.375 0.519 0.047 13.60 2.57
Loma Prieta 1989 6.1 6.9 0.605 0.396 0.528 0.400 16.44 3.09
Morgan Hill 1984 0.1 6.2 0.388 0.324 0.333 0.100 5.65 0.98
Morgan Hill 1984 0.1 6.2 0.711 0.548 0.569 0.280 9.06 2.89
Morgan Hill 1984 0.1 6.2 1.298 0.485 1.119 0.300 11.26 3.85
Nahanni, Canada 1985 6 6.8 0.978 0.876 0.784 0.180 13.07 4.45
Nahanni, Canada 1985 6 6.8 1.096 0.642 0.658 0.100 13.11 3.85
Nahanni, Canada 1985 6 6.8 2.086 0.669 1.110 0.100 13.89 4.17
Nahanni, Canada 1985 8 6.8 0.323 0.306 0.248 0.500 14.38 0.93
Nahanni, Canada 1985 8 6.8 0.489 0.244 0.266 0.040 13.76 0.85
Northridge 1994 8 6.7 0.190 0.093 0.181 0.460 7.72 0.30
Northridge 1994 8 6.7 0.415 0.113 0.385 0.400 7.30 0.94
Northridge 1994 8 6.7 0.434 0.082 0.384 0.380 5.52 0.73
Northridge 1994 8 6.7 1.229 0.290 0.775 0.360 9.78 435
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Epicentral Bracket
Magnitude PGA SMA EDA Tp Ia

Earthquake Distance Duration

(Mw) (2 (® (® (sec) (m/s)

(km) (sec)

Northridge 1994 8 6.7 1.285 0.503 1.130 0.160 23.90 8.60
Northridge 1994 8 6.7 1.585 0.565 1.273 0.320 23.90 8.74
Oroville 1975 9.5 6 0.072 0.068 0.069 0.180 1.43 0.04
Oroville 1975 9.5 6 0.092 0.055 0.082 0.140 0.61 0.04
Parkfield 1966 9.9 6.1 0.136 0.052 0.115 0.140 1.28 0.05
Parkfield 1966 9.9 6.1 0.272 0.113 0.276 0.260 3.72 0.31
Parkfield 1966 9.9 6.1 0.357 0.094 0.360 0.380 3.48 0.45
Superstitn Hills(B) 1987 43 6.7 0.682 0.458 0.503 0.180 19.25 3.70
Superstitn Hills(B) 1987 43 6.7 0.894 0.554 0.732 0.360 19.44 6.03
Whittier Narrows 1987 9 6 0.199 0.160 0.213 0.160 9.34 0.38
Whittier Narrows 1987 9 6 0.227 0.162 0.161 0.100 5.64 0.31
‘Whittier Narrows 1987 9 6 0.304 0.207 0.279 0.580 7.82 0.83
Friuli, Italy 1976 12.7 6.1 0.060 0.055 0.054 0.16 1.89 0.03
Friuli, Italy 1976 12.7 6.1 0.058 0.037 0.051 0.26 0.03 0.02
Friuli, Italy 1976 12.7 6.1 0.134 0.084 0.129 0.24 3.18 0.09
Loma Prieta 1989 12.2 6.9 0.209 0.189 0.166 0.34 5.64 0.30
Loma Prieta 1989 12.2 6.9 0.411 0.306 0.397 0.2 13.26 1.06
Loma Prieta 1989 12.2 6.9 0.473 0.355 0.473 0.38 9.68 1.68
Loma Prieta 1989 17.9 6.9 0.450 0.373 0.418 0.14 15.13 2.66
Loma Prieta 1989 17.9 6.9 0.367 0.241 0.279 0.1 15.37 1.07
Loma Prieta 1989 17.9 6.9 0.395 0.328 0.328 0.16 15.53 2.04
Loma Prieta 1989 21.4 6.9 0.077 0.063 0.07 0.24 4.94 0.09
Loma Prieta 1989 10.3 6.9 0.453 0.401 0.425 0.4 16.33 5.33
Loma Prieta 1989 10.3 6.9 0.501 0.416 0.472 0.14 16.83 5.27
Loma Prieta 1989 10.3 6.9 0.507 0.389 0.432 0.1 17.52 2.72
Mammoth Lakes 1980 15.5 6.3 0.430 0.378 0.333 0.16 14.21 1.32
Mammoth Lakes 1980 15.5 6.3 0.123 0.112 0.111 0.16 10.64 0.25
Mammoth Lakes 1980 15.5 6.3 0.271 0.215 0.229 0.56 13.16 0.72
Mammoth Lakes 1980 19.7 6 0.119 0.108 0.098 0.16 5.98 0.19
Mammoth Lakes 1980 19.7 6 0.188 0.177 0.175 0.36 7.01 0.36
Mammoth Lakes 1980 19.7 6 0.484 0.252 0.284 0.24 9.38 0.75
Mammoth Lakes 1980 19.7 6 0.070 0.041 0.065 0.34 1.94 0.03
Mammoth Lakes 1980 19.7 6 0.078 0.072 0.079 0.24 3.52 0.06
Mammoth Lakes 1980 19.7 6 0.107 0.07 0.094 0.24 3.70 0.07
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Epicentral Bracket
Magnitude PGA SMA EDA Tp Ia

Earthquake Distance Duration

(Mw) (2 (® (® (sec) (m/s)

(km) (sec)

Mammoth Lakes 1980 19.7 6 0.068 0.062 0.052 0.16 3.41 0.07
Mammoth Lakes 1980 19.7 6 0.077 0.054 0.069 0.3 2.71 0.05
Mammoth Lakes 1980 19.7 6 0.104 0.072 0.088 0.24 1.73 0.07
Mammoth Lakes 1980 17.5 6.1 0.110 0.095 0.095 0.38 2.99 0.12
Mammoth Lakes 1980 17.5 6.1 0.071 0.055 0.07 0.4 1.92 0.05
Mammoth Lakes 1980 20 6 0.314 0.151 0.238 0.16 6.49 0.37
Mammoth Lakes 1980 20 6 0.408 0.359 0.347 0.16 10.28 1.23
Mammoth Lakes 1980 20 6 0.921 0.452 0.556 0.44 12.19 1.50
Morgan Hill 1984 16.2 6.2 0.069 0.064 0.048 0.08 5.32 0.05
Morgan Hill 1984 16.2 6.2 0.092 0.066 0.063 0.08 0.47 0.04
Morgan Hill 1984 16.2 6.2 0.098 0.066 0.088 0.14 5.36 0.06
Nahanni, Canada 1985 16 6.8 0.140 0.124 0.074 0.04 10.31 0.20
Nahanni, Canada 1985 16 6.8 0.139 0.133 0.077 0.06 14.59 0.31
Nahanni, Canada 1985 16 6.8 0.148 0.129 0.09 0.06 11.73 0.28
Parkfield 1966 9.9 6.1 0.136 0.052 0.115 0.14 1.28 0.05
Parkfield 1966 9.9 6.1 0.272 0.113 0.276 0.26 3.72 0.31
Parkfield 1966 9.9 6.1 0.357 0.094 0.36 0.38 3.48 0.45
San Fernando 1971 242 6.6 0.153 0.146 0.139 0.2 5.58 0.21
San Fernando 1971 242 6.6 0.164 0.112 0.157 0.2 5.71 0.19
San Fernando 1971 242 6.6 0.192 0.135 0.173 0.12 7.88 0.25
San Fernando 1971 19.1 6.6 0.090 0.06 0.077 0.12 2.16 0.06
San Fernando 1971 19.1 6.6 0.089 0.074 0.086 0.26 6.57 0.11
San Fernando 1971 19.1 6.6 0.202 0.15 0.195 0.26 6.67 0.34
Chalfant Valley 1986 33.4 6.2 0.074 0.055 0.075 0.42 1.70 0.07
Chalfant Valley 1986 334 6.2 0.075 0.061 0.06 0.06 5.38 0.05
Chalfant Valley 1986 33.4 6.2 0.082 0.072 0.075 0.1 2.79 0.07
Chalfant Valley 1986 23 6.2 0.127 0.098 0.06 0.04 8.93 0.15
Chalfant Valley 1986 23 6.2 0.161 0.114 0.111 0.14 8.91 0.20
Chalfant Valley 1986 23 6.2 0.165 0.103 0.1 0.08 7.60 0.14
Chalfant Valley 1986 33.4 6.2 0.056 0.047 0.055 0.4 0.05 0.04
Chalfant Valley 1986 334 6.2 0.095 0.061 0.084 0.28 0.38 0.06
Coalinga 1983 384 6.4 0.056 0.038 0.054 0.32 0.05 0.05
Coalinga 1983 344 6.4 0.061 0.05 0.062 0.42 0.33 0.07

Coalinga 1983 34.4 6.4 0.095 0.045 0.094 0.32 1.53 0.07
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Coalinga 1983 31.8 6.4 0.106 0.082 0.102 0.12 6.70 0.12
Coalinga 1983 31.8 6.4 0.151 0.063 0.15 0.26 5.03 0.14
Coalinga 1983 29.6 6.4 0.063 0.059 0.063 0.24 3.27 0.08
Coalinga 1983 29.6 6.4 0.072 0.055 0.073 0.24 3.26 0.07
Coalinga 1983 24.6 6.4 0.161 0.134 0.164 0.4 9.12 0.39
Coalinga 1983 323 6.4 0.056 0.045 0.059 0.44 0.06 0.07
Coalinga 1983 323 6.4 0.098 0.092 0.097 0.64 6.09 0.25
Coalinga 1983 323 6.4 0.137 0.075 0.132 0.56 5.69 0.22
Coalinga 1983 27.7 6.4 0.053 0.039 0.052 0.22 0.03 0.04
Coalinga 1983 27.7 6.4 0.153 0.096 0.153 0.22 4.00 0.23
Coalinga 1983 D] 6.4 0.166 0.095 0.166 0.36 6.95 0.29
Imperial Valley 1979 26.5 6.5 0.157 0.146 0.149 0.3 41.18 1.34
Imperial Valley 1979 26.5 6.5 0.169 0.162 0.167 0.32 33.82 1.22
Imperial Valley 1979 26.5 6.5 0.212 0.175 0.114 0.1 23.73 0.75
Imperial Valley 1979 26 6.5 0.077 0.065 0.054 0.16 1.51 0.04
Imperial Valley 1979 26 6.5 0.109 0.062 0.091 0.14 4.74 0.09
Imperial Valley 1979 26 6.5 0.195 0.139 0.166 0.16 435 0.20
Loma Prieta 1989 21.8 6.9 0.076 0.07 0.064 0.1 8.54 0.12
Loma Prieta 1989 21.8 6.9 0.151 0.132 0.149 0.18 12.31 0.43
Loma Prieta 1989 21.8 6.9 0.484 0.279 0.43 0.64 16.92 1.50
Loma Prieta 1989 21.4 6.9 0.077 0.063 0.07 0.24 4.94 0.09
Loma Prieta 1989 47.7 6.9 0.061 0.044 0.055 0.36 2.90 0.05
Loma Prieta 1989 47.7 6.9 0.156 0.108 0.156 0.44 9.78 0.29
Loma Prieta 1989 47.8 6.9 0.103 0.075 0.1 0.52 9.58 0.21
Loma Prieta 1989 49.9 6.9 0.108 0.071 0.107 0.58 4.99 0.12
Loma Prieta 1989 44.8 6.9 0.063 0.063 0.061 0.16 1.98 0.06
Loma Prieta 1989 44.8 6.9 0.073 0.056 0.07 0.16 2.90 0.08
Loma Prieta 1989 36.3 6.9 0.090 0.086 0.074 0.1 10.85 0.20
Loma Prieta 1989 36.3 6.9 0.278 0.193 0.177 0.3 13.22 0.90
Mammoth Lakes 1980 43.7 6 0.084 0.065 0.044 0.04 3.79 0.06
Mammoth Lakes 1980 43.7 6 0.091 0.073 0.052 0.08 5.54 0.08
Mammoth Lakes 1980 43.7 6 0.114 0.092 0.067 0.08 5.69 0.10
Morgan Hill 1984 441 6.2 0.076 0.066 0.073 0.38 3.96 0.08

N. Palm Springs 1986 45.6 6 0.072 0.049 0.053 0.12 0.22 0.02
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N. Palm Springs 1986 45.6 6 0.103 0.079 0.103 0.16 2.96 0.09
N. Palm Springs 1986 45.6 6 0.129 0.092 0.109 0.14 438 0.07
N. Palm Springs 1986 43.8 6 0.051 0.046 0.037 0.06 0.01 0.02
N. Palm Springs 1986 43.8 6 0.106 0.071 0.075 0.1 3.11 0.06
N. Palm Springs 1986 43.8 6 0.103 0.07 0.07 0.14 1.74 0.05
N. Palm Springs 1986 25.8 6 0.095 0.072 0.078 0.1 1.41 0.04
N. Palm Springs 1986 25.8 6 0.113 0.098 0.08 0.1 1.63 0.06
N. Palm Springs 1986 25.8 6 0.139 0.099 0.097 0.1 2.04 0.09
Northridge 1994 26.8 6.7 0.079 0.072 0.047 0.06 6.66 0.08
Northridge 1994 26.8 6.7 0.165 0.086 0.156 0.18 7.48 0.19
Northridge 1994 26.8 6.7 0.217 0.08 0.217 0.18 4.42 0.23
Northridge 1994 22.7 6.7 0.106 0.07 0.071 0.24 6.15 0.08
Northridge 1994 22.7 6.7 0.112 0.088 0.117 0.12 6.41 0.14
Northridge 1994 22.7 6.7 0.172 0.088 0.177 0.24 5.63 0.20
Northridge 1994 36.1 6.7 0.087 0.068 0.087 0.14 7.22 0.10
Northridge 1994 36.1 6.7 0.134 0.105 0.129 0.22 8.58 0.22
Northridge 1994 36.1 6.7 0.234 0.106 0.223 0.2 7.52 0.30
Northridge 1994 242 6.7 0.091 0.073 0.085 0.34 3.50 0.10
Northridge 1994 24.2 6.7 0.139 0.126 0.138 0.2 7.72 0.32
Northridge 1994 242 6.7 0.151 0.141 0.146 0.38 7.68 0.37
Northridge 1994 37 6.7 0.135 0.101 0.135 0.46 11.67 0.22
Northridge 1994 37 6.7 0.263 0.162 0.27 0.18 14.01 0.87
Northridge 1994 37 6.7 0.316 0.272 0.268 0.22 16.21 1.05
Northridge 1994 323 6.7 0.097 0.079 0.083 0.08 9.89 0.12
Northridge 1994 323 6.7 0.126 0.111 0.121 0.32 10.27 0.33
Northridge 1994 323 6.7 0.184 0.16 0.184 0.2 11.55 0.46
Northridge 1994 34.6 6.7 0.119 0.082 0.111 0.44 7.71 0.18
Northridge 1994 34.6 6.7 0.214 0.168 0.179 0.22 11.87 0.54
Northridge 1994 34.6 6.7 0.493 0.24 0.437 0.38 15.90 1.37
Northridge 1994 46.9 6.7 0.060 0.036 0.058 0.3 0.47 0.06
Northridge 1994 46.9 6.7 0.072 0.06 0.071 0.2 1.58 0.07
Northridge 1994 47.6 6.7 0.067 0.055 0.062 0.24 1.96 0.08
Northridge 1994 47.6 6.7 0.134 0.124 0.138 0.48 8.10 0.25
Northridge 1994 47.6 6.7 0.223 0.166 0.228 0.38 10.62 0.61
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Northridge 1994 41.7 6.7 0.073 0.071 0.059 0.08 7.26 0.12
Northridge 1994 41.7 6.7 0.141 0.123 0.137 0.14 12.50 0.42
Northridge 1994 41.7 6.7 0.256 0.175 0.235 0.14 12.41 0.45
San Fernando 1971 27 6.6 0.062 0.051 0.039 0.1 2.67 0.05
San Fernando 1971 27 6.6 0.151 0.129 0.119 0.2 11.09 0.28
San Fernando 1971 27 6.6 0.212 0.133 0.144 0.14 8.32 0.30
San Fernando 1971 29.1 6.6 0.071 0.053 0.071 0.26 1.02 0.04
San Fernando 1971 29.1 6.6 0.109 0.073 0.097 0.24 1.57 0.06
San Fernando 1971 242 6.6 0.153 0.146 0.139 0.2 5.58 0.21
San Fernando 1971 242 6.6 0.164 0.112 0.157 0.2 5.71 0.19
San Fernando 1971 24.2 6.6 0.192 0.135 0.173 0.12 7.88 0.25
San Fernando 1971 23.5 6.6 0.088 0.076 0.049 0.06 4.66 0.08
San Fernando 1971 23.5 6.6 0.134 0.102 0.093 0.1 3.28 0.11
San Fernando 1971 23.5 6.6 0.157 0.12 0.095 0.06 4.60 0.15
San Fernando 1971 21.9 6.6 0.090 0.06 0.077 0.12 2.16 0.06
San Fernando 1971 21.9 6.6 0.089 0.074 0.086 0.26 6.57 0.11
San Fernando 1971 21.9 6.6 0.202 0.15 0.195 0.26 6.67 0.34
San Fernando 1971 27.5 6.6 0.065 0.047 0.047 0.1 0.12 0.04
San Fernando 1971 27.5 6.6 0.148 0.124 0.106 0.1 8.13 0.20
San Fernando 1971 27.5 6.6 0.152 0.141 0.128 0.1 6.07 0.20
Santa Barbara 1978 36.6 6 0.072 0.032 0.071 0.24 0.15 0.02
Spitak, Armenia 1988 30 6.8 0.119 0.089 0.089 0.06 4.03 0.11
Spitak, Armenia 1988 30 6.8 0.175 0.119 0.17 0.3 7.55 0.30
Victoria, Mexico 1980 34.8 6.1 0.304 0.158 0.262 0.2 9.68 0.53
Victoria, Mexico 1980 34.8 6.1 0.587 0.294 0.328 0.08 12.30 1.01
Victoria, Mexico 1980 34.8 6.1 0.621 0.439 0.474 0.06 13.31 1.97
Whittier Narrows 1987 26.8 6 0.200 0.151 0.171 0.22 2.73 0.22
Whittier Narrows 1987 26.8 6 0.058 0.055 0.055 0.18 5.94 0.05
Whittier Narrows 1987 26.8 6 0.221 0.142 0.196 0.2 3.53 0.20
Whittier Narrows 1987 21.2 6 0.119 0.086 0.102 0.14 7.29 0.11
Whittier Narrows 1987 21.2 6 0.123 0.115 0.086 0.16 6.77 0.15
Whittier Narrows 1987 21.2 6 0.186 0.143 0.149 0.16 6.92 0.26
Loma Prieta 1989 57.1 6.9 0.078 0.072 0.071 0.300 1.87 0.08
Loma Prieta 1989 57.1 6.9 0.084 0.064 0.080 0.280 5.77 0.10
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Loma Prieta 1989 78.3 6.9 0.071 0.058 0.068 0.400 1.03 0.05
Loma Prieta 1989 78.3 6.9 0.084 0.050 0.082 0.360 0.86 0.05
Loma Prieta 1989 84.4 6.9 0.062 0.036 0.060 0.420 0.11 0.04
Loma Prieta 1989 77 6.9 0.098 0.094 0.094 0.320 2.79 0.14
Loma Prieta 1989 77 6.9 0.113 0.064 0.112 0.380 3.45 0.10
Loma Prieta 1989 83.1 6.9 0.099 0.079 0.104 0.720 4.63 0.15
Loma Prieta 1989 79.7 6.9 0.078 0.047 0.077 0.120 1.06 0.06
Loma Prieta 1989 79.7 6.9 0.092 0.055 0.083 0.540 2.26 0.07
Loma Prieta 1989 82 6.9 0.077 0.028 0.077 0.240 0.09 0.03
Loma Prieta 1989 68.2 6.9 0.056 0.044 0.054 0.240 0.08 0.05
Loma Prieta 1989 68.2 6.9 0.105 0.062 0.098 0.320 2.53 0.08
N. Palm Springs 1986 55.4 6 0.110 0.064 0.106 0.300 1.44 0.06
N. Palm Springs 1986 55.4 6 0.095 0.070 0.087 0.320 0.85 0.06
N. Palm Springs 1986 73.7 6 0.061 0.051 0.039 0.120 1.20 0.03
N. Palm Springs 1986 63.3 6 0.053 0.042 0.033 0.080 0.01 0.02
N. Palm Springs 1986 57.6 6 0.070 0.055 0.041 0.080 1.83 0.03
N. Palm Springs 1986 57.6 6 0.072 0.055 0.045 0.100 1.29 0.03
N. Palm Springs 1986 57.6 6 0.093 0.066 0.062 0.120 2.51 0.05
Northridge 1994 80 6.7 0.051 0.044 0.049 0.280 0.03 0.05
Northridge 1994 80 6.7 0.071 0.056 0.072 0.200 4.46 0.10
Northridge 1994 55.2 6.7 0.054 0.052 0.054 0.280 4.60 0.05
Northridge 1994 55.2 6.7 0.073 0.041 0.071 0.200 1.58 0.05
Northridge 1994 68.4 6.7 0.056 0.041 0.056 0.560 0.26 0.06
San Fernando 1971 66.4 6.6 0.070 0.052 0.062 0.120 3.23 0.09
San Fernando 1971 66.4 6.6 0.071 0.059 0.066 0.260 7.03 0.11
San Fernando 1971 68 6.6 0.053 0.037 0.036 0.180 0.01 0.02
San Fernando 1971 58.1 6.6 0.058 0.052 0.057 0.120 3.20 0.06
San Fernando 1971 58.1 6.6 0.079 0.068 0.074 0.240 5.45 0.11
Whittier Narrows 1987 52.4 6 0.060 0.037 0.061 0.160 0.57 0.03
Whittier Narrows 1987 52.4 6 0.060 0.053 0.050 0.120 0.88 0.03
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WoudeuAuau 1nauu1a 5.0-5.9 M

Epicentral Peak Ground Acceleration (g)
Earthquake Event (year) Distance Dam +145 .
(km) RF LPP UPP
Crest Us DS
Coalinga, 1983 9.7 0.082 0.141 0.167 0.501 0.300 0.396
Coalinga, 1983 9.7 0.141 0.204 0.237 0.569 0.454 0.467
Coalinga, 1983 9.2 0.394 0.505 0.483 0.902 0.728 0.853
Coalinga, 1983 9.2 0.840 1.042 0.834 1.434 1.110 1.302
Coalinga, 1983 10.9 0.187 0.236 0.352 0.616 0.519 0.698
Coalinga, 1983 10.9 0.210 0.259 0.431 0.597 0.564 0.754
Coalinga, 1983 12.2 0.230 0.210 0.422 0.639 0.661 0.986
Coalinga, 1983 12.2 0.375 0.492 0.600 0.812 0.683 0.673
Mammoth Lakes, 1980 243 0.065 0.086 0.119 0.384 0.229 0.244

Y a 4 @ 1 g a ) o
minwmnﬁ U2 Wafﬂi’)!ﬂ‘i131’?ﬂTi@]ﬂﬂﬁu@\imﬂﬂf)@]‘in‘i\‘]ﬁu@uqxiq@ WU AN UIA N YD

Woudrounuau lnavua 7.0-7.9 M,

Epicentral Peak Ground Acceleration (g)
Earthquake Event (year) Distance a8 W45 {45
(km) RF LPP UPP
Crest us DS
Kocaeli Turkey, 1999 4.8 0.146 0.188 0.313 0.572 0.413 0.567
Landers, 1992 1.1 0.721 0.975 0.863 1.156 0.890 1.534
Landers, 1992 1.1 0.818 1.079 1.149 0.996 0.671 1.308
Cape Mendocino, 1992 8.5 1.039 1.179 0.647 0.857 0.797 1.135
Duzce Turkey, 1999 11.4 0.066 0.099 0.138 0.372 0.202 0.324
Duzce Turkey, 1999 11.4 0.118 0.217 0.282 0.807 0.453 0.592
Duzce Turkey, 1999 11.4 0.159 0.223 0.260 0.711 0.444 0.603
Kocaeli Turkey, 1999 17 0.203 0.295 0.274 0.553 0.388 0.421
Duzce Turkey, 1999 30.2 0.053 0.053 0.089 0.258 0.276 0.258
Landers, 1992 422 0.06 0.084 0.077 0.229 0.117 0.141
Landers, 1992 422 0.08 0.117 0.102 0.228 0.150 0.219
Duzce Turkey, 1999 33.6 0.012 0.152 0.140 0.440 0.252 0.435
Tabas Iran, 1978 94.4 0.087 0.109 0.147 0.416 0.270 0.376
Tabas Iran, 1978 94.4 0.108 0.123 0.151 0.369 0.283 0.336

RF = Rock Foundation, LPP = Lower Plum Pudding, UPP = Upper Plum Pudding (Dam Base)



244

v Y
MINNHINT V3 Nafﬂi’Jm513ﬁﬂ']ﬁ(5]ﬂﬂﬁu@ﬂﬂlﬁ]ﬂéjﬁiiliﬁﬁuﬂuq\iq@ all éhgmmmm UBDN

WoudeuAuau 1n1uu1a 6.0-6.9 M

Epicentral Peak Ground Acceleration (g)
Earthquake Event
Distance
(year) Dam +145 +145
(km) RF LPP UPP
Crest Us DS

Whittier Narrows, 1987 9 0.227 0.241 0.283 0.586 0.332 0.554
Nahanni Canada, 1985 8 0.489 0.597 0.551 1.050 0.614 0.982
Nahanni Canada, 1985 6 0.987 1.596 1.485 1.101 1.120 2.148
Gazli USSR, 1976 3 1.264 1.925 2.702 2.785 1.779 2.472
MorganHill, 1984 16.2 0.098 0.136 0.151 0.365 0.261 0.246
San Fernando, 1971 24.2 0.192 0.194 0.319 0.556 0.391 0.606
Loma Prieta, 1989 17.9 0.395 0.634 0.784 1.158 0.863 1.179
Loma Prieta, 1989 10.3 0.507 0.700 0.666 0.746 1.084 1.175
Imperial Valley,1979 26 0.109 0.188 0.313 0.572 0.413 0.567
Coalinga, 1983 31.8 0.151 0.205 0.227 0.347 0.246 0.509
Northridge, 1994 26.8 0.217 0.328 0.339 0.586 0.624 0.699
Mexico, 1980 34.8 0.304 0.363 0.295 0.755 0.865 0.886
Northridge, 1994 55.2 0.054 0.087 0.094 0.281 0.194 0.194
N. Palm Springs, 1986 73.7 0.061 0.081 0.118 0.217 0.197 0.255
Loma Prieta,1989 80 0.071 0.123 0.124 0.362 0.214 0.357
Loma Prieta,1989 77 0.098 0.162 0.303 0.695 0.525 0.602

RF = Rock Foundation, LPP = Lower Plum Pudding, UPP = Upper Plum Pudding (Dam Base)
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MIEUINTA AL KAMITAATIZHNITNINTAAI01T Aroaauuruas 1HIvuIe 5.0-5.9 Mw

(Ch.590)
Epicentral Earthquake Crest DS+145 US+145
Magnitude PGA
Distance Severity Y-Disp X-Disp Y-Disp X-Disp Y-Disp X-Disp
(Mw) (®

(km) Index (EST) (m) (m) (m) (m) (m) (m)

5.8 0.082 9.7 0.18 -0.005 0.014 0.001 0.047 -0.001 0.005
5.8 0.141 9.7 0.31 -0.040 0.082 -0.040 0.169 -0.002 0.009
5.8 0.394 9.2 0.87 -0.100 0.158 -0.078 0.272 -0.001 0.017
5.8 0.84 9.2 1.85 -0.622 0.647 -0.317 1.102 0.024 0.014
5.8 0.187 10.9 0.41 -0.052 0.102 -0.039 0.210 -0.001 0.015
5.8 0.21 10.9 0.46 -0.040 0.082 -0.041 0.186 0.001 0.011
5.8 0.23 12.2 0.51 -0.031 0.064 -0.019 0.153 -0.001 0.011
5.8 0.375 12.2 0.82 -0.133 0.191 -0.061 0.293 -0.002 0.016
5.7 0.065 24.3 0.11 -0.013 0.030 0.002 0.076 0.000 0.006

MIEUINT A2 HAMITAATIZHNMTNITNTAAI12T Aeaauuruan Tnive 7.0-7.9 M,

(Ch.590)
Epicentral Earthquake Crest DS+145 US+145
Magnitude PGA
Distance Severity Index Y-Disp X-Disp Y-Disp X-Disp Y-Disp X-Disp
(Mw) ()
(km) (ESD) (m) (m) (m) (m) (m) (m)
7.4 0.146 4.8 3.56 -0.018 0.045 -0.013 0.086 -0.004 0.013
%3 0.721 1.1 15.83 -0.341 0.428 -0.157 0.670 0.002 0.022
7.3 0.818 1.1 17.96 -0.068 0.109 -0.042 0.199 0.002 0.013
7.1 1.039 8.5 18.26 -0.197 0.243 -0.078 0.405 0.001 0.022
7.1 0.066 11.4 1.16 -0.021 0.050 -0.042 0.108 -0.002 0.009
7.1 0.118 11.4 2.07 -0.073 0.133 -0.098 0.275 0.001 0.010
7.1 0.159 11.4 2.79 -0.103 0.163 -0.088 0.300 -0.001 0.012
7.4 0.203 17.0 4.95 -0.056 0.104 -0.043 0.175 -0.003 0.011
7.1 0.053 30.2 0.93 -0.011 0.024 -0.011 0.063 0.000 0.004
7.1 0.06 33.6 1.05 -0.014 0.032 -0.015 0.094 -0.002 0.006
7.3 0.08 422 1.76 -0.006 0.014 -0.001 0.041 -0.001 0.005
7.3 0.12 422 2.63 -0.020 0.050 -0.028 0.133 -0.001 0.011
7.4 0.087 94.4 2.12 -0.023 0.048 -0.017 0.106 -0.005 0.013
7.4 0.108 94.4 2.63 -0.021 0.049 -0.038 0.129 0.000 0.007
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MI1EUINT A3 KANTAATIZHNMTNINTAAI12T oaauuruan THIve 6.0-6.9 M,

(Ch.590)
Epicentral Earthquake Crest DS+145 US+145
Magnitude PGA
Distance Severity Y-Disp  X-Disp Y-Disp  X-Disp Y-Disp X-Disp
(Mw) (@
(lm) Index(ESI) (m) (m) (m) (m) (m) (m)

6.0 0.227 9.0 0.77 -0.017 0.047 -0.034 0.130 -0.001 0.007
6.8 0.489 8.0 5.95 -0.182 0.217 -0.082 0.370 -0.002 0.014
6.8 0.978 6.0 11.90 -0.167 0.223 -0.089 0.336 -0.001 0.031
6.8 1.264 3.0 15.38 -0.467 0.467 -0.259 0.745 -0.002 0.013
6.2 0.098 16.2 0.48 -0.016 0.042 -0.017 0.075 -0.002 0.007
6.6 0.192 242 1.78 -0.045 0.081 -0.043 0.189 -0.002 0.012
6.9 0.395 17.9 5.46 -0.106 0.168 -0.077 0.315 0.000 0.014
6.9 0.507 10.3 7.01 -0.111 0.173 -0.093 0.291 0.000 0.017
6.5 0.109 26.0 0.87 -0.022 0.053 -0.025 0.082 -0.004 0.014
6.4 0.151 31.8 1.04 -0.009 0.018 -0.005 0.063 0.000 0.002
6.7 0.217 26.8 2.31 -0.036 0.073 -0.034 0.177 -0.002 0.009
6.1 0.304 34.8 1.25 -0.129 0.188 -0.090 0.331 -0.003 0.010
6.7 0.054 55.2 0.57 -0.013 0.031 -0.007 0.065 -0.002 0.007
6.0 0.061 73.7 0.21 -0.006 0.014 -0.003 0.013 0.000 0.004
6.7 0.071 80.0 0.76 -0.021 0.050 -0.033 0.134 -0.001 0.006
6.9 0.098 77.0 1.35 -0.106 0.143 -0.061 0.230 -0.001 0.016
6.2 0.711 0.1 3.49 -0.522 0.541 -0.356 0.991 0.020 0.026
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ABSTRACT : The study of settlement behavior of Vajiralongkom dam based on linear elastic model, elastic-plastic modsl and
hypetbolic modsl using finite elstnent method, The results of settlerment analysis wers compared with the recorded data of thres
foundation settlement and six hydrostatic settlemnents point. Settlement results from hyperbolic model with considering the creep
effect give a good agresment with the instrument data, Maodmumn settlement of rockfill is found at a dam axis, upstream and
downstrearn slops gave a similar settlernent. Except the area of plum pudding, a downstream slope settles larger than upstrearn part.

Since the first filling, the dam has settled for almost 20 cm.

KEYWORDS : Concrete Face Rockfill Dam, Creep Settlement, Hyperbolic Model
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