., R

3’7 _‘ St-_rm':t;ural Design of Powerhouse

The powerhouse of the Jatibatang Multipurpose Project is located on the right side of the
stilling basin of the spillway.' The outer wall of the powerhouse structure under elevation

©~ 98.00 m is a part of the guide wall of the spillway.

" The powerhouse under EL. 98.00 m is divided into two spaces. One is for turbine,
generator and access'ories and the otheris for control and operation rooms of the power

_ rgeneratron Facilities for water supply are installed in the room at Ei.84.90m. At the
_bottom of the powerhouse, a pump pit rs made to collect seepage water through the

" conerete walls from the ground. The water wrll be pumped up and drained to the sprllway |

through the steel pipe on the wall.

The tatlrace 2 0 m hrgh and 2 O m wrde, is runmng through lhe foot of the sprl[way al‘ter
the powerhouse At the end of the tarlrace, a gate is equrpped for mspectron and
mamtenance of the tatlrace An air shaft made of rernt‘orced concrete is furnished besrde |
the powerhouse to release the water pressure in the tarlrace at the sudden stop in case of

-l water condttlon o
The stabrlrty analysrs and structural calculatron of the powerhouse are prmcrpally carried
_' :'out in accordance wrih the formulas and parameters as strpulated in the Desrgn Criteria
. Report Vol 2, Match 1999. '
371 Stability (',f Pow'erhqusé |
L “The stabrhty analysrs is perforrned to assess the potentral for fallure and to assess
o remedral treatments when necessary Reference to the dimensions of the powerhouse is
o 'madem Chapter31 o | ' ' )
o 1) | Calculation"C_as_es |
The stabllrty analysrs of the powerhouse is camed out for the followmg three cases:

a.- Normal Condrtron : A srtuatron 1n whlch the powerhouse is bemg operated

: at the maxrmum plant drseharge of Q=3. 0 m /s

AT



b. Flood Condition

basin is SUbjCCt o the 100 year retum perrod event

- (Q=340 m3ls)

c. - Seismic Condifion -

- at the maximum power discharge of Q=3 m*/s in case

that an earthquake may occur in the neighborhood of

. the pow<:rhouse

- .2) Allowable Stability Conditions.

" The 'allowa'ole_ conditions for evatuating the powerhouse stabrlrtj" are given betlow.

Stabrllty Condrtrons .

: A situation in whrch the water level in the strllmg

. A siluation in which the powerhouse is bemg operated

Seismic

Normal. |  Flood : ’

condltlon condrtron condition

‘ Agamst ow:rturnmg _‘ o e <B/6 e<B6 e <B3

. Agamst slrdmg Fszl 5 ' Fsz 1, 5 CE212
| _Bearmg capacrty of foundatron gs Qa ‘qs Qa '

qslsoa .

Notes: = eccanlncrly,B w1dth of base F, —safety factor,q prmctpal stress _'

0 = allowable compresswe strength of foundatron

" The evaluation formulac used for the stability analysis of the powerhouse are as

follows.

a) Stability againet Overturning.

- The following formula is used for the stability evaluation against overtuming;

_Wher'e.'_ B

e :" | eccentncrty of resultant force (rn)
o B _wrdth of base (m) | |
d H 'drstance between the actmg pomt of the resultant force and the

L _refercncc pomt (m)

e= |:B/2'-d].=|'t3-/'2'-[tEVX+2}1&;)/EV]|.- ' S

DA resultant vertrcal force above base (t[)



L e

e Wherc j". G

SH : resultant horizontal force above base (1fy o
- X1 distance from the acting pomt of thc rcsullant vemcal force to the

o "'%rcfercncepmnt(m) L

Y distance from the actmg point of the resultant hofiiorital force to

the reference point (m)

" b) Stability against Sliding

: He_nny‘s foi'mula is used for the stébilily évalbation against sliding:

- L F&(thIAfEV)/EHJ
Where R RIS

R ':Isafelyfactor B Lt
’l‘o. _ :__shcar slrength of rock foundailon (’['0 SOlf/m)
B \Vldth ofbase (m) e

. L. i_;‘lenglh of base (m)

i f ﬁ_fnclnon coeff1c1ent(f~*0 8) |

3V resultant vertical force abovc base -

EH V:r‘rcsultant honzontal forcc abovc base (tf)
¢) Bearing _Ca.pajci_t'y ofFoﬁnddtibp_ R

“The Iﬁa'-'x‘imhr'n‘ priﬁéipai strch";' s‘hduld bé kept within the allowable rdck
bearmg capacnly The maxnmum and mlmmum prmc;pal slrcsses can bc

- oblamed by '
q:nax’ qmln - EV(1+6C/B)/(BL)

qmat; Qu;m ' ::_ max:mum and mlmmum Pﬂﬂmpal stresscs (tf/m )
' B : wndth ofbase (m) | o
- L F00 s length of base (m)
' fc_ "::eccenlrlcllY(m)

B EV resultant vertlcal forcc abovc base (tf)



3) Design Paramc'ters

The compuled paramelers used for cvalualmg lhe powerhouse stabahly are

gwen below _

Character lst:c Pai ameters

 4) Loads and Load Combin_ation_ o

No. Item Palameters : : ' é
(1) | Unit Weight Concrete oo 235 ]
Reinforced concrete 2.5 tf/m>
Soil (wet) . 1.9 tf/m’
Soil (under water) = | 0.9 | tffm’
. Water - 1.0 tf/m’
(2) | Seismic Horizontal 0.16 - '
Coefficient e
T Vertical S0
(3) | Water Level in Normal & seismic 82,631 | ELm
Stilling Basin - -~ | conditions .| . |
_ - - | Flood condition | 92080 | ‘Bl m
(4) | Groundwater Level Normal&selsmic e | 84900 El.m
g at Mountainside . | conditions - - [ .l
RS B .- {Flood condition "~ " "|- 84.800' | El.m
(5) - | Characteristic Value Compressive strength . | +:100 © tf/m” .
‘| of Rock Foundation (. " .. -~ . L
" | Shearing stress . S50 o tm?
Internal friction angle - |~ 38,7° |
Internal friction 08 -
| coefficient R
(6) | Characteristic Value | Cohesion =~ 0 | Tm®
of Soil | - , o
. " | Internal friction angle | - .35° .

_In order to compute lhe loads actmg on the powerhouse accurately the' :
poWerhouse was dmded mto four portions along the length dlrection The . -

prol" le and lyplcal cross secllons used for calculatmg the loads are shown in

Fig.3.7.1. The loads acting on each porllon under normal seismic and ﬂood B
: condmons are shown in Fxgs 3. 7 2 ~37 3 The length of each pomon 1s'_ :

- given below



Portions for‘Calculatin'g Loads

Portion Length of portion (m) Typical section
B-B ~5.000 B-B
C-C 9.366 : - C-C
| DD 7.634 D-D
CBE | 8000 BB

The fol.lowin.g loads are eousidered in the computations.
a) | -S..elf Weigttt |
The .s_eif-\:veight of every etmeture of _thz'e 'powerhousecarr be obta_ined by:

W self werght (tf)
Ty specrfrc weight (tf/m)

-V volume (m)

':It shou!d be noted that the welght of the upper structure of the powerhouse
is assumed to be 80tf/m and the coordmates of the actmg point are

' determined as X~9 Sm and y-24m
b) Hydros:tatt_e;Pr_eSsu're .

7 ’:I‘lte water levet m tﬁe:'still.ing bz;sin forthe normal and seiemic conditions

s EL82, 631m compared to the water level at El 92.08m for the flood case

_ " Ii' _.:f(Q 340 m3/s) The groundwater level at the mountarnsrde is assumed to

) SR i be 84 9m for the nonnal and sersmte condltlons and El 84 8m for the
I o ﬂood ¢asein cons:deratron of the mostdlsadvantageous combmatlon The

hydrostatrc pressure at the two SldBS is computed by -
' Where S
B PW hydrostatlc pressure (tf/ m )

1375



c)

Yw :specific wenght of water (tf/m )
h : water deplh (m) S

Earth Pressureﬁ

The level of the backfill soil at the mountainside is EL97.00m. The

following' formulae are employ'-ed for calcuiating the carth preSsur_es under

the normal, scismic and flood conditions.

For normal and flood conditions

= Koy h+Ka q

K =

“'cos (q) 6)

. coszocos(ﬂ +6)[1+ J

sin(¢ + 6)sm(¢ +) 5

' _P;, ' achvc earth pressure (lf/ m )

3 .Ka :' coeff1c1ent of acnvc earlh prcssurc SRR
- h 2 soil dcpth (m)

cos(® +76 Jeos(@ -a)” PO

g surcharge under normal and ﬂood condmons (lflm %)

4 unit wc1ght of soil (1f/m’ )

: 'anglc be(ween ground surface and horlzontal plane (dogrec)

K angle between wall and vemoal plano (degrce)

q
7
' _. b internal friction angle of sml (dcgroc)
«
)
)

frlCIIOIl angle of soil lo wall lhe valuc of 6 is glven below -

Frlctmn Angle of Sml to Wall

Stl ucture
type

l ype of

frlctlon angle

Frtctlon angle 5¢)

Normal
condmo_n

“¥lood
-condition .

_Selsmic

~condition

Sil'llClllI' [+

Grav:ly S5

__So;tl to .

. . concrete

0

Other ..

- Soil to soil .

w2

Notes: ¢% intorua! friction émgloT '




For seismic condition
P =Kea' vy " ht Ko, 'q’

K, = COS (¢ B 90)

o c036060329COs(B +8 +0)[L+ sin(@ +0)sin(g +t - OO) z
cos(0 + 8 +0,)cos(@ ~ct)”

Where _ 7 _ _
P, : aclive earth pressure uh(ler sei-’Smic condition (lf/ mz)
| Kea : coefflcrent of actwe earth pressure under seismic condmon
' 'q‘. S surcharge under sersmrc condrtton (lElm ) '

'.90 E resultant angle due to earthquake 60 = lan Kh (degree)

Ky e horrzontal sersmlc coefﬁcrent

- _The def' n1t10ns of the other symbols are the same as the abovc

-.The resultant sorl force and honzontal and vertlcal components of the -

| resultant sorl force at i- layer per untt length are computed by

e P ‘—0 5(p. 1+p .)h Jcosﬁ
y P.h—P cos(B+5)
' P.\_.—P,sm(eirﬁ) ,

Where Y _ (R
P r.esultant sorl force atr layer per. umt length(tf/ m)
; p,; earth pressure at (1 1) layer (tf/ m )
o p, earth pressure ati- layer (tf m 3.
P,}, horrzontal cornponent of soil force at i- Iayer (tf/ m)

' P : vertrcal component of soil forcc at i- layer (tfj m)

g The defmrlrons of the angles of 8 and a are the same as the above.

o) uplift ?réssiire



The uplift pressure is assumed (o vary linearly along the base, and the
values al the mountain side and stilling basin are equal to the full

hydrostatic pressures at the two sides.

¢) Inertia dueto Séismic Motion

,_ The hbrizootél inertia due to an earthquake is computed by |

T '=K,; W
Wherc o o ‘_: _
_ 1 _ honzontal mert:al forcc duc to an earthquakc (tf)

o K;, hon?onlal sclsmlc ooefﬁcwnt
| E W : self welght (tf)

~ The ,cdmbiﬁéﬁohs’ of the above-mentioned loads for different cases are

~ givenbelow.

Comhmatlons of Loads for Stab:htv Caleulation s iﬁ?
Load | Normal - Flood Seismic : L
“| condition condmon condition

Self weight ; oy LV v

Hydrostatic pressure AR A v

Earth pressure R v o v

Uplift pressure AN v V.

Seismic inertia -+ =

5) ' Computﬁtioﬁ f{esolis e HICTINS

The computed resulls are shown in Tabies 3 7. 1~'% 7 8 It can bc found that thc_ o &
powerhouse is safc for any case smce lhc computed valucs of the eccenmclty e -
and maxnmum strcss are sma}lcr ihan the allowable values and thc safcty' :

factors are largcr than the allowablc values for each casc

_ 3.7-3
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Table 3.7.2(1/3) Calculated Resuits of B~8 Portion
under Normal Condition

_Hydrostatic pressure

_ Vertical Horizonal S M;) mint Mt?mint
PartID  { component | component (i:) (:{r:) | aao;ilsy aaoxlijsx
................. D W It

it 80,03 {63 ~98.04
.......................... 2 17.31 0.88 15.18
......... 3i.
. 4 .......................
X 0.00 -42.12 ~82.86
EHI*VI/ZH- 1.94

M

Earth pressure .

xi=Distance between centroid and reference axis v;
yi=Distance between centroid and reference axis x;

. ci=Length in 2-direction -

Moment

S0 E Vertical (! Horizonal | P Moment

Part ID cdniponeht cérripdnént i Y abouty ; about x

A Vl(tf) Hl(tf) cm)e o (m) o axis . oaxis

............. it e EViEi(m) Hikyitm)

_____ " T T V) 26 16.00] 89337 1593.77i —1270.85

..... 2 3458 —40387 716,00 38501 55321% 19011

3 14287 ~203f  16.00f 3500 22.74 =70

........ ; ‘

s Lot S .

3 13561  -19367 2169.72 —~1468.06
X=X Vigkxi/ I V= 16.00
7.58

Y= Hityi/ 3 1
m _A..'-/J.

xi=Distance between centroid and reference axis y;

Uplift pres_si!re

yi=Distance between centroid and reference axis x;

ci=Length in z-direction

. o V e o S Moment § Moment
R erttca! Herizonal S
X yi .- i abouty i aboutx
Part ID component componenti ) ) 1 axis axis
e VD M T et Hityitm)
b :§.§.-.?§.... 2,50 -164.44
2 ...72836 3.33 ~94.54
3 088 el 9.28 31050
VA m124.32 JO9ZE SI3DTBTE
2 . -224.34 "~ -1647.60
7.34

K= IVi/EVE

3-
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xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axis x;

Stability computation -

1) Load combination

ci=Length in z-direction

2478 16

S Vert:cal “Horizonat . Soeeodde et et Moment | Moment
Load ooes s X Yot abouty | oabout x
oa component oomponent ) ) S .
V(D) - H(tF) Am) i m) g ais axis
- RN MR St it EX(tEm) | HEY(tfm)
Self weight 2566.89 : 9.15 23483.61
Hydrostatic : _ o
o eressure b i TAZ02E 1.94 e 82,88
" JEarth R B . . _ .
{pressure 135.61 ~193.67 16.00 -1.58 1 2169.72¢ -1468.06
Uplift S ' '
pressure '—224.34 134 ~16417.60
Total ~236.39 o 2400574 —155093

969 X Dlstance betwoen centrmd to reference axis x;
.. 6.56 Y=Distance between centroid to reference axis v,

X= ZV:*XI/ZV—— o
Y—-?.Hr*yr/iH—_ RO

2) Actlng pomt of resultant force

»( ZVaXs z HEY) SV

1906 (m)
3) Against overturning (B=16)
ex|B/2-d| _ . S
= 106 <B/6= 267  OK .
- B= '16,00_ ) S
4) Agalnst sliding e HEE
Fs—(to*B*cl+f* E V)/ I z HIF 7 .
.= - 2531 > 15 0K - -
= S50 (f/m2)
1= 08 - L
5) Beanng capacity (B= 16) Sl
Q=¥ V/B¥(1+6e/B)= R A I
 Qmax= 216.5 - <Qa¥ci= 500 -~ OK
Qmin= 933 . <Qakci= - 500 - OK -
100 N

Qa= - o {tf/m2) a
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Table 3.7.2(2/3) Calculated Results of B-B Portion
under Earthquaks Condition

Hydrostatic pressure

Verti . Moment { Moment
ertical Henzonal xi i about about x
Part ID { component i component (m) (y ) s \
Viltf) Hi(tf) - m m axs axs
e, : Vikxi(tfon)i Hixyi(tfm)
i -60.03 1.63: -98.04
4 S SO L2552 L 088 . .. 15.18
..... .3 5 S
: 4 .....................................................................
: 5
Z’ -42.72 -82.86
Y— Z HI.*YI/ )2 H— " 1.94 ' :
xXt= D:stance between centrmd and reference axis y;

cu(m)tzg.,v S

Earth pressure -

yi= =Distance between centroid and reference axas X

. Gi= Length in z- d:rectlon :

bia

Moment

- Vertlcaf ,'Hbiiienei - Moment
: S X i abouty § about x
Part ID component component () (m) . axis
A CIIE R (T T R A Ny
.................... e it i e it o VPERXCEF) T Hikyi(tm)
1 1278  -230.82 16.00 8.933 : 1164.44; -2061.99
..... "2 25.26 -80.12 16.00 3.850 404.18; -308.46
__________ 3 1.04 -3.29 16.00 3500 16.61 -11.53
.............. 4 ' ' ;
EE _
)X 99.08 -314.23 158524 -2381.98
X= I Vikxi/ 2 V= 16.00
Y= Hikyi/ ¥ H= 7.58

- xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axis x;

Uplift pressure

ci=Length in z-direction

S I o Moment i Moment
' Vertioal | Horizonal Xi Y abouty { about x
Part ID component component m ) - axis axus
| b Vi) M) L T T Biem)

A=Z Vikxi/ Z V=

7134

~1647.60
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xi=Distance between centroid and reference axis v;
yi=Distance between centroid and reference axis x;
ci-Length in z-direction

Stability computation

1) Ldad .cefnﬁina.tion

Vertical | Horizonal | o i .1 Moment : Moment
" Load - "t ponent! X1 Y .- i abouty about x
oa component i componenti " oy f oy axis axis
V@) o H@O oy T T
ERRIEN ST § sk VEX(Hm) | HEY (tfm)
Self vistghn | 556689 X Y T
Hydrostatic : o o -
pressure i o iooowd2p2icc b 1941 ....5..58286
Earth - : B
pressure 99.08: ~ -314.23 16.00 1.58 ; 1585241 -2381.98
Uplift . : L
pressure ~22434: 134 -1647.60
Seismic . . . : S : .
inertia = - o - -410.70 11.77 ©§ -4835.80] -
Total C o 244162 —76755 B 23421 25 -7300.74
' X‘ )2 Vn*xu/ Z v= - 959 X D:stance between centro:d and reference axls ¥
Y=Y Hikyi/ZH= - - 9 51 Y—Distance between centrmd and reference axis x;
2) Acting point of resultént force
d (ZV*X+ 2 H+Y)/ LV
6.60
3) Against overturning (B=16)
e=|B/2-d| _ ' ,
= oe 14D <B/3= 533 OK
B= .. 1600 (m)
4) Agamst sliding.
FS“(TO*B*CH'f*ZV)/IZHI" _ -
= 776 . > 12 OK
= . .. 50 "~ (t/m2) ' '
e e
5) Beanng capacity (B 16 -
S Q=IV/B¥1+6e/B)= S
Qmax= . - - 2326 <1 5Qa*01- w1 750 © OK
I Qmins - 72,6 <1.5Qakei= 7150 OK

o Qas 100 (t/m2)
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Table 3.7.2(3/3) Calculated Results of B-B Portion
under Flood Condition

Hydrostatic pressure
Vertical i Horizonal - . Moment ; Moment
Part ID { componenti component X v abmft v aboet X
Vl(lf) : Hi(tf) (m) (m) ] .a{us ) a)‘us
......................................................... : ... VikxiCtfm) Hikyi(tfm)
........................... i ~57.60 1.60 -92.16
2 S 364.82: ...i.....403 1468.99
.......................... B e R SO
.......................... 4 - o
5
z ; 307.22 1376.83
Y= 5 Hityi/ T He 448 . | o
(m)zfif' L xi=Distance between centroid and reference axis y;

Eadh pressure: S o

* vyi=Distance between centroid and reference axis x;

. eitLen_gth in z~direction

Gi: (m)

Uplift pressure

vi—Distance between centroid and reference axis x;

CIﬂLength in z- dlrectlon

: SR ;i Moment | Moment
: , Vertlcal Honzonal s A :
oKl - yi ;i abouty i about x
Part 1D component component S . .
S Vi(tf) Hl(tf) cm) i (m) . axis ~ axis
Ldni Wb FViki(tfm)i Hikyi(tim)
1 '.'__'_"._]01.26 —14462 "~ 16.00 8867 1620.23i -1282.30
2 33.20 -4742 16.00 3.800 : . 531.22; ~180.18
3 1.29 -1.84 16.00: . 3.467 - 20.63 -6.38
4 : ) :
5 . .
X - 13575 -193.88 217207 -1468.86
X=X Vikxi/ EV= 16.00
_Y: z Hi*yi/ I H= S 7.58
e ) § Xi= Distance between centroid and reference axis y;

. Vv | Lt T Moment § Moment
o ertical . ¢ Horizonal ST B
o Vi abouty { about x
Part l_D compaonent component ) s m) axis axis
L e Vi)l HikyiCm)
18 -224.18 2.50 -561.96
T2 -170.46 1.67 i ~284.10
3 ~206.09 10,50 -2163.95;
_____ 4 11,01 5,28 -58.,16
.......................... TR W '
. 6 B
r . -612.31 . ~3067.76
X=X Vikxi/ IV 501
3.7-21°
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xi=Distance between centroid and reference axis v
yi=Distance between centroid and reference axis x;
c:-Length in z- dlrection

feiim)z

Stability computation

1) Load co_mbination

Moment

L Vcrtiqal Honzonal X _VY P:;)::::r: about x
oad component component ) m) . .
v f HEp o o o by
..................................................... s it e i . YEX(EEM) | HEY (i)
Self '.\"g‘q!ght - 2708. 62 8.75 11,54 { 23696.21
Hydrostatic B
. lpressure - i - o 307.22¢ - 4.48 - 1376.83
. |Earth PR : S
pressure 135.75; - ~193.88i - ~16.00: 158 : 2172.07: —1468.86
Uplift : : : .
pressure ~612.31 501 ~-3067.76: -
Total 113 34 - 22800, 52 : -92 03

2232._06‘ '

- 10.22 X—D;stance batween centroid and reference axis y; -
~ -0.81 Y=Distance between centroid and reference axis x;

S X= Z VI*XI/ Z V= 7
Y=1 Hl*yI/Z H= o

2) Actlng pomt of resultant force .

S (ZV*X+ZH*Y)/ZV

= 1047 (m)
3) Against overturning (B=16)
e={B/2-d| : S .
= 217 <B/6= - 287 OK

: B‘"‘ e, ‘_'16.{)0 = (m).

4 Against shdmg oo '
Fs= (TOtBtc |+1"* Z V)/I Z HI~

= B0 - > 15 oK
w50 G/m)

f— - 08

: 5) Beanng capamty (B= lﬁ) '
eI V/BAIe/B): T
2532 <Qa*ci= = . 500 . OK -

Qma_x— o :
Qmin= - - 258 - <Qa*ci= - 500 .- OK -
S Qas 100 - ST

oo (tf/m2)

3-7-22
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Table 3.7.3(1/3) Calculated Results of C—-C Portion
under Normal Condition

_ Hyd_rostatic pressure

Earth p'réésure

xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axus X;

01 Length inz— d:rectlon '

_ Vertical Horizonal . . M; met:nt Mg) mt:nt
Part 1D | component i component (::) (x:) a aoxl;s vi;a a(::ils x
vieh 1 e ... VikxiCtim): HityiCtfm)
LI -112.44 1.63 ~183.65
2 32,42 .0.88 2843
1SRN SN A S R M—
. 4 ........................................................................................
; 5 i -
Y -80.02 ~155.22
©1.04

3723

g E -Vefticéi K' ::H_c'n"izdhal B ER Ml;)ms:nt Ml:)mt:nt
Part 1D " i componenti componenti - Moopoo VI pabouty : about x
VI o HiD m) i (m) -} axis axis
.................... b b e P od(tfm) | Hikyi(tm)
1 66.08 -320.03 16.00 8.933 | 1057.30; ~2858.96
2 2294 -111.09 16.00; '~ 3850 367.00; -427.68
3 0.94 -4.57; 16.00 3.500 15.09: -1598
4 .......... -
5 '_ ;
3 .89.96 = -43568 1439.39 -3302.62
X=X Vikxi/ 2 V= 16.00
Y—ZHl*yl/ZH‘ o . 158 _ S
Eil m, .366; _ xi=Distance between centroid and reference axis y;
. yi=Distance between centroid and reference axis x:
¢i=Length in z—direction
E .Uplift.pressure ‘
Vertical | Horizonal - o § Moment { Moment
: ‘ oy Xi. iyl abouty { about x
Part ID ; componenti component} . , - L N
ey Vit b Hied Am) i (m) axis . axis
: g e Lo i(m)i l*yl(tfrgz
1i...2123.21 290 e -30802;
______ 2 -53.13 3.33 -171.10
-3 -11.01 5.28: =-58.16
B 723288 10.92 7294301
N 5 .
X - 42023 ~-3086.28
X= 3 Viki/ LV= 7.34



Table-F LLI/BHG/1599/12/24

Cm)z s 9,366 xi=Distance between centroid and reference axis Vi
' yi=Distance between centroid and reference axis x;

- ci=Length in z-direction

Stability computation

1) Load combination _ | . . : &

: ppee S - - i Moment § Moment

: L Vemcai _Ho_n‘;ona‘l XY abouty { about x
oad . component component 4o , X X
, V@D - () - (m) {m) - axis axis

.......... I TR it b EX M) £ HEY(tfm)
Self wesght 3430.86 8.80 11.57 § 30191.14 o
Hydrostatrc pressure 3 ~80.02 o194 - =155.22
Earth press¢  ©  89.96!  -43568:  16.00i 158 1 1439.39! -3302.62
Uplift pressu “42028; oo de 1348 -3086.28: -
Total 3100.70 -515.1 _ 28544.24 —3457 84
X= 2 Vikxi/ Z V= . 9.21 X=Distance between centroid and reference axis y.
Y= X Hikyi/ 2. H= S 6.1 Y-—Dlstance between centroid and reference axis  X;

- 2) Actsng pomt of resuitant force

d(ZV*X+ZH*Y)/ZV : IR S o e
= U809 o (m) | f |
3 Agalnst overtummg (B iﬁ)
e=lB/2-d| Iy
= 009 <B/6= ~ 267 = OK
B= 16.00 (m)

4) Against sliding
Fs—(TO*Btc i +15!< Z V)/] b3 HI" :

= 1934 > 15 OK

To= 50 - (tf/m2)
- f= 08 '

5) Bearing capacity (B=168) .
 Q=EV/BH(ix6e/B= - . .
© 0 Qmax= " 2004 <Qakci= . 9366 OK .- -
Qmin= . 1872 <Qa*ci=- . 9366  OK .
CoQa= 10 @f/m2)

3.7.24
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Table 3.7.3(2/3) Calculated Results of C~C Portion

under Earthquake Condition
Hydrqstatip pressure .

: Vertical i Horizonal | . . - . M};) mint M; r_mint
Part 1D i component i component (xn) (y') abouty ; aboutx
‘ Vi) HiD) m m) oy ous | aKs
............................................................ R Vikxi(tfm): Hixyiltfm)
T n112:44 1830 e 5..183.85
'''' 2 : 32.42 0.88 28.43
................... 3
.............. 4
“HE '
2 S -80.02 -155.22
L 1.94 :
9366 | Xt Distance between centroid and reference axis ¥;

© yi=Distance between centroid and reference axss X;
- ci= Length inz- dlrectton

Ear;th pressure . .

| Vertioal | Horizonal | <} | Moment | Moment
Part ID component component (:1') _ (:{n) ) aac;;sy . ac;ls
V. R Vi) Hisyiltm)
it oo TUATGITTTII600] 8933 0,001 427018
............ 2 ......000 - -166.92 16.00; ~ 3.850 0.00; -638.79
..... 3 0.00 ~6.82: 1600; ~ 3.500 000; 2387
4 ------------- .- .
51 ‘
I 000  -65074 - ST 0,00 —4932.84
X= 3 Visxi/ V= 0.00
- Y=IHibyi/TH= 7.58

xi=Distanqe between centroid and reference axis y;

- yi=Distance between centroid and reference axis x;
" cizLength in z—-direction

- Uplift pressure

IR AR - “ . i Moment { Moment
_ Vertical i Horizonal . S
e - - x coyi i abouty i about x
Part lD_ component | component (m) ) o axis axis
....... e L e Vil HisyiCtm)
' . : o -308.02 -

.............................

| E _ 508675
CX=IViki/EV= 134

- 3725
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X=IVisxi/EV=

Y=EHityi/ TH=

2) Acting point Vof -l.'e-su!ta-ht force

s (ZV*X+ZH*Y)/ZV .

5.20

3) Against overturning (B=16)

e=|B/2-d

B=

4) Against sliding '
- Fs= (TO*B*C i4f S V)/I I H|=

. Tp=

=

5) Bearmg capamty (B 16)

280

1600

S £

50
038

Q=3 V/B(1£66/B)= .

Qmax=
Qmm~
Qa— "

385.6 <1. 5Qa=¥cc;- -

®B/3=
' ) (m) |

>

- ~9.2 <1.5Qa*ci=

100

(th/m2)

w/m2)

‘ 3-?;2_6 :

' OK

1
el (m)= 1710366 xi=Distance between centroid and reference axis y;
- yi=Distance betlween centroid and reference axis x;
ci=Length in z- dwectlon

Stability computation
1) Load combination

P Verlic-al' Honzonal ' X i v Ml;)ment Ml_:nnent

Load = | component component A p e X o abouty oabout x

. V(tf) . . H(tf) (m) : (m) : axis - axis
............... SRS WOGRAIRIIN WSS NOTEIMCI B 4111 11)) H*Y(tfﬂﬂ.
Self weight 8430087 T 880, TLSTId0nLIe ...
Hydrostatic o : :
pressure 1 oh ~80.02 1.94 -155.22
Earth . : o ' :
pressure t .000! . -650.74! 000 1.8 .0.00; 493284
Uplift :
presswre i 742023 7134 "3086 28! .
Seismic . St N B
_linertia e . ~548 .95 : 11.57 —6352 55

Total - 3010.73 ~-12179.72 27104 86 1 1440 51

- 9.00 X=Distance Béiv)een centrmd and reféerence axis y. _
894 Y=Distance between centroid and reference axis x; -

533
12 0K T
14049 OK =
14049 OK -

%9
3
]
7]
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Table 3.7.3(3/3) Calculated Results of C-C Portion
under Flood Condition

Hydrostatic pressure
Vertical Horizonal . Mg mftznt M;) me:nt
PartID : component component (:;) (ﬁ) a aoxbi's via ,;:S x
R B Vird(tfm) Hityiftfm)
........................... 15 . -107.90 1.60 0.00;  -172.63
.............. 2 683.37: ... 403 0.00: 2751.72
.......... Bi ISV S
4 ...........................................

]
E‘ : 57548 2579.08
448

Earth pressure

Xi= Distance between centroid and reference ax:s v;
yi=Distance between centroid and reference axls X;

. ci= =Length in 2~ dlrectlon _

L Vertical BT BRI M Moment ; Moment
: ertical § Horizonal { ~ - . " i -7 0
Part ID domponént COfr}pdnent . ('x' ' - W abot‘nty about x
S Vt(tf) Hi(ff) cm) b () axis axis .
...... b b e bt VEEXI(tfM) | Hiyi(tfm)
il 6718 ~375.34 16.00] 8867 1074.85i —2884.72
2 2203i -i06.67i 16008 38007 35241 -405.35
3 0.6 —4.1471600; - 3467 13681 -14.36
........ o fbaks
5 , -
b 90.06 ~-436.16 1440.94 -3304.42
X= ¥ Vikxi/ ¥ V= 16.00
Y ZHl*w/):H« 758 -

Uplift pressure

~ xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axis x;

ci=Length in z-direction

Moment

3.7-27

o V R T o Moment
: ertical { Horizonal . .
: : : - SV abouty i about x
Part ID component i component{ (m) () axis axis
.......... v H‘(tf) o W i(m) Hidkyi(tfm)
17224988 i 2908 '
2 =170.46 1.671
3 ~-206.05 10.50: - —2163 95
______________ 4 -11.01 © 528 -58.16
........ 2 ' 5
6 : '
3 -612.31 ~3067.76
X=Z Vikxi/ L V= 501




Teble-Fig L017RKC 19531714

xi=Distance between centroid and reference axis y;
vi=Distance between centroid and reference aMS X;
ci=Length in z-direction .. .-

et ()= -

Stability co'm;iut'atien

1) Load combination

Vertical | Horizonal =" i . Moment ; Moment
L d DN Bt D 4 Y abouty { about x
cad cemponent c_omponent Cm) i) axis . axis
van 3 HD m
RN SRR WA INTIN Ny VAX(tm) | HxY(tfm)
Self weight 3696.46; 828 11.27 | 30589.39
. |Hydrostatic o ' . o '
Aoresswre P b sysasl o f 448 i 2579.08
Earth I B L . . . :
pressure 90.06!  -436.161 1600: . 758 144094} 330442
Uplift ' _ : oo .
pressure -612.31 5.01 1 -3067.768 -
Total o 3174 21 138.32 ey 28962, 57 —725 34
X“ XVl*xu’ 3 V~ IR 9.12 X=Distance between centrotd and reference axis y;
Y= ZHn*ys/ YH=" . -5 21 Y—Dlstance between centrmd and reference axis x;

2) Actlng pomt of resultant force

_(ZV*X+XH*Y)/ ZV ,
= 890 (m) .

3) Against overturning (B=186)

e=|B/2-d| o S
, = 090 <B/6= = 267 OK
4) Agamst shdmg e o _
Fs= (TUtB*CIH*EV)/lZH]“ _ R
= o220 > 15 OK
L= o 850 (/e
= 08
5 Bearlngcapaclty (B iﬁ) R SN R | . -. %
R LV/Bs(iabe/B) - . . :
. Qmax= 2650 <Qatci= - 9366 OK
‘_Q_min:_ 7 1317 <Qakci= 9366 < OK . .
Qa= 100 . (f/m2) R R

3.7.28
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Table 3.7.4(1/3) Calculated Results of D-D Portion
under Normal Condition

B Hydrostat_icrpressure

Vortical | Horizonal i - - o Mtf““:“t Mg’"“:“t

PartID {component component (:_::) (:;) aao;;sy aac:;sx

..................................... O o Vit Hityim)

IR | 19787 0.10 219.19

.......................... 2 i 92,81 e 0.66 26091
3

................... 4
5

¥ ~705.06 50,70

077

Earfh pressure L

ci= Length in z-direction

- wi=Distance between centroid and reference axis y;
. yizDistance between centroid and reference ax:s X

Wi

B
SGLAIT

xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axis x;

L BTSN AR I SRS BRSO Moment { Moment
- Vertical - i* Horizonal w3 v about bout
Part ID compo*nent cér'hp'onent : .--'—) i vi - ? outy { aboutx
VD o e eke | s
_____________ et ket VR Rm)  Hikyi(tim)
_1" g TE 0, BT 861.78; ~3330.97
.......................... 2 JBT0L 8054, 16001 3890 | 299.13; -348.59
_____ &I g G0 a500 T 1230050
---------- 4 e mesnmscanana rmantny nas farn A an e s nnsa g puan gy .
5 _ , .
__Z - 1333 -355.12 1173.21 -2691.89
X=X Vikxi/ 5 V= 16,00
 Y=ZHikyi/ TH 7.58

- cizbength in z-direction

3720

_Up.lift pressuré . :
o Vertical | Horizonal | - -, _ Moment ; Moment
: - R (] Vi abouty i about x
Part ID i component ; component (m) & (m) axis axis
........... e b ViR Moty t)
! ~6026 . 1.90: .. 9038
.............. 2 9.27% w2l SRR SO 121 S
3. 432908 - 815 ~3787.85
.......................... 4i....79960: o .....i.l. 0067 ...+.21062.39
9 SO0 EE i LE VS N 82650: ...
6 -56.11 15.25 -855.68
_Z.-‘ : -110.24 - -6637.39 0.00
X=X Vikdi/ X V= 935




Toble-Fig L1 MBO 1553/ 127 24

xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference ax1s X
ci= Length in z- d;rectmn =

Stability _comnutation

1) Load combination - . ' o (3
©. o f Moment | Moment
: Vertlcal Honzonal X o Uy bouty | about x
Load component qomponent Sy ) . i
V(tf) . H(ﬁ) AR LLLLE E . m B axis axis
. ko M, FRTNERTEAES S V*X(tfm) ..... H *Y(tﬁ:n)
Self weight 3153.00 8.93 8.68 : 28160.44
Hydrostatic : e e
pressure =~ f 105,06 0.77 ..80.70
Earth = '
pressure 713.33;  -355.12 16.00 158 1173.21i ~2691.89
Uptift : :
pressure -710.24} 9.35 "6637 39
Totai N 251 6 09 —460 i8 22696 26 *2772 59
X= Z Vikxi/ Z Vu ' 9 02 X—Dlstance between centr(ud and reference axis y.
Y=Y Hikyi/ ZH= = -~ 6.03 Y=Distance between centroid and reference axis x;

)

2) Acting point of resultant forée -

Cod= (ZV*X+ZHxY)/ZV

4) Agamst sliding

- Fs (TU*B*C i+ z V)/I )3 HI“

= 792 (m)
- 3) Against overturning (B=1 6)
e=|B/2-d} _ -
- . 008 <B/6= " 267 OK
LB 0w .

- 1765 > 45 oK
.’l’ov-:h:.__: . 50 - - (tf/m2) - - S e

5) Beanng capacity (B 16)

Q=X V/B*(1 +6e/B)=

Qmax= | 162.1,..: (Qaxci= 7634, OK - -
- Qmin= . | - 1525 ; <Qaxkci= 7634 OK
Qa= - 100 @f/m2)

3730



Tabla-Fig 1.2/ M0/ 1938/12/24

Table 3.7.4(2/3) Calculated Results of DD Portion

under Earthquake Condition
Hydrostatic pressure

Vertical Horizonal . . Moment : Moment
Part ID i component i component X! vi abpt_;ty about x
- Bt Dt o i (m) axis axis
Vit - f o HiG) - o
................................... et YPEXI(tF) £ Hikyi(tm)
1 -191.87 U O L3 1 -o19.79
2 SN N :1 & S S -0.66: 76091
aa 3 .................................................
. 4 .............................
5H
b ~105.06 ~80.70
Y= Hityi/ X H= 0.77 E _ L
ci(ms: . xi=Distance between centroid and reference axis y; -
! yi=Distance between centroid and reference axls X;
- ci=Lengthin z- direction (flow d:rectlon) '
Earth pressure -
A Vertlcal “Horizonal - S Moment ; Moment
Part ID  { component { component Xooop s Y abm.‘t y ; aboutx
. ponen omps {mY =i - (m) axis : axas ‘
SRV i Hiep cf MY M ,
i o] 000 0
2 38501 0.00 -520.66
3 3.500 0.00 -19.46
e | - e TR
5
¥ 000  -530.41 0.00 -402064
X=Z Vigxi/ 2 V= 0.00
Y=Y Hivyi/ L H= . 1.58 o
\(;:i‘(m 34g . xi=Distance between centroid and reference axis y;

yi=Distance between centroid and reference axis x;
ci=Length in z-direction (flow direction)

Uplift pressure

Vertical
compbnent

Vl(tf)

Horizonal
component

Hi®th)

. .‘: yi
(m)

Moment

about y

axis -
Vikxi(tfm)

-90.38

Moment
about x
) a)us

214,69

~3781.85

~1062.39

-826.50

-855.68

X= 5 Visxi/ ¥ V=

3.731

. ~-6637.39
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"1 654

xi=Distance between centroid and reference axis y;
vi=Distance between centroid and reference axis x;

Stability computation

1) Load 6ombination

ci=Length in z-direction (flow direction)

B (Desngn seismic factor=0. 16)

X= Z Vikxi/ 2. V-—
Y= 2 Hikyi/ 2 H=

‘ V g o Moment | Moment
' ertlcal Horizonal X iy abouty i about x
Load component | component i . ( ) o i) : . .
Vi) HAO 8 ™ ) | HeY G
.................................... i b S EXCEM) £ HEY (tm)
Self weight _3153.00 -504.48 8.93 28 _I"QO 44
Hydrostatic _ P
* |pressure - f i - +105.00 077%i % - -80.70
Earth ~ e SR ' : :
pressure ! 000 -530413 0003 7581  000: ~4020.64
~|Uplift '
©lpressure i ~710.24 935 -6637.39;
Seismic . L . o
inertia -504.48 8.68 | -4380.76
: Total 2442 76 -1644. 43 21523 05 -8482 1.

8.81 X—Dlstance between centrOId and reference axis v
5.16 Y=Distance between centroid and reference axis x;

2) A'_:ting poinf 6f résultant force

“( z V*x+ T HxY)/ Z V
= 534
3) Against overturning (B=16)
e=|B/2-d| ‘ S
= ;. 266  <B/3= © 533 1 0K
B= . i6.00 . .- .

4) Agamst shdmg

Fs= (rotBtc 40 2 V)] 2 HI—

(m) '

= - 490 12 OK
'to—-' SO 50 - (f/m2) A
= 08 o
5) Beanng capamty (B IB) é )
Q ZV/B*(1+63/B)— : LT
Qmax= 305.0 <1.5Qa*ci= - 1145.1 0K
Qmin= 0.3 <1.5Qa*ci= 11451 - 0K
e, ) 100 e .-

Qa=

o (Ff/ mZ)

3.7-32
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Table 3.7.4(3/3) Calculated Results of D-D Portion
under Fiood Condition

Hydrostatlc pressure

Vertical Horizonal o, o Moment ; Moment
Part ID i componenti component A vi abouty | about x
“\: - - {m) (m) axis axis
....................... v e o o A HiyiCt)
LS cA8240: 000 -12.83
................ 2 789.30 O SO 253 1967.98
..3 et Bt esenttessanesesesncns renbentasmand sonayetbdsen oratperenrasereressesret faseseseseresa sarantasne
4 R RTRI. S
5
3 ; = 596.88

Earth pressure :

gl Length inz- dtrection

1955.15

: 'xi Distance between centroid and reference axis vy;
. yi=Distance between gentroid and reference axis x;

: IR Moment i Moment
_ Vertleai Honzenal R R
: coexie- s yicos 4 abouty | oabout x
Part ID component component PR AN AN X AR
REEREE Ry T m) m i axis i axis
..................... R LA ' oo EERG(fm) § Hikyi(tim)
. 5_'_},76 -~265.18 16.00: ~8867: 876.09: -2351.27
2 17.95 -86.94 16.00 3.800 287,241 -330.39
......... 3 0.70i -3.38: - 16.00 3467: 11151 -11.70
g _ o
X 73.40 -355.50 117448 ~2693.36
X= ZV:*xl/ ZV— _ 16.00
7.58

- Uplift pressure -

-GiE Length in ZHdirectlon

- xi=Distance between centroid and reference axis y;
yi=Distance between centroud and reference axis x;

3-7-33

o Vertical | Horizonal ' co o Moment ¢ Moment
p s e : xi yi abouty ahout x
art ID comx?e_nent cemeonent (m) () axis axis _
......... e e e M) Hityiefm)
o1 -276.668 . 0 F e 1.50 ~414.98 -
......... 2 -5.21 e 2800 o k. Y4
......... 3i...02332: .. 8.79f ... 79454.02;
............ 4i....2319.58 oot D89 ~218365 ..
5i - ~-5.27 14.73 -17591 .
6 -58.40 15.25 -890.60
AR —128847 ‘ - —9036.60
- '. X" z Vl*xl/ Z V" 7.01




Terte-Fig LYW RAD/1959 112/ 2

Stablhty computatwn

1) Load combznatnon

xi=Distance between centroid and reference axis y;
yi ~Distance between centroid and reference axis x;
ci=length in z-direction

2) Aetmg pomt of resu1tant force

d= (EV*X*ZH*Y)/ZV
923

3) Agamst overturmng (B i6)

e~[B/2 ~d|

. 8:.. .

4 Agalnst shdmg

Fs=(ty¥B%c |+f=r= 3 V)/I 1 HI*

=

.":f"'

123

16-00 N

- 3244
50

108

5) Beanng capac;ty (B 16)
o Q=1 Vv/Bx(1 +Ge/B)—
. 1968 (Qa*cl—
© 725 {Qa*ci=

Qmax=
CQmin=

Qa= g

100

(m) -

®/6=

(m)

B
'.(tf/m2)

(tf/mZ) -

267  OK

_ Vertical Horizonal 1 = 5 . i Moment Moment
Load component | compornen X . Y o+ abouty a.bout x
Loa componen component B ) axis " axis
VWD P HGD TR R \
.............. A o LX) | HEY (fm),
Self v L RG] 8451 EE0 T 78485041
Hydrostatic - _ .
pressure £ & ) 596.88 L 328 -1955.15
|Earth _ o ER SR I

oressure | T3 40, -355500 . 10001 758 ”7‘1..‘.1.?.3. -269336
Uplift S R
pressure -1288.47 1.01 ...'.1.9.035 60
Total . 2154.34 241 38 ‘ 20623. 92 ~738.21
X= ZV:*.‘(l/ZV— . 9, 57 X= Dlstance between centrond and reference axis y;
Y= Z_ Hl*yll LH= o =3 06 Y”Dlstance between centro:d and reference axis x;

15 OK L o

7634 OK

7634 - OK ~ °

3.7-34
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Table 3.7.5(1/3) Calculated Results of E-E Portion
under Normal Condition

E_ait_h presst

xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axis x;

ci=Length in z-direction

. Hydrostatic pressure

_ V_efti-o_al. Horizonal g . MI;) mint Ml;) mint

Part ID | componenti component (::) (x) a :xl:s yia aoxlijs X
BRI T T o Vi) it f)

L SO -14884: 083 ....5.712403

.......................... 2} s 98.71 e 0.08 4.52
------- 3 COLITTTTS TPeY avaar cavareas FETTTPTRTN
s SR SR SRS NS S S
2 -90.13 -119.51

133

ire
‘ Vemcal .Horizonal x I-V | lem?;nt Ml;’":;”:
Part ID_ component component : ( ‘) ,(y) abouty i abo
Vi(tf) H|(tf) i g tmpoy axs - axis
i e s YR Hiyi(tm),
1 56.44 . 373, 36 16.00 8.933 903.10; -2441.99
e D s o B0 e 000G, 3800 1 313471 36530
I 081; . ;3.90: ..1600: . 3500; . 1280 ;1385
.......................... b
: 5
)2 76.84 -372.14 1223.46 -2820.94
X=Z Vixxi/ L V= 16.00
Y= X Hityi/ ¥ H= 158

Lt
Wi

- xi=Distance between centroid and reference axis y;
. yi=Distance between centroid and reference axrs X;
" ci= Length inz— d:reotion :

i)z

Uplift pressure =

V . o _ Moment i Moment
ertical Horizonal o e bout about
PartID icomponent component (::) (z:) a axis y aoxt:s X
.......................... S IR T Lo AR Vit m) Hityitfm)
...... 1 -63.14 190 94928 o
......... 72 I Y K 2.88 I L
3 ~-183.89: 6.00: -110333; ..
4 -54460 i T00: o oid ~381.19
.......................... %..0.219.20 9.40: - ~180.48
6 -12264 13 85 -1698.96
z ~445.(6 -3463.26
" X= EVidki/ L V= 1.718
3.7-35
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xi=Distance between centroid and reference axis v,
yi=Distance between centroid and reference axis x;

Stébility computation

1) Load combination

ci=Length in z-direction

Vertical | ‘Horizonal i ¢ i 0 i Moment: Moment
L d D S X Y .% abouty } aboutx
0a com__pom_ent component ) , ¥
. 7 V(tf) H(ﬂ) . m . r" axis axis
.......... SRS i ¢ d VEX(Hm) | HEY (tfm)
Self welght 3747.39 872! 017132684771
Hydrostatic : L : : : S
" Ipressure Co=9043: oo F 1.33 -119.51
pressure 1684 ~ -372.14i 16.00 1581 1229.46; ~-2820.94
Uplift : : :
pressure ~445.06% 1.78 -3463.26
Total 3379 17 "462 23 . 30450 97 -2940.46

9 01 X Dlstance between centrmd and reference a)us v;
6.36 Y= Dlstance between centroid and reference axis x;

_ X—ZVl*m/ZV—. .
YeZimi/EHe

) Actmg point of resultant force

d (ZV*X+ Z HEY)/ LV

. (tf/m2)

" 3-7-36

814  {m)
3 Against overturning (B=16)
e=|B/2-d] ' :
= 0.14 = <B/6= 267  OK .
coB= oo 16.00 —.-'(m) cl
4) Agamst shdmg 3
, Fs—(‘tﬂ*B*CI'Pf*ZV)/|2.H|~ o .
= 585 > - 15 OK
 To= 0 (tF/m2) o
f" 08
5) Beanng capa(:lty (B 16) S A T L : : S @
T Q=L V/BH(1+6e/B)= e : . : ' ’
© . Qmax= - 2224 <Qa*c!— © 1800 ' OK
- Qmin= 0 - 2000 <Qa¥ci= - 800  OK
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Table 3.7.5(2/3) Calculated Results of E-E Portion
under Earthquake Condition

Hydrostatic pressure
Vertical | Horizonal | - . | Moment | Moment
Part ID { component component () (:1) axisy axis
............................ o D i b V)] HityiC )
...................... 1E b V48848 0830 .2 12403
2Eeeen 98 1: o 0.08: ...dinn 152
.......... A i,
[ )
3 ~90.13 ~119.51
133

Eart_h pres

o| Length inz— direction

xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axis x;

sure.. o
T Vertoal | omonat |, | Moment | oment
: U, Sox Y/ I abouty i about x
Part 1D component component ) P . \
SV ey ™ @ e
..... ' bt e e 4 YPEXI( M) : Hiyi(tfm)
“"‘_1 000 : —408 59 16.00 8.933 0.00; -3647.39
___________ .2 - 000 ~141.72 16.00 3.850 000 -545.62
______ -3 000 . ~583 16.00; - 3.500 0.00 -20.39
4 T T V
5
2 0.00 -555.84 0,00 -421340
X= ¥ Vidxi/ ¥ V= 0.00
_“EHi*yi/EH= ‘ 7.58 \ .
xi=Distance between centroid and reference axis v;
yi=Distance betwesn centroid and reference axis x;
ci=Length in z-direction '
Upfift pressure '
RIS Vertlca! - Horizonal i . v+ | Moment § Moment
Xi /] about v : about x
Part ID component component (m) C(m) - o
Vit “HiIEH - (m, m) - _axis axis
I SRIRAEE T o i VP EEM): iyt Em)
....... i 150 TN -
I I 288 4,98
e gage T 6.00i T Bk T
-4 -54.46i - ... i 1.00 -381.19
..... .3 219,20 P840 2180488
-8 -122.64 13.85 -1698.56
2 . ~445.06 o --3463.26
X= ¥ Vikdi/ V= 18

3-7-37
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xi=Distance between centroid and reference axis y;
yi=Distance between centroid and reference axis x;

Stability computation

1) Load combination

ci=Length in z-direction

Vertonl | Horzonal | ]| Morment | Mormert
Le i o X b Yo abouty | oabout x
oad }component;component; () -1 () - axis axis
| R L vaXaim) ] Y ()
Self ' o _
weight 3743.'..?'.9 o828 0 1077 32684975 - o
- |Hydrostat o C
o L o
pressure i il -90.13 133 -119.51
Earth : :
pressure | 000]  -555841 000! 7581 000 -421340| - -
Uplift , ' : L : :
pressure ~44506 1.8 -3463.26
Seismic coa . Co _
inertia - ~59958F 10.27 L 16454, 74 s
Total ~ .~ 330233 *124555 L 29221 52 1078765 L
X= ).VI*JU/ ZV‘ s 8 85 X—Distance between centrond and reference axis y. *
Y= 2 Hixyi/ X H= '+ 8.66 Y=Distance between centroid and reference axis x;

2) Act.ing point of resultaﬁt force .

d=(Z V*X+ LH+Y)/ IV

5.58
| 3) Against overturning (B= 16)
e= [B/2 d e :
_ . 242 <B/3= 533 OK
B= - 16.00 (m) .
4) Against sliding
Fs-(—rotB#ch*ZV)/[ZHI- co
R 126 > 12 oK :
ST -850 - _(tf/m2) D R
f= : 0.8 ‘ : %:
5) Bearing capacity (B= 16.) S
: Q= ZV/B*(1+63/B)- . IR
Qmax—r 3935 <1 503*01 o 1200 OK
Qmin= 0193 (1.5Qa*01— ' 1200 - OK =
Qa= - S 100 . (t/m2) SR

- 3-7-38
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Table 3.7.5(3/3) Calculated Results of E~E Portion
under Flood Condition

Hydrostatic pressure
. L o Moment { Moment
Ver_’ucal Horizonal xi yi abouty ! about x
Part ID component ; corponent () (m) axis axis
................................... vian O Vi) HisyiCtfm)
..... 1 ~115.20
.............. 2 1..2276.20
..... 3
.......................... 4
5
2'.7 561.43 - 2161.00
Y= 5 Hityi/ 5 He 385

. Earth pressure -

‘. ci=Length in 2-direction -

o Xis Dlstance between centroid and reference a)us v
vi=Distance between centroid and reference axis x;

R V Y SN IR Do Moment { Moment
ertical Horizonal ; - . .
X yi abouty i about x
Part 1D component eomponent ) i ) . i
SV L ey o ) g ks s
................. o i o VPRI Hitkyi(t i)
__________ 1i 57, 38 —277.89 1600 8.867 918.09: -2463.99
Al 1881; ..ooLAt: 1600 3.800: 301011 34623
..... .3 0.73 354 1600 34671 o 1169 -1226
4 :
..... : s
)3 76.92 ~372.54 1230.79 -2822.48
X=X Vitad/ 3 V= 16.00
Y-— Z Hi¥yi/ X H= 1.58

B _Unlift 'pressu're .

xi=Distance between centroid and reference axis y;
‘yi=Distance between centroid and reference axis x;

ci= Length in z dlrectton

- Ver’ucal Horizonal - e Moment  Moment
' ' yi . i abouty i aboutx
Part ID component component : - (m) " (m) " axis axis
..... b V()] Hikyitim)
........................... 1i,....7289.92 1.50 -434.88
2. 21713 288 o TA98 o
.......................... 3i...728800: 6.00; ~1128.00
....... 4i ...o174.92 SUET SO 1.1} 813,60
.......................... 5 -19:20 oo 2:40 .-180:48
6 -92.80 13.10 -1215.68
2 ~866.37 -4437.62
X= ¥ Vikxi/ I V= 5.12

©3.7-39
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xi=Distance between centroid and reference axis y;
vi=Distance between centroid and reference axis X;
ci=Length in z-direction

feii ()=,

Stability computation

1) Load combination A ¢
FTRT R T Cooa i v Moment | Moment
L Vertical - Horizonal X R UUY Ui abouty | oabout x
Load . component ; component Cm) ) . .
| BRVONE R A R Am) ot axdis axis
i b e MEXQUm). | HAY (tm)
Self wejght I 8gTA T 83T 1057 1 33024.041
. |Hydrostatic : S
- lpressure i oo 96143 . 385 2161.00
|Earth : = _ - _
pressure 16.92 =312.54 16.00 1.58 1 1230.79; -2822.48
Uplift L ' . o -
pressure -866.37 5.12 74437628 oo
 Total - - 318472 188.89 29818.11 . -661.49
X=X Vixxi/ L y= . 9.36 X=Distance between centroid and reference axis y;

Y=IHingi/ EHe

' —_3.50 Y=Distance between centroid and reference éxis X

2 Aciing point of resultant force S .

bAY

d=(  VEX+ T HkY)/
.- = 216

(m) | Lo

3} Against overturning (B=16)

e=|B/2-d| R S
= 1.16  <B/6= - 267 oK '
. B= - 1800 - (m) ‘ :
4) Against sliding R
Fs=(rg#Bici+hZ V)| ZH]- = o
= 4137 > 15 0K -
e 50 - Gf/mD) o
. 08 -
5) Bearing capacity (B=16) =~ SRR
S QeIV/BMIxSe/B= T
C.Qmax= - 2853 <Qakci= - 800 0K
Qmin= 1128 <Qa*ci= - - 800 =~ OK
Qa= 2100 7 (t/m2) - o

' 3.7.40
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Table 3.7. 6 Calculated Reasults of the Whole Powerhouse
under Normal Condition

12393.24 ~

3741

1 14519.97

Hydrostatic pressure
: Vertical- Horizonal . .y Ml;) ms:nt ME metnt
Section component § component (:1') s (:) 2 a°x‘i‘s‘_’ a ac:-(l;s X
...... Vi | HiGD B N Ve o
BB e ' 8286
GG i 78002: kb -155.22
DD i, .-80.70
E-E. -119.51
2 ~438.30
Eédh pres'sur:'é_. '
T : 1 Moment { Moment
Secti Vertical H_onzonal Lo X oy ;| abouty | about x
ection component component S (m) Sy axis axis
LD R Vi) Hityilim)
BB ] 13561 {9367 2169.72: -1468.06
C-C 89.96 -435.68 143939 -3302.62| -
D-D 13.33: 7309028 1173.21; ~2691.89
EE . 1684 | B1Z14F b 1229.46; 282094
S 375.74 - -1356.61 6011.77 —10283.51
Uplift pressure S
Vertlcal Horizonal x.i i ST !;fll;)(:r:‘int h:':g::n:
Section {'comporient component (m) E (::) i axis y axis
o BRI R b Vie(tm) HikyiCtm)
BB . T22434: i -1647.60:
C-C TA20.281 e b -3086.28
D-D -710.24 -6637.39:
E-E .1 44506 - . "3463.26
3 176985, QR
Self weight
. Ve-rt.iééi ‘Horizonai :xi. - yj ':. l\aflt;a::l:r;t h:[?::in:
Section i component i component; - (m) i (m) axis axis
b Vi) HityiC )
B-B 2966.89: b 2348381; ...
ot ST 2 BA30.961 b et 30191.14: ...
D-D_ 3193.00 2816044 oo
ECE i ?*.?.i?..@.? ................................................................ 32,@?.!.‘!..77
2
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1) Load combination

Vertical | -Horizonal oo o | Moment § Moment
o : : X X Y abouty ; about x
_Load i componenti component | - ) 1) axis axis
...... R b LX) (),
..3..9.‘.f Weight ..12898.24 114518.97: ...
Hydrostatic _
pressure P o E...7317184F il 7438.30
Earth . , o o o i
pressure 1 375.74;  -13%661F il 6011.77:-10283.51] -
Uplift
pressure -179986: . -+ -14834.53
Total ‘ 1147411 -1674.55 105697.21 —10721.81
X=2 Vixdi/ Z V= 921 - . X=Distance between centrmd and reference axis Y

Y=2 Hityi/ ZH= 6.40 Y=Distance between centro!d and reference axis x;

2) Actmg po:nt of resultant force

d (Z V*X+ Z I-_I*Y)/ )ZV

30

(m)

" 3742

B = 828 _
3) Against overturning (B=16) q
e=|B/2-d| _ - o
. _ 0.28 - <B/6= 2.67 OK & e
‘ B? 16.00 ~(m) '
4) Agamst shdmg '
 Fss (Toi:BtL+f*ZV)/]ZHI“ ST
= IRRTY TR 15 OK
(O - 50 (tf/m2)
f= 08 . . -
5) Beanng capaclty (B 16) . _
- Q=3 V/B#{(1x6e/B)= o e
. Qmax= 791.7 - <Qa¥l= 3000 "OK
- Qmin= 6425 <Qa*l= 3000 oK .
Qa= 100 @/m2) 2
“Length=
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Table 3.7.7 Calculated Results of the Whole Powerhouse
under Earthquake Gondition

Hydrostatic pressure

3743

{14519.97

. ] . ; P Moment | Moment

. Vertical i Horizonal i - bout bout X
Section | component i component (m) i (x) ."":x:'sy aaxis

o L b Vi) Hityilt)

BB i TA2T2 e -82.86
c-¢_ i -g0.02i T 15522
0-B . THOS06: e b -80.70
E-t T80A3 ~119.51
z ~311.94 -438.30
Earth pressure

Vertical | Morizonal ¢ . Moment Moment
Section i component r;ompénent -'(rh') i '(::) Ci aoxli]sy ?a{;is

b D L Vi) Hityilm)

...... 1585.24; ~2381.98

........................ -4932.84

74020.64

-4213.4

z 99.08 -2051.22 - 1585.24 ~15548.86
Upliftlpressrur;e '

o ' Vertlcal "Horizor'l_arl m : : ;i i . | h:g::lint }:l?:::n:
Section ; component component: () i (;) ' axisy axis
.............. D e L) Hityitm)

B-B 99434 ' ~1647.60

G-C 49023 ~3086.28

D-D ~710.24 ~6637.39

Bk LoA4508: ; T3463.26: ...
2 ~1799.86 _ -14834.53

Self wefght.

1 Vertical | Horizonal | - 1 Moment Moment
Section c_ornpon'ent component -.(m) S (;) 'axisy axis
- Vit - HD T T yeiteim)] Hisyiltm)

B-B 2566.89: - - 23483.61: -
GG L.343096: i 30191.14: ..
D-D 316300: i 2816044: .
E-E 3741.39: RTINS . 3268477 ...
b . 12898.24
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Seismic inertia

Moment

Moment

; Vertical Horizonal L R
. e SN _yi . i abouty | aboutx
Section ; component | component} - @ m axis axis
Vi) i Hi) i Y G
- b b bl YR ) Hityi(tfm)
BB b TAN000: e -4835.90
L T S 794895 .-6352.55
o-p . & i ~504.48 ~4380, 76 (*§
E-E b 7999.88: 5454.1.4.
3 ~-2063.72 2202394
1) Load combination
_ Vertical - 'Hoh'zbnél' i i Moment § Moment
Load i component com onent Ty abouty ; about x

- p P “ axis axis -
............ e HE LVEX(Hm) | HEY(tim)
Self wélght 12898 24 : _1___1"4519 47
Hydrostatic | -
pressure 1 31794
Earth o o

" lpressure 99.08: -2001.22: - o oo 1585"2{_1_
- [Uplift -
pressure ~-1799.86: . & -14834.53]

: ' -2063.12 -22023.94 ( )
Total 11197 45  —4432.88 © - 101270.67 -38011.11 ;
X=X VI*XI/ Ly= 9.04 X=Distance betwieen centroid and reference axis y;

Y= Hivyi/ 2 H= . ¥=Distance between centroid and reference axis x;

8.57

2) Acting point of'rersu[tanf force

d (EV*X+ Z HY)/ IV

: = 565
3 Agalnst overturmng (B 16)
o= 235 | <B/3= 533  OK
B= 16.00 (m) IR
4) Agamst slldlng 7
Fs-«(*c{,*Bth‘f*ZV)/lZHl" L NS
e om 743 > 12 oK. €
= 50 (t/m2) S : :
= o8 '
5 Bearmg capamty (B 16) ' _
Q=X V/B¥(1x6e/B)= - . . o
~ Qumax= 1316.7 - <Qa*L= 4500 = OK
Qmin= 830 -<Qatl= 4500 . OK -
Qa= 100 (tf/m2) B
" Length= 30 - Am)

3.7.44
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Table 3.7.8 Calculated Results of the Whole Powerhouse

under Flood Condition

3745

Hydrostatic pressure
Veyﬁcai Horizor_lal M i ':;::t’nt h:;:;:n:
Section component ; component; () _ (y) , . y
i yoHen o T TR B oxis
e e i VX T)  Hityitm)
- 307.22 1376.83
............. 515481 5579.08
59688: i . % g 1955.15
56143: o & ooE 2161.00
2 204101 . 807206
Earth preésu"re
ertent | oot | | gy ] e W
Section i componenti component Fe (y) Y .
Vi) - & Hi(tf) m m) axis _axis
........ A ) b Vi)
B8-B8 135.75 —19388 __________
cg 9006 436,161
DT 7340:Z35550: 48] 269336
E-E 16.92 -372.54 _1230.79% -2822.48
2 376.14  -1358.08 601 8.23 -10289.13
Uplift préssure
| Vertical Horizﬁnal m | f:l:l:l:iﬂt :dt?:::n:
Section component component (m) _.(y).. Ly o
Vith) i) {m m).. i axis axis
S SN SR - L V(M) | Hikyi(tim)
BB ... -612.3] 73067.76
C-C_ . -612.31 —-3067.76
D-D_.. T1288.A47% b -9035.60
L R A 780037 e -4437.62
Z ~3379.46 -19608.74
S.gif weight ~
. Yerticél VHo.riz'o-naI . : yiK - :‘;;T}:’;t ?ﬁ::,in:
Section i component; component ( )' : '( y " L
o V) - Hi(tf) Am) Am _axis axis
: : - Vikxi(tfm) i Hixyi(tfm)
2708.62 23696.21
30589.39: - ..
28485041 - ..
33024.94:
) 13748.65

115795.58
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1) Load combination

| Vertical | Horizonal | - o0.: | Moment ; Moment
o _ L X W Y i abouty | oabout x
Load component i component ; ) b e ot
v Hep 3 WM M B e
- SRR BRTCTEIN RSN N i XM | HEY(tm),
§.9!.f...!:~.rs!s_h.t.... 1 3748.65 115795.98
Hydrostatic )
pressure 0.00; 04101 i 0.00: 8072.06
Earth : .
pressure ' 376.]4 _______ :]_358 08 6018.28i~10289.13
Uplift - . . .
eressure G -a3n9de GGl p1e0874l
Total 1074533 682.93 10220913 -2217.06
X=X Vikxi/ I V= 8.51 X=Distance between centroid and reference axis y;

Y=Z Hixyi/ Z H=

2) Actlng point of resultant force

- d«( b3 V*X+ }: H*Y)/ Iy

- 93

3) Agalnst overtummg (B 16)

Te= iB/2 dl

‘ B= E

4) Agamst sl:dmg

1.31
16.00

<B/6=
(m)

Fs-("cﬂt Bt I.-Pﬁt }_ v/l Z H[‘

: TD=
=

4113

50
08

5) Bearing capabity (B.:IHB) o
Q= V/B4(1:£6e/B)=

Qmax=

Qmin= -
Qa= ‘
Length=

10003

3429
100
30

S

- {tf/m?2)

<Qaxl=
<{Qa*l=
(tf/m2).

{m)

267
15

3000
3000

3746

OK

0K

" Y=Distance between centroid and reference axis x;

'()VK .

OK -

®
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