Cantl orion
In the con_t_rol.porﬁon, five (5) shapes of s:t:’,pai‘atc wglls‘a:.e analyicﬂ.
(1) * Lo Side Upper.sc:;‘miasc Wall of Control Postion
- =(a) | Basic design éon_&ition

~ Typical cross section and dimension are shown in the following figure.

£6.157.000m " 3
. NN
: -
8 2
e >
o) Bs9.600m i N b gEu39600m
af : : ] =
Pl . . r
wij  EL136600m | - : 3
' a3 |

SEPARATE WALL

(LEFT_SIDE, UPPER)

Design pdnditions, such as material propeﬂies, are showﬁ in the following tables.

Item - Symbol [ Unit  Value " = Description
Unit weight of concrete yo o | (thim®) 2.35 * Thick structure
- Unit weight of wetted - wl ' .

- backfill soil - yt - (tf/m) » 190 . Wet density
Unit weight of submerged | -
" backfillsoit . | ¥
- Horizontal seismic .~ | Kh © | - 016

coefficient - . ,

(tm*) | 0.90 - Suﬁ:ﬁerged de;lsity

L S[!(;i?]rdsattr{zl;gi];f - ; _fo | @fim®) as b CM-L class
- Coefficient of internal -~ | _li" N Cos CM—IJ_Class' .

" | friction of foundation rock

o < Coeflicient of éar_th'[')-ress_.u;é? s |

. R S sm(¢+8)sm(¢"0!)
 wlvadog o [EREEE)

_  Ka: Coeﬂiqieht of aclive earth pr'ess:uré"'ﬁiidef normal condition



ltem Symbol Unit | Value Description
Angle between wall backside ). 1t
surface and vertical planc 0 (degree) 2 2 V-H=1:0.45
Angle bctwcf:n ground surface and ( de{;rcé) oo 100% )
horizontal planc -
Intemal friction angle of soil - {degree) | . 35. o | Sandy soil .
' Friclion ang!e of soil to concrete S {degrec) 233 . 6=213¢
cos” (909 ~0) |

Kea =

._ 2 _—_ ) S||1(¢+6) sm@) o— OU
cos -cos” 0 gos(9+90 +38) [H\Icos({HGO 75)-20s0 0

' Kea - Coeflicient of aclwe earih pressurc undcr seismic condlllon o

Item = - Symbol ~ Uml | Value | - Description
Friction angle of soil to concrete de {depree) 17.5 - de=1/24
| ___Seismic composite angle 0, {degree) 9.1 tanQ;=Kh

(b)  Loading Calculation of Left Side Upper Separate Wall

* . Structural model and load combinations are shown in the following figure.
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SEPARATE WALL (LEFT SIDE. UPEER)

s Each_load i_sl'calcu!ated }lc_reinaﬂ’f:r;

Dead Load - SR R N “m S T RTTUF I o ) %
L A?) | v 1 Xem)  [Mx(Fm) | H@D - |- Y(m) My(tf—m) SR
1(concrete) 1050} - 24.68) - " 1.75] - 43.18} .. © -395] 150 - -592| -
2(concrete) - S 10201 023971 3750 - 89891 0 -3.84] 0 10.20]  -39.12
- 3(concrete) ©93.64| 22004} - 7.06) 1,553.51| . -3521 ~ 6.80]  -23941{ - -
~ Total - 114.34] -~ 268.69] -~ .~ . | 1,686.58 -42.99] -284.45] -

am



Earth Pressure without Eaﬁhquake‘ :
Coeflicient of active earth pressure : Ka=0.481

.

e

Am) | V(D Xm) [Mx(tFm)]  H() Y(m) | My(tFm)]
Pal - 102.12 9.22]  941.53 -93.37 8.80] -821.69
Pa2 . - 35210 1251 44034]  -32.20 1.50 -48.30
Pa3 - - 1.44] -~ 1273} - 1830 -1.31 1.00 -1.31
- Total - 138.77 1,400.18] -126.89 ' -871.31
Larlh Pressure with Earthquake
Scismic composite angle ; 0,=9. l(degn,c) (tanB,=Kh=0. 16)
Coeflicient of active earth pressure : Kea=0.611 ~ S
Alm?) Vb | X(m) [ Mx{1f-m) H(l{) 1 Y() | My(tfm)
_Pael - 116.93 9.22| 1,078.10] -131.11 8.80| -1,153.78
- Pac2 - 40.32 12,51 ~ 504.2] -45.21 1.50 -67.82
Pac3 - 165 1273|2096 -1.85 1.00  -1.85
Total ‘ - 158.90 : 1,603.27 -178.17 | -1,223.44
Water Pressure 3 S L e
- ol A2y | V@D | X(m) o [Mx(tfm)]  H@ED | Y(m) | My(tf-m)
WPhw | 203 2030 1273 T2578) 0 4500 100  -4.50
Total : - 2.03] | 2578 0 -4.501 ] -4.50
__Uplift e L
L | A@m?) V(if) - X(m) Mx(tf-m) H(l{) Y(m) | My(it-m)
U - || el amnmnf - |- -
Tota! . -19.77 ' ' -173.71 - -
“(c) Stablhty Ana]yms of Leﬂ Sldc Upper Separale Wall
(1) Case i Normal condmon (wnthout Earlhquake)
lotal Load V(lf) ~ H(tf) \/Ix(tf m) My(tf-m)
- Dead Load - 268.7 o 0.0) 0 1,686.6 0.0
_Earth Pressure 1388] - -1269] - ~14002; . -8713
Water Pressure | - -~ 2.0 -4.5 258 © A4S
~ Uplift -1981 - 0.0 - 1737 .00
_ Total ”_ 3897 -1314] 2,988 -8758] . -
Safety agamst overtummg PRI
2 d= A 5294 m T T P
P e=Bl2:d= R 296 m < 7 2197m "—“b.’ﬁ OK L
© Safety against shear : L S BURE
' SF-(VfHol)/H—j_ 6887 [P 0[\ '

(u) Case2 Selsnnc condlllon (wnh Earthquake) Kh O 16( 100%)



Total Load V(if) H(1f) Mx(tf-m) §j My(tfam)
Dead Load -~ 268.7 -43.0] ©  1,686.6] - -284.4
Earth Pressure 1589] .. -178.2] - 1,6033; - -1,2234
Water Pressure | 2.0 S -45 258 -4.5
Uplifi - -19.81 090] - -1737 0.0
Total 40981 0 2257 - 3,14190 0 -15124
Safcty against overfurning -
d= 3.976 m e T e (.}
- e=Bf2-d= 2614m < 4393m =b/3 - OK <
Safety against shear R o S

L SE(VRhA= 40810 > 4 oK

"(2) LeltSide I.Qwe} Séparaic Wall of Cohtf_oi Poﬁioh_ -
o {a) Basic design condition o
Typical cross section and dim'él-l_'siO]'l:(ﬁl‘é shown in the foll(')_:\i"ing‘ figure. S
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 SEPERATE WALL (LEFT SIDE. LOWER)

" Design conditions, such as material properties, are shown in the following tables.

~ltem S.)jnxibol' . Un.il i _l\';ah.le | T D'es‘cril.)lim.} N _
Unit weight of concrete | -~ ye © | (ifin’)] ~ 2.35 " Thick structure - S
Ut e | e ] wadeisy +
Unit w?ji:: i?lil‘ ?ca)lialmergec_i B YS., .:_ (fn) 090 | .Sll_.lblr.l;é‘rgec.i_d_e]-]si.ly:_  .:: N
et | Kb |- | eas ] teow @
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" < Coeflicient of earth pressure >

2;4;_24-' "



i

Ka

cos?($-0)

. c;:s2 9-c05(9+8)-[1+' fi“(ﬂﬁ) -sin(¢ - u)T

cos(0 + 8)- cos(0 o)

Ka: Coefﬁcwnt of active carth pressurc under normal condition

- Item Symbol {  Unit Value Description
Angle between wall backside - | \ ' L1
_____ surface and vertical planc .0 {degree) 167 | VH=1:030
Angle between ground surface and ‘

horizontal plane (degr c_c) 0.0 S

- Intemal friction angle of soil - [ (degree) 350 Sandy soil

Friction angle of soil to concrete [ (degree) 233 . 6=213¢
. cos?(6—0, ~0) -

_Keé-—.

o coseo cos? 9 cos(0+60 -1-6) [l+\[

sm(¢+6) sm(¢ o- 00)] _ |
cos(9+00 +8) cos(() .a)

S Kea Cocf’ﬁclenl of achve ea.rth pressure under sersmlc condmon

Item

Description

_ Symbol Umt -1 Value
Friction angle of soil to concrete | = 8e {degree) 17.5 Je=1Rd
" Seismic composite angle 9.1

8o

| (degree) |

i ®) Loadmg Ca]culahon of Leﬂ Slde Upper Separate Wall

tan0,=Kh

._ Stmctu:al model and load combmatlons are shown in the followmg ﬁgure
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~ Dead Load

| SF=(VEr,l)H=

A(m’) V(i) )x(m) Mx(tfEm)|  H(@f) Y(m) | My(ifn)
l{concrete) 150} - 3.53 -0.75 2641 . -0.56 0.50 -0.28;
2(concrete) - 545 1281 L35 4] -2.05 545  -11.17
3(concrete) 17.82] - 4188 3.09] 12941 -6.70 3.63 -24.35
Total 5 24.77 - 58.21 - 154.47 -9.31 - -35.80
Earth Pressure without Farthquake . .+~ -
Cocﬂlment of active earth pressure : Ka—O 389 Lo D e
i A(m) V(if) X(m)  [Mx(ifm) [ H(tD) Y(m) | My(1f-m)
Pal = = - 16.78 3.68] - 61,75 - -19.97 4.30] . -85.89
Pa2 - 5.99 5051 3023 -7.13 0.75]  -5.35
Pa3 . - - 0.25 582 130 -0.30 . 0.50; - -0.15
Total - 23 03 ; - 9328 - 2741 el 9139
E aﬂh Pressu rc \mh Eanhquake : ' :
- Seismic composite angle : 6= 9. l(degrec) (lan()a Kh 0. 16)
Cocﬂlclcnt of active carth pressure : Kea=0.508 S e
: A’ ) V(D) “X(m) | Mx(1fm) H(lt) Y(m) | My({tf-n)
Pacl - 19.15 - 3.68] - 7047} - -28.18] - 4.30] -121.16
" Pae? B 684 505 3450 <1006 - 075  -7.55
Pac3 . - - 029) - - 512] - 148] .- .043 0.50 -0.21]
' To!al o - 2628| 1 10645 - -3867 -128.92]
WaterPressurc I A T e S EIR TP .
L AM2) | V@) - | X(m) [ Mx(tfm)] - H(if) Y(m) | My(tfFm) |
W, Pw ~034] - 034 - 5.12 173 L -LA3f - 0.50[ 0 -0.56
Total 034 " eov b B3 a3 -0.56
__Uplift S e R I L T -
- L A(m?) V(if) X(m) Mx(if-m) - H(h) -Y(m) | My(if-m)
U - -3.95 - 351) 1389 - - -
Total -3.95 ' -13.89 - -
(c) - S!ablllty Analyms of Leﬁ Slde Lo“er Sepa_rale Wall
(1) Case 1 Nonnal condalton (\wthout Eanhquakc}
Total Load ﬁ; V(tf) K H(li) Mx(lf m) M)(ll‘-m) :
Dead Load 58‘2 . 0.0] 1545 00| -
g Farth Pressure - 23.0 _-27.4 - 033 - 91 4
-1 Water Pressure 03 11 LI 06
— Uplift -4.0 - 0.0 -13.9 0.0} -
- Total 71.6 - <285 - 2356 - 919
Safety agamst overtummg
= 1.850 m L e
 e=Bf2-d= 0785 m ..-< 0 0.878m =bf6" " OK .
Safety against shear ~ -, B
7445 " OK



(u) Case 2; Sc:snnc condmon (w1th Earthquake) Kh=0. 16(100%)

'lotal Load - V(tf) H(lf) Mx(lf-m) My(t m)
| Dead Load 58.2 -93 1545 ‘3131
__Earth Pressure [~ . 263 -38.7 106.4 - -128.9
Water Pressure | - 0.3 S R W 0.6
__Uplift 4.0 0.0 -13.9 - .. 0.0
Total : 80.9 ~ -49.% 2488] - -}1653
Saf‘cly against overturmng
Cood= 1.032 m :
©e=Bf2-d= 1603 m < 1757 m ~ =b/f3 OK
Safety against shear B . S
SP=(VErglyH= 4373 > 4 oK

3) | Ri.ght Side U.‘ppe; Sepé}ate' WallofControl PQ;:ion I
Smce nght Slde Upper Sepa.:a-h-a =\."Va.ll fa;e§ t.o -?es;ewoir. ;..\rate-r foﬁr (4) cases are -.
{ stud:ed accordmgly condmons of rcservmr water surface. . |

o (a) {JBVasirc de_;;ign' c__d.pd.itiorAl _. B
..-'I.'[‘y.pical' pfds;s scqfioh and Cii}})%:lis.io.ll. a.:r_e”sho.w-n_in ;t:h_e followmg ﬁgure ::_:j
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- Design conditidn.s,'su'gh as material propertics, are shown in the following tables.
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ltem

Symbol | Unit Value | - Description |
Unit weight of conerete ™ | ye ()| - 235 Thick structure
Unit weight of wetted . 1 ; ‘ . .
| _pervious material (Dam} A (i) - .94 . Wel density
Unit weight of submerged ' 3 : L .
pervions material (Dam) - s (i) 1.16 Submerged density
Horizontal seismic Kh B 0.16  l00%
~ coeflicient B ) e
Shear strength of fo“"‘j_‘ffi‘?“ nw |agh| 45 | CMLlass
Coeflicient of intemal friction r i ' 08 A (’:“'_ L blééﬁ;
of foundation rock . T !
< Cocflicient of earth pressure >
cosz(d) 0). |
Ka=

 cos20- cob(e+;s)[ \/

sin{@ +5)- snfp~ “)] :

003(04 6) cos(() o)

l\a Coeﬂiment of 'tcm ¢ eanh pressure uudcr uonnal COIldIIIOIl

Va'lue 7

Item Symbol Ul;!l ' Descrlpilon o

Angle bct\\ een wall backside T ngn i :

surface and vertical plane 0 (degree) 2838 Vv }i 1:0. 33
Angle between ground surface and ‘ ' s

horizontat plane ' o (degree) W_OHO : : L

Internal fﬁcfion anglcof' soil U ('dgg'rée) 450 . Pgr-vlgf‘:l]%i:th ial
Friction angle of soil to concrete B (degrecj_ - 300 d= 2/3 ¢ '
- co 0y — 0 L :

Kea = cos’ (¢ - 8o —6)

' coseg cos’ 0- cos(0+ 90+6)[ \,

sin{§ + 8)- sin(g - o - 90)
cos((}_+ 90 + 6) cos(B ~a)

' Ixca Coeﬁlcseul of aclwc car lh pressurc under sclsmlc condmon

- Nemn Symbol Umt Valuc " Description
_ Fuiction angle of soil to concrete Se - | (degree) 22,5 Se=1R24
Seismic composite angle 0 1 (depree) | ~~ -

() Case l: Rnght Slde Upper Separatc Wall Nonnal Water Surfacc EL 148 900m |

E Honzomal selsmlccoe[‘ﬁcncm Kh

(i) Loadmg Calculau_on

Structural mode! and load cbmbihafions are shown in the following figure. : .

- tanf,=Kh

16_(100%)



lotal

(u) Stablhty Analy51s (Normal Water SurfaCe)

2429
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- 1oz 7/ N :
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g < . i b -
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anege E : £1.133.605— :-k--
& D > -
ol EX B LT V) i ; (L'!aoﬂﬂ ) = .
Dead Lood p 15220 1:‘ Hydrodynamic forcel,
SEPARAIE WALL (RIGHT SIDE. uppLR) R
CASE 1 @ NORMAL WATER SURFACE {£L,.143.300m)
_ Each lozid is calculated hereinafter. -
B Dead. Load Coo : o : :
5 Am?) V(D | - X(m) . |Mx(tf-m)|  H@ Y(m) - | My(tf-m)
I(concrete) 10.50 24.68 1.75 43.18 - -395] . 1.50 -5.92
2(concrete) 1020{ 2397} - 375  89.89 -3.84 10.20f  -39.12
3(concrete) - 114.44] 26894 7.74{ 2,081.62 -43.03 6.80} -292.61
--Tola} N - 135.14] - 317.59] . ] 2,214.69 -50.81 - -337.65
' ,' Eanh Pressurc wx!h Farlhquake :
' Seismic composite angle : 0,=9.1(degree) (ta|190~}-.!1—0 16) o
Cocﬂlcwnt of acuvccaﬂhpressurc Kea=0.586 - C
[ Aw) Ve[ XomIsEm] 1D [ ¥em) | MyGEm)
- Pael 4,83 - 1.85] .- 3791} - 381 1340 51,82
_Pac2 3600 - 11.84] 426.15|  -28.83 6.15| -177.31
Pae3 4012  © 12.97{ = 520.11 -32.13 4.10[ " -131.72
- Total - 80.95 - 984.17 -64.82 -360.85]
~ Water Pres'shre R C o . :
o A(m2) V(i) X(m) |[MxQfm)| - H1D Y(m) | My{tf-m)
W, Pw - o 4160 1297 53941 - -75.65 4.10] 31014
B ’l‘otal '41 60 L 539.41 -75.65 | -310.14
I[ydrod}mamwlorce (due fo Earthquake) R L S
L . A(m) V(ti) X(m) Mx(tFm)| ~ H@) [ - Y(n) | My(tf-m)
= Pd ' - - -14.12 4.921 © -6947
- Total - - - - | 14012 ' -69.47
BESEAALLAR | A(_mzL;f*V!tf) L Xm) C IMx(iEm)| CH(E) | Y(m) | My(tfm)
U 3120 10.15) - -316:59f - - ' R
T ~3120 S -316 59‘ - :




Seismic condition (with anﬂmuake); Kh=0.16(100%)

Total Load V() Hh | Mx(tm) | My(tf-m)
Dead Load ) 3176 _ -50.8] - _2__214_7 -337.7
Earth Pressure 809 -64.8 984.2 -360.8
Water Pressure | 41.6 _-150] 5394 =310
Hydrodynamic 0.0 B 0.0 -69.5
Uplift -31.2 0.0 - -316.6 - 0.0
Total 408.9 2054 - 3.421.7 -1,078.1
Safety against overtuming
o d= SI3lmo o
e=Bi2-d= 1.879 m . < - 2537m =b/6  OK
Safety against shear S : T :
CSF=(VIiHlyH= - 4.927 IS OK
(¢ Case 2 : nght Sldc Upper Sepqrate Wall

B LL 151.800m

o _Horlzontal seismic coefﬁcnent Kh 0 OS (50%)

(1) Loadmg C'llculatlon

Smlc(ural model and load cmnbmaﬂons are shovm in {he follov.'mg {' gme

CMDAn)

Surchargd Water Surface : -
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s Eacﬁ load is calculated hereinafier. .

SURCHERCE WATER SURF2CE (E1.151.600m)

o Deéd L‘déd 7

31759 -

24300

[ o | Am?) V@ | Xm)  [Mx(fm)] B | Ym) | My(tim)

| 1{concrete) - 1050 24,68 . - 175 43181 <197 7 - 1.0 ;296 -
2(concrete) 1020, 2397 - 3.75] - 8989 - -1.92| - 10.20]  :19.56
3(concrete) ~114.44] - 268.94 7.74) 2,081.62] - -21.52} - 6.80] -146.31
Total - |~ 135.14 221469 2541 ... | -168.83



O

Earth Pressure with Earthquake
Scismic composite anglc : 00—4 6(degree) {tanB;=Kh=0.08) -
Coeflicient of active earth pressure : Kea=0.505

SE=(VI tol)/llw -

(d) Case 3 nght Slde Upper Separalc Wall \flammum Water Surfacc
LL 155 300111 - T :

- Honzontal senszmc coefhclent Kh 0 0 (0%)

(1) Loadmg Calculatlon

A(m?) V) | X(m) [IMx(tEm)|  H(t) Y(m) | My(tfm) |

_Pael - 006} 679 0.42 -0.05] 1533 -0.75

Pae2 - 4.65 11.04 5132 -3.72 7.60]  -28.29

Pae3 - 52.81 1243] 656.59 -42.29 5.07 -214.28

Total - 57.52 708.32 -16.06 -243.32
Water Pressure C __ - : .

: A(m2) V(iH) X(m) Mx(lf-m) H() ~Y{m) | My(tf-m)
W, Pw - 63.54f 1243  789.96] -115.52 5.07 -585.30
Total - 63 54 ' 789.96]  -115.52 ' -585.30
Hydrodynamlc Porce (duc to Larlhquake) L =

A(m) V(lf) X(m) Mx(tf-m) |~ H(tD) Y(m) | My(tf-m)
‘Pd - -10.78 6.08 -65.55
" Total N - - - -10.78 -65.55
Uplift e R _
A(m?) | V(@D X(m) |Mx(tEm)|  H() Y(m) | My(if-m)
U S -38.56] - 10.s5f -391.23| - = - -
Total = : -38.56 - -391.23 - -
(u) Stablllty Analysns (Surcharge Water Surfacc)
: Selsnnc condlhon (\Vlth Earth uake) Kh= 008(50%) Co e
' | - Total Load - V() - H(tf) M\@f m) My(tf—m)
: DeadLoad o 3176 - <254 12,2147 . --168.8]
~Earth Pressure ' - 575 . -46.1 -~ 7083| - <2433
. Water Pressure | 10 635 -115.5) 7900 -585.3
| Hydrodynamic 00| - .-108] 00[ = -656
CUpli - |- =386} - . 0.0 -391.2 L 0.0
¢ Total - 4001 ~=197.8] 03,3218 - -1,063.0
Safcty agamst oveﬂurmng ‘
s L d= 5.646 m R
- e=Bf2-d= 1964 m < . 2537m =b/6 . OK
Safcly against shear - BT N e
5081 EUE R I U OK

S R Structural model and load combmauons are shown in the follomng ﬁgure.

Caan



" Each load is calculated hereinafter.

(i) Stability Analysis (Maximum Water Surface) *

R A(m?) V(D) - | X)) [ Mx(ifm)|  H@D | Y(m) | My(if-m)
“I(concrete) 1050] - 2468 175 4318 000 - 150 0.00
Aconcrele) -1020] - 2397 375|  89.80]  0.00] 1020 0.00
3(conerele) 114.44| ~ 268.94| - - 7.74]| 2,08].62 0.00 6.80] - 0.00

Tolal - 1’%5 4] 317 59 s 221469 - 000f - - - . 0.00
Lanh Pressure mlhout Lanhquake , REEIRY Co
Cocﬂ'lcwnt of active earth pressure : Ka- 0468 R I R R
- A(m) V(D X(m)  |Mx{tf-m)|  H@D | . YGn) | My(tf-m)
| Pal - 56.48] - 12.36] - 698.11] = -34.19] 0 - 520 -177.30
Total - 5648 698.11 -34.19] - .- -177.80
Water Pressure e B e S S
el Am2) | ovan 1 X)) - [Mx@f-m) | H(th) CY(m) | My(tfim)
W, Pw - - 96.16 11.79] 1,133.94| - -174.85] . = 6.23]| -1,089.87
- Total - 96.16] . . | 1,133.94] - -174.85] - i -1,089.87
' A(n’) V(if) - Xm)  [Mx(tfm)| H(@H | Y(@n) | My(@fm)
L R -47.44 - 10.15] -48131F - - | - e
Total 4744 -481.31 - ' -




o DeadLoad sl

Normal condition (without Earthquake)

Total Load - V() - H) | Mx(tfm) | My(tfF-m)
Dead Load 317.6 - 0.0) 22147 - 00
Earth Pressure  56.5 S -34.2 698.1 -171.8
Water Pressure 96.2 -174.8 - 1L,1339 -1,089.9
Uplift -47.4 0.0 -481.3 0.0
Total 422.8 -209.0 3,5654 -1,267.7
Safety against overtuming
d= 5435 m . : _
- e=Bf2-d= 2175 m < - 2537m =b/6 " OK °
Safety against shear - ' - o . ‘ Py
4895 > 4 0K

 SF=(VEHl)H=

_ (e). Case 4 : nght S;de Upper Sepa:ate Wall, Empty Reservoir (\Io Resen'mr Water)

‘Horizontal seismtc coefﬁcxent Kh= 0 08 (50%)

(1) Loadmg Calculauon

' Structural model and load combmatlons are shown in the fo]lowmg fi gure

350030 e o

1400

Dﬂad Lood

TOCASE 4 -

L ELAS TN i :
"I\, Earth Pre;
| ;
! €L 852 200m
] .S -
]
]
g 1
3 '
- t .
1
@
i
i
=‘1 . - t
pavssea! |
o
_"{ o l3a £Lm )3 I..

15223

SEPARATE WAL (RIGHT SIDE. UPPER)

- Each load is calculated hereinafler.

FMDTY RESEEVOR (MO RESSHVOR WAER)

-168.83]

CA@)_|_ V| Xem) |MxEm)] HEH [ Y(m) [ My(Fm)

l(coucrete) 1050 - - 24.68 1.75 43.18 S99 0 LS50 . -2.90

2(concrete) 10.20] . 23.97 3.75 89.89| . - -192] . 10.20 -19.56

3(concrele) - 114.44] - 268.94] - .- 7.74] 2,081.62 221,52 - - 6.80]  -146.31
C 25414 '

- Total

135.14

" 317.59

2,214.69

2




Earth Pressure with Earthquake S
Scismic composite angle : 0,=4.6(degree) (tanGo Kh 0 08)
Cocﬂlcwm of active carth pressure : Kea=0.505 '

| Y(m)

 SF=(VEHl)H=

10,143

(4) R_ight Sid_e_Separate \Va!l-unde:r thé.l_m}-)ervious.Zone

A(nﬁ) VD | X(m)  |Mx(ifm) H(:f) My(1f-m)
Pael - 0 93.03[ - 12.36) 1,149.83 -74.50 - 5.20] -387.40
Total - -93.03| 1,149.83 -74.50 B -387.40
- (i) Stability Analysis (Empty Reservoir)
Seismic condition (with Eaithquake) , Kh=0.08(50%) .
_Fotal Load v - H(tf) Mx(tf-m) \/Iy({f m) .
" Dead Load 317.6] - 254 . 2,2147 -168.8]
__Eaith Pressure 93.0 -74.5] - 1,149.8 -387.4
Water Pressure - - - -
Hydrodynamic - - - -
~ o uplin - S -
'I‘otal - 410.6] -99.9 3,364.5] 5562
Safclyagams( mcnummg o
s od= . 6839 m - R
_ oe=Bf2-d= 0.771_ m .. < - 2537m =bl6 = OK
" Safely against shear o T
>4 - OK

'Smcc R!ghl Sldc Sepa:ate Wall under (he lmpemous 7 one faccs fo reservoir “a{cr

four (4) cases are studied accordmgly conditions of reservoir water surfacc '

(@

Basic design cohdiiion ;

~ Typical cross section and dimension are shown in the following figure, -

2434
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"

3,503 xsx)

” £ 157.000m )

SN 7 E4.155 300 .
T == uAN A wATER SURTACE ..
7 EL151.2b0m )

T SUPCHRATCE NATER SURFALE

U’ EL.143 %00
FCEWEAL [AATER SUATACE

17,400

20,400

TL.153.630m

e

- -y

CLTTEN GROUTIG

3 : ]
LIS 5T

1336

-

SEPARATE WALL (RIGHT SIDE, iMPERVIOUS ZONE)

DCSlgn condltlons such as matenal properlles are shown in the followmg tables

~ 0 Item S Symbol Unit Value I Dcscnphon
Unit weight of concrete ¥c (') 235 Thick structure
* Unit weight of wetted | - 3 " _ e
impervious material (Dam) | (tm M 21 o Wetdensity

Unit weight of submerged
imperyious material (Dam)
- - Horizontal seismic

'R (tt/m’) 1.19 'Sul;merg_ed-d.el.lsily

. _k x| T oe | 100%
coeflicient S o
Shear streng::c?(f foundation w e ﬂm’) B _,,.__.-45 ) ML dlass
Coceflicient of internal friction e “ 3 08 ' | OML C|3$§

. of foundation rock

| S,

< Coefficient of earth pressure >

Ka; | . cos’(6-0)

cos? 0. cos(9+8) l ‘/ sin(p +3)-sino - a)}

cos(9+5) cos(B o)

Ka Coefﬁc:lcnt of actwe earth pressure under norma! condltlon



ltem ' | Symbol Unit | Value | Description

Angle between wall backside o (degrec) 16.87 VH=1:0.75
~_surface and veriical plane , - -

Angle bolwccn ground surface and | a ( dcgree) 0.0

cos’ (¢: 0¢ - 6)
2
cost, - cos 29. cos(@ +00 +6) ( -\[5111(¢+6) sm(¢ o - QO)J

Kea=

cos(0 + 0y + 5) cos(B a)

Kea : Coeflicient of active earth pressurc under seismic condilion

I o ' Impervious
Internal friction angle of soil -¢ {degree) 300 material of Dam
Friction angle of soil to concrete 8 (depree) 20.0 6=236

. liem | Symbol Unit - | * Value Description
Friction angle of soil to concrete | -~ 8e | (degree) | 150 | " Se=1/2¢

Seismic composite angle By . | (degree) = 1% tanD,=Kh

(b).'- Case l nght Sldc Separatc Wall under thc lmpcwmus Zone
S _‘\'onna! \Vater Surface LL 148 900m : ‘ B

' Honzontal selsmlc coefﬁment Kh (} ]6(100%)

K (1) Loadmg Calculatlon

Sl_mc{ural model and Ioad combinations are shown in the following figure.

\ T”Tff

) tlh Pressure \ Cosme ; o
A % e \ o
PN e i ATRIE . '71..-:'. ik gunseng s
' : e ALY e 1<¢A i )\_ - N
h s s Pcc—B e W ) )
FEL1ZEE E e \ /_,)/ Ex; o - \ $ i
i a " : (\‘, E Co - . ,.Mr_Lj )
TR o BN - i J;E.ast_‘.e;ﬁ;fh' R . S v
ey e ! &\‘l‘:‘ = Hl\zm" Egl '1 ‘oler prassure
R a— | el Mg B
. : L _' i

| SEPATATE WALL (RIGHT SIDE. IMPESVIGUS ZGNE HEY
CaSl 1 . RORMAL GETR SUCFA’E {EL.14E.C0Gm) .

| E'ach-rlo_ad is c':a]cul'al'ed- hereinafter, _ -
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Dead Load

V(i

Horuontal seismic coeff 01ent Kh 0 08 (50%) C

(1) Loadmg Calculatlon _':

& {(c) Case 2 nght Slde Scparate Wall under the lmpen’lous Zonc
B Surchargc Watcr Surface EL 151 800m -

- A(m?) X(m) [Mx(tFm)| H(@f) Y(m) | My(tf-m) |
I{concrete) 10.50 24.68 175 43.18 -3.95 1.50 -5.92
2{concrete) 10.20; . 23.97 3.75] - 89.89 -3.84 10.20 -39.12
~ 3{concrete) 156.06f 36674  9.10| 3,337.34 -58.68 6.80] -399.01
Total 176.76]  415.39 3,470.41 -66.46 -444.06
. Earth Pressure with Earthquake
¢ Seismic compositc angle : 0,=9.1(degree) (tanB,=Kh=0.16)
Coefﬁcwnt of active earth pressure : Kea=0.924 : :
A(mz) V(tf) X(m) [Mx(tFm)| H(i) Y{m) | My(tf-m)
Pael - 50.30 - 8.05] 404.88 -39.48 15.00) -592.19
Pae2 - 152.75 14.69] 2,243.50[  -119.90 6.15]  -737.39
Pae3 . 6541 16.23] 1,061.25( ~ -51.34 4.10] -210.50] -
Total - -~ 268.45 ~1.3,709.63] 210712 | -1,540.08
Water Pressure o ' g R - o
b Am2) V(D) | X(m) [Mx@fm)|  H@D ] Y(m) | My(tf-m)
W, Pw - - 56.73 16.23]  920.51 -75.65 4.10]  -310.14
Tot_al 56.73 : 920.51 <7565 - - - | -310.14]
e AMmY) V(D) X(m) |Mx(tfm){  H(H | Y(On) | My(tf-m)
U - <3957 1287 -509.07 R D B
€; o "Total 3957 L -50907 e -
oy -
1
' (u) Stablhty Analysns (Normal Water Surface)
Selsmlc condlnon Ulth Earllt uake) Kh 0 16(100%) T
: ] Total Load - - | V() - l](t‘f) Mx(tf m) My(tfm)
" DeadLoad | - 4154 © -66.46] ¢ 34704 4441
Earth Preéssure L2085 -210.7] - 3,709.6 -1,540.1
Water Pressure 567 - -75.6 920.5 -310.1
Uplitt -39.6 . 0.0 -509.1 -~ 0.0]
-Tot’tl ' “- 7010 -352.8 7,591.5 -2,2943
Safelyagamst overtummg RN RE
o : d= - - 7S85Tm e o
S Sn L e=Bf2d= - 2093w < 3217m =bl6 OK
B : ‘Safetyagamslshear_ S g '
S © SF=(VERlYH= . 4051 o > 4 - OK -

_ Structural model and load combmahons are shown in thc followmg ﬁgurc




CoepEs H-Yr {’LI

(RiGH :'sv'

Cate &

SURCHARCE

HATER S0

Lf}f (EL151

" Eachload is calci.l}at.ed lj;:_réiuaﬂcr. '

Eofent
L0}

" Dead Load -

Earth Prcssurc with I‘antha}‘e i . |
: Seismic con1p051tc anglc 90_4 6(dcgree) (t 3“90“1_(]1 0 08)

e A@n) V() X(m) [Mx(tfm)| - H@H) [ Y(m) | My@ifm)
I{concrete) - 10.50 2468 - - L75] - 43180 197 150 - --2.96

. Aconcrete) 10.20 23,97 c 375 8989 0 --1.921 1020 - -19.56
3(concrete) | 0 156.06)  366.74| 0 9.10§ 3,337.34]  -29.34] - - 6.80]  -199.51
| - Total | - 176 76 . 4_1_5_39 | 3,470.41 <3323 0] <222.03

Mﬂﬁ-m! L

' ‘(ii) .S"tability Analysis (Su-rcha.rger\-Vatér Sﬁrfaéé) - : R

Cocﬁnc;em of active carth pressuie ; Kea=0.815 T e
A(mz) V(tf) X(m) \'f\(lf-m) 'H(lf) T Y(m)
_ Pael - .- 18.28 6.60] - 120.66]  + -14.35| - 16.93] ' -243.00
: Pae2 - . - - 106.88] - 13.60 1,453.55| ~ -83.89| 7.60] -637.60
Pae3 . - . 88.10 15.50] 1,365.52] - -69.15| . .- 507 -35037
Total - - - C213.26] - 1 293973]  -167.40 - 1-1,23097
Water Pressure s T T T T e
o B A(m2) Vi) | X(m) * [Mx(tfm)] . HQf) - [ . Y(n) | My(if-m)
W, Pw - 86.04 15.50] 1,342.92) -115.52| - 5.07} -58530] -
Total = 86.64 L] 1,34292) 411582 o o b -585.30] -
_Uplift R g T S T S ST S .
L A | ovan ] X)) {Mx(fm)| - HaH Y(m) | My(tfm) |
U . -48.89 1287 -62009 - e
~ Total 4889 - -] -629.09 - -




Seismic condition (with Earthquake) , Kh=0.08(50%)

Total Load - Vi) H{D ijtf m) | My(tf-m)
 Dead Load - 4154 - 23321 - 34704 - 2220
Earth Pressure 2133 - -1674 2,039.7 -1,231.0] -
Water Pressure C 86.6] - -1155] - 1,3429 -585.3| -

Uplift TO-4891 0 001 - -629.1 - 0.0
Total - 666.4 -316.1 7,124.0f - -2,038.3
Safety agamst overtummg
‘ = 7.632°'m ‘ S
- ‘e=BI2-d— : 2018 m . < 3217m =b/6 OK
 Safety against shear - - R S
4.433 > 4 OK

SF=(VittlyH=

(d)

Case 3: nght Slde Separate Wa]l under the Impemous Zone,

Total -

176.76]

415.39 L

Maxunum Watcr Sm‘facc EL. 155 300m f :
: Honzontal seismic coeﬂiment Kh*O 0 (0%) ,
(1) Loadmg Calculation |
- Strucmra] model and load combmatlons are shown in the followmg ﬁgure. _
: ”E P s Wate_r weight -
L §57.000m 1.157000m A
P, | SZ__ “EE 3;%9&;9, ﬁ:‘ . “S‘\\Z\ gzuss:och ms}wu wugé sun-nca
i EOI’{"I__DI'QS-SU!'G;V P
) = K . [ .
ol 1' : " I - )
cgs N } : ”0 C 2
oD 4 . o
£4.133.600m - i o % ,!l-_lﬁﬁ‘x'" : - - \\.
) ELA36 800 @ i! ) n.us.;sb-:m ' - ‘\ ' _
' T §a| \Water pressure
Dzod toad MR &% Lo S
 SEPARATE WALL (RIGHT SIDE, IMPERVIOUS ZONE)
- i} _CASE 3 o vAaGMUM w;_ﬂER SURFACE (EL.155.300m) - - °
- Rach load is éaic_ulafed héﬁiuaftcf. ) L
o _ Dead .Loédr D e R TR .
S Am®) | Vi | X(@m) Mx(tf-m) H(tf) Y(m) My(tf 111)_
- Yconcretg) - 10.50] ' 24.68 1.75] .. 43.18 - 0.00 ©1.50 - 0.00
' 2(concrete) - - 1020F - 2397 - - 3.75] - 89.89] - = 0.00 10.20 0.00
- 3(concrete) - 156.06f  366.74 9.10] 3,337.34 -0.00 6.80] - - 0.00
347041 . 000 . G.00



E anh Pressure without Earthquake :
Loeﬂlclem of active earth pressure : Ka“O 752

H(ﬂ):” -

th)

Myflf-m)

@

- E mpty Rescn oir (No Rcsen'mr Water)

SF=(VErtl)/H=

Ca_';e 4- nght Sldc Sepa:ate Wall undcr lhe lmperwous Zone _ N

.Honfomal seismlc cocff cu:nt Kh 0 08 (50%)

() LoadmgCalculanon

A’ ) vaf) |- X(m) \h(tf -m)
- Pal - ] 1.92 4.85 - 931 -1.25) ©19.27 -24.14
Pa2 - 42.23]  1229] 51896 -27.56] - 935] -257.72
Pa3 - 131.0] 14.63] 1,915.99 -85.50] - 6.23{ -532.96
Total - 175.16 1 2,444.26]  -114.32 : -814.82]
Water Pressure S L Ll
A?) | vaD | X(m) [Mx(Em)] HGED | Ym)_ | My(Em)]
W, Pw - 131131 14.63| 1,917.83) - -174.85] - 6.23] -1,089.87
Total 131.13) 1,917.83]  -174.85] - - | -1,089.87
~ Uphift S y » S .
: A(m’) V(if) X(m)  IMx(ifm)j  H(@f) Y(n) | My(if-m)
U - -00.15f 1281 -71395f - - - .=
Total -60.15] -713.95 - -
(n) Slablhly AnaIySJS (M&\nnum Waler Surl‘acc)
\'onnal condmon (wnthout I‘anhquake) SR RS '
. - Total Load V(if) H(li) Mx(tf-m) My(lf n_)
| Dcad Load 4154 7 00| T 34704] 0.0
- Earth Pressure 175.2 -114.3 2,4443 - -814.8
Water Pressute “131.1 -174.8 1,917.8] ~ -1,089.9
~ Uplift .~ T -60.2 - 0.0 77140 . 00
~Total 661.5 -289.2]  .7,058.5]  -1,904.7] - sl
Safely agamst ov c:tummg -
o d= . 7791 m LT T
- e=Bf2-d= 1859 m < 3217m =bl6 - OK .
Safety apainst shear : : L T
- 4.834 > 4 0K

Struc(ural model and load combmanons are shown in the f‘oliowmg fi gure; B
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‘lL{ L

2e00
V7,400

EL 13BN

h Pressure

SEPARATE WALL (RIGHT SIDE. IMPERVIOUS ZONE)

Each load i_s calculated hereinafier.

CASE 2 : EWPTY RESERVOIR (NO RESERVOIR WATER)

Dead Ldad '

B SF~(Vf+-rol)/H—

R'ig.ht Slde Lower Sébarété Wall of Contro! Portion

] AmY) | V() X(m) (Mx(tf-m)| H(tf) Y(m) | My(tf:m) |
~ I{concrete) . | - 10.50] - 2468 - 1.75 43.18 -1.97 150 - -2.96
2(concrete) 102000 2397 - 3.95] ° 89.89 -1.92 10.20]  -19.56
" 3(concrete) 156.06]  366.74 9.10[ 3,337.34]  -29.34 6.80  -199.51
Total 176 76] - 415. 39 {1 347041] - -33.23 | -222.03
: Fanh Pressure w1th Earthquake
.- Seismic composite angle : 99—4 6(degroe) (tanBo—Kh—O 08)
5 Coeﬂicwnt of active earih pressure ; Kea=0.752 - L o '
: A(m’) V(tf) X(m) Mx(tfm)| H@) | Y(m) | My(if-m)
Pael - - 281371 " 14.20] 3,995.43] -220.86] - 6.80] -1,501.85
Total - - 28137 - 3,995.43] -22086]° . | -1,501.85
(ll) Stabrhty Analy31s (l:,mpty Rcscrvmr)
Selsrmc condition (wuh Earthquake) Kh—O 08&50‘7’) A
Total Load - Vi) - H(th Mx(if-m) | My(tf-m)
" Dead Load - 4154 ¢ -33.2 3,470.4 22201
Earth Pressure - 281.4 02209 39954 -1,5018]
Water Pressure - - - : -
Upliﬁ B RS R
Total 6968 C 2541 - 17,4658 -1,723.9
Safety agamst ovemlmmg R :
) =" 8.241 my EEEE R U T HE SR AR
e=Bf2-d= :_ 1409 m < 3217m =b/6 OK
Saf'etyagamstshear e e ' ‘
os612 >4 OK



(a) DBasic design condition

Typical cross section and dimension are shown in the following figure.

17,400

ELIZE E00m Tz

1000

oo

PR .05 B

S Qr..;\D,.TE ';:,1 i !',('!’“Lﬂ R LG\'!Z??!

'  Des;gn conclmons such as matenal pr0pemcs are shown m lhe followmg tables

cftem o Symbol Umtu " Value (| Descnptton
- Unit weight of concrele O @tm*y| - 235 - Thick structure
Unit weight of weited semi-| . wi - Y
pervious material (Dam) o (tﬂ"x‘n‘} 2'“-.' i Wet densnym-“
Unit weight of submerged { ;| .- - | T IR
Ny semi- pewnous matenal Coys L fenty] 127 - Submr_:rgcd dellsit)'
‘ (Dam) . oo C LT
: anzontill 'SG!SIII_!Q Kh : 016 - | 100%
coeflicient : : : A
Shear strength of N R o
foundation rock _:lj‘_ s [ AR oS ] CM-Lclass -
Coeflicient of internal N EEE BN N o o
fncuon of foundation rock f S 08 _f M-I class
< Cocfhcwnt of eanh pressurc> s
Ka= o o cos (¢ 9)

'°‘.’? 0 _f.’.o.se+5) [ o sm(w - )}

cos(B +8)- cos(O a)

Ka Cocfﬁcnent of actn c canh pressure uuder nonnal condnmn '

O



Item - Valug

~ Description

Symbol Unit -
Anglc between wall backside 0 (dcgreé)

~ surface and vertical plane 218

' VH=1 :0.40

Angle between ground surface and

horizontal plane - % (degree) 0.0 100% .
e oy | - Semi-pervious
- Intemal fnctlon angle of soil b {degree) 35.0 e oINS
Friction angle of soil to concrete 5 (degree) 2313 5=2/3 ¢ ]
Kea = cos’ (9~ 09 ~0) -

cosOO cos 0 cos(B+00 +5) [ \,

sin(¢ + 3)- sm((b a__ﬁo_)
cos(B +06y + 3) cos({} a)

Kea Coeﬂncnent of actwe carlh pressure undcr smsmlc condmon

' Descri ption

- Ttem T Symbol Unit | Value
Friction angle of seil to concrete de (degree) 17.5 - de=1/2¢
~ Scismic composite angle

0, (degree) |~ 9.1 -

{b) L(’_)édin'g, Calcuiation of Right Side I.,orwer‘Separa‘tc Wéll_

- tanfy=Kh

© ' Structural nibde_l and load combinations are shown in the following figure.

| 1,447.47

: 24_43

£.357.003m | )
B . fLisseaim
fin lI:’r:es‘SUr‘e "}\9’3\}’\
' Pasl o I _
o & : B Water weight
3 _ - "5 1.§.a S :
j//\\lPaspceB : . ] |1 “Water ?ressure
E.l__lf.sr._r}‘;".il_ - o iy 2 fLtsaenn o :'; 1-3;
%‘ £L135.600m t ! Hu)Pc=2 - __._{ [UlL j T ‘S’[
R u__i e !.{[' g
©Dead tosd/ oo L l UF’_"?;;: ‘
S chAQA?— WA |_ (Rmm S!D; LOMR) -
_ _ . Fach I;)éd is célculated hereinaﬁer.' -
EDeadLoad R L R I I R
: LAY | VD e X)) [Mx@Em) | HEH | Y(m) | My(tfm)
, l(concrete) © 0 10.50) 0 2468 - L75) - 43.18 - -3.95 1.50] - -592
~ 2(concrete) - -10.20 2397 . 3.75 8989 -3.84] - 1020] - -39.12
3(concrete) - | 83.23 195.60 ©6.72 1,314.40; - - -31.30 C6.80] -212.381
_Total 103.93] - 24424 - -39.08

-257.85; -




Farth Pressure without Earthquake
Cocﬂrcrent of active earth prcssurc Ka~0 449

H(l{) -

Yn) | My(Em)]

A(m D) V(i) X(m) - IMx(fm)
- Pal - 80.07 890] 71264} - -79.69| - - 8.15] -649.31
R " 3110 11.56)  359.58 -30.96 - 1.50] - -46.44
Pa3 - 1.82 11.76 21.38 -1.81 1.00] - -1.81]
Total S I 1 27 I 1,093.60]  -11246] " | -697.56
Eaith Pressure with l-aﬂhqual\e ' e
Seismic composite angle : 8,=9. l(dcgn:e) (tanﬂo Kh=0.16)
777777 e _o_e__ffinprent of aclive carlhprcssure Kea=0.575 e
| L A(m) V(lf) XQ]L Mx(tf-m)|{  H({D - Y(m) | My(tfFm)
Pael - 91.62 . 890  81546]  -111.93 8.15] -911.99} .
Pac2 - . 3559 11.56] 411.46] - -43.48| 1.50 -65.23
~ Pae3 s 208 11.76] =~ 24471 " -254] 100 . -2.54]
Total C- 12929 - - -] 1,251.38) - -157.95 ' -979.76
Water Pressure - R T P R S
| b A(m2) V() |7 X)) [Mx(tEm)] - H(iD ~Y(m) | My(tf-m)
W,Pw 1.80] . 1.80 11.76 2117 - -4.50 __1.00] - -4.50]
~ Total ' 1.80 ' 2117 0 4500 ~-4.50
s A@Y) | VD | X(m) - [Mx(ifm)| - H(i) Y(n) | My(if-m)
U - -18.24 8.1 -14787 o - - . ‘
- Total b -18.24 ' -14787} - - I -
(c) Stability Analysis of Right Sidc Loywer Separate Wall SR
(l) Casc I: \Iormal condition (wrthout Earthquake)
Tolal Load V(tf) H(tf) M\(tf»ﬂl) My{tf-m)
- Dead Load 244.2 . 0.0 1,447.5 .00
Earth Pressure 113.0 - -112.5] 1,0936] - -~ -697.6f
Water Pressure 1.8 - 45" 212 = - 45
- Uplift -182( 00 -1479] - - 0.0} -
Total 3408 - -117.0] - 24144 - =702.1
Safcry agamst oV criummg
d= 5025 m R U T U T
- e=Bf2-d= 1.055 m < - 2027m =b6 - OK
. Safety against shear - e e T e
SF“(\'fHUI)/H—_' 70I0 >_ S 4 ' '_ 0K

(n) Case 2: Sersmlc ctmdmon (wrth Earthquake) Klr 0 16(100%)

2444



~_Total Load Vith | HEH | Mx(if-m) | My(tf-m)
- Dead Load 244.2 -39.1 1,447.5 -257.8
Earth Pressure 129.3 -158.0 -1,2514 9798
Water Pressure | 1.8 4.5 2121 45
uplin . -18.2 0.0 -147.9 .00
Total - - 357.1 -2015] 0 2571221 - -R242.1
Safety against overturning - ' - -
d= 3725 m .
¢=Bf2-d= 2355 m < 4.053m =b/3 OK
Safety against shear o
SE=(VEtl/H= - 4.133 > 4 . OK



Chute
(1 Upéﬁéém Portion of Chute (i%l :4.0)

{a) Basic design condition -

Typical cross section and dimension are shown in the following figure. -

5,50

1000
L A Y

CHUTE {1=1:4.G)

Des;gn condmons such as matenal propumes are shm\ n in the follomng (ab]es

]tem S Symbol Umt - Value - Description
Unit weight of concrete - yC (lﬂm) 2,50 - | . Thin structure
: Un.l.t i\;::f};:losf‘;\i\l'cltcd oyt Laod) | 1.90 . Wet dcns.i.ly-
Unit w(l:)lagl:[(i)lil'zzgmergcq s (tfflllj) | 0.90 Submérg¢d dehsity
Horzomal seismic ey | = | a1 | 100%
- Shear strength of ' ‘ : - o
.foundationgrock ' fo - ('.ﬂml) S0 - Clclass -
Coeflicient of internal ) : IR
| sviction of foundationrock | | - f 07 | - Cldlas

< Cocfiicient of carth pkéss@;é:— S
-'Ka=' 'COS(‘?B)

<os?0- cos(6+8) [ Jsm(¢+6) -sin( 'a)]

cos{0 +8) cos(e a)

: Ka Coeff' cient of active eanh pressure under normal COHdlflOﬂ



)

e tem Symbol Unit | Valuie - | Description
Angle between wall backside L T e
surface and vertical plane 0 @ffi cc) 1.3 V-H=1:0.20 N
Anglc between ground surface and o
: - horizontal plane (degrec) 0.0 o
Internal friction angle of soil ¢ (degree) [ - 35.0 Sandy soil
Friction angle of scil to concrete 8 (degrec) 23.3 0=2134¢

cos? (¢ 0, ~0)

Kea=

COSOO cos20- cos(0+00 +8) [ J

sin(¢ +3)- sm(_¢ o - 90)
005(0 +0p + 6) cos(O a)

- Kea : Cocflicient of active earth prcs'sure unde_r seismic condition

" Ttem

Value

Description

" Dead Load

. o | Symbol |  Unit
Friction angle of soil to concrete de (degree) |- 175 |  Je=12¢ |
9.1 tanf,=Kh

~ Seismic composite anglé -

90 ..

(degrec)

. (b) - Loéding Calcﬁlatioﬁ of Upétrémi.l Portion of Chute (i:1 4.0)

. Strucfur_al model and load combinations are shown in the following figure.

00300

Water ”Weight

' | Water pressure
{ ; _

4,500
3,200

SH000

1.000| 1Y)

g

" Dead Load A

CCHUTE (1=1:4.0)

L E'ar.:hrlo.ar‘l is -CEI[C_l.llr_al:éd hér’einaﬂeh: P

. 2430

2447

- A(m ) V(tf) X(m) | Mx(if-m)| - H({D Y(m) \:Iy(tf m)
" 1{concrete) LSO 375 - 07s[ . 2.81) . -0.60 0.50 -0.30]
 2(conmcrete) | 2250 -i-5.63) . - L75] -9.84) < -0.90] - . 12.25 -2.03
3(concrete) S.203] 050600 230 0 11.64 -0.81 - 1.50 -1.22
. Total 578 0 1444 B =231 S

354




Earth Pressure without Earthquake .
Cocﬂlclcnt of active earth pressure ; }\a*O 335

: -Y(m)

24.48

A(m?) \’(tf) X(m) - | Mx(tffm) | - H@H My(tf-m)
pal - 0.72 2.47 .79 - -1.05] - 217 -2.27
Pa2 - 1.09 2.75 299  -1.57 - 0.75 118
Pa3 - 0.19 2.80] 054 . -0.28 - 0.50 - -0.14
Total - 200 5.32 -2.90) - -3.59]

E'inh Pressure with Larthquake

- Seismic composite angle : 0,=9.1(degree) {tanfy= =Kh=0. 16)
Coeﬂ:c:cnt of active carth pressurc : Kea=0449 =~ - - * : R
A(m ) V(f) | - X(m) Mx(_f m){  H@) | Y(m) | My(tf-m)
Pael ' - - 082 2470 . 2.03 -1.49 2.17 -3.24
~ Pae2 - - 1.23 "2.75 3.39 224 - 075 -1.68

Pac3 - - - 0.22 .2.80 0.61 040} - 050 -0.20

Total ~ - 2.27 L 603 -4.13 1o 511
WaterPressure . o e e
: | Am2) V(th) X(m) | Mx(tf-m) H(ID Y(m) | My{tf-m)

W, Pw 0.23 0.23] 280 0.3 -1.13 0.50] ~ -0.56

Total e - 0.23 0.63 -LI3[ . -0.56
Uplift = o0 T

AM®) | V(R ] X(m) | Mx(1f-m) H(ll) - Y(in) [ My(tf-m)
U - -2.08F 1931 421 R
Total ' -2.13 ] 421 - - -
(c) Stablllty Analyms of Upstream Porllon of Chute (1 140)
(|) Case l \'onnal condmon (mthoul I“anhquake)
___lgtal Load \’(lf) : H(tf) Mx(lf-m) My(lf m) N
| Dead Load 144] - 00 243 0.0} .
Earth Pressure 20 2.9 83 -3.6
Watcr Pressure 0.2 S -1 0.6 - 0.6
- Uplift -2.2 - 0.0 S 42 C 00| ‘
: Tolal o 145 - 4.0 260 4.2
Safcly agamst overlummg o
d= 1.510m e e
e e=Bf2d= . 0060 m - < - 0483m =bf6  OK - = .
Safety against shear - o F O LTI R
SF=(Vftl)yH= -~ 24.133 ~ > 4 S OK
- (i) Case 2 : Seismic condition (with Earthquake) , Kh=0.16(100%) = . . .-~ -



Total Load

My(tf-mL_

V(i) H(tf) Mx({tf-m)

Dead Load 144 23 243 -3.5
Earth Pressure | 23 -4.1 6.0 -5.1
Water Pressure 0.2 -1.1 0.6 -0.6

Uplift 2.2 0.0 -4.2 0.0
Total 14.8 -1.6 26.8 -9.2
Safety against overturning -
d= _ LI88 m . :
T e=Bf2-d= 0262m - < - 097m =b3  OK
Safety against shear ' o ‘ - o
> 4

SF=(VFitl)y/H=

12863

Doﬂvnsﬁeam Pdﬁion.of Chute (iZI:ﬁ.O)

“(a) _ Basrc dcsngn condttlon

" OK

Typlcal Cross sectlon and dlmEllSlOH are shown in the followmg ﬁgure

2,500

000

1,000
- 3,500

Des1gn condmons such as matenal propertlcs are shown n lhe follomng tables. -

| 2,700

W
S T
J

© CHUTE (!—-1 2. 0)

| friction of foundation rock

- Ilem _ Symhol Umt : Value Dcscnpt:on
" Unit weight of concrete - e (tfm*) 2.50 Thin struclure
Unitweightofwetted | .o 0l o .
s backfill soil 3 o7t (tﬁ’m )‘ 190 Wet dCﬂSIty
Unit weight of submerged { . | 1o sl = aon : Lo
‘backfifl soit YS (t-flm) 0_.90 Submerged densnty__
H.onzontal seismic " Kh - 016 ‘_ 100% :
~ coefficient S : - SRS
- Shear strength of SRR i 3 o S '
. fOlmdaﬁ()n}pck 5 To (‘ﬂrﬂ ) 30 . | . CL ClaSS_
Coefficient of intemnal | - - £ i 07 oL class




< Cocflicient of earth pressure >

K'a cos? (6 -6)

':’?;52_9'“5(.9%6)-[1 N / sinf6+3): i "a) J '

Y cos(0 4 3)- co_s(ﬁ . a)

Ka: Coeflicient of active earth pressure under normal condition

ltem .| Symbol Unit . Valug Descriplion _
Anglc between \\:'z?il backside 0 (degree) 13 V-H=1-0.20
surface and vertical plane _ - : ST L ]
Angle between ground surface and | '
horizontal plane « (degree) 00 : :
- Intemal friction angle of soil ¢ | (depree) | 350 - Sandy soil

Friction angle of soil to concrete 8 (degree) | - 233 - | - 6'—-2/3¢
O Keam cos(9 -0 ~0)

cosBO oS G cos(() + 90*’6) [ '- Jsm@ﬂs) sm(¢ o- ﬂ} : B

cos(0+0, + 6) cos(O )

l\ea Coefﬁ(:lenl of acu\ ¢ earlh pressurc under seismic condmon ‘

ftem . - Symbol :Umt : Valuc : Descriplion

Friction angle of soil to conerete | . &e | (degree) | 175 | = §e=1R24 : -
Seismic compositeangle - | . 0, * | (degree) | - 9.1 tan0y=Kh - S (59

(b) Loadmg Calculatlon of Downstream Portion of Chutc (1 1:2. 0)

 Structural model 'md load combmatlons are shown in the followmg ﬁourc

C e et IR oter \'!esom o
B e i Eor{n Pressure ‘ -
SRR A L / Woler pressure
: - o CT i Rt -
IR By o (I =1 oy o
ol & l a FoiFeel |8 Serrio e ol
40| ool B s
:,j’ o o l,;.@r vt — - - o -.—r——_S.%‘—*—* - fr
{ R 1Y kS) "\ . = o : 'H AN o i
oy —— 1 (_‘- Pl pPoci © r ; Wl T [=3
S D FoZPskd o R T TN | .
[ S Sl N S ; ST Nt S & - -
o o u e
Dead Lood, LN S < €)
| | 2700 ] L0100 RN e |
A i e ._% ._;
C=UTE (1=1:2.0)

: -_'Each load is calculated hc"re_i'ﬁaﬂe_r.' L

2450 .



Dead Lbad

L SPE(VEGIYHE

S 241

1 AMY V(D | X)) [Mx(tFm)|  H(D) Y(m) | My(if-m)
L(concrete) 1.50 3.75 0.75 281 -060] - 0.50 -0.30
2(concrete) - L75 - 438 C 175 7.66 -0.70 L5 -1.23

| 3(concrete) 1.23 3.06 2.23 6.84 049 - 117 -0.57
Toial 4.48 11.19 17.31 L7900 -2.10
Earth Pressure without Eaﬂhquake v
Coefﬂmcnt of active earth pressure Ka-O 335 : e :

N A(m?) V(ih) X(m) Mx{(tt-m)|  H(th Y(m) | My(tEm)
Pal - 0.18 2.33 042f - -0.26 - 1.83 -0.48
Pa2 - - 0.54 2.55 1.39 -0.79 0.75 -0.59
Pa3 b - + 0.19 260 - . 050 -0.28 . - 0.50 C-0.14
Total - 0.92 2.31 -1.33 e -1.21

" Earth Prcssure w1lh Earlhquakc
Seismic composite angle : 05=9. l(degree) {tanDy= Kh=0. 16)
Coeflicient of active earth pressure : Kea=0.449 ' :
A(m ) V(tf) X(m) Mx(tf m){  H(ih) - Y(m) | My(tFm)
Pagl - - - 0.21 -2.33 0.48 -0.37] - 1.83] © -0.68
Pae2 - - 0.62 2.55 157 -L12 075 -0.84
~ Pac3 - 0.22 260 057 - -0.40 0.50 -0.20
Jotal - 104 - 2.62 -1.89 ' -1.72
Water Pressure C : R o PR
Ay | ovan | X [Mx(Ew)|  HOD [ Y@m) | MyGEm)
W, Pw - 0 023] - - 0.23 260 059  -1.13 0.50 -0.56
Total L 0.23 0.59] ~ -1.13] - ~-0.56]
| : - A(m?) V() - | X(m) [ Mx(tFm) H(ll) Y(m) | My(tf-m)
- U b - . -2.03 . 1.80] . -3.65} - -
Total -2.03 —3.65 - -
: __(c) _ Stablllly Analysts of Downslream Pomon of Chutc (1 1:2. 0)
(1) Case I \'omlal condluon (Wlthout Edrthquake)
Total Load V(tl) H(tf) - Mx(lf m) My(lf m)
Dead Load o112 o 00} 0 173) 0.0]
Earth Pressure - 0.9 -1.3] - - 23 -1.2
Water Pressure 0.2 -1.1 - 0.6 -0.6
Uplift 2.0] - - 0.0 - -3.6 0.0

e Total 103 2.5 16.6] -1.8
S Safe{y agamst overlummg : :

RN ' 1435 m = S . -

e=Bf2- d= 0. 085 m < 0.450m =b/6 . OK
Safety againstshear ~ - . IO
' 35.965 > -4 OK ...




(i) Case2: Seismic condition (with Eaﬂhqinakc) R K1|:0.16(]00%) 7

SP=(VfitlyH= 18371

Al

- Total Load v(if) - H(tf) Mx(tf-m) 1 My(tfn)
- Dead Load =12y - -18 13 21
Earth Pressure SR s -39 o 26]  -1.7
Water Pressure - 0.2 -1.1 0.6 -0.6
Uplift 200 0.0 -36] . - 00 ’
Total 10.4] 43 169 T a4 &
Safety against overturning . -
Lood= 1197 m . - R o o
© e=Bf2-d= - 0.153m < 0.906m =b/3 . OK
~ Safely against shear B ' . '
> 4

0K



Stilling Basin
(3)  Basic design condition
Typical cross section and dimension are shown in the following figure.

o
3507 5

— ELIIONOm ) o
OUC 3.
3 8l
P ol 3
, FELza000m |
3 {ELaz 500?:'\2 - . §
w = e
] £1.82.000m
s

STILLING. BASIN

_ Design conditions, such as material 'prioper'ti_e's, are shown in the followiné'lables.

T iem [ Symbol | Unit | Value Description
o Unit weight of concrete Coye | () 235 | - Thick structure
2 L Unit weight of wetted = | -~ "} 4 | oo At s
@ S " backfill soil - - Tt ()~ 1.90 | Wetdensity

Umt‘:"“:fs(tf%fl‘izﬁmerge‘d -_ :*(s':i-- (tﬂ’m’) . 090 K 'Sl_lbl'ﬁergéd“density_

Hpnzontal seismic kh | -] o016 ': L 100%
coefficient ' - R
-Sﬁé‘fﬂdiﬁ?iigﬂcf- Cx o |y 40 | CMLdlass
Coeflicient of internal - o -] o8 : CM-L class

friction of foundation rock | .

. < Cocfficient of earth pressure >

O Ka: ] e (¢ 0) RPN
-: - ; Z‘_ Slll(¢+6) Sll1(¢ {l)
3 o SRS o cos 6 cos(B Pﬁ) {l + \L;(O +8) cos(B a)]

Ka Coeff' cwnt of acllve earlh pressure undernonnal COndItan I

2y



Kea=

“cos?(p -0, —0)

' ltem L ' Symbol | Unit | - Value Descrlpuon N
Angle between wall backside . .
~ surface and veitical plane | 077 L E]?f?) N 1?7 - ___\__I)L_l___l_ ??0__
Angle between ground surface and o ( dcgree) 0.0
horizonfal plane . . IR
Internal friction angle of soil | & (degree) | 350 " Sandy soil
Friction angle of soil to concrele i {degree) 233 6=213 ¢

cosOO cos 0 cos(0+00 +5)[ \I

cos(() + 90 + 8) cos((} a)

sm(¢ + 8) sin (¢ oL 90) ]

Kea Coeﬂlcmnl of aclwe carlh pressure under seismic condition

®

B ~ltem Symbol - Unit Value Description -
Friction angle of soil to concrete “8e - | (degree) 17.5 Se=1/2¢ .
- Seismic composite angle G, | (degree) 9.1 tanG=Kh

Loading Calculation of Stilling Basin =~
‘Structural model and load combinations are shown in the following figure.
: ! . s T . T gt '_g.
? v L8 e e ? - —\_j, ‘:1..:9?.{?'_\_."?. - N ET
i 2 pdt Peel Voo :
. RPN Eorik Prescue I :
I hetd ‘ - Wolsr Weaht
2 EFeNe : o |t v
& R o 7 g Yt | woter pressufe T Bl
! L “(/ - WEed.Feed {E/ i
i 4 a2 euseitge | ) L . \‘ ; 7 !: E-1(N~r
it Cpan = N : . i W = ;
s =E_ £ —; z ,F‘biZ/// g s :_ KE} 2 . ‘J I("p_\'* ; g -
<y R A T £LET LT HEE i- - . !‘4."_“"\‘ . El.f_"::_ﬂ'fl I R
- g | - ! 1u17' I TR AR
Cecd tood LA LIS h e R B
. - -1 -
STILLING PASIN

Each lo_ad.ri-s cél;ﬁuiaféd_hefqinqﬁer. '

U 2:4-54¢

DeadLoad '+ oo b LT
. Ay |ovan ] X)) [ MX(Em)|  H() | Y(m) [ My(tfm)
I(concrete) | - - 875 ~20.56] - 1.75] -7 3598 - -3.29] - 1.25] . 4.1
2(concrele) - 900 204800 3.075) 1 7930 5 -338 0 9.00f - -30.46
3{concrete) - 48.60] - 114.21 ©5.80] © 662.42] - -18.27 - 6.00f - -109.64
Total | 6635 . 155.92 41T 2495 | <144.2]

O



Earth Pressure without Earthquake
Coeflicient of active carth pressure Ka=0.

389

H(tf) —

. SE=(VEriglYH=

* (i) Case2: Scismic condition (with Earthquake) , Kh=0.16(100%)

U 2ass

A(m) | V(@ X(m)  [Mx{tf-m) Y(m) | My(tf-m)
Pal - : - 40.19 6.90] 277.30)  -47.84] . 833] -398.66
. _Pa2 - 24,73 8.80 = 217.63 -29.44 2.00 -58.88
Pal - - 1.80 9.00| - ‘- 16.22 -2.15 - 1.33 -2.86
Total - ~ 66.72 511.15 -79.42] -460.40] -
Earth Pressure with Earthquake ' o
Seismic composite angle : 8,=9.1(degree) (!anﬂo Kh 0. 16)
Coefﬁcnentof active earth pressure : Kea=0.508 P s e ‘
A(m) V() i X(m) [Mx(tf-m) H(Ii) o Y(m) ] My(tfm)
: 'Pael 45.86] . 6.90] - 31645 -67.49 8.33] -562.39
" Pae? - 28.22 8.80| 24836 = -41.53 2.00 -83.06
- Pae3 - 206 - 9.00 18.51 -3.03 1.33 -4.04
__Total - - 76.14 - 583.33]  -112.04 ' -649.48
Water Pressure - Fo _ - ' ,
s A(m2) V(D X(m) Mx(1Em) |  H(tf) - Y(m) | My(if-m)
W, Pw 240 ~ 240] . 9.00] . -2]1.60 -8.00 - 1.33 -10.67
. Total - - 240 o 21.60 -8.00 -10.67
 Uplift : : T N : ‘
L A(m®) | V() X(@m) |Mx(tFm)|  H(th Y(m) | My(tf-m)
N ur - | - -23.50 470} -11045] - - S - -
U2 -7.05 6271 -44.18 )
- Total -30.55 : -154.63 - -
(c) Stab:llly Analysns of St]lhng Basm
(1) Case l; \!ormal condmon (wnhout L aﬁhquake)
‘Total Load V(!f) ' H(t) Mx(1fm) | My(tfm)
Dead Load - 155.9 - 0.0 79171 - 0.0
Earth Pressure "~ 66.7 -794 511.2 -460.4
Water Pressure 24 - -8.0 216 - -10.7
- Uplift - -30.6 00| -15406| 0.0
: Total- 194.5 - -87.4] - 1,155.8] -47]1
: Safetyagamst 0\ertum1ng .
Sod= 3521 m - s o
U eBf-d= - . 1119 m < 1.567m =bl6 = OK
Safety against shear . - S e
6.618 > 4 - OK



Total Load V(D ~H(i) Mx(tf-m) | My(tf-m)

Dead Load 155.9) .« =249 - 7707 - -144.2
Earth Pressure -4 -~ 76.1] : .-1120] - 5833 = -6495
Water Pressure 4] 80| - 216 _-10.7

Uptift - - =30.6] . 0.0 -154.6| - - 0.0]
Total - ©203.9] . -145.0 1,228.0 -804.4 -

Safely against overtuming
' d= - 2.078 m T I
e=B/2-d= - . 2622m < 3133m =b/3 . OK .
Safely against shear e T
Co SF(VRglYH= 4043 - > 4 . . LOK

24:56



243  Structural Calculation
—ﬂLgﬂ_CQl&ﬂmA
(1}  Allowable Stress

~ Allowable stress of concre_te and reinforcing steel bars are shown in the following table.

Description

Item 7 Symbol Unit - | Value
Allox-rable compresswe stress of ‘gea | (keflom®)| 60
: concrete o '
_ Aliewable tensile stress of Cota  |(kefemd)| 3
_concrete S
~ Allowable shear stress of 1a . |(keflem?®)| 55
- concrele : - -

Allowab!e tensile or co:npresérve
stress of reinforcing steel bar
Note Mimmum diameter of mam reinforcing bar is D16 mm above

osa (kgﬂcm | 1,800

In structural calculahon additional rate of allowable siress is applled to each condition -

' _'of calculahon Required add:honal rates are shown in the followmg tables. -

Structure faemg Reservorr Walcr

K Young $ \«Iodules to be used in slmctural calcu!atlon of remforced concrete are sho“m

in the table below .

oo B | Additional Rate
é} S Case Conditlon of Reservmr Earthquake Normal | Earthquake
' ' o : SR ] Condition | Condition
1 \!ormal Waler Surfacc - 100% - 10 1.5
| 2 . | Surcharge Water Surface |~ 50% 1.0 | L5
3 | Maximum Waier Surface 0% ) -
! - Empty Reser\'ou' 0% ' 10 1.5
i : Stmcture not facmg Resenonr “ater
Case  Condition Farthquake Additional Rate
1 Nommal Condition 0% 10 '
2 Earthquake Condition | - 100% R
@ Mod_u_lc's ofElastieity (Yo'u'ng's Module)'

" Module of Flasticity - |

Rauo of Young s Modu!es n= Estc =15

2487

“Material ([ - V'S)fn'lbol i Unit oo ~Value = -
Conerete 3 - Ee (kgficm?) 140,000
Steel [ 7T Es | (ketlomd) 2,100,000



Overflow Weir

Overflow weir consists of two (2) portions, namely service spillway and emergency spillway.

(1) Service Spillway
Structural calculation of toe slab is carried ('mt' for the Service Spillway.

"(a)  Basic design condition

Typical cross section and load combinations are shown in the following figures.

R TR X -

TS WRENON ORETER S

rL14= 5500 - i co iLF
T TRRTER SUSFACE ¥ Deod lead : i S
C . L
A PEIN )
< g ' A CULATIN SECTIOY
e -
: RN
o i .
Uplift
P L ) - ‘mrnn,or Rﬂcfmn
S DO S B B
I S . Voi. {3 oi . S
e LOAD COMBINAT!ON aF TGE SLAB
SO SenLway L s T TSERGTE SFIURAY (GVERTLGW WEW)

Demgn condmons are shown in thc followmg lab]es

om0 Symbol Unit Value . Description
Unit weight of concrele . ¥c (fm’) | 235 ¢ Thick struclure
Unit weight of wetted R PP I Wt deieie
backfill soil : 7 L (tfm’) | 190 \\et-denslg
Unit weight of submerged | - _ oo | i e
backfill soil - Dys (lf/_m Y| 080 S.ubmcrged d_ensll)_

Horizontal seismic
__coeflicient

Kh | -] o6 | 100% ¢

< Coefficicnt of carth pressure > -

Ka# . cos” (¢ —0)

L cos coslo+ sm(¢+6) sm(d) )
| 9 (9 5) [ cos(9+3) cos(e d)]

Ka: Coefﬁcwnt of achve eanh pressurc under nonnal condlllon S

. 2458




Rt
g

liem Symbol Unit  Value - |  Description
Angle between wall backside
surface and vertical plane - 0 (degree) 0.0
Angle between ground surface and
. horizontal plane e (degrec) 00 L
Internal friction angle of soil b (degree) 35.0 . Sandy soil
& (degree) 233 6=213¢

Friction angle of soil to concrete

cos? ©® - 0, - 0)

Kea =

cos 0, -_coszl 0 7005(9 +0, +5)- [1;—J

sin($+8)-sinp — ot — 0 ) ’
cos(B+00 +8)-cos({)—a)

Kea Coeff cient of acttve earlh pressure under seismic condition

“Ttem

Symbol Umt | Value | = Description |
Friction angle of soil to concrete -3¢ | (degrec) 17,5 = 2
By (degree) various | .tan60=l(h

Seismic composite anglc

Case 1 Toe slab of Semce Splllway, Normal Watex Surface EL 148 900m

(®) -
Honzontal selsmic coefﬁment Kh (), [6(100%)
{1) Loadmg Calculatlon SR .
: Each load is calculated hercmafter
o Amb) V(i) X(m) |[Mx(@fm)| H@ED | Y(m) | My(tf-m)
I{concrete) 6307 1481 -~ 1.05 1558 - - - -
Total  630] - 14381 ' 1555 - - -
© Subgrade Reaction withdut'Earihc.luake o S
- Ql= " 17951 . (tfm?) * , Qo= 17815 () - = -~
o A V(D Xm) . |[Mx(tEm)| (1D Y(m) | My(tE-m)
'Q -1 - -37.550 0 1.05]  -39.48 - - -
Total . - -37 55 ] -39.48 - -
o Subgrade Reactlon wnth Earthquake SRR L
Ql = 24 837 (thm?) Qo=. 22813 _(tf/m’) R
. A(m ) V(tt) Xm) [Mx(tEm)}  H@H | - Y(n) | My(tfm)
Qo -50.03) - 1.06] - -53.28). - - - LSRR R
~ _Total - 5003 -0 | 7-53.28 - -
Uphft T O S R AR TR R N L
S AmY) V(tk)- 4 Xy | Mx(ifEm)] H(ED Y(m) | My(tf-m)
B R S 059 070 041 - - - -
Tolal -0 59 ’ _-0. 41 - -

(n) Structural Calculatlon (\“onnal Water Smface EL 148 900m)

e : ,_2'.54-59_' S




-~ Nonnal condition (without Earthquake)

VE=S)(i)

M x(tf-m)

‘lotal Load H{ENYD My(tf-m)
Dead Load 14811 - 0.00 15.55 0.00} . -
Subgrade Reaction | -37.55 0.00) -3948 - - 000
Uplift - -0.59] - - 000 - -041 0.00] -
Total -23.34 - 0.00 -24.35 0.00}
Here' S: sheanng forth, N: axlal forth, M :moment '
Stress calculauon of concrete : . -
" Shearstress . 10=’ 0.78 (kgfim’) ~ < - 550K
Compressive steess  © oc= 1.62 (kgfm®) < 60 OK
'I‘ensﬂe siress ot= —-l 62 (kgﬂm’) < 30K
Selsmlg con ng (wuh Egghqugk h=0 16(100%)
Total Load V(=S)(tf) I{(=N)(tt) Mx(ifg;)__ My(tf-m) |-
“Dead Load - 14811 ¢ 0.00f - 15.55] 7 0.00] -
Subgrade Reaction -50.03 - 0.00 -53.28] .. - 0.00
- Uplift . -0.59 - 0.00 041 . 0.00
- ~ Total ~ -35.82 0.00 -~ -38.15 0.00
"Here;  S:shearing forth, N :axial forlh, M:m_om_ent :
SﬁesscalCula_tion.bfcbr.lcrctc' : - i T RIS B
Shearstress - 1c= . 119(kgfm’) < 8250K .
Compressive stress  ge= - 2.54 (kgfim’) =~ < 1~ 900K
Tcnsile stress Gl=_ -2 54 (kgﬂm ) < -4.5 OK
(© CaseZ Toe slabof ServxceSplllway, Surcharge Water Surface EL151800m
Honzontal seismic coefﬁcmnt Kh=0. 08 (50%) |
(1) Loadmg Calculanon
' Each load is calcu!ated heremaﬂer
- DeadLoad s L R R L
“A(mY) V() X(m) Mx(if-m)| H@) - | Y(m) | My(tf-m)
1(concrete) - 6300 1481 - 1.05) US55 -} e il
Total : : 630_ : 1481 T 1555) - - - -

Subgrade Reacnon wnthout Eanhquake A ' :

- Ql= 24106 (t/m®) Qo= 22,339 (tffm’) Co -
' A(m’) V(tf) }s(m) Mx(tf-m) | H(if) Y(m) | My(tf-m)
Q- - 4877 1.06] -51.85] - - S

Total - 4877 - -51.85] @ - -
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Subgrade Reaction with Earthqﬁake

' Honzontal scismic cocfﬁclcm Kh 0 0(0%)

(1) Loadmg Calculatlon

Each Ioad is calculatcd hcrcmaﬂer

QL= 28345 (tPm?) , . Qo= 25413 (10m})
A(m?) V(@) | X(m) [Mx(tfm)] H@H | Y(m) | My(tfm)
0 e 5645 L07] 6035 - - e
- Total - -56.45 ' -60.35 - -
Uplift e e e 3
Am?) | V(D X(m) | Mx(tfm){  H(f) Y(m) | My(tf-m)
U . - - -0.73 - 0.70 -0.51 - T
'!’otal ~0 731" -0.51 - -
(n) Structural Calculatlon (Surchargc Watcr Surface FL lSl SOOm)
N gm a! cg dmgg! llelll Eaﬂhquakg)
Total Load V(-ﬂS)(tf) H( N)(tf) Mx(tf m) My(tf-m)
DeadLoad - | - ~ 1481 = - 0.00 - 1555 0.00
Subgrade Reaction - -48.77 . 0.00] 5 -51.85 0.00
Uplift - -0.73] 0.00 -0.51 ~0.00
_ Total -~ - -34.69 < (.00 7 -36.82 - 0.00
_ Hcrc S shearmg forlh N axtal forth \r[\: moment
StrGS_S calculatlon of concrete 3.:':-' R o
© Shearstress - 1¢= 1._16 (keffm) < ~ 550K
+ Compressive stress - gc= - 245 (kgbm’) | < '60 OK
Iensﬂc stress ' cst: 2, 45 (kgffm) § -3 OK
ismi ndm n w1hE h uak 50% _
- Total Load V('=S)(tf) H(:N)(n) \d\(tf m) My(tf m)
Dead Load © | - ¢ 14.81] . 0.00 1555 0 0.00
| Subgrade Reaction| ° ~-56.45 - 0.00p  -60.35 - 0.00
Uplift -0.73 0.00 -0.51 0.00
Total 4237 0.00[ - 4531 0.00
Hcrc S shcanng fonh N : axial foﬂh M : moment 7 '
Stress calculatton of concrete o : I RO
~ . Shear siress _--‘__m:' - 141 (kgflm’) < 8250K
- Compressive stress *~ ~ go= 3.02(kgfim’) < . 90OK -
'_ Tcnsilc stress  ot= -3.02 (kgffm’) < 450K
o .(d) Casc 3 'loc slab of Scmce Splllway, Max1mum Water Surfacc EL 155 300m



Dead Load

: 1 A(m?) V() X(m)  [Mx(@fm)|  H@) | Y(m) [ My(tf-n)
| I{concrete) . 6.30 14.81] 1.05 1555 - - - -
[ Total __ 630] 1481 - 1555 - -

Subgrade Reaction mlhout Eanhquake -

Ql= . 28 383 (tOm’) ;. Qo= 25511 (tffm?) -

L A(n’) Vaf) | Xm)  IMx(fm)§ o H(@0 | Y(m) | My(tfm)
Q ; -56.59)  1.07] -60.47 - ; o
Total - -56.59 -60.47 - -
CUpHR o e s -
A(m?) V(i) X(n) - [Mx(fm)| -H@) - | Y(m) [ My(fm)
u_ |- 090 - 070}  -0.63] - T ;
Total ' ~-0.90] -0.63 - -
(n) Slructural Calculahon (I\’f“lelTIlll‘ﬂ Water Surface FL 155 300m)
l\lgn_gl mndl n (wj h La h - o
TotalLoad | VES)iB H(:N}((t) Mx(f-m) | Myafmy | -
" Dead Load 1481 - 000 - . 1555 - - 0.00] -
Subprade Reaction| . -56.59 0.00 -60.47] .- 0.00] -
- Uplift ~-0.90] 0.00] - - -0.63] . .. 0.00] .
Total ~ -42.08] ¢ - 0.00F - -45.56 - 0.00
Here; ~ S: shearmg fonh N axial foﬂh M moment
Strcss calculation ofconcretc o A o .
. Shearstress - = 142 (l\gf/m) < : 825 OK '
. Compressive stress Uc— L 3.04 - (kefim?) < 90 OK
+ Tensilesiress - o= -3.04 _(__kgt“/m)

;4_5 OK -

( ) Case 4: Toe slab of Scmcc Splllway, Empty Rcservou’ (\'o Reservmr Watcr)

: Homontal SCISH‘IIC coeﬁ' c:ent Kh—O 08 (50%)

(l) Loadmg Calcu!atlon

Each load is calcu!ated heremaﬂcr

" Dead Load

R A | V| X |Mxafm] _HGH | Yan) ] My(fm)
1{concrete) 6.30 14811 - - L05 CA5585| - - e .
Total 630 1481 | sss| - :




Subgrade Reaction without Earthquake

e -l (kg - <

Reinfbrcing Bar Arr'a-n:géiﬁént

QL= 11557 @WmY) ., Qo= - 13.507 (tfm) -
: A(m?) V(D) X)) IMx(tf-m)| - H(t) Y(m) | My(tf-m)
Q - -26.32 1.02f -26.92 - - -
Total - -26.321 -26.92 - -
Subgrade Reaction with Earthquake o
Ql= " 14451 (tfm’) "~ Qo= 15603 (tfm?) :
A(m?) V(lf) X(m) [Mx(fm)| HQH) Y(m) | My(if-m)
Q - -31.56 .04  -32.71 - - -
Total - -31.56 32,71 - -
(u) Stmctural Calculahon (Empt);r Reservonr)
\[Qm]ﬁl ggngimgn (w;thgm Eau_g; wake)
Tota! Load (:S)(tf) H{=N)(if) Mx(rf -m) | My(tf-m)
) Dead Load 14.81 0.00 15.55 0.00
Subgrade Reaction| - -26.32 ©0.00 2692 .- 0.00
Uplift 0.00 0.00 0.00 __ 0.00]
Total KT 0.00]  -1137 000
" Here; S :shearing forth, N: axial forth, M : moment o
 Stress calcula.tio'n_of concrete N S
: Shear stress -+ @ 1e= ©: 038 (kgf/m? - 550K
% Compressive stress o= 0.76 (kgffmz) ) _< 600K
b :: Tensnle s[ress Sl 01=. 0. 76 (kgf/m) 3 OK o
Llsmlc ggndltlgn (wnlh Eaﬂhqugke), &h 08{50"/9)
- ?Total Load ( S)(t[) H{=N)(t) \/I\(tf—m) My(if' mL
] - Dead Load 14.81 ~- 000 - 15.55] . . 0.00]
Subgrade Reaction| -31.56 - 0.00 - -32.71 - 0,00} ¢
 Uplift ~ 0.00 0.00 - 0.00f . . 0.00
a . Total -16.75 - 0,00 -17.47 0.00
. . Here' S shean'ng forth N : axial forth, M : moment B
S Stress calculanon ofconcrete PRI A -
S ' * Shear stress . . Cxe= - 056 (kgfim®) < 8.25 OK
BN Compresswc strcss ;o= 104 (kgffm®) < . 90 OK
Tensﬂe stress : - 450K

_[n ali calculated cases and condmons calculated stresscs of concrete are smaller

" than allowable stresses Thereforc the remforcmg bar arrangement is not

' neccss*uy for toe slab of the Servnce Splllway

= 7_ ..2.—4'—63- -



(2) Emergency Spillway

Structural calculation of toe slab is bm1ied out for the Emergency Spillway.
(8)  Basic design condition

Typical cross section and load combinations are show in the following figures.

A ] EL155 300w
=TT wEwr U wEYfR SLRIACE

" EL15EQO
LETR SURFACE . . .
. L A0
L puseus o R B
R TEATER SURFACE Deod Load ‘1 ,
e A
A (S
g-l 1, fCALCOLATION SECTiEn
(e VA :
- Uphfi Qj ’ :
O Quborgoe Reaclien

T TR " LOAD COMBINATION OF TOF SLAS -
ICAL CROSS SECTION GF EMERGENCY SPilwar 0. | EMERGENCY SPILEAT (OVERFLOW WER)

Demgn condmons are shown in the followmg tables '

cltem - Symbol Umt Value - 1o Description
Unit weight of concrete yo - [@fm’)| - 235 Thick structure
Unit weightof wetted -~ { -~ - N e B TSIV
 backfillsoil | T (tfhw") 1.90 : We; @_n_sﬂy
Unit weight of submerged | - - -t o 5| 70 T
backfillsoil . | 1. [W)| 090 ° | Submerged density
Honzontfﬂ seismic ; e Kh:' N o6 | : {100%
coeflicient - S : A ]

< Coefficient of carth pressure > |

Ka: L 'cos(¢ -6)

~ sy 53] s )1
cos-.e .00.5(’3*5) [H 005(9:5) COS(G ‘;)]

Ka Coeﬁ' c:ent of actwe caﬂh pressurc under norma] condmon
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Ttem " | Symbol | Unit ~ Value Description
Angle between wall backs:dc : _ '
surface and vertical planc O . | (degrec) | - 0.0

Angle between ground surface and 7
horizontal plane = -~ - o | (degreo) 0.0 :
Intemal friction angle of soil | - & . | (degree) 350 Sandy soil
Friction angle of soil to concrete | 8 (degree) 233 | 8=2B3¢
— YA —
Kea - cos’ (40, —0)

L : i 8)-sin{p— ot 0p)
B, - cosZ 0-cos(+0, +8)-|1 sinfé + o
cos By CO-S C_OS( +Up + )[ +Jcos(ﬂ+60 +_6)-éos(9—a)

" Kea: Coefﬁci_ent'of active earth pressure under seismic condition

Item LT -Symbol Unit . | Valug -Dcscription
Friction angle of soil to concrete | - 8¢ - . | {degree) 17.5 o Je=1/2¢
__Seismic composite angle |6, (degree) | various tan@,=Kh

4(b) _ Case ! TOe slab of Emergency Splllway, \!ormal Water Surface El 148. 900m -
= Honzonlal seasmlc coeﬂ' c1ent Kh 0 16 (100%)
(1) Ioadmg Calculanon :

e _Each loadls caICU_l_ated herein?ﬂerr. '. =

. Dead Ldad o

[ Aamd | vap | Xam |[MxQEm)| T H@Y | Yn) | My(Em)]
- {{concrete) _630] .- 1431} - 1.05 15.55] - - - S R
Toal | 630 1481 . | 1555 - - .

Stlbgfade Reaction wnthoutEa'rlhquake:: ' S o _
. Ql= 13, 510 (tfm?) -, 0 Qo= 15744 (tm’) oo o

: A(m) SV - | X(m) | Mx(itm) | H(ib) Y(m) [ My(tf-m)
Qo BT 7] TV I -
Total o - -30 721 S -31431 - - - -
Subgrade Reacuon with Eanhquake AT SN SOV L
Ql - 25 045 @m?) -, - - Qo= - 23898 (tfim’) Sl
N A@J_) ﬁ_gﬂ) - X(m) [ Mx(tf-m)|  H(t) Y(n) | My(if-m)
?} ) S - Q B ~ -5139] - 1.06] -54.38] - - Sl ML
ST o Total o] -« L5139 -~ -54.38| - - -
o b AmY v S X(m)  IMx(Em)]  HED | Y(m) | My(ifom)
= ;"’U};m_"_'_“;‘;:;;-;;,;;“;il@ R0 Y -
l‘otal ' b 0 -0.63 S -0.44 - - R




(i1) Structural Calculation (Normal _Watér Surface : EL.148.900m)

" Normal condition (without Larthquake)}

Total LLoad

Mx(tf-m)

VESY(H | HEN)YD \4y(tf m)
_ Dead Load - 1481 0.00 " 15.55 0.00
. |Subgrade Reaction -30.72{ . 0.00[ -31.43 - 0.00
CUplit -0.63 0.00 - -0.44 0.00 :
o ~ Total - 216,54 0.00 -16.33 0.00 2
. Here; S : shearing forth, N: a,\ual i‘orth M: momcnt
: Stress calculauon of concrcte o . _
' Shear stress . 1c= 0.55 (kgf/m’) < 550K
- Compressive stress - ge= - 1.09 (kgfim?) 60 OK
Tensilc stress '. o= -1 09 (kgﬁ’m ) < 3 0}\
S_s__ cgondll on__(wnh Earlh uakc ’h—O 16 0 _A}
'lotal Load V(HS)(lf) H(hN)(t[) Mx(tf-m) \“Iy(tf m)
-~ Dead Load - 14.81 0.00{ "~ 15.55] . 0.00
.~ . | Subgrade Reaction | ~51.39 - 0.00 . -54.38]. ~ 0.00f -
Uplift -0.63 0.00 - -0.44 - 0.00
- Total - <37.221 - 0.00 .- -39.28 - 0.00
"~ Here; © S: sheanng forth N ax:al f011h M smoment
Slress calculauon ofconcrete o e 7 N S @
Shearstress -~ 1¢= . . 1.24 (kgf‘/m’) ...< . 8250K o F
- Compressive stress o= . 2.62 (kgfim’) < 900K
" Tensile stress o= -2.62 (kgﬂ"mz) < 450K
- {©) Casc 2 : Toe slab of Lmergency Splllway, Surcharge Waler Surfacc .

EL. 15] 800m
_ Honzonlal seismlc cocfﬁclent KErO 08 (50%) e .-
(1) Loadmg Ca]culanon o |

l;ach load i ys calc_ulated hereinafter.

2466

U DeadLoad ol
e - A(m?) Vi) | X@m)  [Mx@fm)| CH@ED | YOn) | My(tfm) o
‘ I(collcreic) - 6300 - 1481f T 1L05| - 1555 - e - - S
Total . 630] — masi] ] usss[ - 6
_ Subgrade Reacnon mthout Earthquake B
S Ql= . 20573 (tm?) - Qo= 21299 (fﬁ'm) e e
B 1 A(m) V(ﬁ) “X(m) | Mx(tf-m) _H(tf) | Y(m) - | My(tf-m)
~Q - -45.02| - 1.0522} © 4737 - i I S
Total - 4502 -} - 4737 ‘ -



i

Subgrade Reaction with Earthquake

O . Honzontal selsmlc coefﬁcrent Kh 0. 0 (0%)

. '} (l) Loadmg Calculatlon B

- Each load is calculaled hcremaﬂcr

'2_-'4—67_'

Q1= 28302 (t¥m?) - Qo= 26047 (tfm?)
: A(m?) V(tf) Xm) [Mx(tfm}] H(H) | Y{m) | My(tf-m) |
Q - -57.07]  1.0645]  -60.75 - - -
Total - -57.07 -60.75 - -
Uplift BEETE L S Lo S
“A(mY) V@ | X(m) | Mx(tEm)|  H(b) Y(m) | My(tf-m)
U - -0.78 0.70 -0.55 - - -
Total -0.78) -0.55 - -
(u) Structural Calculahon (Surcharge Water Surf‘ace EL. lSl 800m} -
-._\ nm ]"lll wrh h |
Total Load - V(*"S)(rf) H(—\I)U) Mx(tf-m) My(tf m)_
- Déad Load. 1481 0.00] .- 1555 0.00
Subgrade Reaction| ~ -45.02 - 0.00 -47.37 0.00
- Uplift . -0.718 0.00 -0.55 - 0.00
; “Total - - -30.99| : . 0.00] - -3237 - 0.00
" Here; S_: shearing forth, N : axial forth, M : moment
' Stre_s%_é r:afcrj_taﬁdﬁ of cr;ttéréte, _;_ " o LT :
.- Shearstress - - ‘re= "~ 1.03(kgfm’) < 550K
- Compressive stress ~ oo=_ 2,16 (kgbfm®) - < - 600K
'lcnslle stress - 01[: -2 16 (kgﬁm ) . ~3 OK
elsmlc cgndttrgn(wuh Egrtl_lqu& l, l\h 0,0 LSO%_)
Total Load V("S)(t[) H{=N)(tH) Mx(lf m) \f[ﬂ_f -m
 Dead Load 1481 0.00 -15.55 0.00
 Subgrade Reaction| .- -57.07 0.00 -60.75 = 0.00
Uplift - -0.78 - 0.00 -0.55 0.00
Total o -43.04 0.00 -45.75 . 0.00
Here' g S'shcaring forth '\!'axial forth, M :moment '
Stress calculahon of‘ concretc | S S :
" Shear stress Tc“_ Lo La3(kgtim’y < 8250K
C_ompressw(: stress oc= 3.05 (kgtm’) - < 900K
Ter_rsilc st_ress o= —3.05 (kgf/m’} R 450K
(d) _:' '(fase 3 Toe slab of Emergency Splllway, \1ax|mum Water Surf’ace :
o :".ELrss .)OOm o . " | |




Dead Load
-

Mx(tf-m)

Surfacc EL 155. 300m

E N nuL cgmingn [wlthout Earl q )

AGn’) V() | X(m) ~ H(th) Y(u) | My(tfF-m)
- I{concrete) 630 1481 - 1.05 1555 - - - - -
Total 6.30 14.81 ' 15.55 - -

Subgrade Reaction without Earthquake ' '

Q1= 33 421 (m’) -, Qo= 29498 (ifm?) L

L AmYy | v | Xem)  [Mxtfnm){  H(th Y(m) | My(tf-m)
. Q - -66.07 1.07] . -70.81 R e
Total - 66.07 7081 - | -

' Am) [ V@b X(m) |Mx(tt-m)|  H@DH Y(m) | My(if-m)

U = -0.96] . 0.70) - 067 0 - | - e

. Total - -0 96] - : -0 67 - -

(n) Structuml Calculatlon of toe sIab of mergency bplllway Manmum Water

: Tolal Load - V(:S)(If) (gN)(tf) Mx{tf- m) My(tf-m)
DeadLoad -~} - 1481 - -~ 0.00] °~ " 1555] 0.00
Subgrade Reaction -66.07| - 0.00 -70.81 ~0.00]
“ Uplift - - . -0.96] -~ 0.00 -0.67 0.00
Total 5222 -~ 0.00 -55.94] 0.00
Here; S sheanng forth \l zma] fonh M momen[ o
Slrcss calculahon of concrete o
- Shearstess < qe= l 74 (kgffm) 8 25 OK -
Compressw_e stress - ge= 373 (kgfm?) - 90 OK
. Tensilestress = ot=

373 gfm) '_<' 45 OK.

. : {e) Case 4 Toe slab of Emergency ‘Splllway, Empty Reservo;r (No R cser\rmr Water)
Ilonzontal seismic cocff' cxent Kh 0. 03 (50% ) T .
(l) Loadmg Calcu]anon 3 '

- _7__Eac_h Iqad is calcu{atcd‘he:reinaﬁ'er.r ol

Deadload @
- | A(m?) V(D) Xm)  [Mx(tf-m)| H(@) “Y(n) | My(tf-m)
| 1(concrete) © 6.30 1481 " 1.05] - 15.55):~ < oo
Total 6.30] - 14.81] - 1555 - - . 1R

2468



Subgrade Reaction without Earthquake

_ 'lensnleslrcss oot

-0.57 (kgf/m’) - <

LR _Remforcmg Bar Arrangcment L

450K

-

Qi= 4593 (ttm?) | Qo= 10.117 (tfm?)
Am?) V(@6 | X(m) [Mx(tEm)[  H@D Y(m) | My(tf-m)
- Q - ~ -1545 0.92]  -14.19 - - -
Total - -15.45 - -14.19 - -
- Subgrade Reaclion with Earthquake
Ql = 9604 (tfm?)  , Qo= 13.644 (tf/m’)
- A(m) V(th X(m) [Mx(fm)| H(tf) Y(m) | My(tf-m)
Q -24.41 099 24151 . - . .
Total - -24 41 -24.15 - -
(1l) Structural Calculation (Empty Rcscrvmr)
' \Iormal condmon (wathout Egu_qu_c]
" Total Load V(=S)(tt) H(HN)(tf) Mx(tf-m) [ My(tf-m)
Dead Load M8 - 0.00 15.55 0.00
Subgrade Reaction ©-1545 - 0.00 -14.19 0.00
Uplift 0.00 0.00 0.00 - 0.00
Total - -0.64 - 0.00 1.36 0.00
Here; - S sheanng forth, N: axlal forth M moment g
Stress calculatlon of concrcte e T
. Shear stress -~ 1¢= 0.02 (kgf;’m?) < 350K
© Compressive stress oo~ = 009 (kgfm’) = < . 600K
~ Tensilestress . < ot= - 0.09(kgfm’) < . 30K
- Total Load | VESD) | HENAD | Mx(tfEm) [ My(if-m)
Dead Load 1481 000 o 1555 0,00
| Subgrade Reaction 2441 0.00 2415 0.00
& UpliFt - 0.00 0.00 . 0.00 - 0.00
: " Total 29,60 L 0,00 £ -8.60 0 gg
Herc' S sheanng forth N axial forth M - moment '
Stress calculatlonofconcretc SR LT e
. Shearsiress . 1c= S 0.32 (kgt'fm’) o< 8250K ¢
" Compressivestress o= . 0.57 (kgfm?) < 900K

o In atl calculatcd cascs and COﬂdlthﬂS calculated slrcsscs of concrete are srnallcr

' than allowablc stresscs Thcrefore thc remforcmg bar arrangement is nol

' ncccssary for toc slab of the Emcrgcncy Sp:llway
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