


Y _ Y A S—

IAAITIA AN LNUD

AANITUNDLN9E9IE

* wmalnladaipluny = wmeluladaualvnivay 885,

w

o Digital base = TUAAILAY HuLUUIRaI e Gauae e

® MIVEWITIAMTIN = duiunslasnssnuiitieados de
fUNaNn uaz frinoadszniud 1-17

® ’RT. Nﬁ@]fﬂ%laLLN%‘ﬁIS’]UazLaﬂﬂgdLLazfaﬂaeJ%’]ﬂ’]i Taglas
L‘YlﬂI%Iaﬁﬁﬁ’)%fﬁﬁﬁﬁll%ﬁjLLazl%%%u@]ﬂiillﬂﬁ?.:‘iJ’J%ﬂ’]‘i‘ﬁl‘]ﬂiﬂmﬂ’]i
Juwiad SmsulinisnwiineTas i ldlfidudayauinis
samyinlaasnafilssansmwuazssiiu



NN

P=| ;a (e % (* 77 1 g/ :AI tgl/ Adl
® ATNTRUTENIY SNV RIIULAFITILSLANNUNTIUT=N 10
® 123174 mo N8B LS INLTHRNIY o 8 LS
U dl 11 " — Y o [+ > = = QU 1 [~ U
® NIRIWanlniadlnd ITa31ne nLNaY mo a1 L3 Ldw bl laann
® §1991A0 LH W LML G NANSATN LWl g WL aw T 1291
® ANLTILTY LBy LBTNINAIVDIUN UGN

® ‘Iﬁ’]ﬂ“/li’?ﬂﬁﬂ’]WL"ﬁa% [ ﬂ"i]"i‘]]ﬂy%LLﬁ/'l ﬁﬂﬁ%ﬁiﬂﬂ%%ﬁiﬁ@ﬂ’ﬁﬁﬁ %‘%‘ma‘%u
Qs 1 v ~ g/ YV & w £§/
ﬂﬂﬂﬂﬁWﬂ?’mﬁ(}lﬂﬂ{]a’N"d lﬁﬂﬁm’ﬁﬂLﬂU%WVL@L@]NﬂﬂUﬂWW%%Q&J’mm%



ué’mmmmmm%mwL%uﬁuam

.ﬁﬁﬁﬂﬁﬁilﬂ a%"mm”@msiwmsmnamwLﬁauﬁuaw Lﬁa
o dll d:i dl | o P
maummmsaaamwLmaumﬂuﬂﬁ]quu

® i lU% VOBYWUND WIANTTNNMIATIIFNMNLTAUALDY

Y ad AAaa 6
QYD TIUNRINR

® a8 UIHUNAR Qﬁ"imw gij“a"ﬂmyﬂﬁei’mﬁﬂ?mw




uf‘i’mmﬁmmﬁ‘mqmmwL%uﬁuam

Aad AA A A & o Ve 5 i A o
® Qﬁﬂ@ﬂ@if@ﬂaﬂqﬁlﬁnzlaﬂﬂ@?aUWG@%@]WN@HLL%%G@WG UBITBY NIBN
naseuAMINLAY UghiainIsy

1 Y

/= dl L% Y= c:i 1 =) QJ n!l
® LL@]E?U NaTaULYW @]?J\‘iﬂﬂi’)‘ﬁ‘l’]vl)wﬂiﬁ’mﬂizma%(ﬂ'l LU

* International Committee On Large Dam w3a
ICOLD "L@Tﬁ:q WU A LT N1IIQAINSTIMAENS da1nIuula
ANNRNIYNEULA DI TUDIRATNGILY B

e [COLD VLaJ"Lé’szqimmamﬁm S8INARAITNTULRSLN TN b
NI A AR



ufi’mmﬁmmﬁ‘mqmmwL%uﬁuam

° whdessdldasdanuiniedussland ansmaniwdanlu 3
U5zns Ae udauss anuusunuiduiiolfsdnu uazn1Iniaen
VBILNUALDY

6

® ysanmsinaliansdsasstilang 3 35

e mMTanawmaznavTRanawdawuuy MASW -
TGRSR

e mMyaaan WK LUL lalnalalng =2 hotdan wiuiy

e myiaaduuNman Wihuuusasngsdin (GPR) 2 nyadn



8 3 & 3

ELEVATION (m. m.s.l.)

g

Shot mark s

Short wavelen‘gth

EData acquisition

Park, C., B., 1990

1050

Long wavelength surface wave

OLD CHANNEL
|

|

|
Y
550

OUTLET

T
1200

T T T T
1150 1100 1050 1000

Table 1: Soil profile rype classification for seismic amplification (BSSC, 2003)

Sl type
NEHRP

A

c

D

E

F

General description
Hard rock

Rock

Very denss soil and soft sock

SHfY seil 155 N < 50 0f 50 KPa < Su £ 100KPY

Soil or any profile with more than 3 1 of soft slay defiled as
soil with PL> 20. W = 40%, and Su < 25 kPa.

Saoils requiring site-spesific svalantions

N: SPT blow coust. Su: Undrained shear strenghth
P Plasticity indes. w: water ontent
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LNEUN819899717 Building Seismic Safety Council
2003 Publications

Table 1 Site soil classes as per the recent NEHRP editions (BSSC 1995, 1998, 2004)

Pre-1994 MNew
site class | NEHRP Description vg (m/s) f::é“; 5, (kPa)
(approximate) | site class
A Hard rock > 1500 e =
=l
B Rock 760 — 1500 - -
c Soft rock / very dense 3o > * ' 1360 L 760 » 50 > 100
5]‘. H.I'I'l:l 51 ! ;
D Stiff soil LL%GLL?G&QH | 180 360 15 =50 S0 - 100
E Soft soil < 180 <15 < 50
53 and 54
F Soils requiring site-specific study - - -

(National Earthquake Hazards Reduction Program, soil class.)
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Fig. 3. Schematic diagram of a multi-electrode system. and a possible sequence of measurements to create a 2-D pseudosection B8a; STA. 0+235

British Geological Survey () NERC 2013
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Elevation (m. msl)

2-D SHEAR WAVE VELOCITY PROFILE
ALONG CENTER LINE OF DAM

anindm
Left Abutment l Right Abutment
+235—2200 2100 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 0
+230+
s25- TG R
+220—
+215+ f\
+210 ————
+200- ~-a A VAl a aalha
+195- —-+195
| LI L L L L L L L L L L L L L L L L L L L L L L L L L L L I |
2200 2100 2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000 900 800 700 600 500 400 300 200 100 0
STATION (m.)
Legend Horizontal Scale
VTable 1: Soil profile type classification for seismic amplification (P.SSC‘. 20(:)3) ‘ Soft soil Stiff soil Very dense soil and soft rock 0 100 300 300 700 m.
Soil type General description Average shear wave r ] T 1 i
NEHRP P velocity to 30 m (mm/’s) Vertical Scale
A Hord rock - e 160 180 200 220 240 260 280 300 320 340 360 380 0 10 20 30 40 50 m.
B Rock 760 <Vs< 1500 .
Shear wave velocity (m/s)
C Very dense soil and soft rock 360 <Vs <760
D Stiff soil 15 < N < 50 or 50 kPa < Su < 100 kPa 80 < Vs< 360 5zﬂuﬁquuu +231 wes 9.n.n.
Soil file with more than 3 f soft clay defiled v om
E | v PTe 20, = 40% and Su = 2800, <150 HDDT oo sLfuAuAn (+227 N 5.1.0.)
F Soils requiring site-specific evaluations

N: SPT blow count. Su: Undrained shear strenghth
PI: Plasticity index, w: water content

SEAURUBNANIUIALENATN impervious cut off wall

(I's"w "w) uoneaalg
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Imperviuos fill (Upper Layer)

Foundation soil
Sand filter
Riprap

Rodk fill
Random fill

Foundation soil

Impervious fill (Middle Layer)
Impervious fill {Lower Layer)

il

Material Types

Evaluated properties

¢’ (deg)

e (kN/cu.m)

E (Mpa)

poison ratio|

Elevation

Impervious fill (Upper layer)

23.00

18.00

15

0.25

231-228

Impervious fill (Middle layer)

25.00

19.00

25

0.25

228-211

Impervious fill (Lower layer)

27.00

20.00

45

0.25

211-208

Processed sand filter

38.00

20.00

32

0.30

Riprap slope protection

40.00

24.00

20

0.20

Random fill

25.00

19.00

25

0.25

Sandstone rockfill

40.00

24.00

20

0.20
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Rapid Drawdown

Rapid Drawdown
with L.L. (1t/sq.m

Rapid Drawdown
with Tension crack
(2 meter depth, 100% water fill)
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Rapid Drawdown
with L.L. and Tension crack

Rapid Drawdown
with L.L. and Tension crack
and earthquake (0.005g)




Rapid Drawdown

Rapid Drawdown
with L.L. (1 t/sq.m)

Rapid Drawdown
with Tension crack
(2 meter depth, 100% water fill)




Rapid Drawdown
with L.L. and Tension crack

Rapid Drawdown
with L.L. and Tension crack
and earthquake (0.005g)




Conclusions

Differential settlement,
Exaggerated settlement

Longitudinal cracks at Center Line and
Shoulder (2-3 meter in depth)

Dam ‘s slope stability is OK.
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Failure Surface




+108.00
+104.00
+103.00
+102.00
100
+100.00
+89.00
+88.00
+07.00
+028.00

+05.00

g0 (s wuwans

+84.00

+83.00

AUATTH

+82.00

EE

+81.00
+80.00
+88.00
+88.00

+B7.00

£7.30m.
, ©4/07 /6T

ra rnénts
o T

4

5 Silty Clay (CLJ wi

o reck fragments
.

T — 400 m

Sultdy Seand leh gravel (SM)

Silty v‘SImy (CL) with gravel

£2.00m.
o8/0T/5T

9 Sty Clay (CL) with gravel

SiTyTC?noy r&fL) with gravel
— 800 m.

S\\tdy Sond _with gmvel (SM)
frng

Silty Clay {CL) with gravel

— 4.00
— 5.00 m.

Silty Clay (CL) with grovel

— 8.0C m.

ruck

DH.3
HRRHX S‘Mt&t Sand with gravel (SM)
al (508 fragments

Q.50

rock frogments

Sity Clay {CL) with graovel

m.
Gravelly Clay (CL} rack fragments

— 450
Sity oy TEL) with gravel (wet
— 800 m.

Silty Clay (CL) with gravel
CF r’ucky fragrments “

7800 .

4 5.50m.
08,/07/67

FEBEIO=OGTOOBN

Seriz {aL)

8.50

Silty Clay (CL) with gravsl
dyrock frcgmants

Silty Clay (CLJ with gravel
— 250 m.

Sity Clay (L) with gravel
rock fragments

EﬁyYéIjﬂG IT[‘)L) with gravel
i i
— S.OOV m.

+ies00 |
+164.00 |
+103.00 S\\tdy Sand _with gruvel {SM)
rock fragments
+ice.00 | i
0100 = with gravel DH.B
% 10000 T sty Cluy (CL) with gravel
£ | +es00 o
\é +58.00 %3 i oo m " ol {5M) pH.6 Sand with grovel (SM)
= o0 ] ity Clay {CL) with gravel +07.330 P tragmants
= | o B _— 500 m. G2 S0t T — 550 m. U0 M
= 86.00 |
& S‘H?r Clay (CL) with gravel .‘B Silty Clay éCL] wuth gravel
ar +o5.00 and reck frogments a3 5“? Clay (CL) with gravel g an rock fragrents
& & and rock frogments 2 200 m
g | weaoo o — 800 m. i . X
£ | +en00 o
=
= — 7.00 m. 21
5 | rozee o Sitty' Clay TEL) with gravel 2 sity Gay (CL) with gravel
+ol00 | —8.00 m. ¥ ond rock frogments
18
+80.00 | 8
+BB.0C ®  — o0 m.
+ag.00 |
+57.00 |
g1z (2l) 2.50 } .50 }
+ien.00 |
+10406 |
o004 D7 siity giay (cL) with gravel
+102.00 1733 and r%og fragrﬂenis DH.8
+101.00 - g St Ly wilh g7 +100.547 _
@ | #0000 o 2es 5 and ook fmgme”‘s Clcy ?1CL) #ith aravel
O — 6 . 45m. 3 an
. . h : g | +oe00 o — % Sty Clo f(CL) with grovel e e CH.S
a S o 2 and rock fragments
2 | +em00
b d d d = 2B 400 m. +07.291
9 — | +o70e 4 B Gty Clay (CL) with gravel
= 22 ond rock fragments
% | +es0e Siity Clay (CL) with gravel a
r
.| ¥900 o 7.00 m 2.701 12
— 7. . ] —Lezom
g 48400 Sty Clay (CLY with gravsl 3 aE0 m 04/C /57 W120
B = i -
£ | yomon B.00 m. 2o Silty Clay {CL) with gravel -
&= om0 2 — B.0O m. 16
% o0 B
+o100 | s
+80.00 | 2
+88.00 @
+88.00
+87.00 |
Stz (3L } 8.50 I 9.5 I




Specific Gravity
N Ly N
o & o

N e N
D N
(0NN V) BN

+ SM DS(CU)
m SC DS(CU)

A MH DS(CU)
X ML DS(CU)
X GM DS(CU)

® SC Tri(CU)

+ SC Tri(CU)effective
=SC Tri(UU)

— MH Tri(CU)

1.6 1.8
y dry (g/cc)

4 SM (final
consoliation)

m SC (final
consolidation)

A MH (final
consolidation)




Evaluated properties

Unit weight (kN/m’) | Cohesion (kPa) | Frictional angle (Deg.)
Zone | 18 30 35
Zone || 18 20 30
Filter 20 0 30
Rockfill toe 22 0 35
Riprap 22 0 35
Foundation 18 30
Bed rock - -

Materials

U
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Full supply level

syautilugrafivinegi +110.00 4.(3.n.0)
Min.F.5.=3.389

Rapid drawdown
sysutilugnafivined +96.00 1.(3.1.0.)
Min.F.5.=1.959




Rapid drawdown
sgautilugafivined +94.00 1.(3.9.0.)
Min.F.5.=1.915

Rapid drawdown

%
(% (o]

ﬁzmuﬂuémﬁuﬁwagjﬁ +88.00 .(5.71.0.)
Min.F.S.=1.863




Rapid drawdown
'ﬁzﬁuﬁﬂuémﬁuﬁwagjﬁ 9.4.6. +83.75 1.(5.7n.n.)
Min.F.S.=1.789
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Remarks
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Zone ||



Full supply level
sgautlusnaivinegi +110.00 w.nn)
Min.F.5.=1.898

Rapid drawdown
sysutilugafvineg +96.00 11.(3.1.0.)
Min.F.5.=1.378




Rapid drawdown
wﬁuﬁﬂuémﬁuﬁfmgjﬁ +94.00 y.(5.9.0.)
Min.F.S.=1.304

Rapid drawdown
'ﬁzﬁuﬁﬂuémﬁuﬁwagjﬁ +88.00 1.(5.9.1.)
Min.F.S.=0.996




Rapid drawdown

3zé’uﬁﬂuémﬁuﬁwagjﬁ .UM, +83.75 1.(5.%.0.)
Min.F.5.=0.923
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