Control Portion
In the control p'cﬁion, five (5) shape-'s of _sEparél_c walls ar¢ analyzed.
( i) * Left Side Upper Scparate Wall of Control Poﬁioh

' Slruciural calculahons of sl’mdmg waH and toc slab are camed out f‘or the Left Slde :

Upper Sep'urate Wall.

(a) Basic dasugn condmon _

l)rplcal cross section and dimensmn are sllown in thc followmg I' gurc
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Desngn condmons arc shown n lhe fo]lowmg lables.'

Lo dtem o Symbol Umt Value : o Dicscripti.on

Unit weightof concrete | - ye -/ | (tfm?) 1235 Thick structure
Unit l‘::;fg:l“’sfo‘i‘l‘eﬂcd.: o @) 190 | Wetdensity
gt of bt | | 030 | submergd ety
Horizontat seismic R e : 016 . | o 100% |
coeflicient L . . At

< Coeflicient of carth prcséure >

?&3; S o (¢ 0)

- coz é.éa;(é";_a).[1+ J “;gjg fs((% z))]

Ka Coeﬁlciem of‘ acnve eanh prcssure under norma] condltlon o
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cos?{p-0,-8)

ltem Symbol Unit ~ Value Description
Angle between wall backside : oon b 1
- surface and vertical plane 0 (degree) | - 242 V-H=1:045
Angle between ground surface and '
horizontal plane (degree) 0.0 '
[ntemal friction angle of soil ") (degree) 35.0 Sandy soil
Friction angle of soil to concrete (] (degree) 233 5= 2/3 ¢

Kea = -

cosBo cos 0 cos(6+00 +6) [ J

sin{¢ + 8)- sm(¢ o- 00)

cos(@ + 00 +8)-cos(B-a)

. Kea: Coc_[ﬁcient of active earth pressure under seismic condition

Seismic composite angle

: 00'

(degrec)

[ ~ ltem : Symbol | Unit Value -+ Description
Friction angle of soil to concrete ~ e (degree) | 175 de= 1126
9.1 - : t@.oﬂ:Kh L

: K_iStrucrlu'ral (V?Aal‘cul;ation of Staﬁgling Wa“, Leﬂ Side Upj)ér Separate Wall -

76.82

oA

(b)
- (i) Loading Calculation of Standing Wall, Left Side Upper Separate Wall
o Structural mddel and ‘loéd combinations are shown in the foilotﬁng figure.
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LOAD COMBINATION OF STANDING W:\Aliti-
st P;’E’:\TL WAL {- £F7 SIOE. LPPER)
_ : Eac':'i{ lda_id is calculaled herel_naﬂer__ :

.- ':.V:Dcad Load S o : '- . ST '-,. o - .
R “A(m®) V@) | X(m) [Mx(fm)| H(D Y(m) My(tF-m)
“I{conerefe) - |' 0 8.70) C 020.45f o 0=3.92) 0 L80.04] ¢ <327 - - 870] - -28.46
2(concrete) 68.12 - 160,08 - -1.06] -16889| - -2561| .. S5.80] -14856

~ Total - - 18053 0 - -248.93) - -28.88 R e Yy A1)




Earth Pressure without Earthquake
Coefﬁcrent of active earth pressure : ka—O 481

A(m?)

v(tf) -

i{(:t)_' |

- Y(rllj )

My(tf-m)

- X(m)  {Mx(tFm) |
Pal - 102.12 | 1.56 158.79 { -93.37 5.80 -541.57
Total - 102.12 L 158.79 -93.37 S -541.57
F'mh Pressure with Larthqua!\c _ '
Seismic composite angle 00-—9 l(degrw) (tant}o M\—O ]6)
' Coeﬂrcmnt of active earth pressure : Kea=0.611 e
' A(m ) V(tif) }\(m) Mx@f-m)|  HQ@bH Y{m) | My(1F-m)
Pa_cl - 116.93 1.56 . 181.83 | -13L.11 5.80 -760.45
Total - 116 93 : lSl 33 | -131.1 -760.45
(11) Structural Calcnlatton of Standlng Wall Leﬁ Slde Upper Separate Wall
| stg 1: ; Nanal cgmjrt:gn twr hggt Earthquake)
" Fotal Load \)(t[} H(=S)(1D) M\(tf-m) Mm_f-m) ]
- Dead Load -180.5) - .0 0.0 -248.9| - 0.0]
Earth Pressure ' "102.1 Co-934] - - 1588 _-341.6} - .
- Total 28265 19337 . -90.14 -541.57
Hcre' S shearmg forlh N : axial forth,

M :moment - -

Safuty agamst ovcrturmng ' el
e= - . 2235 m <

1.388m =b/6 - OK
Strcss calculation ofconcrt,te L AR _ %
. Compressivesiress -~ ge= - 8.86(kgfw’) < 600K - L E
. Tensrle stress Coot= o =207 (kgﬂm’) <. ' S

30K

ng_ ; Sclsmlc andltlon (wrth Faﬂhquake) . Kh:().léi 100%)

I‘otal Load V( N)(tf) H(=S)(tt) Mx(tf—m) My(tfm) |
Dead Load - 1805 .289 -248.91 - -177.0] " -
Earth Pressure 0 116.9 -131.1 -181.8 -760.4
Total 297461 - -160.00 -67.10]  -93746
. Herc'

- S : shearing forth, N axial forth, \1 moment . -

Safetyagamstovemlmmg IR TR Lo Ef-_ S
: e= 3377 m - > - 2777Tm ,:bB_ NG

Stress calculatron ofconcrete J
" Compressive stress ' ge= 12.26 (kgfin®) = <

90 OK -
~ Tensile stress - ook 75._12 (kgbm?) ‘_ 45| NG_—] L

o Calculated tensrle slress of concrete under sersmrc condmon is btgger than S
' allowab!e stresses ’Iherefore the remforcmg bar arrangement is necessary for SRR
_' standmg wall of {he Leﬂ Srde Upper Separatc Wall



(c) Stmctural Calculanon of Toe Slab Leﬂ Stde Upper Separate Wall
. (;) Loadmg Calculatton of l'oc Slab Left Side Upper Separate Wall _
* Structural modcl and Ioad combmatlons are shown in the followmg figure.

. ;351@
Dead Lood e

, 8_} oy SALCULATN SECTioN

b
LTI . S
Uptift Y Subgrade Reaction

7 LOAD COMBINATION OF TOE SLAB
.- SEPARAIE WALL (LEFT SIDE. YPPER)

- Fach load is calculated hereinafter. IS

' 'Dcad Ld.a'd

: “A(m?) V() | X(m) [Mx(ifm)] - H(E) Y(m) My(tf -m)
1{concrete) - . 10.50 2468 - L.75 4318 - ; :
Total - 1050 - 24.68| 43.18) . - - s
€ o Subgrade Reactlon wnthout Earthquake SR
g - Ql= 47018 (tfm?) = Qo= 31750 (tffm’) ST
R A(m?) V(tf) X(m) [Mx(if-m)|  H(th) Y{m) | My(tf-m)
Q- -14834) - 81| 26906 - 1 - |-
~ Total TN I % 2 B 269.06] - | s B

Subgradc Rcactlon wnh ]:arthquakc 7 '_ _ SR
Ql 68.100 (ifm’) . Qo= 48447 (thm’) g e -~
A(m) V(i) X(m) [Mx(ttm)|  H@D | Y(m) | My(if-m)

Q ooy 203.96] 0 1.85) 37698 o - Y . - -
rotal ) 203960 7} 37698 -} o} -

- ~ | AmY) V() | X)) [Mx(tFm)| - H(t) Y(m) | My(if-m)
U - 71 =139 1.17] . -1.63 - - -
Total - | - . ] -139 S .‘-163-"- N R

(n) Smlctural Calcu]atton ofToe Slab L eft Slde Upper Separate Wall

. Qasei \Igrmal cgngj;ttgn [wrthput arthq;rgL l

S 2dy o



__TotalLoad - | V(=S)f) | BENYH | Mx(iftm) | My(iEm)
Dead Load 2468 0.00 43.18 0.00
Subgrade Reaction -148.34 - 0.00 -269.06| - -1 0.00
Uplift -1.39 0.60 -1.63 - 0.00
Total - -125.06 - 0.00 -227.51] - 0.00

" Here;  §:shearing forth, N :axial forth, M : moment

Stress calculation of concrete

Shear stress - Tc= _ 4.]7(kgfhn’) - < 55 0K ' ' é
Compressive slress  ge= 15.17 (kgffm’) "< 60 OK '
- Tensile stress o= . -15.17(kgfm’) > 3 {nG |

: Case2 Se:smlccondmon (wl{h Eanhquake) Kh 016(100%)

Total Load \’(=S)(tf) H(?N)(If) r\h(!{'-m) Mv(lf-m)
| Dead Load S 2468 S 0,00 43.18 - 0.00
Subgrade Reaction| = -203.96| - 0.00 -376.98 - 0.00f
Uplifk -1.39 0.00 -1.63 0.00] -
" Total -180.67] -~ * 0.00f ' = -335.43 0.00

Herg; S'shearing forth, N:axial forth, M :moment

o Slrcss calculatlon of concrele e

602 (kgfim®) . < 825 OK =

Shearstress @ . 1e= . . o
Compressr\festruss o= 2236(kgfn’) < T 90  OK v
Tensilestress o= -22.36 (kgfm’) > A4S NG|

A

'Catcuialed tensrlc stresscs of concrete under normal and se:smlc condr(lon arc
' brgger lhan allcmab!e slresses icrcfore the remforcmg bar arrangement rs o L
. necessary for toe slab of (he Leﬁ Side Upper Scparate Wall LT

(d) - ' Calcu}auon of remforcmg bar arrangcmcnt for Leﬂ Slde Upper Separatc Wall '

" Results of calculallon of remforcemcnt bar arrangemcnt on cach mcmbcr are .

shown as follows
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-_[Calculation of reinforcing bar arrangement for Left Side Upper Separate Wall)

Member ___Standing Wall - - . Toe Slab
_Calculation condition Normal Seismic Normal Seismic
Shape of member Rectangle Rectangle Rectangle Rectangle |
M t-n 631.71 . 1004.56 22751 335.43
N tf 282.65 297.46 0 - 0 B
IE tf 93.37 160 | 125.06 180.67
B c - 100 100 100 - - 100
D cm 823 323 - 290 290
Ac Cem? - 82300 - 82300 . 29000 - 29000
As om? D19@200 D19@200 D36@200 D36@200
e S  =14.20 =14.20 =51.00 =51.00
P=As/(B X D) ©0.00017 | - 0.00017 0.00176 0.00176 -
N=Es/Ec 15 15 15 15
X0 cm | 5703 2849 | 594 594
- K=X0D | 0,693 0346 . | 0205 0205
MABXD?Y - |kgffem’ 0.933 1.483 - 2.705 3.988
SABXD)  |kgfem®| 1035 1T 1044 4312 623
R (T ' 10663 - f 14491 - 1048 1048
. {8) 4724 27375 40.686 40.686
() & e 2,104 - 3.077 1.073 - 1.073
- oe lkglem®] - 9.9 215 284 418
Cos kgfem? 66 | 609 1651 | 2434
it |keflem? L3 194 | 43 | 623
~oca Co{kgfem?} 60 . 90 .60 .90
- osa kgfom® [ 1,800 2,700 1800 |- 2,700
ta kgffcm’ 55 825 55 .1 825

- Figure of main reinforcing bar arrangement is shown as follow.  *
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_ (2)‘ Lcﬂ Side Lév&er Se.pziratc Wall of Control Ponion

' Shuclural ca!culahons of slandmg wall and toe slab are camed out for the Left Slde _
' Upper Scparalc Wall.

(a) : Basic dcsign condition
I Typical cross section and dimension are shown in the following figure.
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Dcsugn condmons are shown in Ihe fo]lov.rmgtablcs R

Ite;m - . Symbol Unit \’a]uc | E Description
- Unit weight of concrete Cye L) ] 235 © Thick sfructure -
. Unit weight of wetted R P Y e N s N
~ backfill soil | LI (lllm) S0 I }‘te_t density B
Unit weight of submerged | wl o onon S ."" '
" backfillsoil . | Y8 j(Fm)] 090} Submerged density
ll_on_zontal ‘sclsml_c. . Kh - . 016 o 100%
coeflicient a : : o
< Coeflicient of earth pressuré? S
_ ka__ cos (¢ -8) -

sin($+8)-sin(p - «)
.cos .B cos(0+6) [l+ cos(BTB)E&(bﬁ[)}

Ka Coelﬁment of achve carth pressure under norma] condltton

)



7 ltem ) Symbol Unit * | @ Value Dcscriﬁ(ion -

Angle between wall backside | - - N ‘ N YT

surface and vertical plane -~ | - 0 (degree) 6.7 ... V:H=1:030
Anc-le between ground surface and

* horizontal plang a | (degree) 0__(_)_ -

Internal friction angle of soil 3 {degrec) | ~ 35.0 Sandy soil

Friction angle of soil to conerete 8 | (degrce) 233 8= 2/3 )
' | COs (¢ 0o —9)

Kea =

cosBO cos 0 cos(0+{}0 +6) ‘: J

sin(¢ +8)- sm((b o— 00)}
cos(() +0, + 6) cos(ﬂ o)

Kea Coefﬁcmnt of actwe earlh prcssure under selsmlc conduwn

Description

Ctem - v - 1 §ymbol Umt N Value
Fncnon angle of soil to concrete | -~ de {degree) | - 17.5 Se=1/2¢ |
0, (degree) 9.1 tanBo:Kh

: SCISHIIC composate anglc

| (b)

.' (1)

Struclural Calcul'ltlon of' Shndmg Wall cht S:de Lower Separate Wa]l

L admg Calculfmon ofStandmg Wall cht Sldc Lower Sep‘il"lte Wall

Structural model and load Combmatlons are shown in thc followmg ﬁgurc

Dragsure

o I

.. Each load is calculated hereinafter. = -~ -

oM SECTION

: SO AmY | veD | X(m) [ Mx(tEm) | - H( Y(m) \'[X@f_—_lﬂ))

_ Iconcrete) - | -~ 4.95] © " 11.63] - -1.49 ____;_,-17 27) . -1.86[ .- 495) - 921
2(concrete) 14.70] . - 34.55 -0.25] 846 -5.53 3_3_9 T -18.24]
Fotal - 1965) d6.18] C254| 139 2745

ST




Emh Pressure without Lanhquakc :
Coeﬁu:lent of active earth pressurc Ka=0. 389

D ]

‘.1’(.111)1 :

My(if-m)

A(m’) V(th X(m) | Mx(tf-m)
Pal - 16.78 0.75 12,50 . -19.97 3.30] - -65.91
Pa2 - - 2.00  1.66 3.32 238 .. - 025 -0.59
Pa3 - - 0.03 1.69] 005 -0.03 0.17f - -~ -0.01
Total - 18.80] - 15.86 -22.38 - -_-66.51
Easth Pressure with Earthquake
“Seismic composite angle : 0,=9. l(degrec) (tanb,= Kh 0 16)
Cocﬂ:cnentof active earth pressure : Kea=0.508 L
A(m’) _V(@h X{m) Mx(lf—m) H(ti) Y(ni) - | My(tf-m) |
Pacl - 19.15) - 0.75 14.27 -28 18 3.30) - -92.98
- Pae2 - 2.28 - 166] - 378 -3350 . 025] . - -0.84
Pae3 - - 0.03 169 - 0.05 005 o017 T -001) -
Total - 2146] - - | 7 18.10] - 3158 [ -93.83)
 Water Pressure R T R I R
. 1 A(n2) V(th - | X(m) Mx(lf-m) : H((f) Y(n) - | My(tt-m)
- W, Pw - | 0_.04 o 0.04] - 169 - 0.06 0131 - 017 -0.02
Total B 004 | 006 -0 13} -

o B (n) Stmctural Calculatnon of Standmg Wall Leﬁ Slde Lower Separate Wall .

g:ggsg m_ilg! 9_mi_ Qn(wﬂhoutl;ﬁil_qu_&,]

My(l f»m)

Safety agamst o enunung

Total Load V(:N)(lf) H(=S)(tf) Mx(tf-m)

Dead Load 4618 0 - 0.00] - -25.74 0.00| -
Earth Pressure 18.80] - -22.38  15.86 - -66.51]:
Water Pressure 0.04 - 013 0.06] - - -0.02

* Total ~ 6502 ~22.51 L9817 -66.53
Here;

S:shearing forth, N : axial f'onh, M:moment T

275

938

e= -1.174 m ,_>}  0573m =b/6 | |
* Stress calculation of concreie o S
Compressive stress ~ gc= 568 (l\gﬁ"m) <_ i j 60 Ol\
Tensile stress ot=. -l 93 (kgﬁ’_m’) -3 OK '
£:g§§ : SQ ism g QQ dLIEQﬂl ylth Faﬂbgu&g[ . Kh“Q.!Q{ Q(,’Ql
l“otal Load V(ﬁ?\)(rf) H( S)(rf) Mx(tf-m) ‘viy(tf m)
~ Deadload - | - 462 - T4 - 2257} - -
_ Earth Pressure 2151 - 316 - - 18.]
Water Pressure 00l -0 0]
~ Total - - 6.7 A | IR X
Here; = S: shearing forth, N :axial forth, M : moment

-0.02]



Safcty 1gamst overluming

Te= . 1904 m >  LISTm =3 [ NG |

Stress calculanon of concrete

Compressive stiess oc= 8.4 (kgfm?) < 90 OK
“Tensile stress . ot= 4.5 (kgfim®) - > -=l.5| NG |

Calculated tensile stress of concrete under seismic condition is not smaller than
'illowab!e stresses. lhert.forc the reinforcing bar arvangement is ll\,C\,SS‘\l’y for
' standmg wall of lhe Leﬂ Side Lower Separale Wall.
(c) - structutal Calcuhtion of T o'e Slab, Lcﬂ Side Lower Scparfifé Wall
: (1) Loadmg Ca!culauon of Toe Slab Left Slde Lower Separate Wall

- Slmctural model and Ioad combunuons are sho“ nin the followmg ﬁgurx,

Cop sk

N

Each load is calculated hereinafter.

Dead Load - A P S S

e A van b XGny [ Mx(Em)] T Y(m) | My(tF-m) |

I(concrete) |~ 1.50 =333 -~ 0.75 " 2.64 N L -
Total . | - 150]- 3.53 , 2,64 - B

"..‘)ubgradc Rcachon wuhout Eaﬂhquakn :

QL= 26798 (), Qo= 19928 (tflm)

- :\(m) \’(tt) 1 X(m) [Mx(tf-m) H(tt) Y(m) ;\-fy(lf-m)
Q- | - -35.04 - 0.79] © -27.57 I IS

“Total - -,504 \ 215 - R

‘l, ,‘,-:

Subgrade Reacllon wnh Earlhquq.ke :

42109 (n?) o, : Qo= | 26874 (WY - o

A(m) V(if) B ‘.‘l('“) Mx(tE-m)| - H(tD | Y(m) My(li‘nﬁ“] |

Qs - st 08 4ies) - |- -
~ Total . f - 4 CSEM A1.66{ - .

TR



Uplift

Mx(tf-m)

A | Vah | Xm) THOD T Ym) [ My(ifm)]
u - 032  os0| o1 - | -1
Total 0327 0 - -0.16 - -

-(i.i) Structural Calcuiation 'of ’t‘oe Stab, Left Side Lower Sep'tratc Wall

Q@e_ ;L'gmt_a__go_n_c_!_ M\vrtholtt E aﬂhqua‘_)

' Total Load ‘

o Stress calculatton of concrete -

' Shearstress - 1c= |
Compressive stress - ge—= . 15.05 (kgffm?)
'l‘ensile stress . . oft= -lS 05 (kgf‘lm )

S shearmg forth N axial forth

318 (itgf/m’)

M_Y_(fS)(tf) H( NY(tf) | Mx(tf-m) My(tf m)
~DeadLoad ~ | - 3.53 0.00f - 264 - 0.00
Subgrade Reaction -35.04 0.00 -27.57 0.00
Uplit -0.32 0.00| - -0.16 - 0.00
- Total -31.84 0.00 -25 09 - 0.00

s [-iere' M :moment -

<'60

s -3 | NG ]
g:ase ,Selsmre gondt Qn(wrthL hquake), Kh 0. ]6(100?/_0) :

: Stress caleulatton of concrete -

- b:gger than aliowable stresses Therefore the remforemg bar arrangement ts

@

o Results of' ea]cu]atlon of remforcement bar arrangement on each member are

Shear stress Tc=
Compressive stress — .ge= - - 23.51 (kgffm?)

Tensile stress . gt=

: Calcuiated tensrle stresses of concrete under nonnal and selsmtc condmon are

2351 G

L shown as follows

: ':_4.'85' (kgﬂni’) |

M s moment

<90 - OK

E -neeessary for toe slab of the Leﬂ Srde Lower Separate Wall

2480

'Iotal Load V(=S)(tf) H(—N)(lf) Mx(tf- m) h(t_@}L
[ eadload . | . 3.3 000 " 2064 000
. | Subgrade Reaction -51.M - 0.00] -41.66 0.00f .
. Uplift 032 . 0.00 -0.16 " 0.00} -
- Total 4853 - - 0.00 - -39.18 000
Here' : S shearmg forth N ax1al forth'

< 835 OK ..

- s el S

'Calculatton of rernforcmg bar arrangement Leﬂ Srde Lower Separate Wall



[Calcutation of reinforcing bar Arrangement]

Member Standing Wall .- Toe Slab - ..
Calculation condition Normal Seismic Normal Seismic
* Shape of member Rectangle Rectangle Rectangle Rectangle
M (fm 76.34 128.9 25.09 39.18 |
N tf 65.02 67.7 . - Q 0
S tf 22.51 39.1 31.84 48.53
_____ B Jem [ 100 ] T 100 100 100
- D | em 337 - 337 90 90
Ac | e 33700 33700 9000 9000
As - '""';“2 DI6@200 | DI6@200 | D22@200 | D22@200
- : - =10.05 - =10.05 =19.00 =19.00
P=As/(B X D) 0.0003 0.0003 0.00211 | 0.00211 .
~ N=E¢Ec | | 15 15 s 15
- X0 cim 168.6 76.9 - 20 .20
SK=Xor0 [T 05 | 0208 0222 0222
C MHBXDY) |kgfem’{ 0672 1.135 - 3.008 4.837
CSABxXD) - |ksfflem®|  0.668 1.16 13538 5.392
@ L [ oesd 17.874 973 o3
S ) L 11671 60.419 . 34.102 34.102
: (2) S 2.546 1.935 1.08 1.08
o¢  |keflem®| .79 = 203 30.1 C 471
. as kgflcm2 - 118 1029 <. 1584 2474
T kgflem®’| -~ 0.67 1.16 354 539 .
oca . kgf/em® 60 . - 90 .. 60 - 90
T osa keifem?| 1,800 - | . 2,700 1,800 2,700
- ta - |kefem®| - 55 825 5.5 825

+ . Figure of main reinforcing bar arrangement is shown as follows. =




3)

Right Side Upper Separate Wall of Cqmro! Portion _

Struclural cqlcn]ahons of standmg wall and toe slab are camed 0ut for the Right Side

Smce nght Sldc Uppcr Separate ‘Wall faces to rescrvmr waler, four (4) cases are

studied accordmgly condlttons of rescn'mr water surface ,
@ .Basi(_: desigti co’ndilic-m‘

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

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

C 17,400

' Upper Separa{e Wall.

C ELI37.000m . {

ELIE5.G0m

S MAN LN V\A]ER 5[,—'-‘]'!.“! -

] rl!‘\zzccmyuﬁ,swﬁ S
NI T SURTRAECE nn:“““—*'a BE

V [l NE 9&"'&“

b2

xal -
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AL WATER SU 1'#

SEPPR’ATE WALL (RiGrn SIDE UPPER)

o=

_(_:os2 9-_&_05(6 +8) [1 J

sm(¢+6) sin{o — a)

cos(G-z»S) cos(B 0:)

[

Ka: Coeﬁicwnt of achve ea.ﬂh prcssu:e under nonnal condmon L

2-432

] tem Symbol | Unit | . Value Description .
" Unit weight of concrete ye | (ifm?) 235 '[hlck structure |
. Unit weight of weited 3 o
-_pervious material (Dam) (tfm’) 1.94 Wet den51ty ]
Unit we;ght of submerged RN L
| porvious material (Dam) (tm’) 1.16 Submerged _densny
Hon_zon.tal_ seismic kh | o 06 U 100%
coefficient : 2 - S
< CoefTicient of carth pressure > _' _
" cos (¢ 8)



Hem Symbol Unit Value - Description
"~ Angle between wall backside | - e ' -

- surface and vertical plane b | (degree) 233 V:HELO.5
Angle between ground surface and
' ~ horizontal plane '

« | (degreo) 0.0

a ' Pervious material
Internal friction angle of soil (b"h_, (degree) B 150 of Dam .- |

Fncnon angle of soil to concrete | 103 - (degree) 300 | 8=2I3¢
S ,cos(¢ 9, - 0) ' ~

sm(¢)+ 8)- sm(nb o - 90)
cos(i} +9, + 5)- cos(O - c:._)

l\eaﬁ '

COSBU cos” B COS(B-I-BO +8) [ J

Kea : Coefficient of active earth pressure under seismic condition

. “ftem - - 7 - | Symbol | - ,Unit Value | Descﬁ_ption ]
Friction angle of soil to concrete 6e | (degree) | - 22.5 . Be= 1126

. Seismic compositeangle - .. | 8, ] (degree) | - tanf,=Kh

' (b) :7 Casc I : nght Sidc .U[::op;:‘r .Sé'pzai-rate' Wﬁl} ;\'On-n:ai Wa:t-er Sl'lrfﬂ-CéAI EL.7.14‘8.-9.0.0n.1

| __Honzonml selsmlc coeﬂncment I\h 0. 16(]00%)

o (I) Stfmdmg Wall of nghl SldC Upper Separate Wall (\’ormal W ater Surface)
(1 l) Loadmg Calcuhtion of St‘mdmg Wall (\'onnal Water Surffice) o

Struclur'ﬂ model and Ioad combmahons are shown in lhc followmg [' gure

Each load is,ca.l_(.:ul'a_ied l};ﬁ_rgillaﬂcf. _



Dead Load

Am?) T \’(tf). X(l_n). M'x'(lf-m) _\-’(m) :

- H{tf). My(tf-m) |
1(concrete) 8.70| - 2045 4790 9783 - .327 - 8.70 -28.46
| 2(concrete) 83.26 195.66 -1.35] -263.16] - -31.31 5.80] -181.57
Toial ' 9] 961 216.10 ' -360.99 -34.58 11 .-210.03
Larth Pressure wrthout Eaﬂhque
Coeﬁrcrent of active earth pressure Ka=0.468 = e
A(mz) V(tt) Xm) [Mx@fFm)[ H@) | Ym) | My(fm)]
Pal - 10.10] ~ -1.02] -1025) . -6.1} - 11.00]  -67.23
Paz - . . 13682 248] 91.22 -22.29 4.65[ -103.65]
Pa3 ] 2007) " 333] 0 66.841 -12.15] 3.10[ - -37.67
Total - 6699 - - 147.82 -40.55] -208.54
Farth Pre:sure with I:an‘hquakc S
Seismic composite angle : 80H9 i(degree) (tanBO—Kh—O 16)
' Coefﬁelent of active earth pressure : Kéa=0.586 R
' . A(m) V(i) | X(m) Mx(tf-m)| - H(tt) 1 Y(@m) | My(ifm)
Pael s - 11.53 -102[ . -11.71 924 0 11.00; -101.61
- Pae2 N - 42.07 248 104.22] . -33.69] - 4.65 -156.65|
Pae3 L 22.93 3.33 76.37| . " -18.37%F  3.10] - -56.94]
Tofal - -4 ~-7653] - - - | 168.88] ::-6129] - |- -315.20]
Water Pressure - . L e SRR
e Am?) V(D X(m) _ [Mx(tf-m)| - H@h - Y(m) Myﬁ(rf‘-m) ' : :
W, Pw - - 23.78) - 2378) © -333] . 7920|4325 3.10] -134.06 ) - §3
Tolal e 23 78 - 1 7920 4325 - o - -13406) - .
Hydrodynamrc Force(dueto Earthquake) Lo e e _
Am?) | V(@D X(m) Mx(tfm)| 10D | Yen) [My(fm)]
= Pd : = - - s 807 - 3.72) 7 -30.03]
Total C R - -8 07 o 1-30.03

.. (1—2) Stmclural Calculatlon of Standmg Wall (Normal Wa(er Surface)

Lnngl mndmgn (wuhgut Eagihguak_)

Tola] Load V(—N)(tf) H(:S)(tf) Mx(tf-m) My(tf-m) | -
Dead Load 21610 . 0.00 -3609% . 0.00
Earth Pressure - 66.99 -40.55 147.82] . -208.54] - .
Water Pressure .- 2378 43250 0 .79.20] - -134.06] . -
Hydrodynamic I RN EERR B
~Total - . 306.88] - -83.80| . -133.97] -342 60]
Here L

Safety agamstroverlummg :

e=

-1.553 m

' Stress calculation of concrete .

- Compressive stress
 Tensile stress -

oc— -

< l678m

S 87 (katiin? y L
023 (kgt/m’) . <

b/ﬁ

' S sheanngforth, N: axral forth, M: moment

OK .
60 OK
P



e

S_elsmlc conditi Qn( vuh Lg hqua kg), Kh=0. 16( lOD"o)

My(tf-m)

Safety agamst oveﬁummg

e= -

-2.535 m -

Stress calculation of concrete

- Compressive stress oc=

Tensile stress

(u) Toe Slab of nght Sldc Upper Sepantc Wall (\'ormal Water Surﬁce)

) Gt__:_:

< . 3357Tm

=b/3

789 (kgffm?) - <

-1 .60 (kgf?m’)r

<

b Total Load (:N)(t[) H({=S)(1H) M*{(tfm)

Dead Load 216.1] - - -34.6 -361.0 -210.0
Earth Pressure 7165 -61.3 168.9 -315.2
Water Pressure | 238 -43.2 79.2 -134.1
Hydrodynamic 0.0 -8.1 .00 -30.0;

Total ::-°- | - 316.4 - -1472) - -1129; - -689.3
Here; S: shearmg forth N : axial forlh M : moment

" OK
90  OK

s oK

(u l) L oadmg C"llClllﬂthl’l of l'oe SIab (\'omml Water Sur f‘lC&)

Slrucluml model and load combmaitons are sh(mn in lhe fo]lowmg ﬁgur:,. |

C, 3500

* Fach load is calculated hereinafter. ... - Sl
CooDeadload - Lol e -
e AmD) V() - | X@o)  (Mx(iffm){ LD Y(m) | My(if-m)
1(concrete) |~ 10.50] - 2468 L7 43180 - - o
C Total 10500 2468 o o a3ag -
. Subgrade Reaction Withouf Eérthquake ST T e
QL= 36259 (ifm?) - oQe= 323320 (). e .
- L\(m) V(ll) S X(m)  [Mx(tEm)|  H{OD  p Y(m) | My(tfm)
. Q - ©120.03] L8 2bd07| e ) e ]
Total - . - -120,03 21407 - -




Subgrade Reaction with Eanhquakc B

40655 (tbm?)

Ql = 50 922 (tf/m?) Qo= i
' A(m) V@D LX) IMx(tfm)| CHQ@D | YGn) | My(if-m)
Q. ; - -160.26 1.82| -290.94 - - - -
Total - -160.26 T 2000a] - | -
o AmY V(th) X(m) [Mx(tf-m)| H(@D [ Y(n) | My(if-m)
U L -1.65 1.17) -192p - - - | - -
Total _ -1.65 -1.92 - -
(11-2) Slmctural Calculation of Toe Slab (Nonnal Water Surfacc)
I;'Qrmglgg d_l_{_I,Ql(Wlth]_.lj_F M_t'nq ge) | |
Total Load V(—S)(tf) H(—N)(tt) M}.(tf m) My(tf-m)
Dead Load 24.68 000 " 43.18 - 000
. {Subgrade Reaction -12003; - - 0.00] - -214.07 000
Uplift -1.65 . 0.00 - -1.92 - 0.00
Total 9701 - 0.00f - -17281] - - 0.00
Here' S sheanng forﬂl N axml foﬂh M : mement
Slrcss ca]culanon of concrete - R L
Shear stress -~ . te= - 3.23 (kgf/m’) '_<_ - 55 OK
Compressive stress -~ oe= 11.52 (kgffm®) L 60 QK -
Tensile stress E crt=, : -ll 52 (kgflm) > . -3 ING
Sgrsmrc@ ngn (wr; @g qng g), Kh=0.16(1 !!Q @V) L -
Total Load V(=_§)(lf) H( N)(ﬁ) \i:\(tf-m) My(tf-m) .
- Dead Load - 24.68 0.00] °  43.18 0.00
Subgrade Reaction -160.26 0.00[ - -290.94 0.00
- Uplift -1.65 000 - - -192 0.00
Total  -137.24 - 0.00] - -249.68 . - -~ 0.00
' Here" - §: shearmg fonh N axla] forth M_.rnoment :
. Stress calculatwn of concrete L oL
- Shearstress . . 1c= 4.57 (kgf/m’) < 825 OK - o
Compressn’e stress  oe= - 1665 (kgfm?) - <. 90 “OK
© Tensilesttess - ot= - -16.65 (kgfim?). - > 45 [NG | ST
" {c) :Ca..sé 2 : Slrréharge_,_ WaierSurface

nght Slde Uppcr Sepa:a(e Wall

" EL.151.800m
' Honzonlal seismrc coefficaent Kh -0 08 (50%)

(l) Standmg Wall of Rrght S:de Upper Separate Wa]l
' (Surcharge Water Surface) e




(1 l) Loadmg Calculalron of Shudmg Wall (Surcharge Water Surface)

Struclural ruodei and Imd comhumnons are shown in the following fi gurc

.. Each load is_éalc‘ulatcd hercinafler, -

= Total

o yasr

“DeadbLoad . - - Lo R R
o “A(m?) V@D -] X(m) - [Mx(fm)| - HOO - | Y(m) | My(tEm)
_I{concrete) 8.70] 2045 - 4791  -97.83 -l.64 8.70]  -14.23]
2(concrete) . 83.26]  195.66 -1.35F -263.16 -15.65 5801 -90.79
‘ 'l’ot’rl 9196 - 216.10) o | -36099] T --17.29; ' -105.02
o Earth Pressure wrthout Earthquake T o
Coeﬁrcrentof active earth pres:,ure E\a 0. 468 N
St A(m) V(i) X(m) {Mx(tf-m)| H@b | Y(n)
Pal - Sl 1L88) 7 <208 o-3900 . -L4) G 12.93
Pa2 © - - 20.84 1.68] =~ 3500, ' -12.61] .- 6.10
Pa3 - - 3454 0 2.80] - 96.67 -20.91 4.07
Total - 57.26 <4121 -34.66 N
. E'lrth Pressurc wrlh Larthquake Lo
- Seismic composite angle : 9= 46(deoree) (lanﬂa Kh 008)
Cocﬂlclcutofacme carth pressurt, Kea=0.505 - 2 R
R S A(m) V(tf) : X(m) \I\(tf—m) H(tf) CY(m) | My(tf-m)
- _fgr_:_l_h_-_f__-____ 1.85 L2208 <3850 C-148] 1293 -19.16
Pae2 . - - 20.52 1.68 3447 -16.43 6.10f -100.24
Pae3 - 34.02 “ 2800 9520 - -27.25 - - 4071 -110.80
~Total ~ - 25639 ] 125831 - ds6] T | -230.20
Water Pressure N R A S L
A(m2) MO X(m) Mx{if-m) | H{iH) Y(m) | My(fm)|
- w,-Pw" : 40931 230 T54) 74420 7 4.07|  -302.64
4093 H4.54] - -714.42 - ' -302.64



Hydrodynamic Force (due to Earthquake)

(i-2) Srructural C'rlculation of Standing Wall (Surcharge Water Surface)

' Ngnnal con dmgi lwﬂhgul Tarlhg!lakcl

Total Load

My(1f-m)

| vEN [ HESn | Mx(iEm)
- Dead Load - - 21610 - 0.00 -360.99 0.00]
Farth Pressure - 57.26¢ -34.60 C127.77 0 -176.69
Water Pressure S 4093 0 -714.42 114.54] - -302.64
Hydrodynamic - - - .
- Total 31429 - -109.08 -118.69]  -479.33
Herc'

Safcly agamst ovcﬂummg

- 8: shearing forth, N : axial forth,

M : moment_ _

A(m?) V(tf) X{m) fo u‘-ni) H{th Y(m) | My(tf-m)
pd o - e e ] T L -6.95] - 4.88 -33.90
Total - - -6.95 -33.90

B i678m '—b/6 = l

e= . - -1903 m -
Stress calculation of conerete o _
Compressive slress oc= - 6 66 (kgf/m) < 60 i 0K
- Tensile stress o= 042 (kgf/m) <3 0K
Sglsmlc (‘&ud_( Qn lwuh Egﬂhguakg), Kh— .08!50%1
Tolal Load y@le H(—S)(lf) Mx(tf-m)_- My(f-m)
Dead Load s 21600 -0 <173 s <3610 -105.0
Earth Pressure 564 - - -45.2] - 1258 -230.2)
Water Pressure - 409|744 11450 -302.6]
Hydrodynamic C00l 0 0 -6.9 0.0 - -339] .
Total .=~ 3134} - -1438 -120.6 -671.8
Herc' S shcarmg forth, N:_ax_ial forth, - _M:moment
Safcly agamst overturmng R Car el
Y 42, 528 m - < 3357 m -—b13 0K -
Stress calculation of concrete . T L
. Compressive stress . oc= " - 7 80 (kgﬁ’m) < 90 oK
I‘cnsﬂe stress - ot= -4_.5 OK_ B

-r.ss(kgffm’) _"_< |

(u) Toc Slab of nght Sldc Upper Separate Wall (Surcharge \Vatcr Surfacc) = | N & \ {3
B

(11 I) Loadmg Calculation of Toc Slab (Surchargc Water Surf‘acc)

Structural mcdcl and load combrnahons are shown in the folIowmg ﬁgure_'l =



T I

*Each load is (faICLxlated hereinaller. -

Dead Load

: A(n’) V(i) X(in) | Mx(tf-m) | HQE) - Y(m) \;[y(lfm)
* {{concrete) - 10.50 2468 . L75 43.18) . - - -
Total 1‘05"0 ' 24.68 3 43.18 - -
Subgr‘idc Reaction \\llhout l:arlhquc I
Ql= 41725 (thm?) Qo= 35348 (thn?) z :
| A(m?) - VD X(m) - | Mx(tf-m)| - H() Y{m) - | My(tF-m)
Q | - l-134.88 U 180] -242.55) - - o
Tot'll - "—134 88 242,551 . - -
‘ Subgrade Reacllon wnlh l:arthquake Ul T e
QL= 50 270 (tfm?’) -, Q0~ 39.8399 (E_ﬂmz) L
] SO AMY) L vED o X(m) - [ Mx(Ea) | HAD - ] Y(m) | My(tm)
: Q - -157.71 182 -286.524 - - - -
T olal - -157.71 -286.52 - B -
___'H__Ljphm_f;tv R L T e : o
A(m’) V@D L X(m) [ Mx(Fm) | HE) ) Y(m) | My(tfEm)
U e 204 LT 238 - - 3
Total 2 04 S —2 38 - -

(11 2) Slruc!ural C'ilcul'mon of f oe Shb (Slm,h'lrge Water Surface)

\'onnai condmon (“ 1ti101 t Faﬂhqu _Ig)

Toial Lmd V(ﬁS)(ll) H( \‘)(tf) \Ix(i{' 1) i \Iy(lt m)
- Dead Load - 2468 - 0000 . 4318 0.00
Subgrade Reaction] -° -13488 "~ 0.00] ~ -242551° = 0.00
= Uplift : L T-2.04 000] - "-2381° . . 0.00
- Total -112.24 0.00) v 201751 - 0.00
Iler'e S shearmg torth N - axial l‘orlh M: momenl '
Stress calculation Ofconcretc R T
© 374 (kgbm’) < o 55

Shear stress

OK -




70,400

Compressive siress oo 1345 (kgfm?) < 60  OK.
Tensile stress ot= -1345(kkgfm?) > -3 |NG

Seismic condition (with Eaﬂllqga_kj)J Kh=0.08(50%)

Total Load VES)(H) H(uN)(ll) Mx(tF-m) | My(tf-m)
Dead Load 2468 0.00 43.18 0.00
Subgrade Reaction -157.71 000 -286.52 0.00
Uplift 2.0 0.00 238 000
Total - -135.07 0.00 -245.721 - 0.00

Here; S :shearing forth, N :axial forth, M :moment

Stress cal.(.:ul__ati_on of concretc N :
Shearstress =~ 1c= 450 (kgfim?) < 825 OK

Compresswe slress oc= .. 1638 (kgfm?) : <. 90 OK

Tensile strcss ot=  -1638(kgfm’) > 45 NG

o (d). _7 Casc3 R1ght Slde UpperSepaIate Wall Maxnnum \\'atchurface ST g

:EL. ]55 300m e

_ Honzontal seismic coefﬁcwnt Kh"(} 0 (0%)

e (1) Slandmg Wall of nght Slde Upper Scparate Wall B

- (M a:umum Water Surﬁce)

o (l l)Loadmg Calculatton of Standlng Wall (Maxlmum Water Surf‘acc) ST |

Structura] model and load combmanons are shown n the followmg ﬁgure

35000 9570 L S e

) T : R - W Ler wei ht
Rty N L : [ o ] aie oS
N\ v EL1SS 304m C \ 7 €135 300/ vAXuCY RHIE] SURFAC
: ll.,lt W RRILR SUFFALE — R ]
. aﬂuo’_- st - n 152.704m)
N Earlh Pg_ssure »
giDecd Lagg || ) ' - u e
= Y © ) : - g
1 W . . e <
D o . N ]
¥ . : : X
: : (> Pai T
s [ @ { ‘ . u
esgsoenl ! _ €Lt e T C
§ . - 1 -‘_”.}: ‘8 . : } L \‘“; { - - TR
3 1 CRCATCH Sf(T LIRS ' fJJ T -cf. 56 {5:-. 10lEr pressure
SAEAE N, | T T BAEELen T e - AEEE——
_‘_,,HE‘EL__ TR . .

LOAD COMBINATION OF STA?\DING WALL ¢ e
- SEPARATE WALL (RIGHT SIDE, UFPER) -

. c.e.sa 3 @ MAXIMUM WATER SURFACE {£1.155.300) R

o Each _!ga_d is calculatéd hefei-r‘t.a_ﬁéf._i S L

2490 |

®



"~ Dead Load

Mx(tfm) |

Am) [ van | Xow e | Ym) | My(tfm)

I{congrete) 8.70) - 2045] - 479 9783 0.00 3.70 0.00

2(concrete) 83.26f  195.66 -1.35] -263.16 0.00 5.80 0.00,
Total 91.96] . 216.10 -360.99 0.00 0.00

Earth Pressure without l:anhquake

Coefficient of active earth pressure : Ka=0.468 = o _
Am?) | V@D X(m) [Mx(tEm)| H@UH _Y(m) [ My(tF-m

Pal ' - 48.13 240] - 115.26] - -29.13 4,801 -139.34

Total - 48.13 ' 115.26 -29.13 -]39_.8;1J

Water Pressure R R P S :

- A{m2) V(D X(m) Mx(tt-m)|  H(D Y(um) | My(tf-m)

-~ W, Pw - - - 67.78 2.16]  146,19] - -123.25 5.23| ¢ -644.98
- Total 67.78 : _146.19] * -123.25 ' 644 98

- (1-2) Struclural Calculahon of Standmg Wall (Maxnmum Water Surface)

‘G_OML(mthout E'mhqu'ikel

e .

\—;‘:;u

o Here'.

Safety apamst ovcrtummg) L
R -2.664 m

: Stress calculation of concrete -
Compresswc stress

" Tensile stress

e_.

S : shcaring_fo_l_ﬂl,

oo
ol=

: 8 53 (kgﬂm ) <:7 “
-l.9l(kgf/m) Co<

N m(ial f‘oﬂh

_-4.5 .

j Total Load \.’( \I){t[) HESYUD | Mx{ttbm) | My(tfm) |
- Dead Load 216101 0 0.00) - C-360.99] 0 0 - 0.00] .
Earth Pressure T 4813 ¢ -29.13 C115.26] - -139.84
Water Pressure 6778 - -12325 146.19 -6:14 98
Total - 332.01 -152.38 99.54]  -784.821 . -
M:moment _' '

s : 1678m -b/6| NG _ ]

9 oK
oK

(u) Toe Slab of nght Sule Upper Sepfmte Wall (l\Iaxnnum Water Surface)

(11 l) Loadmg Calculatton of TOB Shb (\Ia\umum Waicr Sur[’acc)

Structur'il model 'md load combmanons 'are sho“n in the follon mg ﬁgure.



o CHCUATION SECTEY

QUbOfo‘E R‘ccrtﬂn o

/
T'I'T T
JJ 4

" LOAD COMEINATION OF TOI’_ SLAR

SEPLRATE WALL (RGHT SIDE, UFPER) -
2 RAY \-uu WATER SURFACE {EL. 15.K 1ocm)

Cast 2

Each'load_ is calculated hereinaler.

Dead Load R LA S e e
) | A% VD - | X(m)  [Mx(iEm)|] H@) | Y(m) | My(tfm)]
l(concretc) 10.50] - 24.68 1.75 43.18] - . - Loe
'Iolal 1050 - 24.68 43.18) = - - -
' Subgrade Reacnon wuhoutl",aﬂhquake SR S
Ql= 53 197 (tfm?) Qo*" 41923 (lf/m) Co e T
3 : A{m) VD | Xan) Mx(tfm){  H@f) | Y(n) | My(tf-m)
Q - | -16646] - - 1.82] --30281 - - <] o | .
Total -~ - '_-166_.46 L -302.81 - - - -
L AGn’y | V(D) ] X@m) [ Mx(tf-m) H(tf) | Y(m) | My(tf-m)
u - o loeasiy o o 2931 - R
Total - -2 51F - ' -2 93 Ce -
(n 2) Stmctural Calculahon of Toe S]ab (Maxlmum Water Surface)
N nna! condluon (mthout Earlhqug l -
Total Load - V(=S)(tt) H(HN)(ti) Mx(tf~m) My(tf-m) L
- DeadLoad - | " - 24.68] © 0.00 43,18 - 0.00 o
Subgrade Rcaclion "-166.46 S 0.00] . -302.81 - 0,00 S
UPIiﬂ i G251 0.00] - =293 0.00] A
Total - -144.29 0.00] - -262 56 - 0.00 s
Here . S sheanngforth N ama] forth, M moment ' L
" Stress calculanon ofconcrete - e '_ S o
~ Shear stress Sre= 4.81 (kgﬂm’) < 12 OK €
Compressive stress ~ gc= o 1750 (kgffm®) < 0 90 OK
'_Tensile stress © - gt= -17.50 (kgt_'/m’) > A45[NG
(e - Case4 Right Slde Upper Sepa_rate Wall Empty Resenfou (No Reservonr Water) _ o

Hcmzontal seismlc coefﬁcrent Kh 0. 08 (50%)



(|) Standing Wall of Right Side Uppcr Scparatb Wall -
7 (Empty Reservoir)

" (i-l)‘ Lbading Calculaliqi; of Standing Wall (Empijz Reser'\‘foir)‘ )

Structural model and load combinations are shown in the fotlowing figure.

Each load is calculated hercinafler.

Dead Load T S _ e
I Am?) | - V(D X [ Mx(@Em) | CHED - | YY) | My(tEm) |
I{concrete) 8.70 2045, - -.79]  -97.83 -L64 8.70]  -14.23;
~ 2(concrete) - 83.26) " 195.66{ - --1.35¢ 1263.16] <1565 5.80 -90.79
) Total 9196~ 216.10] = | -36099 - -1729] . | -105.02]

Earth l’n,ssun, \ulhout Earthquake
Coeﬂlclentof active earth pressure : Ka- 0468 L c
________ : A(m’) V(tf} “X(m) CENx(tFm)] HD L Y(m) | My(tf-m)
Pal - 8049 240f - 192.76) - -48.72 ~ 4.80] - -233.87
Fotal - sodo] | w0276l s | 23387
anh Pressure wnh Efirlhquakc R R o
© Seismic composue angle : O,= 46(degres.,) (l'mOo Kh= 008) o
COCﬂlClelH of active carth pressure : Kea=0.505 ' S e
e S A(m) V(D | X(m) - I Mx(ttm)| - H@GD Y(m) My(ti m) .
- Pael 7927 - 240f 18984 . -063.48 4.80] -304.70| -
Total . 7927 o - 189. 84” -6.) 48 R

L

(1-2) Structural Calculallon of Standlng W‘ill (Fmply Reser\f()lr)

\Yomlal cgndmon (wnhout Earl (u wke)

Here,

S shearmg forlh

B Tohl Load V( \!){_{[_) H( S)(tl) \Ix(tf-m) \ly({fm)
_Dead Load 216,10 - .0.00] . -360, 99 . 0.00]
_ Farth Prcssure ' - 8049 . -48.72 1 192.76 -233.87
-~ Total ..206.59] - . -48.72] - -168.23 -233.87
\! ‘1‘{13] forlh

M moment ¢

2304701



Safety against overturning

e=

-1.356 m

Stress calculation of concrete

> 1678 m'

b6 [ NG_]

Compressive stress  go= 532 (kgfr’) < 60 OK
Tensile stress ol= 0.57 (kgfin’) < -3 OK
Seismic m:n;,’gitign lwilh Earthquake); KIFO.QB{S.O%I
Total'Load VEN)D | HESY) | Mx(f-m) | My(tfm) |
" Dead Load o A6 .- <173 -361.0 -105.0
Earth Pressure 793 .-63.5 189.8 -304.7
Total - 2954 - -80.8 -171.1 -409.7
. Here;  S:shearing forth, N:axial forth, M :moment
Safcly against overtuming S S o
S ooe= -1967 m . < 3357m =b/3 OK
- Stress calculatioﬁ of concrete o I
Compressive stress ~ ge= .+ 6.37 (kgffm?) - < - 90 OK -
Tensile stress © . ot= —0.5_0 (kgﬁ’m"”) T < 45 OK

(n) Toe Siab of nght Side Upper Separatc Wall (Emply Rcservonr) o
i (n-i) Loadmg Ca]culallon of Toe Slab (Empty Rcsen'mr)
. Structural model and load combmahons are shown in lhc i‘ollowmg ﬁgure

"3.503

o Qeod toed [T} B
. e A B J CALCULATION SECU!'\’:‘ _3 et
=1 N Subgrode Reociron
i R l_ :

._CAﬁ COMBINAT!ON OF TOE SLAB
QEF‘ARAT[ WALL (RiGHT SIDE. UPPER)

CrCRSL 4 EVPTY PES"'R‘VDR ('\O PESERVOR W ATE|'1;)

: Co Each load is cal‘cu'l_éte_‘dlherei__naﬁer'.' ' T ;
e AmY) V() |- X(m) [Mx{tf-m)] . H(tf) Y(m} " | My(1f-m) B
_I(conerete) | - 10.50f : 2468 - --1.75| ¢ 4348 7 - ] Lo | . &

_Total tosof ode8] | sl - [T
Subgrade Reaction without I:anhquake '
QU= 31057 () . Qo= 29.921"" (tﬂm=) G
A(m?)_ VD] XGm) - [Mx(iCm) f'H(n‘) T Y(m) [My(tFm)
Q - 10674 176 as7o1] - |- | o
Total = | - '_ 10678 | 18791 ¢ o- )i e



Subgrade Reaction with Eﬁrthqziake R o R
34.024  (tBm?)

Qi= 38754 (thm®) . Qo= o o
L A(m?) V(lf) CX(m) | Mx{tf-m) H(tf) Y(m) My(tf-m)
Q- - -127.36] - - 1790 22771 - - -
_____ Total . - -127.36] 22708 - - o -
6" (n -2) Slruclural Calculatlon ofToe Shb (Empty Resen Oll‘)
" \'onnal condttign( \lthout E‘irthq_a Q
Total Load -V(=S)(tf) H(=N)(lf) \I\(tf-m) My(tf-m)
- Dead Load - 24681 000 43,18 0.00
Subgrade Reaction L1067 - 0.00 -187.91 0.00
~ Total L -82.04 - 0.00 -144.73 0.00
i Iier'e' ‘ S shearmg forth, N:_axial forth, M : moment
Stress calculat:on of concrete ; L P —
: - Shear stress -~ o= 273 (kgli’) < 55 OK
L Compresswe stress ccﬁl 2 965 (Lgf/m) < 60 7
' lensllc slress o= 9. 65 {Lo I/m) > | \'__I
: Selsmlc condmon (wn[h Earlhqua c) [\h OO‘!(S{)%) ' B
ro:al L&{Elm V( S)(t[) H(-—\')(l{) \n(lfm) x(:r _L‘
@ " Dead Load o 2468 0 0 0.00] 4318l 7 0.00
: A'§gbprade Reaction| - -127.36 0.00{ - -227.71 -~ 0.00
" Total -102.69 - 0.00f - -184.53 000 -
e Here S shearmg forth, \!.m(ml forth, \I momeat - -
Stress calcuhtmn ochncrete e Y ML ST LI L
Shear stress 6= 342 (kgffm’) <. 825 OK
- Compressive steess  ge= - 1230 - (kgfm’) < - 90  OK -
- Tensile stress - ot= . -12.30 _(kgffmz) > . 4.5 | NG’ '
R n - Ca[culatlon ofrem forcmg bar 1rr'mgement for R!ght Slde Upper Sep’tralc Wal]

. Results of‘ cqlculahon of remforcemcm bar arranoemmt on each member are

shown as tollows '

: (|) Slanduw Wa!l of nght Stde Upper Sepqmtc Wall



[Calculauon of remforcmg bar ammgement for Right Side Up}ger Separate Wall]

__ Member : - Standing Wall -
Reservoir Water Surface | - Nomlal : Surcharge Mfmmum Empty
Calculation condition Seismic Seismic - Normal Scismic ¢
Earthquake 100% - 50% - 0% S 50%
Shape of member Rectangle Rectangle Rectangle Rectangle
M tf-n 802.2 1924 884.36 - 580.8
N tf 316.4 3134 33201 2954 |
S i 147.2 -+ 143.8 15238 - 80.8
B cim - 100 100 - 100 o0
D cm L. 997 - 997 . 997 .. 997
Ac e’ | 99700 © 99700 99700 99700 -
| As - i DI9@200 | DI9@200 | DI19@206 | DI19@200
s I - =14.20 =14.20 =14.20 : | . =]4.20
P=As/(B X)) - 0.00014 - 0.00014 - 0.00014 : | - 0.00014
N=Es/Ec S 1S 15 15 15
X0 - | em o] 7394 L7414 007023 T 906.6
- K=X0/D Lol 0742 0.744 . - 0704 | 0909
CM/BXDY) . |kefem’| - 0807 | 0797 | 089 0.584
SI(BXD) kgffem®| 1476 - | - 1442 - | 1528 0.81
() e 10626 F 10626 | 10,655 - 11,158 -
0 L3702 - 3662 - | 4472 - L2
- (Z) - 1.985 - 1.98 2081 1.635
“oc - |kgfem? 86 - .85 L9S il L 65
os o |kgflem?| 45 ] 44 | 60 “10
T |kgflem®| 148 144 1.53 = 0.81] .
" oca kegfem® 90 - |90 | 90 90
osa . |keflem®| 2700 | 2700 | 2700 07| 2700
Ta kgffem®| " 825 825 | 825 8.25

2496



ey

(i) Toe Stab of Right Side Upper Separate Wall -

[Calculation of remforcmg bar armngement for Rwht Side Upper Sepante W’tll] o

(\fonml Case)
[ Member L FoeSlab : C ]
Reservoir Water Surface Normal Surc}r_z_ugg_ _ Maximum - Empty
Calcul'it_lpg_g_(_)ilgi_igggp | Normal Normal Normal - “._\Io_mnl B
 Earthquake 0% 0% 0% 0%
Shape of member Rectangle Rectangle Reclangle Rectangle
M tf-m 17281 | 20175 - 262.56 144.73
N Ctf o .1 o . .0 0
S tf 97.01 112.24 144.29 82.04
B em 100 100 100 100
D cm . - 290 C 290 o1 T 290 290
Ac o’ - 29000 . 29000 - © 29000 29000
CAs | e | D36@200 4 D364@200 | D36/200 | D364200
A M <5100 ©=51.00 C=5100 | =51.00
P=As/(B X D) 0.00176 - 0.00176 0.00176 0.00176
N=Es/Ec B F N R T I 15
X0 ; S 594 - 59.4 59.4 . 594
K=X0/D - S 0205 0.205 0.205 = 0.205
M/BXDY) | keWem’| . 2055 2.399 3.122 1721
SBXD) keflem?| 3345 3.87 4.976 2.829
(©) ] | 1048 10.48 1048 | 1048
(S - 40.686 - 40.686 40.686 40.686
(Z) 1.073 1.073 1.073 1.073 -
oc kghem?| 215 | 25.1 32.7 18
TS kat/em? 1254 1464 S 1905 1050
ST keffem’| -~ 335 | 387 | ¢ 498 283 -
. oca keffem? 60 60 90 60
o keffem? 1800 1800 2700 1800
‘tra katrem? | 7 5s 5.5 8.25 5.5




[Calculation of reinforcing bar arrangement for Ri pht Sid'e Upper Separate Wall]

{Scismic Case)

“ Member o ~ ToeSlab . =
Reservoir Water Surface - Normal - Surcharge Emply
Calculation condifion * Seismic Seismic ' Seismic - |
Earthquake - =+ - 100% 50% | | 50%
* Shape of member Rectangle Rectangle Reclangle
M tf-mn 24968 24572 . 184.53
N LR IR I 0 - 0
R tf | 13724 135.07 102.69
B cm - - 100 1L 100
oD ci 290 290 - 290
©Ac em’ 29000 29000 - 29000
As él{;" 'D36@200 | D36@200 | D36@200
I - - =51.00 - =51.00 " © =51.00
P=As/(B X D) - 0.00176 6.00176 | 0.00176
N=Es/Ec R R LI T R
CUXO o . 594 . 1594 S 594
K=X0/D - - 0.205 . 0.205 . 0205
MABXDY | kefem’ 2969 ] .2922 i c2.194
_ SKBXD) ~|kgffem’| .~ 4732 - | = 4.658 - 3.541
O (C) S 1048 1048 - - 1048 4o o0
S (8) ' 40686 . | - 40.686 © | : 40.686
5 A7) SR ~1.073 | 1.073 - . 1.073
oe o fkgbem?| 3110|306 0 230
o kgflem?| . 1812 1783 1339 -
T kgffem® | 473 4.66 354 |
~oca - |keflem?| - .90 - 90 |90 '
osa kegffem®| - 2700 | - 2700 - 2700
S Ta kgffom? 8.25 825 - 825

 Figure of main reinforcing bar arrangement is shown as follow. - .
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@ "Right Side Scparate Wall hndér the Impervious Zone

Structural mlcuhuons of slandmg \\all and toe slab are carrled out for the Right Side

: Upper Separate Wall

Since _Right Sidc Separaté Wall under the Impervious Zone faces to reservoir water,

AR

four (4) cases are siudied accordingly conditions of reservoir water surface.
(a) - Basic design condition

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

Dcswn condmons such as matenal propemes are shown in the followmg tables.

lem . ﬁ;ymbol B Umt ___VYalue W__;____,_ﬁ_f_!}gzgc:_qulgl_lﬁ_” B

- Unit weight of concrete e | Emy| 235 Thick structure
< Unit weight of wetted E ﬂ () ":__2.11 .E_: - Wet density |

impervious material {Dam)
Unit weight of submerged
| _impervious material (Danm)
S _I}Ionzon[al seismic - Kh. s 016 o 10010

coeﬂlcmnt o S R A S - -1

i -(3 (tf/un"‘) ll9 : Sllbl_i]cfgéd.deliéil)’

< Cm.flicncnt ofeal th prcssun, >

T -

L ey

' Ka= ' cos'(tbﬁﬂ)

co:,(()+ 6) cos(O u)

: 1\1 (,Ox,ﬂu,luuofaclne c'trlh pressurc underuonnal condll:on



Item . Symbol Uml Value Description |
Angle between wall backside ' e P10
surface and vertical planc 0 ) (degue) 36.87 VH=10.75
Angle belwe.en ground surface and | - a ¢ dégfee) 00
horizontal plane . .
. . L . - Impervious
~Intemal fnctlon. angle of soil ¢ | (degree) 30.0 material of Dani
Friction angle of soil to concrete | * -5 * ‘| (degree) |~ 20.0 ﬁ;_ﬁ =2/3 ¢

cos?{p - 0, -0)

Kea= -

cos0y - cos’ B-cos(() -l-_GO + 6)[ J

Kea Cocﬂlclent of active earlh pn,ssure under seismic condmon ,

sin(g + 5) sin(¢ — o 00) ]
cos(O + 90 + 6) cos(ﬂ 0:)

Description '

tem _§ymb0] Umt Value
Friction angle of soil to concrete oe (degree} | 150 | -~ Se=1/2¢
Seismic composite angle 6, (degice) - - tanB=Kh

X

Nonnal Water Surface EL.148. 900m -

' _ Honzontal seismic coefﬁcnent Kh=0. 16(100%)

Case 1: nght S:de Sepa_ratc Wall under the Impemous Lone

() Standmg Wall of nght Slde Sepa:ate Wali undcr lhe lmpervlous Zone

(Nonnal Water Surface)

(1 l) Loadmg Calculahon of Standmg Wall (Normal Water Surface)

Simciural model and load combmahons are shown in thc followmg ﬁgurc

) ;@j"’ e

£2.357.000
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17,400
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- Dead Load -

V(lf) |

‘X(lll)

Mx(tf-m)

Y(lm)

: AlnY) H(th My(tf-m)
l(concrete) 8.70 20450 © -6.53| 13340 - -3.27 = 8.70 -28.46
2{concrete) 354 266811 - -1L93|  -513.60] . 4269 - 5.80| -247.60

Total * - 12224 28725 - ¢ = -047.01 -45.96 -276.06
Earth Pressure without Farthquake _
Loefhcmnt of active earth pressure : Ka=0.752 R :
| A(m) V{t) X(m) \:Ix(tf-m) H(tf) Y(m) | My(tf-m)
Pal - 43.58] - -2.23 -96.97| - -28.4d4| < 12,00 -341.33
Pa2 100.08] -7 3.29] 329.01] - -65.32 - 4.051 -303.72
Pas 3240 - 4d45] 144,19 2115} © - 3.10f - -65.50
Total - 176.07 376.23] -1 111“_91 I AT
Earth Pressure mth Earthquake
Seismic composite angle : 6,=9. l(dcaree) ({anO =Kh=0. 16)
Coefﬁcnentohctwe carth presswre : Kea=0.924 B : .
A(m Yoo vah [ X(On) - pMx(tEm) | HAD Y(m) { My(tf-m)
Pael - 5030|2231 -111.91 -39.48 12.00] -473.75]
Pac2 ClTiisAe] - 329) 379.68]  90.66) - 465 42155
Pae3 - 37.39 4451 16640 -29.35 - 3.10 -90.99
Total =~ - - 20348 | 434181 " -15949] - ' - -986.29
_Water Pressure. - " : R I
e A(m2)y V(iH) X(m) | Mx(t=m)|  H@D Y(m) | My(1f-m)
TTwew [ - 3243] d4s| 144330 -43.25 3.10[ -134.06| .
Total 32 4.) - 144.33] . -43.25 -134.06

(1 2) Slruclural Caicuhllon of Standmo Wall (\!onml Wa[u Surﬁce)

. ﬁ_, __al_g: Iidtthll (\ulhout E’trthauake)
. Total Load \’(=N)(lf) H( S)(t[) Mx(tf'-m) My(tfm)
Dead Load 2873 ~ 0.0 ©-647.0 - 00
Earth Pressure 1761 -114.9 376.2 -710.6
Water Pressure 324 4320 7 1443 -134.1
Total 4958 - -158.2 -126.4)

84470

. Here'

Safely aﬂamst oscnummg = -‘= S

- p=

1,959 m

Stress calculation ol‘ concrete
- Compressive a!rt,ss :
Tensile stross .

‘GC: =
ot= 04

: ;S she’tnng forth \’ a\lal forlh

e

"2 258 m

: 6 83 (l\gﬂm )
-0 49 (ke fm? ) -

<

201

—-b_'/'ﬁ .

<60

M moment

0K

1uic condition {with F;aﬁ[{guake); Kh=0.16( IOb%)_

_’; OK



Tofal Load -~ | V(=N)(tf) | H(=S)tf) | Mx(1f-m) | My(if-m)
‘DeadLoad .| .- 2873 - ~46.0] -647.0] .. - -276.1]
Earth Pressure 02032 . -1595 434.2 -986.3
Water Pressure | - 324 - -4332F - 1443} - - -134.1
Total -~ | . 5229 -248.7 -68.5] * -1,3%.4
Hcr(:' S:shearing forth, N :axial forlh M : moment
Safety agaanst oxertummg B T e F .
e= 2802 m <. 4517m =b/3 . OK ¢
Stress calculation of concrete - . ' s '

Compressive stress . gc= 8.65 (k.gfl.‘/li]z)' < 9 OK
 Tensile stiess L ot= - -093(kgfm’) < 45 OK

(n) [‘ oe Slab of nght Slde Separale Wall under lhe lmpen'lous Zone S
(Norrnal Water Surfacc)

(n ]) Loadmg Calculahon of Toe Slab (Nonnal Water Surface)

Slrucmral mode] and load combmatlons are shown in the fo]lowmg ﬁgurc o

T 300
Decd Lood '1
N ! B
g = CALCULATON SECTION : , _ R
2 Uplit \ Subgrcde Reaction : S R ) o
) - U
I

 LOAD COMBINATION OF TOE SLAB © -~ 7770~
SEP’!‘RATE WALL (RIGHT SIDE. IWMPERVIQUS 700 dE)
: CA';E 1T : HCRMAL t‘r'—ﬂER SU'-'cr’\CE {EL 148900m)

b Eaéh foad 1s cal-cu.la;‘i:(li.'héféi'néf.l_ér. 7 |
- DeadLoad . S T e e T
' L AmY | ovh X(m)  |Mx(ttm)|  H@# | Yn) | My(if-m)

I(conerete) | -~ 10.50] ~ 24.68] . . 1.75] 4318

Total - ' 1050 . 2468 ) 4318 0 - -
. Subgrade Reachon wnthout Larthquakc uinn T P
Ql= 46423 (W) , Qo= 42086 (fmd . o g
Ay | van | Xm) | [Mx(Fm)] B@H | Yom) [ My(@Emy]
Q- - -154.89 | - 1.78 | 27548 ) - - | - 2
“Total | - | 15489 | | -27548 | . - -



~ Subgrade Reaction with Earthquake

51387  (

tf/in’)

Surcharge Water Surf‘\cc ELISISGOm =

"Homomal sc:snuc coefﬁcnent Kh= 0 08 (50%)

Ql=_ 59960 (tbwm’) , Qo=
T AmY V(tf) X(m) [Mx(tFn) |  H(@H Y(m) | My(tFm)
Q - -194 .86 L.79  -349.75 - - -
Total - -194.86 -349.75 - -
uplit N - L
: | A@Y) V(tf) X(m)  [Mx{tfn)]  H@D Y(m) | My(tF-m)
U - - -L.30 117 -1.52 - - C -
Total -1.30 -1.52 - i -
(ii-2) Structlnfal Calculation of Toe Slab (Nqnlial Water Surface)
\Ianl CQn(htlQn (wuhgut Emhq akc)
Tot'illmd ___\_f(_ S)(tf) H( \l)(tD Mx(tf-m) My(tf-m)
- Dead Load 24.08 - 0.00 4318 . 0.00
Subgrade Reaction| - -154.89 0.00f - -27548 - 0.00]
Uplift R __{)__.gg . -us2[ - 0.00)
Total - -131.52 0.00 -233.82 - 0.00]
Hcre S shearmg forlh \‘ : axtal f‘orth M - moment
S Slrcss calculauon ofconcrelc B L P S
. Shear stress Cte= o 438 (kgﬂfmz) < 055 OK
. Compressive stress o= 015,59 (kefim?) _< L6000 OK
A 'lenS.lIe sucss S Gt ;- -15 59 (kgflm) ' -3_ {_g\ﬁ I R
L ﬁgmm gg_d_ iion ithanhqllak ), 0 JJOO"/) o
| I‘olal Load V(=S)(If) H(—\‘)(tf) Mx(tf—m) ‘vly(lf m)
|- Dead Load . . 24.68 0.00] - 43.18] . . 0.00
~ { Subgrade Rcacll_on T -194.86 -0.00 -349.75 0.00{ -
Uplift - ©-1.30 -0.00 -1.52 0.00) -
Total -171.48 0.00 -308.09] 0 0 0.00
o Here' - S shcanng forith, N: 'L\ial forth, M :moment
QIress calculatlon of(_:oncn,lc L ' SIS
* Shear stress -~ 1e= .. 5. 72 (Lgﬂm) < - 825 OK
Compressne stress := 00— o 2054 (!\f,flm) - <. 9% OK S o
16[]51[6 stress et -20 54 (kgfm?) . > 45 (NG| .
N B '(c} K .C'zse ?_ Rloht Slde Sepamte Wall under 1he Impen 10115 Zone

= (l) St'mdmg Wali of nght SIdC Sepﬂrate Wali under thc lmpcnlous Zone -

(Surchfuge Water Surface)

Cooau0s



G-1)L oadmg Calculauon of Standmg Wall (Surcha:gc Water Surface)

Slruc(ural modcl and load cmnbmahons are shown in the followmg ﬁgure

“ EL. 152 000~ EL.157 005
! RS _peer  Edrlh Pressur ‘%&%”;“ Waoter Weignt
o N P Ea \\;:' e
Beod e ! \'\'-7' i 2r o KPR ) gL ELER TSR, WP SN
o
(L““f((ﬂ‘-‘_ S‘
gﬂ ----- 135 :LLV
- LOAD COMBINATION OF STANDING WIALL
L © SEPARATE WALL (RIGHT SIDE. WPERACUS ZONTY -
v CaSE 2 @ SURCHARGE WaATER S._,RFUr ([L 151 6._)(' r) -
- Each load iscalc_ulatedrhcrcinaﬁe,r.' RO
ST A@n?) Vaf) | X(m) - [Mx@if-m)| CH@D | Y(m) | My(tfm)
I{concrele) - 8.70 2045) - - -6.53] -13340[ - -1.64] - 870] - -14.23] -
2(concrete) - 113.54] ~ 26681 - -1.93] -513.60 -21.34] © . 5801 -12380] -
' Tolal S 122,24 - 28725 o} -64701] 22981 - | - -138.03]
Earlh Pressure w1thout ha:thquake L : _
' Coeﬂnclentof aclive earth pressure : Ka=0. 752 ST T e
: A(m’) V(i) X(m) | Mx(if- m) “H@H Y(m) | My(tf-m)
Pa] - C17.96] 7 368 :66.011 - -11.72] 1393 16334
Pa2 . 84.28 220] - 18542] - -55.01) - - 6.10] -335.54
- Pa3 . 5576} - - 3.73] 20771 -36.39] © 4.07] -147.99
Total ' - 15801 S 0 327.12)  -103.12] ¢ -646.87
Earth P:cssure wnth Lanhquake EECN,
- Seismic composite angle : 6,=4. 6(degrec) (ianBo—}xh-O 08)
- Cocflicient of active earth pressure : Kea=0.815 - , R Te T
A(m) V(tf) - X(n) | Mx(tf-m) H(tf)' Y(m) | My(if-m)
Pagi - 1828 -3.68] . -67.19] -~ "-14.35] - '13.93| -199.95]
Pae2 - 85.78 220 18873 - -67.34] - 6.10] -410.75| -
-~ Pae3 - 56.75 2373|2114 - 44,55 4.07] -181.17]
Total - ©160.82} : 332.95] " -126.24 1 -791.87
Water Pressure R SR A SR TA PR R R TR
o Am2) | - v@h Xon) |Mx(fmy| H() | Y(@m) [ My@fm)|
W, Pw - 55.82) - 3.73]  207.91] - -7442] - 4.07] - -302.64
Total - 20701 7442 ] -302.64

7 55.82

- (i-i) StrL.ic.t'urél Calc_ﬁulaﬁbn_ of Sta:;diné Wall (_Suf;::hafge Water Surface) -

2404
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Normatl condition (without Earthquake)

| TotalLoad [ V=N)(tf) | HESYID) | Mx(tfm) | My(tf-m)
~ Dead Load 287.3 0.0 -647.0 0.0
| Earth Pressure 7 158.0 ~-103.1] . 3271 -646.9
Water Pressure 558 0 -4, 4 207.9 -302.6
Total - 5011 -177.5] - -112.0 - -949.5]
3} Here; S :shearing forth, N :axial forth, M : moment
Safety against overturning ¢~ | - o e o
oo tisde= 0 20018 m < o 2258m =bi6 - OK
Stress calculation of concrete R o . o
Compressive stress " ge= - 707 (kgfim®) < 60 - OK -
- Tensilestress ot= 0.23 (kgf/m!) < 3 0K
Selsmlc con dllIOH (m h Larthquakgl, i\h—O 08(50%)
Total Load V(—N)(tr) H(~S)(tt) Mx(t['—m) _ \Iy(if:;pl 1.
Dead Load 287.3 -23.0] - 6470  -1380
| Earth Pressure 1608 -1262) - 3329 - -791.9}
Water Pressure o 558 o -74.40 -0 2079] .- -302.6
. Total © 7 1 503.9] - -223.6}. -106.1] - -1,2325
Here;  S: sheanng fonh - N axial !‘orlh M: moment
3} L D S’itcly ’iﬂalllS[ oveﬂummo Lo w T T
' ' e= . 2657w < 45l7m =b/3 ~ OK
S(rcss calculation of concrete - - .. O R
(ompnsbne stress . ge= 809 (kgﬂm) < .9 OK
lensﬂe stress oot -0.6(_1 (kgflm) 3 ,<, 45 OK_ .
(11) ”loe Sl“lb ot RIUht Slde Separate W"i" under lhe lmpcrwous Zone
(Surcharoe Watcr Surfacc) ’ _ _ o
(u 1) Loadmg Calcnhllon of Foc Shb (Surcharge Walcr Surface)
: ;7 : Structural model andﬁl_oad cqmbmahons are shown in the follm}'mg figwe, -




Dead Load.

Fach load is calcuhte& hcreihéﬂer. B

Caans

S sheanng forth N a:ua] foﬂh M: moment

A | ovan | xom)  [MxaEm)| CHaf | Yen) [ My(f-m)
H{concreic) 10.50 2468 - 175} 4318 @ - . - -
Total . 10.50 2468 : ' - 43.18 - -
Subgradc Redc(mn wuhoul Faﬂhquake _ U
Ql= - 49041 (fm?) , Qo= 43707  (iffin?) e
A(?) V(if) X(m) - IMx(tfm)]  H() Y(m) | My(tf-m)
Q - -162.31 1.78) -28949] . - e -
L Total - -162 31 | -28949] - - -
Subgrade Reacnon wrth E'uﬂlquake S S
Ql= . 56193 (ifim’)  , Qo= 48335 (tfm?) - . . -
S A(m®) V(D ) X(m) - IMx(tfm)]| CH@ED | Y(m) | My(tf-m)
Qo -1 -18292 179 -328.14] - . A
Total = - - -182.92 o -328.14 - -
Upliﬁ T T AT S - . o
Lo A@m®) VD |- X(n)  [Mx(fm)| - H@H -Y(m) | My(tf-m)
U e e Lel - L7 188 - Co- ' '
Tptal : "-'l .61 ' < -1 82 - -
(11-2) Structurai Calculation of Toc Slab (Surcharge Watcr Surface)
~ Total Load - V(=S)(tf) H(—N)(tf) Mx{tf-m} | My(tf-m) |
o Dead Load - 25 0 - 43 -0
. | Subgrade Reaction | -162 S0 © 289 U
' ~ Uplift Y ) S22 -0}
Total . - -139 0 -248 S 0] .
Here‘ S: chearmg forth, N amal forth, M moment AR
Stress calculanon ofconcrcte . Ll
- Shearstress - - 10= . 3 4.64_(kgf/11_12) . < ..'55 OK
Compresswe stress  oc= 16.55 (kgtim®) < - 60 OK S
Tensﬂestress " oot -]6 55 (kgﬂm‘) > -3 S
Sgl_smgggndmgn{wl;h Emhqu&g), Kh !!,lﬁllOO%l .
Total Load (=S)(tf) H(HN)(ﬁ) Mx(tf-m) My(rf m)
- Dead Load .. 24.68 - 0.00] - - 4318 - 000
.. {Subgrade Reaction| - -182.92 0.00[ ~ -328.14 T 0.00]
C Uplify - _-1.61 0.00] - -1.88 - . 000
Total -~ -159.86 0.00] - . -286.83] 0.00
Here;



Stress calculation of concrete

.: Shearstress ~ 1e= 833 (kgﬁlllz) < 825 OK
Compressive stress  ge= - 1912 (kgbm®) "< - 90 OK = .
Tensile stress ~ * at= o -19.12 (kgfim®) > 45 | NG]

d Case 3 : nght Sldc Sepa:ate Wall undcr the lmpemous Zone
( : ~ Maximum Water Surface EL.155.300m

.llonzonlal seismic coefﬁcmnt Kh= 0 0 (0%)

: 7'}' (i) Standmg Wall of‘ nght Slde Sepamte \Vall under thc lmperwous Zone

(Maxlmum Water Surﬁce)
(l I) Loadmg Calculanon of' St'mdmg Wali (Maxmmm Waler Surﬁce)

Struc_tur_al mode_l_ and load combmatlpns are shown in the followmg figure.

~* Each load is calculated hefeinhfter. :

__Dead Load

S A [ V(D X(m) - [Mx(tfm)!  H(t) Y(m) | My(tf-m)
- I{concrete) = 8.70] 0 2045] - -6.53] -13340f - 1 - - -
~2(concrete) | - 113.54] - 266.81] © -1.93] -513.60]. - R
' Total B - 122 24] - 287 25 Lot 64701 - R
{3 R _Eaﬂh Pressurc wuhout Earthquake S TS |
7 S Coefﬁcmnt of active earth pressure L Ka=0. 752 S ' o
: . S : A(m) V(tf) )\(m) \'lx(lf—m) H{b “Y(m) . . | My(tfm)
Pal oo b e 543 0 104 o -125) - 1627 -20.38
pa2 |- B 235460 0089 31471 - -23.14] 1 7.85]  -181.67
coPa3. | - © 9234 - 2.85] 263.18] -60.27( - 5231 31540 . -
“Total - | s 129.72) - 284.24)  -84.66] - 51745

248107 o



Water Prcssurc

Am2) | van -

wfl(tf) -

s X(m) | Mx(tf-m) - Y(m) | My(1f-m)
W, P T - 9243} 285 26344| -12325] - 523 -644.98
Total - - . - .9243) - 263.44|  -123.25] -644.98

(i-2) Structural Calcutation of Standing W_all_ (Marxiinium Water Surface)

. Nonnal cgndi;ign(\ﬁilhg;iﬂj&ﬂ_ﬂgﬂ;ﬁg) oo

__Total Load vaf) | H(if) Mx(tf-m) | My(tf-n)
Dead Load 2873 0.0 -647.0 - 00
¢ Earth Pressure o 1297 o -840 L 2842 - -5174
Water Pressure 924 . -123.2 263.4 " -645.0
Total 5094 2079 - -993] 0 -1,162.4

L Hcre' S_';hearing forth, N :axial forth, . M:moment

Safety agamst ovcﬂummg S
e © 2477 m >

2258 i b6 _
Sttess calculation of conerete " SRR
- Cowpressive stiess . ge= . 7.88 (kgﬂm’) < _' 90 ° OK :

. Tensilestress . o= . -0.36 (kgf/m’) o< __-_4.5 OK

(n) Toe Siab of nght Side Scpara(e \V‘i“ undcr the Impcmous Zone
(Mmlmum Water Surface) ' 7' _ _ _ - _ %
(n l) Loadmg Cﬂ]culahon of Toe Slab (Maxmlum Water Surface) o o _ e |

Struclural model and load combmauons are shown in thc followmg ﬁgure

" Desd Loog [P
o ! X
g_ [ “‘CU RGN SECTION
: - B
phitt Y

_.ubg-rcde Be_qé{i_pg_ . -

LOAD COMBINATION OF TQE SLAB

SEPARATE WALL (RiGHT SIDE, WPERVOUS 20KNEY -
CASE 3 MAY UM WATER SURTACE (EL 1‘5 300m)

Each load 1scalculatedhercmaﬁer - ,:::E T

: -Deadl,oad Doothe Sl L :
A(m) V(if) X(m) Mx(tf-m) H(th) Y(m) | My(if-m)
_ ljconcrete) i 10.50 24,68 “1.75 4318 - - U O
- Total - - 1050] - 2468 - 43._1_8 . K

Prmepat 1



~ Subgrade Reaction without Earthquake

Ql = 54087 (tm*)  , Qo= - 46902 (tBm}) .
A(m?) V(i) X(m)  [Mx(tfm)]  H@ED | Y(m) [ My(tf-m)
Q - 17673 L79] 31661 . - - -
Total - -176.73 -316.61] - -
Uplit - »
: A(m?) V(D i X(m) (Mx{tEm)}  H(@ih) Y(m) | My(tFm)
U - -1.98 117 -2.31 - - -
Total -1.98 231 - -
(fi-Z) Structural Cﬁlcula-tibn of Toe Slab (Mm(imum Water Surface)
- Normal CQlIdltlQn(WlﬂlQQ Egnhqgake) A
- Total Load V(=S)@f) H(—\I)(tt) Mx(if-m) \le(tf -m)
- Dead Load_ b 2468 0.00 43.18 0.00
Subgrade Reaction] © -176.73 0.00]  -316.61 - 0.00 o
Uplift 198_‘T - 0.00 -2.31 _o00f
Total . -154.03] ~ 0.00] . -275.74 0.00
: Here' S sheanng forth, N :axial forth, M:moment
| Strcss calculallon ofconcrcte S T
Shear stress - = S.13(kgfm’) . < 825 OK
Comprcsswc stiess  oc= . 1838(kgfm’) < 90 OK .
~Tensile stress » ot= o -1838 (kgfm?) - > 4.5 NG
(é) Case4 ‘{lght Sldc Separa!c Wallunder lhe ImpemousZouc '

o Emply Rcscrvo:r (\lo Rescmnr Water)
- Honzont’il selsnuc coefﬁcmnt Kh 0 08 (50%)

3 (l) Standmg Wall of nght Slde Sep'lmte \V"i" under the lmpemous Lone |
| (Empty Resewou) SN :

. (1 l)[ oadmg Calcuiauon of Standmg Wall (Empty Rcsewonr)

Structural model and Ioad combmatlons are shown 1n lhc follo“mg ﬁgure

Caws



Lorih Pressure &

20400
17 400
\

g

e

o LOAD COMBINATION OF STANDING WALL

. BERARAIL WALL {RGHT DO, WELRVIUS 70N AN
- 288 & - fW DI'{ Ri -JR‘OQ {dD FESERVOIR A2TER)

Each load is calculated hereinafter. o

Dead Load

0.60 (kgbim?) - <

24-110° _‘1 o

e AmY) V@) |- Xm) [Mx(fm)| - HGH) | Y(m) | My(if-m)
~ I{concrete) - 8700 - 2045 - -6.53] -13340] " -1.64] - 870] - -14.23
: Mconcrete) | - 113.54] - 266,81 - -1.93] -513.60[ = -21.34 5.80f -123.30
“Total ¢ | 122 24 287 251 - -647.0} -22.98 e -138.03
E'mh Pressure without }*arthqual\e R
i Coeffi cient of active earth pressure : Ka-0.752 L .
: - A(mz) V(tf) X(m)  [Mx(f-m)| It [ Y(m) - | My(tfm) |
Pal ' - - 201.12] - - 243|. 487.71] -131.26] - 5.80| -761.29
_ Total - 20112l a1l 3tael - [ 76129] -
Earlh Pressure with Earlhqua!\e : '
* Seismic composrte angle : 90—4 6(dcgree) (ianﬁ,J Kh 008)
Coeﬁ' cient of active earth pressure Kea=0.815 - : DR
A(m’) V() X(m) Mx(tf-m) H(l'f) L Y(m) - | My(tfm)
: Paci _ - 204.70] - 2.43] 496.39]  -160.68] 5.80 -931.93
Totat - 204.70 - 496. 39] -160.68 | -931.93
(1-2) Struciural Ca]culatlon of Standmg Wall (Empty Reser\ 01r)
m@mmmmwg
Tolal Load (HN)(tf) H(«-S)(ti) Mx(tf m) My(tf-m) D
* Dead Load - - 28725 0.00f - -647.01) - 0.00]
Earth Pressure ' 201.12 . -131.26] - 487.71] . -761.29
. Total : - 488371 - -131.26] . -159.30 -761.29
N Here' S sheanng forth, N: axral forth M moment
Safelyagmnstovcﬂummg L S e SRR
: e -1.885 m < o 2.258 m '“b/6 OK -
Stress calculatron ofconcrete AT R .
Compresswe stress © ge= - 6.61 (kgfhn?) . < 60 - OK
Tensrlc stress ot=




Seisinig condi.ti()n (with Earthquake); Kh=0.08(50%) °

Total Load VEN)D) | HES)(D) [ Mx(tm) | My(if-m)
Dead Load 2873 -23.0 -617.0 - -138.0
| Earth Pressure - 204.7 -160.71 - 4964 -931.9
~ Total 4920/  -183.7 -150.6 -10700
Here; W% moment - :

- S s};éanng forth \f axlal forlh

Safcty agamst overtummg . . e
<  4517Tm =bf3

e= . =2481 m OK
+ Stress calculation of concrete A SRS S
Compresswe stress - ge= - 7.62(kgfm?) < 90 - OK
l‘ensﬂe stress 1 cs't= £ 036 (kgﬁ‘m’) < 45 . OK

(n) 'l oc Slab of nght Side Separate Wall under the Imperv:ous z one
(meiy Reservonr) '

(u l) L oadmg Calculahou of Toc Slab (F mpty Resewmr)

' Struclural modcl and load combmallons are shown in the follomn

_SALCULALON SECTOY T !

! “-JD’JIU"j“ Pr‘r‘ft on

_--:. "DLPJ”Ua I_ h
SERVOS (NG RESERVOMR WAT

- Eachload is caiculat_égl I}_éreinaﬂcr.

Dead Load

Iy f'lgure.

:ﬁ tf-nﬂ |

o A(mz) V(t[) 1 X(m) [ MIx(tfm)] - H(@D Y(m) | My(tf-m)
~ Hconciete)....f - 10.50f -...2468] -« LTS - d3iA8) - [ 0 4 Loa
Total N 1030 £24.68 R 4318 - -
Subgrade Reaction wnlhout L'mhqual\e BRI
Ql 44 014 (lf/m) "",', QOH 41 052 (tffiif)" R S .
i e A(m) “ V(D) X(m) Mx(tEm)} CHED | -Y() | My(tfm) | -
3 : Q - o wassT |17 26354 - 4 - [ -
M_w___ ,;ﬁ__-_‘_;r,.,:l_4§;§2__' L-263s4 ] - S
Subgnde Reacuon \\.lth l:‘mhqua!\e R I l,
. Ql 51914 = (tfm?) - Qo= - 46.179 (tl?'m ) L
o S ] A .V(lt) X(m) | Mx(tf-m) H(t[) Y@n)
4 Qo -17066) 0 1781 -306.27 -
S Total | - -171 66 e vy N R R

e .2:4-%71'“:



(ii-2) Structural Calculatlon of Toe Slab (mety Reservorr)

15_ nnal @nd;t ton (wrlhg _t_m_q_aig)

My(tf-1n)

Total Load V(=S)(lf) H(—N)(lt) Mx(tf-m)
._Dead Load 24.68 - 0.00 ~ 43.18 0.00
Subgrade Reaction| - -148.87 0.00 -263.54 0.00
~ Total - -124.19 0.00 -220.36 0.00

Here;, S: shcarmg forth, - N : axial forth, . M :moment = -

Stress ea!culatron ofconcrete T P
4.14 (kgfim?) - . < 55  OK -

‘Shear stress B O -

Compressive stress oc= - 14.69 (kgffim®) ~< 600 OK
"lensrle stress ot= . -14.69 (kgf/m ) ,> -3 | NG

Llsmlemndltlgl wrthE h u Kh—O 08 5 9
- Total Load V(=S)(tt) H(fN)(tf) ngf-m) My(tf-m)
~Dead Load 2468 . 0.00 C43.18] . 000 . -
. |Subgrade Reaction| ~ -171.66 - 000 - -306.27[ 0 0.00]

CTotal - . -146.99%. - 0.00] . -263.09( 0.00

'j - Herg; S shearmg forth N axral forth M: moment

Stress ealeulation ofeoncrete . T - R
.4.90 (kgﬁ"mz) . < 825  OK

. " Shear stress = e
" Compressivesiress ~ oc= - 17.54(kgffm’) . < - 90 = OK
> 45 [NG]

Tensile stress - ot= . -17.54 (kgfim?)

.(f) "Calculalron of re;nforcmg bar arrangement for Rrght Srde Separate Wall under - p

the [mperwous Zone

Resu!ts of caqulatron of remforeement bar arrangement on each member are

- shown as fo]lows

(i) Standmg Wall of Rrght Srde Separate Wall under the Impervrous A one

In all calcu]ated cases and condrtlons calculated stresses of concrete are .
"smaller than allowable stresses Therefore thie remtorcrng bar arrangement 157'.' e

I not neeessary for Standmg Wall of the nght Side Separate wall under the s

Impemous Zone

: (u) Toe Slab of Rrght Srde Separate Wall under the Impervrous Zone L




ket

.. [Calculation of reinforcing bar arrangement

(Normal Case)

for Right Side Separate Wall under the Impervious Zone}

. Toe Slab

C 4

Member ‘ c I
| Reservoir Water Surface Normal - Sllrcha;géw‘_ Maxinum - Empty
Calculation condition Normal Normal Nonmal Normnal
Earthquake 0% 0% - 0% | 0%
Shape of member - Rectangle Rectangle Rectangle Rectangle
M} tfm 233.82 - S 2480 - | 271514 220.36
. 1) o - 0 - 0. 0 )
S tf 131.51 . 139.0 - - “154,03 . 124,19
B cm - S 100 160 4 100 ) 100
"D ¢ - 290 ¢ . 290 | 290 290
Ac com’ 29000 - - 29000 . 29000 29000
As o | D36@200 | D36@200 | D36@200 | D36@200
‘ - ST =51.00 - - =51.00 - - =5100 : | : =51.00
P=A¢/(BX D) 0.00176 - 0.00176 - | = 0.00176 - 0.00176 .
N=Bs/E¢ : e .15 LR SN FRRERN R | S
. X0 : em | 504 594 © 594 594 -
K=X0/D e 0.205 0205 - 0205 - 0.205 -
CMABXD?) | kglem? 2.78 2949 | 13279 | 262
SABXD) | kgffem 4,535 - 4.793 - 5311 4.282
© 10.48 - 1048 1048 . | 1048
S O N Y 40.686 40.686 | 40686 - |  40.686
(Z) - ] 1.073 1073 | - 1073 1,073
© o oe . |keflem?| <290 © 309 344 27.5
Y os - | ketrem®] 1697 - 1800 2001 1599
-t | kgtren? 4.53 479 | 531 4.28
oca | |kglem? 60 60 | .90 60
' asa - |kgfem?| . 1800 1800 | - 2700 1800
Ta - [ kgffemi? 5.5 - 55 8.25 55



. {Seismic Case)

- Figure of main reinforcing bar arrangement is shown as follow.

~ Member .. : : ~: Toe Slab -
Reservoir Water Surface Normal Surcharge Empty o
Calculation condition Seismic Seismic Seismic
Earthquake - 100% C50% | ¢ 50%
Shape of member - Rectangle Rectangle | Rectangle
M ttm | - 308.09 286.83 © | 263.09
“ N tf -0 -0 0
SR tf 171.48 -~ 159.86 146.99
‘B cm - 100 - 100 - . 100
D oni 290 - 200 290
- Ac o’ | - 29000 29000 29000
D As - ém’; D36@200 | - D36@200 D36@200 )
R B | -=51.00 . =51.00 - =51.00 .
P=As/(B X D) . 0.00176 - 0.00176 0.00176 . _
N=Esff¢ - j IR P 15 o tgs
X0 cm - 594 . 594 F 594
CK=Xo/MD b 0205 ] 0.205 1 0.205 |
MI(B'XD’) |kgffem?| 3663 | 3411 | 13128
SI(BXD) kgfiem’} 5913 - | 15512 . 5069 -
<) 1048 1048 | L 1048 -
~{5) - 40.686 40.686 ° 40686 o
(Z) - <4 - 1.073 - 1,073 ~ 2 1.073 ' :
“oc keflom®| 384 U} 357 | 328 .
Jos - |kgflem?p 2236 | 2081 | 1909 .
% keflem®| ;591 551 S 507
oca | kptfom? 90 o F 90 lop
osa o fkeffem?| 2700 - | 2700 - 2700
ra - |kgfem? 8.25 825 | ".825

7 :
- B
. _[1.22 ] S g . o .. L
- bz J - R o
81 rﬁ/‘—_%zs BRI \ '
= l_ o EL 135 £00m

SEPARATE WALL (RIGHT SIDE ~IMPERVIOUS ZO’\JE)

:2—.4-11._4 o



	CHAPTER 2 DAM 
	2.4 Spillway 
	2.4.3 Structural Culculation 





