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Right Side of joint J5, 'Upper Section

L Smicmrai calculations of standing wall and toe slab are carried out.

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

1,222

9,500

o J3 R HT Swn uDPEQ S QH_J

Dcsngn condltlons such as nnteml pmpemes are shown in the followmg hhlcs.

CHem - Symbol Umt Valuc B Descnptlon

Unit weight of concrete ye - | (tFn’)| - 2.50 | - Thick structure
. Umtweightofwetted - | -1 0y i .
pervious material (Damy | = " iy | ]‘9‘4#“ ___;_Ee' d“'_‘ff?{_____m
Unit weight of submerged o e s _ : PRIPYR
pervious material (Dam) s | ()16 Submerged density
Horizontal seismic K 006 | 100%

coefﬁc:ent

f <Coefhclent of eafth pressurc> AT

_' kéz B co-0)

zos? _e cos(em)_l Js'"(¢+ﬁ) Sinlo- a)]

cos{0-+8) cos(ﬂ «)

' Ka Coeﬁimenl of actwe earth pressurc under nonnal condmon

' '5:2;4;115_.;3-fal:_



. Hem Symbol [ Unit Value Description |
Angle between wall backside : P10 90
surface and vertical plane 8 (dogree) 113 ‘\f A1=1:0.20 ]
Angle betwc?n ground surface and o (degree) 00  100%
horizontal plane ]
.. . _ \ ; Pcrwous material
Intemal friction angle of soil o (degree) | - 45.0 of Dam
Friction angle of soil to concrete 5 (degree) 30 0 6 = 2/3 ¢:

 cos? (d,\ 00 ~0)

- Kea =

| cosGo cos 9 cos(ﬁ+00 +5)[ J

sin{p +8)+ sin(d — o - 90)]

co—s(ﬂ +60 + 6) cos(O o)

Kea: Coefficwnt of acllve uarth pressurc under smsmlc condmon o

- Ttem Symbol Unit - Value ~Description
Friction angle of soil to concrets de_ (degree) | 225 | - Be=1/2¢
Seismic cogpositc angle 0, (dcgree) 9.1 tanBo:Kh -

(b) Slructural C‘alculatlon of Standmg Wail nghl‘ Sxde of JS Upper Sechcn ke

(l) Loadmg Calculanon of Standmg Wall nght Slde of JS Uppcr Sectlon

Slructural model and ioad combmanons are shown in the followmg fi gure o

2,900

1,000 -

Dead Load A

i E_t-_i_év.eggm,
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£4.145.600m

Eorth Pressure L '_ '. A

P01 Poei S

vcuneoom S

LGAD COMBINATION OF smnmws WALL
. . : J5 UF‘PER SECTION B : L

Each load is'céic'ulatcd heréinaﬁcf. I

Déad Load

A T v [ Xm) [Mx(Em)] B ] Y(m) [ My(dm)
I{concrete) - 495 1238 099 - -12.25] - -1.98 ~ 495
2{concrele) - 9.80 24.50 -0.08| . -1.96 -3.92 3.30 -12.94

Total -~ 14.75 36.88 / - -14.21 C-5.90) -22.74
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Earth Pressure without Earthquake
Coeﬂlcwnt of active earth pressure ; Ka=0.249

A | VD [ Xm) [Mx@Em)l HOO [ Y(m) [ My@Em)
Pal - 10.19 071  7.20]  -11.60 267 -30.93
“Total - 10.19 720 6o | -30.93

Earth Pressure with E‘anhquake :

Seismic composite angle : 0,=9. l(degrec) (tanB,=Kh=0.16)
Coefticient of active earth pressure : Kea=0,340

A’y | V(D | X(m)  [Mx(tFm)|  H(i) ] Y(mn) My(lf—nuﬁ—
Paecl - - 1176 - 0711 ¢ - 8.3t -17.56 2671 - -46.83
Total - {1176 3.31 -17.56) - | -46.83

(u) Structural Calcu!anon of‘ Slandmg Wall R}ghlS:de of JS Upper Scchon_ C

Case l \lorma cgnd Qn (w thgut Farlhgu__g) .

Total Load B V(“\!)(t[) H(=S)(t[) \«Ix(lf-m) \rly(lf-m)

DeadLoad .- * = -36.88] = 000 - -1421f - -0.00
Earth Pressure | - . 10.19; . - -11.60| -~ 7.20 -30.93] . .

~ Total - - 47071 . -11.60] - -7.0l -3093) -

Here‘ -8 Shearing forth, N :axial forth, " M :moment -

Saﬁ:ty agamst oxcrtummg s oo R
- L& -0.806 moc> 0.413 m #b/_6_| NG t
Stress calculatlon ofconcrete SR T A

- Compressive stress : Ge= ¢ . 5.60 (kgﬁfiiiz) s« 600K -
l‘ens;le stess . ot= ~1.80 (kgi‘/nf) < 30K -
Cas cgndnt Q_(wnh E'mhmnke) Kh 0 16( 100%)
Tota] Load ‘ V(=N)(tl) Irl(=S)(lf) Mx(tf—m) My(tf-m)
" Dead Load 369 5.9 0 -142 -22.7
_Farth Pressure. | - .. H8] .~ "-17.6] -~ 83 46,8
Total ' - - 48.04 -23.46 ~-5.90 -69.57
Here S: shearmg Foﬂh \I axial lorih 7\1:1_11_0_11;3:“
Sflfelyagamstoxertummg SRR 'I_ UTER R o
S e= 0152 m > - 0827m =b3 [ NG |
Strcss calculahon ol'concrete S DA PP PR
Compressnc stess . ge= | 932(kelw’) < 90 - OK
: Tensile st__r:es_srﬂ B ot=. . -540 (kgffm®) - > 45 FNGJ

L (c) Strucmral Catculanon of Toe Slab R:ght Ssde of JS Upper SEC!lOn R
(l) Loadmg quculauon ofToe Slab R:ght Slde of.IS Uppcr Sébfl()ll

Structural model and load combmations are sh(mn 1n thc followmg figure -

Coaen7



: C.'..U.:UL.‘.T-iO.’é str:nm

_ Subgrede Reoction -

o [

" LOAD COMBINATION OF TOE SLAR °

J5 UPPER SECTON -

"~ Each load is calculated hercinafter. -

_ Dead Load S R o Sl
T A(m?) -V(lf) X@n)  (Mx(tf-m)| - H@H) Y(m) | My(tf-m)
I{concrete) ‘j - 3.50 - 8751 LISl 1831 . ot R

'otal 3 © 350 875 1831 - -
Subgradc Rcactlon wnthout Eaﬁhqual\e A FRE _
Ql_=‘___'__§_l90 (thm?) Qo— 10661 (18/m?) T

o A(m) V(tf) CX(m) . IMx(tfm)|  H@) | Y(in) [ My(tFm) |
Q- ~ 22740 - 1.S5]  i42.96 - e -
Total‘ - -27 74 - -42.96 - - .
Subgrade Reacuon mth l:arthquake BT
Q1- 12981 (1fin?) - Qo= " 9989 (fm¥) .l Do
e AmYy V(tf) | X(m)  [Mx(fon)|  H@ED) - | Y(m) | My(tf-m)
Q. |- .4020] 183 am340] o T -
- Total v - 40201 - - 3400 - :

Uplift T e T

A A | vaD | X)) [Mx(ifm)| H(E) Y(m) | MyGtm)]
N B - 0991 147 -Lis| - - - -

: "lotaj -099 R :'-l ]6 - -

(n) Structural Ca]culatton of Toe Slab nght Slde of JS Upper Sechon o

Total Load V(=S)(rf) H(—N)(tt) Mx(tf-rn) My(tf-m)
|- DeadlLoad - 8,75 0.001 © V1531 - 000
Subgrade Reaction 2774 000 - -4296] - 0.00]
' Upliﬂ RN 099 - 000 0 7-1.16 7 0.00
- Total - - -1998] o 0.00] 0 -28.801 - 0.00
© - Here; S shearmg forth N: axjal f‘orth

Stress caIcu]anon of concrcte N
' _ Shear stress -

o=

ovdem < is

M : moment

' Compr_esswc stress . g, .0 17.28 (kglfim®) ;)._,.<.__.__5'..60 OK
~ Tensilestress . o= -17.28 (kgffm’) > -




HEND

Total Load | V(=S)tf) Mx(tfn) | My(tf-m)
Dead Load - | 875 ¢ 0.00 15.31 0.00
Subgrade Reaction -40.20 000 - -7340; -~  0.00
Uplift 099  0.00 -1.16 -~ 0.00
_Total 3244 0.00 -59.24 0.00

Here; S :shearing forth, N: a,\tai forth, M : moment

Stress calculatzon of concrete K : .
324 (kgffim?) < 825 OK

Shear stress 1c=
Compressive stress o= 3555 (kgbm®) < 90 . OK
. Tensile stress  ~ ot= -35.55 (kgf/m’) = > 4.5 | NG

{d) | Calculahon of remforcmg b'u anangement for nght Slde of J5 Upper Section

Results of calculation of remforcement b'lr arrangement on e’;ch member are

shown as follows

o . [Calculation of reiuforcitgbar arrangement for Rigj\t Sidc'ofl' JSI Upper Seblioﬂ]

Ay

e Flgurc of inain remforcmg b‘l!‘ an'mgemcnl is shown as follo“

'-3

aiy

Member - . Standing Wall Toe Slab
Calculation condition | ~ Nommal | ~ Seismic | - Nomial _ Seismic
- Shape of member Rectangle Rectangle Rectangle ‘Reclangle
M tt-m 37.94 - 1547 - 288 5924
N i | 47.07 48.64 0 0
S i 1.6 - 2346 | - 1998 3244
B Cem [ 10D - 100 100 100
- D cm 238 .| 238 - 90 - 90
Ac em’ | 23800 - | 23800 2000 9000
As | et | P19@200 | DI9@200 | D29@200 | D29@200
. : =14.20 =14.20 - | =33.05 =33.05
P=As/(BX D) - 0.0006 -0.0006 | 0.00367 0.00367
N=Eg/Fo y 15 R 15 15
- X0 em | 131.1 60.6 253 253
CUK=X0D - 0.551 '0.255 0281 | 0281
 M/(BXDY) | kgflom? 0.67 1332|3556 | 7314
S!(BXD) | kgflem? 0.487 .+ 0.986 2222 ] 3604
© - 1 11.015 15161 7.844 {7844
R &) R 3.987 | 44359 . 20.033. i) 20033
) N 2219 1547 | L1030 o 1.103 0
Coc o | kefem? 74 20.2 279 75| L 574
cos i [ keflem?| L 90 887 1068 | 2198
g kefiem?| -~ 0.49 099 | . 222 36
oca kgffom?| @ 60 - 90 60 .90
osa kgf/cnf' S L800: 2,700 ] - 1,800 S 2,700
S wa. - kgf]’cm s "5;5.-' o ;8_2'5 o 5.5 T sa2s ¢
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- Typical cross section and dimension are shown in the following figure.
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- Destgﬂ Condltlons such as matenal propernes are shown in the followmg tables

ftem - T - Symbol

Umt

Value :

Descnpt]on

(tf/m )

© 2,50 ¢

Thm structure

~ Unit weight of concrete Fye
_ Unit weight of wetted |~ - L
. backfillsoil .~ | Y.

: (tflm )

Wet densnry

Unit weight of submerged | ©
- backfillsoil - [ 5.

o (tf/m’)

Submerged densuy

- Horizontal selsm;c
coeﬂlcient

016 |

100% ".-j

< Coeflicient of e_anh pressure > . -

cos (¢ 9)

irKar_;"”“

cos 0 cos(9+6)[

SHE ;J

_ cos(e+8) t:os(e a) %



Ka: Coeﬂlcu:nt of active earth pressurc under nomlal condlllon :

: Ptem - = Symbol : Umt Value Dcscngton
~Angle belween wall back:nde a o A
' ssrﬁce and vedtical plane ©~ | 0 (degrec) 13 Vii=1:020
Angle between ground surface and
- _horizontal plane G
Internal friction angle of soil d (degree) 35.0 Sandy soil
Friction anzle of soil to concrete 5 (degree) | "~ 233 | 6 =213

&:os;2 (('p 0y - 6)

sm(¢n + 6) sm((b - 90)
cos(O + 00 +8) cos(ﬂ a)

| a (degr_c(‘})‘ 0.0

'_Kc_a'“' —
E cosBO co:» B cos(O !—BD+8) [

Kea Coeﬂimen{ of acuvc earlh prcssurc under SC]S!HIC condmon

-'mI_ICIII e Symbol Mﬁr—nt Value - Description
Friction angle of soil to concrete de | (degree) | 175 -|  Jde=1/24

. Seismic compbsitc angle . 0, (degrce} 9.1 {anBOZKh :

(b) ) Stnlcmral Calculahon of Slandm0 Wall Upstream Pomon ofChulc (l 1:4. 0) -

(1) Loadmg Calculanon of Standmg Wall Upstre'un Pomon of Chute (1 L4, 0)

% . _ Structura! modcl and load combmahons are shown inthe fol!ov.mg, ﬁoure
| L5005
A’l'_'
g AR
8—‘ :‘1']j Lo u'/i|:‘l|
._-:' o g-!
P I A
3 P ga?
. Lo
) _“m ‘a“sv_-u.vxh,w' OF ‘STANDING wAlL
- RO HE {i= r+01 T
Each Ioad is calculatcd hcrcmaﬁer )
? L Dcad Load R A R L TS B SR AL DRI Rt IO
: S : A(m') VD - Xm) [ Mx(tPm)| H@ED ] --Y(0n) | My(iFm)
' l(concrete) - L5 s 438} 7-035] 71531 0 0701, - 175 -1.23
2(concrete) 1231 3.06)- 0 043} - 04l - 049 - L17] - -0.57

~Total | - 298] 744 o fooceLI?f 0 -RA9p -1.80

ooz




Earth Pressure without Farthquake

' Coeﬂmnent of active earth prcssure Ka—O 335

(1D

My(tf-m)

Stress calculahon of concrete
' Compresswe stress
Tensdc stress -

_ o=
-'ot=

1.55 (kgf/m ) '<'

- -0 12 (kgf/m )

| 60 OK
-3 OK

Q&SLMWMM.E&UMM&GMLM

3 Tolal Toad V(_\a)(rf) (HS)(tf) Mx(tf m) My(tf-m) :
" Deadload . |- - 74 S Vi -l 1} - -1.8
Earth Pressure - K X 05 19
Water Pressure C500] 0] 00l 00
. Total’ ¢ 8.7 36l 0 06

. . Hete;

‘ A(m’) N - [ X(m) [ Mx(tfm) Y(m) :
Pal ' - 0.72 0.37 0.27 -1.05) - L17  -1.22
_Pa2 - 0.36 0.55 0.20] - -0.52 0.25|  -0.13
Pa3 - 0.02) 0.57 0.01 -0.03 0.17) = -0.01
Total m__:.;_ BRI 0.48 160 -1.36
' Fanh Pressuré wﬂh E anhquakc . L
~ Scismic composite angle : 8,=9. l(degree) (tanBolehO 16)
Coefhclent of aclive earth prcssure Kea=0.44% - - : -
S A(m) V(tf) 7 X(m) Mx(tf-m) H(tl) Y(m) :| My(tf-in)
- Pacl - 0.82] * 037 030 - - -149 L7 <174
. Pae2 - 0.4] - 0.55 0.23 -0.75) - . 0.25 -0.19
- Pae3 - 0.02 0.57 0.01 004 . 017 . -0.01
.~ Total - ~1.26 Sl 054 228 -1.94
1 A(m2) V@ TF X(m)  [Mx@fm)| CHOf) | Y(m) [ My(1f-m)
A Pw R 003 003] 057 001 .~ -0.13} - 0.17] - -0.02]
Total o _ 003 . ' OOI - -0.13 - -0.02) -
(u) Structural Calculanon of Slandmg Wall B
Upstream Porhon of Chute (l l 4 0)
’ 5 I ‘Ngmlalgldmon(wuhQu Eglq aL_)
Total Load ' V(=N)(tf) H(“S)(tl) Mx(tl‘-m) My(tf-n)
- Dead Load ° 744 00000 - -nd2] 0 0.00]
Earth Pressure 1.1] -1.60 0.48] - -1.36] -
Water Pressure - 0.03 -0.13 _0.01 .-0.02 ‘
~Total 857~ - .-173 -0.63] - - -1.38
. Here; = S: sheanngforth N axial forlh M moment B
Safcty agmnst overtummg | o _
o= 0235 m _. >_.' ' 0200111 —bl6 L—N l

_ | | | 38]
S :shearing forth, N :axial forth, M :moment -




™,

Saf‘ety agamst overturmng : e
: = -0.496 m >

- Stress calculation of concrete :
Compressive stress o= 253 (kgf/m ) <

- Tensile stress Coot= -107 (kgfm’) <

90 - OK
-4.5  OK

- 0.400 m “b/3 | |

(c) Structural Calculallon of Toe Slab, Upstream Pomon of Chute (1 1:4. 0)

(1) Loadmg Calculalwn ofToe Slab, Upstream Pomon of Chutc (i=1 4, 0)

Stmctural model and load combmahons arc shown in the follomng ﬁgure :

1509

T Dpad Load f‘—_l Do o )
. LT —\( —1 CALCULATION SECTION
UD"“_/\ ' Subgrade Reaction

LOAD COHB*NATION OF T0E SLAB

UPSTREAN POARTICN GF CHUTD (i=1:4.0)

ﬁaéh load is calculated hereinafter. ~ -

B Deéd Lo:ad

s S| AmYy V(i) X(m) Mx(if-m)|  H(f) Y(m) | My(tf-m) |
“I(concrete) | o 150 ot 3.78) o 075 L 281 0 - e = Lo
[ Torl - [ 150 asl |28l - -
Subgrade Reachon wnthout Fﬂrlhquakc o ' _
Q1= ;1373 (tm’y Qo= - 5019 (tf/mf) _ o
S s A(m) VD | X(m) | Mx(tf-m) H(t[)_- Y(m) | My(tf-m)
Q- b 040731 - -5.16 : - -
Tola] L '--7-'7 04 e b s e - -
) Subgrade Reacnon wnlh Eaﬁhquake T I A T
 Qi= 7849 {thm') Qo= " 499 (@fm?) "
R A(n?) V(t[) X(m) M\(tf-m) H(th) | Y{m) | My(tf-m)
Q - - 963 os8f| 796 - |- S
Totai ; - 963 . . | 176 - -
o AmY) [ V(D X(m) [Mx(tEm)}  H(AD | Y(m) | My(if-mn)
U - | -0s8 oso . -029 . - | - -
' l"ohl R DL B 58 R -0 29 R | N D

(u) Stmctural Calculauon of Foc Slab Upstream Pomon ot Chutc (1 l4 0) -

C__E,Bl \'QHQ&LCOHGIHOH (wuhoul barlhquakd




‘Total Load V(ESX(A) | HEN)(R u_M_Jx(lf‘-m) - My(iF- -m) |
Dead Load 3.5 6.00] - - 28l . 0.00
Subgradc Reaction -1.04 _0.00] - - -5.16 - 0.00
| Uph#t -0.58 0.00 -0.29 - 0.60
Total -3.88] - 0,00} - -2.64 - 0.00

Here; S: shearing f'_orlh, N : axial forth,

Stress calculation of concrete

Shear stress o=

10.39 (kgf/nﬂ <

. Compressive sfress — oc=

Tensile siress

ot=

. 158 (kgfm?) . < .
-1.58 (kgffm?) _< _

M : moment

55 OK

60 - OK

"-3 'OK 3

Case 2 Sensmlc COndltlon (wnlh Ea[lhquakg) . Kh—O 16( 100%)

Total Load '

| V(:S)(tf) H( N)(D) Mx(tf-m) My(tf-m)
Dead Load - 375 - 0.00] - . 238l - 0.00
- | Subgrade Reaction - -9.63 0.00] - . -7.76 0.00
. Uphft _-0.58 0.00] -  -0.29
. Total - -6.46 - 0.00] - -5.24] -~ 0.00

000

Strcss_calculatlon of concrete

Shear stress

’l'C"‘ )

. Compressive stress  ge=

Tensile siress -

. '(d) .'Calculallon of remforcmg

(1 140)

Al caquIated stresses of concr'étc are snialler tha'n 'allci\\;able S{resé;éé ERE

But, smce (hlckness of slandmg wall and toe s!a‘o is oomparahvely thm stcel bar'
: of D16 mm is used as thc remforcmg bar for slandmg wall and toe slab of
i Upstream Pomon of Chute And remforcmg bar anangcmcnt of Domlslream

Porhon of Chute (i=1: 2 0) is same as thls arrangement B

'Hcrc' S shearmg forth N axml foﬁh

"oss'l(kgf/ini) <

3.14 (kgfim®) <

304 (kgtm®) o>

M : moment

825 OK

90 OK

45 OK

bar :a';r_angéﬁlenf for Upstream Pbrtio_n _of .Chute_r

o Flgurc of main rcmforcmg bar a.rrangemcnt is shown as follow

D16, 1.016

""'.CH.UTE .“:0.4).‘,-

24024
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Stilting Basin
(a) Basw dﬁsngn condmon

- Structural calculahons of standing wall and toe. slab are camed out for the

sidewall of Shllmg Basm

Typlcal cross sectnon and duucnsron are shown in the following figure.

5.'7 5802

i L sietsegs

A TLE7 Gl =
2 —y2

e oo et o R o e e e S

41 Desugn condmons snch as materml properues are shm\m m the follomno lablcs

ltem : Symbol Umt ~ Value ‘ Descnpilon
Unit weight of concrete | . ve (1fm*) 235 Thick structure
" Unit weight of wetted | “Nag wl % Wetd L
U ackfiltsoil 0 | ot @AWy 10 Wetdensiy
Unt \Viszl‘:f?ll;gti);ﬁc_rge(l 773 -} () h 0.9_0 ' ' S_ubmerged density
._}l?rs‘:zgxlfllf:iic‘::llllc . Kh_ 7 - 0.16 - . 100%

< Coeﬂ:c:ent of eanh prcssure >

Ka—— cos (({) 0)

cos'e cos(0+6)[: fln(¢+8) snfp - a)}

cos(D +3) cos(ﬁ )

Ka Coef’f'lment of acme n.arlh pressure undcr nonnal cond:tlon B




ftem : Symbol Unit Value ~ Description
Angle between wall backside ' ' - o
) sfrface and vertical plane 0 | Wegiee) 16.7 \EH=I:0.30
Angle between ground surface and '
horizontal plane -
Internal friction angle of soil -
Friction angle of soil to concrete

(dcgrcc) 0.0

(degree) | 350 | . Sandy soil
(degree) | - 233 1 - 86=213 ¢
- cosz(nb 0, -0) -

e R

Kea = -

cos0y -60320-c05(0+00 +8)- 1+ fﬂ'ﬁq’i&ﬂ"(¢ a- Ooy
: . . cos(e 10 +8)- cos(g (x)

Kea: Cocfﬁcuent of acuve carlh pressurc under scnsmzc condluon

' liem L Symbql : Umt Value ) Descripﬁon
Friction angle of soil to concrete 8¢ | (degree) | 175 - Se=1129
| Seismic composite angle ~ 0 {degree) | - 9.1 - tanB=Kh

(b) Stmctural Calculatton of EL 82, SOOm Scchon of Standmg Wall Sllllmg Basm
B (l) l oadmg (‘alcu!al:on of LL 82 SOOm Sectlon ofSlandmg Wall Shllmg Basm -

Strucru:al model and Ioad combmalmns are shown in lhc follomng ﬁgure '

3ot apeg

gty T S R ) - o
i PRI .
£1.%8.000n EL.68 604
Y *}‘ ELSF00m - _wié o fOT00m %r
St R —y 2
: N, Fol.Pael : - : :
e X . Eerth PfESSUfE b oWet W I’]l A
2 AR . g ——“ff e gl 2
{ § w = e T A
"l Deod lood |, !“o\( _ "l HP._M*_EE_S}LS Lk
: o L C SN Po3Peel : o '
| @ \/ e )’\ . : ) .
. :

oo ) L 2 ELE4000S | o ) @ aamﬂ-—. sl -
nezsoony PPe2 R = b4 \“ = 2
iy LELEOLm . N : o

\ CAi CULA!IO‘! ‘;ECTlCu _' CA‘CULATON S"CTJO'\' T
Ssaw | DA .

LOAD cor, BINATION OF STANDING WALL o
S STRUNG EASN o

Each load is calculated hcremaﬂer. IR

" Dead Load "

L A(m?) V(if) X(m) | Mx(tt-m)|  H(iD) Y(m) | My(tf-m)
- I{concrete) 5] 1938 -2.33] 4505 0 -3.10) ¢ .75 2403
2{concrete) - 36.04] . 90.09 ~0.53] 4730 - -14.42] © 517 - -7448]

Total | . 4379 109.47 T eeas T azsal T T ess0)

S 2426




Earth Pressure without Farthquake
Coeflicient of active earth pressure : Ka=0. 389

A(m) V(th X(m) Mx@f-m)] - Habh “Y(m) © | My(tf-m)
Pal - 40.19 0.83] ~ 33.16f -47.84] " 583 -279.06
Pa2 - - - 921 . 235 2179 11041 0.75 -8.28]
- Pa3 - 0.25 243 0.6l _-0.30 0.50]  -0.15]
Total - 49.72 55.56 -59.18 -28749
L'\r(h Pres;ure w1th E'lrlhquake :
. Seismic composite angle : 0,=9. I{degrec) (lanf)0 =Kh=0. l6)
Coeﬁlcwnt of active earth pressure : Kea=0.508 o )
- A(m) = V(b . X(m) [Mx(tf-m)|  H@H) -} Y(m) | My(tf-m)
Pacl o assel 083 3784 6749 - 5.83]  -393.67
| Pae2 - 10.58 2.35] 2487 -15.57 0.75 -11.68
Pae3 =] 0291 - 243 070 043  0.50 -0.21
- Total - 56.74 6341 -83.49 -405.56
Water Pressure - - LT S o
Alm2) |- VD X(m) [Mx(fm)| H{O | Y(m) | My(if-m)
- W, Pw - 034 - 034 243 0.82 =113 0.50] - -0.56
Total : 0.34 i 0.82] -1.13 - - -0.56

(ii) Structural Caic.ul.aﬁo'n of EL._SZ.SObm Section of _St_anﬂiﬁg Wall, Sli!lihg :

- Safety agamst overtummg

L

S shearmg forlh N: amal forth

-2, 031 m

~Basin '
C‘lsc l \'omlal condmon (wnthout Earthquakc)

I‘o!al Load V(=I:«I)(i{) Nl I( S)((l) | M,\(tf m) \[y(tf‘m)
 Dead Load ©109.5 0.0 -ggg 00
Earth Pressuig 497 '-59_2 - 55.6 -2815

. Water Pressure 03 -1l o 08 ¢ 0.6
- Total - 159.52| -60.31 ~ 3596 -288.05
Hcre ~ M : moment

" >;_ . _' 0858m _—bfé E ]

- ,Stress calculation ofconcrete S

Cmnpresswe sln,ss ccﬁh’?‘_ 1043 (kg,i/m) 60 OK -
""3 Tensﬂe stres>. cn= 4. 23 (!\&gf/_m)r > - __-.aljﬁ |
Seismic congjlhon (wuh Larthguake) . I\h . 16( 100“/)
fo!al L0'1d V(—\!)(If) H(:S)(t[) \I\(tf—m) \ly(tf m)
o Dead L:_o_adl 109 5] - =115 923t 1985
Earth Pressure L56.7 8350 - 634] - -4056]
Waler Pressure 03 el 08 06
~ Total - 1606.54] - -102.13 - -28.12 -504.63]
“Hero! B

S : shearing forth,

N : axial forth,

.--‘:_..2-._,4:._41;27. S

M moment



Safely against overturning

l._'?l71_n _i_b/3 L \' |

_ e= SB19m - >
- Stress calculation of concrete B -
. Compressive stress -~ ge= . 1529 (kgffm’) < 90 (_)b_ g
- Tensilesiress o=  -8.82(kgfm*) > -4.5[ NG | ;

(c) Structural qucula{ion of EL.84.000m Section of Stan'ding Wall S(illinlg Basin

(i) Loadmg Calculatlon of EL 84 OOOm Sec(:on of Slandmg Wall Stlllmg Basm _'

N Slructural modal and Ioad combmallons are shown in the fo]lowmg ﬂgure

H - : ' E1.9-5.603m 2
’:‘ L??,OOGm - 3
1 .
T Pal, Pcei -
’ :) Earth Prescwn
8 o / &
* pend tocs /ék&(/\ ' :—’
he f/
o e SR 2EL84 OOOm ]
L E 2 v N i 1— = -
2 — ] 1 L
8 T 'Lnao. som | _\!tCALL ,vOl\ SECTIDN

LOAD COMBINATION OF STANDING WALL RN
STILU‘C %cm oo .

' Each load iscé_:léulétéd herei'n'a'ﬂer.' S

-19.60]

20730 - -

e

3 AQn’) V@) | Xn) [Mx@fm)| H{) ! Y(n) | My(tf-m)
I{concrete) | . 7.00] - 17.50 -2.10{  -36.75] - -2.80{ - 7.00
2{concrete) 29.40] - 73.50 -0.45] - -33.08 -11.76] - 4.67] = -54.88
. Total - 3640 91.00 1 -69.83 . -14.56 - -74.48
Eaﬂh Préssure without F,mhquake L o .

Coeﬂ‘icsentofacllveeaﬂhpressme Kaw0389 T T A I S
- . A(n%) V(i) X(m) [Mx(fm)| H@H .| Ym) | My(tfm)
- Pal L. - 4019 1.05] - 4220) 4784 4.33] -207.30
' Total - - 40 19 . 4220 - 4184 -

' Farth Pressure wath Earthquake R
* Seismic composite angle : 059, l(degree) (lanBo—Kh—O ]6)
Coeﬂ'cuenl of active carth pressure : Kea=0.508 - .~ G
. A(m) V(tf) X(m) Mx(tf-m) H(tf) Y(m) | My(tf-m)
Pael - - - '45.86 ~1.05] - 48.16] - -67.49] 4.33]  -29244
" Total - 4536 o 48.16) 0 -67.49] ¢

29244 '



£

Fontr]

© (i) Structural Calculation of EL.84.000m Section of Standing Wall, Stilling

Basin

. Case | : Normal condition (without Eg' rthquake) -

" Total Load V(EN)D | HES)AD | Mx(tFm) | My(f-m)
Dead Load 21.0 0.0 -69.8 - 0.0
Earth Pressure 40.21 478 422 -2073

Total 131.19 -47.84 -27.63 -207.30

Here; S :shearing forth, N :axial foﬂh M:momcnt

Safety against overtuming

. e= L9l m > 0783m =bi6 [__\IG .
Stress calcutation of concrete o )
- Compressivestress - -~ ge=  9.17 (l\gﬁfm) < 60 OK

o _T{_:nsile strés_s - ‘c'_;[:"_ _73 59 (l\gffm ) > 3 “QIG

els,mlc LOﬂdltIQll {w l] La rthqu*ﬂ\c) . Kh 0 16( 100%1

['ol'll Load V(u\l)(tt) H(*S)(tt) \i‘c(tf-m) My(tﬁm)
"Deadload |- - 910 146l 098] 0 745
" Earth Pressure - a59] 1 e7s] 482 T 2024
- Total -] U 136.86] - -82.05] . -21.67]  -366.92

- Here; - S :shearing forih, \’ 'mal forlh M :moment -

- Safety a'gain:';'t overluming

o= 2. 839 m > 1567 m —b!3 | I

Stress calcuiallon of concrt_:te -

Compressue stress oo 1347 (kgfhn) .:< 90 0K

Tensnle stress ﬁ{‘ Gt= - 164 (kg_f!m)_ > —4.5| _\I(—)—J o

- V(d) '_ Sln'u:::tura_l Calc_ulé_zﬁon of EL_37.OOOIIIVSCCliiO_li of Standing Wall,. Stilling Basin

(i). -Loading Calculatioﬁ_ of ErL.__87.000m Section of Standing Wal}, Stilling Basin

~ Structural imodel and load ¢ombinations are shown in the following figure.



2330, o
B uc&&jlic

S L 52—
:\ Pbt Fael :
et farth FPressure

SN R

: /15') /\ o -
el s Vol A 87.000m
. \;

L

JED
=\
T
B

CALCULATION SECTION - @ -
1 - T o
. I \\ s
o ---L;BEQ@QK_J ;
LOAD COMBINATION Cf STANDNG WALL
) ' snu.mc BASIN _

Each load is calculated hereinaﬂer. R

i

- Dead],o%'t;i('-"u IR T
c A(n’) V) ] X(m) [Mx(tfm)]  H@O | - Y(n) | My(f-m)
I{concrete} - 5.50] © 13.75] - -1.65]  -22.69] - -2.20 5.50; . -12.10
2(concrete) - | - 18.15 "'45 38 -0.30;  -13.01 =126 3.671 - -26.62
Total - ' 23 65 59 3] -36.30 -9.46] - - -33.72
F aﬂh Prcssurc wnthout Fart‘hquakc R :
' Coeﬁicnent of active earth prcssure Ka—O 389 S e
. e A(m_L V(tf) ~ X(mn) - Mx(l‘f -m) | H@ED) | Y(m) - | My(if-m)
Pal 23.78| -~ 090| 2140} 2831 - "-333] - -9436] .
Total .~ | - 23.78 = 2140 - -2831] 94360
' _ I:anh Prcssurc mlh Panhquake , - |
Seismic composite angle : 6,=9. l(degree) (tan()0 Kh =0. 16)
i Coeﬂlmentof active earth pressure: Kea=0.508 . A
LAY | VD _X(m) Mx(tf-m) H(tf) Y(m) | My(tf-m)
Pael - - _27.04] - 090] 2442 -39.93 3.33F  -133.11
| Total - ‘27,14 - 24.42 : -39 93 s -133 ll
(n) Slructural Calculahon of EL. 87. OUOm Sechon of Standmg Wall Snllmg . o
Q&sg_..,_ﬁaunn_ggndmgn!_momwl _E_aﬂ_guﬁe) |
Total Load : V(—N)(ﬂ) H(—S)(ff) Mx(tf- m) My(tf—m) . L
Dead Load 5911 - 0.0 23637 - 00| .
Earth Pressure - 238 - «28.3 2t.4 S -94.4] - B
Total 82,90 2831 - -1490] . 9436 - |
Hcre _' S sheanngfonh N: axlal fonh, M moment o
Safety agamst overlummg | o
e= -1318m - > 0633m —b/6 | I

: Stress ca]culatlon of concrete

Compressive siress
.- Tensile stress

6.72 (kgflm) S<
-2.36 (kgffm®) - >

-60 OK

30K

.



Selstmg ggnqun(w:; arthquakg!, l\h 0 6(1QQ&’Q)

Mx(tf-m)

S : shearing forth,

Safety against overturning

e._.

2130 m

Stress calculation of concrete

Compressive stress =
Tensile steess

@

oc=

c_it=,

Total Load V(mN)(t[) H(=S)(tf) \ly(lf-m)
Dead Load 59.1 -9.5 -36.3 -38.7
- Earth Pressure 27.1 -39.9 24.4 -133.1
Total 86.26 -49.39 -11.88 -171.83]
Here; N :axial forth, M : moment

1267m =b53 [ NG|

9_.90 (kgfm?) . <
-5.36 (ket/m?)

Structural (,alculauon of Toe Shb Stlllmo Basm

90 OK
> 45 NG

(1) Loadmg Calculauon ofToe Slab Slllhnn B‘lSlll

Structural mod_el ran_d load combmatlons are sho_wu in thc fotlowing figure.

Each load is calculated hereinafter.

Dead Load ‘

QL=

59.494° (thm’)

R PRL I

: s A(JI) VD [ X(m) cEMx(fm)| o HAD - Yim) | My(tEm)
l(concreté) o 85| L2188 L7S| 3828 - ] el - -
Tota] 8.75] - 21 88 s ~'38.28 - -

,Subgrade Reactlon \\llhout Earlhquake B UL TR RS
QL= 37129 (1fm’). Qo= 25676 (thw’) .. .- . .
L A(m) V(tf) CX(m) EMIx(tfm) ] o H(D Y(m) § My(tf-m)
Qv L= Lo -10991] L o 1.86) 20403 - o)< -
Fotal - - - -109.91 -204.03] - o -
: Suboradc React:on w1th Earthqual-.t, T DA S
T, Qo= 32133 ()




AmY) | vah | X(m) [Mx(tfm)|  H@D  § _Y(m) | My(tF-m) |
- R -160.35] - 1.92] -308.54] - o - -
Total - -160.35 -308.54] - o -
uphit B
DR A(nY’) Y(if) X(m) | Mx(if=m)|  H@H) Y(m) My(tf-m)
U1 e L -8.75 1.75| . -15.31 - - -
u2 L - -0.98 LA -]
_.-_Total B -9, 73 -16. 45 - -
(u) Struc!urai Calculanon of Toc Slab Sh!lmg Basm '
S g:;isg' 1: N Icgndm n (wi houtbar_mqu&]
[ “Total Load (~S)(tt) H(=N)(£f) Mx(tf m) My(tf—m)
~ Dead Load © - 2188 0.00 38.28 0.00
- {Subgrade Reaction| - - -109.91 0.00 -204.03) . 0.00]
Uplift 913 _0.00[  -16.45 - 0.00
Total 9776 0.00 -182.20 - 0.00]

"Here; - S: shea.nng forth,

' Slrcss calculauon of concrete '

Shear stress

TC— .

. Compressive stress  ~ gc=

Tensﬂe strcss

ot=

\I axnl forth

391 (kgr/m’) e

'f 1749 (kgfim?) <

-l'l 49 (kgﬂ’m’)

M :moment

55 OK
60 OK

3 Ej'

Qase ,Se;gmlc cgndmgn(wuh ghguakc), Kh 0,]6{]0009)

Total Load V(=S)(tf) H(HN)(ti) M‘((tf m) My(if—m)
Dead Load - 2188] - 000 - 38.28] -0.00
Subgrade Reaction| : -160.35 . 0,00] .. -308.54 - 0.00
Uplift 9731 0460] . -16.45 2 0.00
N Total - -148.20 0.00 -286.71 0.00

“Here; S shearmg forth, N axial forth M moment

Stress calculatlon of concn,te

 Shearstess .. = - ,
| CompreSSlVQ stiess © ge= - - 27.52 (kgffm?) <. 90 OK . SR
Tensilestress . ot= - -27.52(kgfm?) - > . 45 [NG]

' (f) Calculanon of remforcmg bar arrangement Snllmg Basm
Rcsults of calculalton of remf‘orcemcnt bar ammgement on each member are

) shown as follows

24

"_'5_.93 Getmd - < 825 OK
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[Calculation of reinforcing bar Arrangement, Stilling Basin (1/2))

- Member Standing Wall, EL.82.500m Toe Slab
Catculation condition Normal Seismic Nomnal Seismic -
Shape of member Rectangle Rectangle Rectangle Rectangle
M tf-m 32401 - | 53275 .| 822 286.71
N~ if 159.52 | 16654 | - 0 0
s f 60.31 102,13 9176 148.2
B em 100 100 100 - 100
D - em 505 505 240 240
Ac cm’ 50500 | 50500 | - 24000 24000
A ot | D22@200 | D22@200 | D36@200 | D36@200
Lo e =19,00 | =19.00 =51,00 - =51.00
P=As/(B X D) 0.00038 - | - 0.00038 . 0.00213 |  0.00213
. N=Es/fc _ 1S 15 | 13 15
X0 - | em L2043 1L | 534 - 534
K=XO/D | ~ 1 0405 | 0227 | 0223 0223
MBXDY) - |keffem’| 1271 2080 | 3163 4978
LSHBXD) - (kefem’] 1194 | 2022 S4073 1 6175
Q) 12818 17.572 9704 | 9704
(S - 18.868 6239 | - 33887 - | - 33.887 -
(7). Sl o2509 1666 G F 108 - [T 1.08
oc kgblom®| ~ 163 - |- 367 - 30.7 483
as kgfem’| ' 360 1955 " 1608 2530
T kghom® | - 1,19 2.02 P07 L 6.17
oca keflem” 60 90 Y60 i 90
osa kgflem’ | -+ 1,800 2,700 1,800 | 2,700
va . |keffem?| 55 .. 825 55 1 825




' [Calci_tlétion of reinforcﬁfg bar Arrangement, Stilling Basin (2)2)]

- Member - Standing Wall, EL.84.000imn | Standing Wall, EL.87.000m
" Calculation condition Normal "~ Seismic Normal - Seismic
Shape of member Rectangle | Rectangle Rectangle Rectangle
M tfbm | 23493 -] 38859 | 10926 183.71 -
i N iof | 13119 136.86 82.9 86.26 |
B Sof | 4784 | 8205 | 0 2831 49.39
B cm 100 100 | 100 ~ 100
D om 460 460 370 370
Ac cem® | 46000 .| 46000 . [ 37000 - | . 37000
T ae ) . | P19@200 | D19@200 | DI6@200 | DI6@200
e S ‘ - =14.20 =14.20 =10.05 | - =10.05 °
P=As/(B X D) 0.00031 | 0.00031 - | 0.00027 " |- 0.00027
 N=Es/Ec . s cas o ocas o 1s
X0 om 191.2 962 | 11772 799 -
- K=X0/D ] T ome | 02090 | 0479 | 0216
MABXD? - |kgfem’] copqp 1836 | 0798 C | 1342
- SABXD) ¢ |kgFem®] 104 | - 1.784 0765 1.335
@ e 12159 18602 © | 11945 - | - 18.658 o
) - 17.936 70323 - |- 1299 . [ 67791 T
(7)) ] C 2645 1748 - | 2626 | 1922 ¢
ac kgfkm’ Y142 33:',' 342 _‘.5 . 95 25 . ,
os o |keflem’| 299 1937 156 .| - 1365
B - keffom®) ~ 104 | 18| 077 - 1.33
“oca . |keffem®| 60 o | .90 60 - | .90
“osa o |keflem’} 1,300 2,700 1,800 2.700
T va . |kgtem?| - 55 825 5.5 825
- . Figure of main reinforcing bar arrangement is shown as follows.
D1§ - - ¢
( [ ELB2.500m <
£1

" STILLING BASIN .. . -



2.5  Diversion Tunnel
2.5.1  Structural Calculation of Upstream Portal Faeility

Inlet structure of diversion tunnel consists of U shape channel and box culvert.
" In structural calculation, each structure that is estimated at independent is calculated.

(n General Condition

B ndition
Seismic Cocﬁlcxent k 0 16
Rock Foundation N .- o
Elastic \/chulus =9, 000 Lgflcm
_ Ponsson s Ratio = 0.3 -
Remforced Concrete _ ' :
Elastic \'[odulus =210, 000 kgflcm
Poisson’s Rat:o 0.2
~ Unit chght =2. 50 tf]’m
We lc-ht of water - .
' S W= l 00 tﬁ’m
Allcwablc compressu.c strength of concrete is 175 kgf/cm _
' A!lowable tens;on strength of rcmfcrcmg bar is 1 800 kgflcm? at \'onual case.
: \/hmmum diametcr of main remforcmg bar is D 16 mm abovc

, Requlred addmonat rate

Case Rate
Normal 1.0
Seismic | - L.5

: g:gses to bg: Qtudied =
_ (a) Secllon Typc A (scctu)n cf U shapc channel)

Casc 1- \Io watcr prcssure wnlh carthquake ,. L
Casc 2- Watcr Surfacc EL. 103. 000 m wnlh canhquake o
Casc 3 Waler Surface EL | 13 000 m w:thout eaﬂhquakc

) (b) Sccllon Type B (sechon of box cul\ erl)

Case - Water Surfacc EL I36 000 m wnhout earihquake

s



2) U shape channel

Standard cross section is shown as follows.

12239

L i g, =e0 28
‘W !

EL-113.004m
- ™~y

EL 110 500

2,200

A A0 )
17,000

EL.C23.500m

§i EL?Q@FE&--&;,___M" RN

 CROSS SECTION A 7+

Figure of frame dimension is shown asfollows. - -
.
171 (-\;)

VEUSER 1

‘ | .. .l : “ V . ) ‘ . .‘ - o ..- 2 .
-1 ! R T o =
f

. | 1z {42) .
£600 IFII,ER 2

Geometrical moment of mema

15,650

Geometrical
- Moment _
" “ofinertia

(m_‘}

Member_' - Caléulation_ .

y.#3'40+2X1'00x]2'00 4509m "
3404000 3 T
Y =1200-y, =709m .
H = Yx020+100 2413m--,_- -

(I 00x H*) / : o

2 Axmo"”” - SR | rowserr

181

o asa



Section area

Member

Calculation

Area (m’)

H

%x(l 00+3.40)x12.00+1.00x2.50

28900

Y4x(12.4041332)x2.30

29.578

Case-1

- 1

Load ca]culahon
: Welght of wall

Al ﬂ1/2><(|00+340)><1200

T A2=100X2. 50

_.2)_:

3

- “_l:igure b_facting load is shplen a; l’qllows. L .

| Q@se-Z '

; g S Ioadcalculatlon
o

D
- 7 -

: N (A1+A2)X2 50 tfm’

Welght of wall in selsmlc case .

N WATER PRESSURL

|

U/m

_] T
RERRFRNEN
15 550

H=0.850 U /m

T I T T T

ol =088

EEEREREERERETRAR TR SRR NAE F RN

IT

CNe TR0 U e
N=T2250 t/m

rr-
et

! £.E00

A=1028434 /w2

ff!f[fl"‘( i L
LERE

CCASE-T

\Veight of wall

N=72250 thh

e e e mrm :

=26.400 m*
=2.500m’
=72.250 thm

- H=1/2 X(l 00+340)X 1. OOXZZ 50 tf7|113><0 16 = 0 880 1/m

Subgrade reaction - .
W =2XN/BO = 2x72 250/13.320

: -—f 10.848 tf/m’

\Veightof wallm seismic case .

CH=0880tm .
- Walght of waler

= (l:l_.+103 00 m -~ FL+98 50 m)X l 00 tf/mB = 4 50 tﬂm

_Hydrodynamxc force duc to earthquakc Lo



Pd = 72waxﬂxu’ - Lhg=25H

- W]lere = L ' -

Pd Hydrodwamlc force causcd by earthquakc ()]
K: ~ Coefficient of honzonlal earthquake factor

W | Unit weight of water (t6hm®)

B Width of wall structure (m) __
H: © Water depth (m) o

- hg: Hydrodynamnc force actmg depth from the
i " bottom (m) ' _

pd=7, 2x016x100x100x5 6% =2979tfm

- hg=2/5X5.65=2260m
%) | Subgrade rcachon '
A —10 848tD‘m
e Uphﬂ S - . !
= (EL+103.00 m — EL+96 20 m)><1 00 rflm3 = 6.80 tf/m?
F1gure of actmg load is shownasfo]lows = ‘ : E

_' WATER LEVEL: £L4103.00m

-l

Pe=2. 9?°.f/rr

Mo 0.BH0L

.E't:hUJ.}JJJ.LLLLU_r

Hm(.BHOU /m
CTICTETID

" R
R Iy Ch
S 7ol T Blg
bl o F tfl oAl B3 z'r
_-é ’ i}j } ﬁ,
. ; m=450u/m2
6600 |
w7=10.84 Sif/m2
giniiiiing
7 W3=6.8CHfm2
. CASE-2.
. Case:3 S R | . _
: ZLoadcalculanon Do EEE R R R @

S 1) Weightof wa]l
. N=72250 thm L o
) \Vclghtofwater S L T S TR
W, =(EL+113.00m - EL+98 50 m)XlOO lfi’m ="i4.50 tWm? -
) 'Subgradereacnon L ST
W, "10848tflm

e T e



4) Uphﬂ ‘ _
(EL+I 13 00 m - EL+96.20 rn) X1 00 tim’ = 16.80 thm?
Figure of aclmg load is shown as follows.

NATER LEYEL: FL+t13 f)i"

]
I

14,650

L N=2,0501 /o

;
i
Sy
.
!
|
|

e e s e

N-.-‘x:azscm/m

—p

Ti{nnr‘—.

\I Wi=1g Glf/-r?

I
.
|

| een |
W2=10.318H /m?

- AN

7 'ﬁ‘}:l‘f..,f.:}{i/r:“?
[[U_LF{IHUJJ

c«s -3

'3 r'n

Summary of calculation result is shown as follows.



Bending | Shearing Axial
nioment sfress Force

(m) . M@f-m) | S N (1)

Member | Condition | DiStnes

Case-1

Maximuin 15.650 107.766 13.772 0.000

MU Pfinimum | 0000 | 0000 | 0000 | 0000
M2 | Maximun_- | - 0.000 107766 | -68.455 13.772
: Minimum - 6.310 -108.221 0.000 13.772
w3 [Madmun [ 15650 | 107766 | 13.772 | 0.000

Minimum - 0.000 0.000 0.000 0.000

i
g g '
z W= 102358 ¢ - 1 231400
o _ ; o i : S S=1%aked : ) S=13.2750
e R .lr
Ce ’ . / \ V107 TER-en - /
o W1 IR - . N . f st
R - 8310 - . : . I
: . 6.600 o : ﬂif-&f/ §.600
[ e R

© BENDING MOMENT "' ' SHEARING SIRESS

15,650

k=13710
e TR

!
|
!
|

E£00

. AXIAL FORCE



Member

Condition

Distance

(m)

Bending
moment
M (tf-m)

Shearing
- stress -

S (D

Axial .
Force

N (15

Case-2

M

1 Maximum

- 13.650 -

114.498

16.751 0.000

Minimum -

- 0.0600

- 0.000 -

=+ 0,000

0.000

CM2

Maximum .

| Minimum

0000

114.498

-92.935 16.751

- 5.266

-130.201

0000 |

16.751

M3

Maximum .

: 15.650

114,498

- 16.151

~ 0.000

Minimum -

- 0.000

T 0.000

15,500

- 0.000
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6.600

| v=-71531f-m

BENDING MOMENT &=

, ; 0 Dista Bending | Shearing Axial
Member | Condition { ° lzml)w? moment | - stress | - Force
. 1 ’ O Mf-m) | S(t) - N (tf)
S VI | Maximum 6.000 | : 0.000 0.000 - | 0.000
B Minimoin - | 15650 | - 0,000 0.000 0.000
G| hyy  [Maximun | 0000 | 0000 | 43388 | 0000
8- Minimum__ | © 3.300 -71.591 . |  0.000 0.000
s [Maximum 0.000 | . 0000 § .0.000 0.000
. " | Minimum 15.650 0.000 0.000 0.000
- -
3 v ) |
iy |

5 ] M ls=43}é&'r B
L se-An3E :
o 6.£60

 SHEARING STRESS

258



* Results of Strength calculation on each member are shown as follows.

[Case-1} : : :
o - - Wall Section " | - Slab Section
. 7] Boltomside | Middle side Top side Bottom side
Member of shape Rectangle Rectangle Rectangle Rectangle
M —tEm 107.766] . 26942 -108.221 107.766]
N if 0.000 0.000 13.772 13.772
S i 13772 6.886 0.000 68.455
B lem 1000 7 100.0 100.0(  100.0
D " lem 33000 7 19s| 2200 2200 -
Ac cm? 33000 19650 22000 © 22000
As | em? | DIS@200|  D16@200]  D25@200{  D22@200
SR L =1420] " =10.05 =24.55 - =19.00
P=AS/(BXD) - 0.00043] . 0.00051] © 000112 - 0.00086] -
N=Es/E¢ N HE Lo 1sh
Ixo cm 7354 229 413 7 369
K=X0D 0107, - 0116 0.188 A
M/(BXDY) - [keflent? 22 0.990 - 06980 2236 221
SBXD) kglcm? o 0417] - - 0350) 0 0.000 NIV R
o o 19323 17871 . ¢ 12943] 14412]
(S) = 160679 135611l 55.930] . 71.553] .
V) cof i S 1037 © 1.040 © L0710 - 1.066]
ge ~lkgtlem? | i 19010 12.50 . 2890 -32.10|
as kgfom® | . 238500 - . 141900 187600 - 2390.00{ |
T " |kgfem’ { - __ 042 ce 035 0 0.00] -
cea kefem? 90.00) . 9000] - - 90.00 . 90.00]
osa kgfom’ . 2700.00] - 2700.00] . 2700.00 12700.00]
ta keflem’ " 825 - 825 8.25 825

Oy



[Case-2]

Wall Section

Slab Section -

: R Bottom side | Middleside | Topside | Bottom side
Member of shape - " Rectangle Rectangle | - Rectangle Rectangle |-
M th-m - 114.498] 26942 -130.201 114,498] .
N T - 0.000] - 0.000 16.751 16.751] -

s if 16.751  6.886 0.000 - 92.935] -
B .. cm . 1000 100.0 1000/ - 100.0]
D ~fem 330.0 " 196.5 - 220.0 2200 .
Ac em? 33000 . . 19650 22000 0 22000] . -
A o - DI9@200| - D16@200]  D25@200(  1D22@200|

S v ' =14.20]  =10.05| - =24.55 - =19.00]

" [P=As(BXD) ~0.00043 0.00051 0.00t12] - 0.00086] '
N=Es/E¢c . - . TR | C1s 1S .15
X0 - lem 354 229 414 375}
K=X0/D - 0.107 .. 0.116 0.188 0Ty

- Mrm XY kgfonm? o 10sY 0698 2.690[ 2366 -
SABXD) - lkgffem® 0.508] .- 0350 - - 0.000] - - 4.224]

o 1932 o osn| 12945 - 14432]
S) . - 160.679 135.611] - - ss8si 70073
YARE - ~ . 1.037 1Lod40l © - o7 1070}
oc . Colkefem® | 02030 1250 3480 3410 ¢
s - [kgtfem® | - 2534.00 - 1419.00f - " 2254.00 2490.00
T kgblem? | oSt 035000 422
oca:  fkgfem® | . 9000] - : 9000] . 9000] G000
osa .  [keffom? .2700.00 £ 2700.00 .- 270000 270000
ta keffem? 825 825 e8| sas|

il



[Case-3]

Wall Section

Slab Section

Bottom side

Middle side

- Top side

Bottom side

Rectangle

Rectangle

Rectangle

* Rectangle

Member of shape
© thm -

-71.591

tf -

0.000

0.000

cm

- 100.0

M

N
S TR
5T

D

cm 220.0 o

A cm’ - 22000

T y o D25@200

As et =455

- |P=AS/(BXD) - 0.00112

N=Eg¢/E¢ . __"_!5
X0 - Jeni Lo 367 B
K=xo» . - | .« - 0.167 ‘
M(BXDY) - |kefem’ 1479 7
o {s/BxD) - [kgtem’ T 0.000 T

(YRS i - - 12,683
(S) + - : 63263 -

1.059

@

g :

kgt/cm

¢ 1880 ¢

F4

as o |kgffem

1404.00] -

o 0.00)

t . - lkeflem?

loca - [kgfiem’

6000

gsa v 0 |kefem?

© 2700001 -

ta < oo tkgflem?

825



Figure of main reinforcing bar is shown as follows.

E":‘O?:j.)

| sl -

| TRsee

0150700

: ‘ V2Ol

T pIsE200

_// ) \\/_

[Case-2] Blockout Section o
Coa Wall Section - - Slab Section
SR Bottom side | Middle side Top side Bottom side
- Member of shape - Rectangle Rectangle Rectangle |- Reclangle
M . - |tf-m 114.498 . 26,942 -130.201 114.4981
N if 0.000 - 0.000 - 16.751 16.751]
S i 16.751 6.886 0.000 92.935|
B em 100.0 - 100.0 1000 160.0
D cm 270.0 136.5 1800 180.0] -
Ac cm? 27000 13650 18000 18000} |
- AS m? - D22@200 DI16@200; - D29@200| . D25@200|
- ST  =19.00 ~=1005} - =33.05 =24.55|
P=As/(BXD) - 0.0007 0.00074| . = 0.00184| 0.00136]
N=Es/Fe s sl s s
Cfxe em 136.5 18.8 a3 367
- [K=X0/D o 0.135 - 0.138 0.229 - 0.204]
M/(BXD?Y  Ikgflem?® T LST C 14460 0 40190 - 3,534
S/(BXD) kgficm® - 0.6200 . . 0504 - -0.000 5,163
SCHE - 15499 15093 10542 11,907
s) - . -99205( - 94913 35456 46,478
z) . T 1.047) -~ - 1.048] - . 71.083] 1.075
oc - keffem® | 2430] - 2200f 42400 . 4210
gs O [kgfem? 5 2337.00f . - 2059.00f - 2137.00] : 2464.001 . -
T - |kgfem? 062 - 0.50 . 000 AT
Gea - kgffem’ | - 9000} . - 9000} - i/ 9000] . - 9000
Ysa keflem’ -~ 2760.00 - 2700.00] ~  2700.00 2700.00
Ta - tkgffem? 825 Lo 8.25 ..8.25

T 82s|




)

Box culvert

Standard cross seclion is shown as follows.

o255, 5309 . 258 |
~? 15 i heny
IR
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Geometrical moment of ineriia

. Geomelrical
Member ' Calculation Mgmex}t
_ _ of inertia
Yo (m%)
4y < 3A012X228 560, o
3404228 3 -
| F=560-y H2984m 1.084444
H=Yx020+228= 2877m _
;. L(L00xH y
= 2
2| Yox100x2.00° | 0.666666
3.0 | Mpxiooxz3e 1013917
: Sectio;la:ea D R ,

| Member | - - Calculation - [ Awa (m)

IR %x(2.28'_+3.40)x5.60 AR | 15904

2 | Yx@360+10160)x200 | 19520
3| Mx27204133200x230 . | 20046
Load calculatioh
R Tops]ab o
' a Wenghtoftopslab : : o
| =200X2.50fm* - =5.00tf/m’ :

) Weight of water
. _W (I:L+l36 00 m - EL+106 10 m)X l 00 tfm*

R ._.——2990tt7m2

ey Welght of wa]l . :

{/ (100+188)x440+100x250}x2 SOtf/m .

- "—2209tﬂm_
- 2) Sldc wa]l L
' a) We;ght of snde wall

N, = / (228+340)x560x250tﬂ’m 3976 t e

b | Water pressu:c '_'3 o SR
S (EL+136 oo m- EL+105 10 m)X 1.00 tflm e

: : : , =130, 90 t‘ﬁ'm

(EL+136 OOm EL+97 35 m)Xl oo W'

= 39 76 tf/m’



3) Bottom slab
T a) 'Subgrade reaction -
W, =5.00 tfm?
:W“3000tf/m | PR .
P, —ZX\JlIBO—ZX2209II332 . = 3317t
P =2XN/B,=2X39.76/1332 - =5.970 tf’
S *_W~w1+w2+Pl+P2 -~442871Flm
¢ | :Upnn B
B o (ELI-136 00 m»~EL+96 20 m)Xl 00 th/m?
 =39.80 tfm!?

Figure of acting load is shown as follows.

AL N
; .
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. I ST
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o o
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Summary of calculation result is shown as follows, . -

Bending | Shearing Axial
moment stress Force -

(m} Maf-m) { - S{b N (1f)

Member | Condition Distance

Maxiumum 4513 23.715 0.000 -152.990
Minimun | 0.000 - | --339.308 164.258 | -152.990
Maximum . 3.740 ‘95351 | -~ 0000 -105.248

Minimum 7.480 .| -149432 | -130.900 | -105.248
| Maxinnun 0.000 | 339308 | -314.485 | -164.258

M1

M2

CESC'- 1

M3

Minimuin 3.740 -248.780 0.000 -164.258

S=— 103, 24584F

Y Ee 13090040

T &s105 zaE

7,750

S=+ 13097000

S$=314.4854

UL L

L S 3144E8U

I

Vs -248 T80 -r

BENDING MOMENT ~ ' SHEARING STRESS

C N=-105.24811

N=—152.9204

J

N=-152.9001f

7,750

R
I

NeotBe259H e %

" AXIAL FORCE =~




A
o’

Results of Strength calculation on each member are shown as follows.

_ Figure of main reinforcing bar is shown as follows.

(Case-1] Top Section Side Section Bottom Section
Qutside Inside Qutside Inside Quiside Inside

Member of shape Rectangle | Rectangle | Rectangle | Rectangle | Rectangle | Rectangle
M ttm - -339.308]  23.715] -149432] 95351 339308 -248.780
N tf |52.996< D.000]  105.248)  105.248]  164.258]  164.258
S if 164258 0.000] 130900 0.000] 314.485 0.000
B cht 100.0 100.0 100.0 100.0 1000 - 1000
D cm " 330.0 269.9 1900 1900 2200 220.0
Ac e’ - 33000 26990 19000 19000 22000 22000
As on? D22@200{ D16@200] D19@200| D16@200| D32@200| D22@200

_______ =19.00] : =10.05]  =1420]  =10.05|  =40.20| . =19.00
P=As/(B XD) 0.00058| 000037 . 0.00075) = 0.00053| 0.00183 0.00086
N-E¥Ec - T 15 T 15 15 15
X0 clem | w1 27.1 478 643 69.3 61.7
=X0m " { 0.245 0.100 0.251 0.338 0.315 0.230
MIBXDY) - lkefem? | - 3.116] 0326 4.139 2.641 7.010 5.140
SABXD) kgifem’ ©4978] 0000 6889 0.000| . 14.295 0.000
© 1 asa4sa]  20639] 14490 13.649] 10.868] 13584
Sy - B 47.630]  185.228]  43.137] - 26694 . 23.619] 34367
@) S 15181 - 1035 . 1393 - 2062 1.233 1.440
ac kgffem® | . 4820 6.70 60.00 36.10)  76.20] - 69.80
as kgtfem® 2226.00{ . 905.00]  2678.00] . 1058.00] 2484.00] = 2638.00
T kgliem? 498 C000f - 689 000] 1429 - 000
Gea kgffem? - 90.00{ " 9000  90.00 90.00 90.00] - 90.00
053 kgffem® | © 2700.00{  2700.00] - 2700.00[ - 2700.00] -~ 2700.00] ~ 2700.00
Ta kaflem? 825l 8325 825 - .-825{ = 825 - 825




2.6  Intake Structure .
2.6.1 Str'uctul"al Calculation of Inclined Intake Structure

Inclined intake structure consists of bO‘( culvert type channel, U shape type channel and
© operation deck.
In structural calculation, each structure that is esumated at independent is calculated.

- General Condiﬁon B

Basic Condition :
) . Allowable compresswe strength of concrete is 225 kgffom?
(i) Allowable tension strength of remforcmg bar is 1,800 kgf/m’ at Normal case.
_ {iii) Mlmmum diameter of main remforcmg bar is D16 mm above.
() ' Wclght of water is 1.00 .
_ . {(v) Weight of concrete with remforcmg bar is 2 50 tf/m
C(vi) 'Lweload15030tf/m ' T R
(vii) Reqmredaddihonal rate S |

Case | -~ Rate

Normmal | 1.0
Seismic { 1.5

| Cases to l.)e.S_t'udAie.d
'- 0] | BO\ quij;_r'ei-'t tyj:e::'sh.zume_I
Water.Sllrﬁlcj:e E[,+ 1.30..06 m ;Viﬂl()l.l.t .csrtls(l-liakc in bp:_( culvert \'asa.ll_tly
o (i:i) u shape type channel o | |
L j.. \'o watcr pressure wnh earthquake.
.(i?ii) Operauon decl\ |

B Cas_re_-l . \Iormal case o with hms{mg load ‘
" Case-2 _ Selsmlc case without hmstmg load



2) Box culvert type channel
- Standard cross section is shown as follows. .. ... -

3509

(52 20w 53 <A

00 |
»
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i
i

3, 300
1,4

I one
‘ 750 il o
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L]
-" , : shronsasy (.;-Ir,:ﬁ;

Figure of frame dimension is shown as follows.

pEwEER 3 Tyl
(2.22)

VEUIER 1 R A Ll

{1e.21}

CEUEER ¢

VEMBER 3
(]‘}._1)

" . Geometrical moment of inertia

M;!nlﬁeif

-~ Caleulation

- Moment

L (mf)

Geometrical

. of inertia -

1  cc3
MY;x1.00x0.55°

1 Nopacd oo
Rox1.00x04s® -

©0.007594

] 3
/le.oox 0.75

0035156



Seclion area

(i) Boitom slab

Member + Calculation Area (m’)
S | 1.00X0.55 ~ 0.550
2 1.00X0.45 - (.450
3 1.00X0.75 0750
: '- 'Lo;'{d calculation
R (VNS Top slab _
. a) . Weightof top slab . o ;
L WI=070X250m . = 175 (!
by ’Welght of water - h o o
T W2=(EL+I30.00 - EL+115 00)><100 W' = 15.00 thnd
(i)  Side wall ' |
. a) Wewhtof51de wal . =
' N1 ~095x160x2 50 tf/m - = 3.80 tf/m
b) ‘Hydroslanc pressure - o .
Pl —(EL+130 00— EL+114, 52‘5)X 1.00 i/m’ = 1548 tffm’

P2 = (EL+1.)0 00 EL+1 12 025)X 1.00 tﬂm’ = 17.98 tm’

a) Subgrade reaction
' Wi=1 75 tﬂm
W2 =1s. 00 tﬂm :
W3 = 2><\u /B0 = 2><J 80/335= 227tf/m’
: T Wd = WI + W2 + W3 i9.02 tfm’ '
by Uplit - i = .
' vs (EL+]30 00 EL+L 65)X100 W' = 18351Fm’

' Figu_rc of acting load 1s shown as follows. -

- 333

i S EZ=1300 ml J : e
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Axial

A B Distance Bending | Shearing | -
Member | Condition moment stress Force
. I Mee-m | sen | N
Ml ? Maximum 1.383 -2.893 0.000 28.056
S0 ) Minimum 0.000 -19.199 23.905 28.056
M2 Maximum .| . 1.675 10476 (.000 ~17.920
: Minimum 3.350 -13.021 28056 17.920
M3 Maximum L117 - -2.893 0.000 - | 28.056
Minimum 2500 | -19.199 -23.905 28.056
. M4 Maximum 1.675 - 33.224 ) O.QOO 3 23.9057
- Minimum - 3.350 ] -19.199 62,595 1 23905

Moy

Wrmir=—130211-m

Wror=+2 E93{f-m

2500

C 7330

=J047EU-m

Wmin=-19.145{f-m

S=17.0304f

Vo= 33 2241¢=rm

'BENDING MOMENT - . .+

3,350

L se 179000 I S=28.G564

$=22.05610

2,300

£=23.8054

s S=E25954 $-23.905

S=62.5651 .

SHEARING STRESS




3539

© O N=TTA

250G

]

N« 2805610 W

o]

w 28,0506

N

C N=IREIRY

L AXIAL

FORCE

Results of Strength calculation on each member are shown as follows.

"~ Topslab

- Side wall

M

o

@

e | Inside [ Outside Outside | Inside | Outside
- Member of shape Rectangle | Rectangle Rectangle | Rectangle | Rectangle
S [Em ] 10476] -13.021 -19.199] " 33224] 19199
N o 1 17.920] 17920 | 28.056] - 23.905] - 23.905
s i 0.000] "~ 28.056 23905|  0.000]  62.595
B ¢m 1000{ - 1000} - . 1000] 1000 . 1000
D om 350 U350 - 45.0 65.0 65.0
Ac " em? 3500 - - 3500] . 4500 6500 6500
As o em? 1070 1430 1497 1930 893
" |P=As(BXD) 0.00306|  0.00408 0.00333} . 0.00297| - 0.00137
- [N=Es/Ec e 15 R E 15 L
Sxo o T em 14l 122 usdl o 199 16.6
|k=Xom - 0324 . 0349 ] - 0342] . 0306] 0255
MIBXD? - |kgfem? 8.552] 10629 9.481 7.864| - 4.544
SABXD) - [kgflem® | - 0.000] " 8.016 5312] . 0.000] . - 9.630)
| | | 1 8983 " 805 8771 8977 12045
(S) . 18709 - 15053] 16876 - 20347] © 35210] .
_ CRI39 1134 1150} 1121 1.168] .
ve . kefem® | 76.80] | -85.60 8320 70,60 54.70
gs kgflem® | 2400.00{  2400.00 - 2400.00] - 2400.00{ = 2400.00]
T - |kegfem® | . 0.00] . 8.02 o531 - 000, - 963
S loca kgflom? | -2 112.50] . 112,50 2500 11250 11250]
osa . lkgffem? | 2400.00(  2400.00 © 2400.00] - 2400.00] 2400.001 o
ta i |kgtlem? 975l . 975 975 97s) . 975



Area of reinforcement
(i)  Insideoftopslab .

As=1070cm? = 14.20 em? (DIS@200)............. e

(ii)  Out side of top slab

- As=1430cm? = 19.00 o’ (022@200) ......................... .

(1ii) = Qutside of side wall

As=1497 em? S 19.00ch(022@200)......_.____..; ........... .

(iv)  Inside of bottom stab

As= 19 30 cm? < 24, 55 cm (D25@200)...............T .......... .

{¥)  Outside of bottom slab -

CAs=893cm? = 1900cm (D22@200) ..... R

- Figure of main reinforcing bar is shown as fol!ows.

U bies200 - 0230200

. 019'3200

R=23Cmm

| opres2cs

DIEe2O ;

<N

b _Jr_-_iﬁ;l
DIECI00 -

-

N AN

D2E4200]

(3) , U shape type channel

)

Standard cross scct:on is shown as follows '

L 5500 .- SR
550 - 2000 £50 | SECONDARY CONCREIE -
- . COOCRETE TYFE-B
& : o
a . / R
.n ) . L
a 7/ - o :
B e - ¢; B .
Q . P - EREN
550 2800 550

G

EYOMY I . R



" Figure of frame dimension is shown as follows.

- Flgure of actmg load is shown as follov.s

3332

. 1 —_—
. o )
e -
Lom
N SR
l :ff}l !
IS Y
shEld Ziaiite
pos b T slliis
S EE: %
j o ELet 10D fhatl
i i P o
- E AR
P 1gE Ll fE
H [ =i
o L s
’ Mr=3, o
{:lt 1 ‘; ATy i 'f

V3l 3
HL“ngIA?]
WINELIR 2 _’
(2.2
!
£ U
! : i
H 3330 o
Geometrical moment of inertia _
) o - Geometrical
‘Member © Calculation Mament
- . ol ineriia
3 S (')
1| Yopxrooxess’ 0.03865
2| Yyx100x075° 0.03516
Section area _ - :
Member - Caleulation Area (m?)
1 [ 1Looxoss | 0.550
2 l.OOXO.?S 0.750
E Load ca!cufanon '
(1) Slde wall -
: " a) We:ghtof ssde walI I
o \‘1—260X0 95X2.50 P’ =6.18 t/m
" b)  Scismic ioad : E o
_ o Ws --095><100x2 50tf/nﬁx0 16‘ . =0.38 (fm’
(ii) . Bottomslab | S -
' _ \Vl 2><\Il /BO 2X6 18/3 35 = 3.69 tfim?



Member

Condition

Distance

(m)

Bending
moment

M (tf-m)

Shearing
stress

S (f)

Axial
Force
N (th)

Mi

Maximum

2.975

1.593

1.102

0.000

Minimum -

0.000__

0.000

0.000

6.000

M2

Maximum

0.000

1.598 .

~1.135

1.102

Minimum -

1.934

-3.300

0.000

1.102

M3

Maximum

2.975

0.000

0.000

(.000

Minitmum

-1.598

1.102

0.000

0.000

LLE SL TR EN_'\_';tf—m.

2073

] L':-.-,.:.=1_5,C-S‘;f-mJI/ .

Mg e =0 000t - m

“ BENDING MOMENT |~ = "

i
E

2075

w
h
.

) 5’;’8&

RS ALY

soe00f

sovsser L o

- SHEARING STRESS

S=szzv_

i""“ff’f;l-ﬁ's”‘m SR
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AXIAL FORCE

* Results of Strength calculation on each member are shown as foltows.

o Sidewall - - Bottom slab

T Outside | Inside - | Outside
Member of shape - | . - Rectangle | Rectangle | Rectangle

M 1f-m o] T 1598 -5.300 - 1.598] -
: o - - 0.000[ - . 1.102 1.102

e 02 o000 7138
em . - | 10000 1000 100.0

cm - 450] - 650 - 650

EIEIEAE:

é o fAe Clem? o 4500 . 6500] 6500 o
As - cm® e 136 295, - 073 -
P=AS/(BXD) | - T | 0.0003]  0.00045)  0.00011
N=EsEc . | - | . L R L

X0 0 o Jem oo ol o410l 7.60] T 450 B R
k=xop || 0091 - omy oor0] |
MIBXDY) o Jkeflem® |- L 0.789 1.254] - 0378

SABXD) - [|kgfend® T F 02450 0.000 1.098

© B T 22as] T1o000] 35817

® T T 22008 143491 a75.907 -

@ - . 1031) 0 1042] . 1.065
oc . . fkgbem? | - - 17.90] 22380 1350
os - . . fkefem® | .. | 270000 2700.00] 270000
co o kgen’ | | 0240 000 110
_ S feea - o fkeWem® § oo o oni250] ¢ 112.50] 11250
¢y esa o kemem® || 270000  2700.00] - 2700.00]
PR a0 ketem? | T 0| 975] 938

Aféa.of.re'inf'o'rg;éﬁi'f!:__m .
(i) Outside of side wall - . L
' © As=136em’ = 10,05 om? (DI6@200)...... i OK



(i1) Inside of bottom slab

As=295cm? < 10,05 cin? (DI6@200)......oocoorsooomroe. OK
(iii)  Outside of bottom slab :
As=073cem? = 1005cm (D16@200) RSB O X 4

Figure of main reinforcing bar is shown as follows.

- oeszoo ]y

J

0165700\ %

DiEgz0) -

P=160mm -

. B1£6200 oIeez0n

(1) . Operatlon deck : S

- ' Operahon deck consnsts of standa:d sccllon (ngld frame strucmre) and openmg

. section mstalled mspecnon steps 5 i o : ‘
In structural calmn]ahon each structurc that is esnmatcd at mdependem is

7 : caqulatcd

(a) Standard sechon :
Standard sechon 1s shown as follows

S (2 R I 1
T T <
. - . « =, P a ]
L -
. . 3
g »3 .. .
N P L N
b ST COMFEE Treg-b
L3 e F
of . :
. 4 .
g . e . 0 .
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Figure of frame dimension is shown as follows.

© wiveiw 2
{i1.A1)

[

PR

Load calculation (Normal case) ...

@ - '_Top slab

g i
= wEuzEe
= {i1,41}
i LOWIURER 3 .
u_'_ [{EPE S
WEMSER 2
e
1 55w _!
Geometrical moment of inerﬁ'a
: . _ _ Geometrical -
Member Calculation _ Moment ; :
_ - of inertia -
- : o (mY)
1| Woxroeoxo60® 001800
2 | Y,x100x030" -, 0.04267 .
© Sectionarea - - . : B
Member Calculation - Area (m?)
1 1.00X060 © 0600
2 1.00%X0.80 0.800

- Cooa) - Weight of slab o : _
S WE=0.60X2.50 the = 1.50 tm?
b) - Live load . ‘
I w2 | T =030 10w’
S Q) _' : [~Iqisling load for low water outlet gate . : -
. o B 5533 : .
1.3/ - 2.£32 ) 1,370 -I .
e e
;i, H I i
{Tee _.:!.AB; . ‘; L
R - - - - I



P1 = = Hoist weight + Hoisting load
- =5.00 tffunit + 1.30 tffrope
P2 |

{ii) Side wall . _
a)  Weightof side wail
N1 =3.60X0.60X2.501f/m’

(iii) Bd_tto-m'slab
a)  Subgrade reaction
W1 = 1.50 tf/m?
. W2=030

=6.301f
=630 tf

=5401f/m

W3 =(P1+P2)/B0=(630 + 630)/560 225tf/m

\V4 2XN1/B0= 2X540/560“]93lffm

- W5 = Wl+\V2+W3 +W4 N,

s Load calculahon (Sc:smlc case,)
W Topslab _
o 'a) : We:ghtofslab _ .
U WI=060X2.5010m'
b) * Hoist weight

. P2 _
L Q) :Selsmlc foad '

) -.Welght of s]ab

“ . HI= 620)(060)(2 SOtﬂm X(}l()

- '(b) Hoist welght
. H2= (500+500)X016

"_zH Hi+H2
'Me~160tfx130m

(i) Slde wall _ .
o a)y We;ght of 31de wall -
UL N1—360X060X2 SOtf/m
b) Scnsmjc toad

. (i) Bottomslab
- a) _' Subgrade reactlon
. Wl =1.50 tf/m

W2 = (PI+P2)/B0 (500+500)1560-

W3 2XN1/B0= 2X540/560

e 150 tm?

o =s00e

Ws = 060X100X250tf!m’)<0 16

=598 tff:h’

=494
L =n606

C=309
=208 tfm

‘- ,.'=0.24‘ff/7m

=179t
= 1.93t0m?



el
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Figure of frame dimension is shiown as follows.

(Noﬁnal éasé) :

Wd= W1+ W2+ W3

4,400

i IR T H T :I l H H
i bbb Pkt ERERE
b R,
[
]
S
£ : Ei
> =
S 3
=3 =
o -'\'{
it LR
— -7
=z le
l P
;

4,500

Wl=1.508/m2

VAR WS A N O

e i e b -
H
b e -
t
E
~
fog .t
o [
HAEREE
At = y
=114z :
t i < H
S i 4 4
iz \
L. i _
- L e
- - —
T 1 i

S Wig=S5 22 /m2

p—

L0

M= 540U Ari

= 5,22 tffm*
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SHEARING STRESS ~

~ BENDING MOMENT

(WCRUAL CRSE)

Swif Tduetf

_ _—JQ. :-

o (WORweL casE)

L senraae f :

. Sel 41410

B Distance Bending | Shearing Axial
Member [ Condition | (m) - moment | - stress .|  Force
7 M (tf -m) S (tf) N (tf)
MI Maximum - 0.000 -5.163 0414 | 11340
Minimuim 4.300 | -6,942 0.414 . 11.340

3 M2 Maximum 2.800 10.005 | - 0.000 0414 |
_; Minimum 5.600 -6,942 11.340 0.414
E M3 Maximum 4.300 -5.163 0.414 11.340
2 Minimum - | - 0.000 -0.942 0.414 11.340
M4 Maximum - 2800 1 18279 .| 0.000 0414
- Minimum - | © 0.000 -5.163 16,744 - 0414

MafCaF—




D

Member Condition

Distaﬁce

()

Bending
moment
M (tf-m)

Shearing

. stress

S ()

. Axial .

Force

N (1D

Maximum

4.300

-3.566

0.647

- 1322

‘ M-l- Minimum

0.0600

-8.567

1679

- 1.822

Maximum

- 1.881

9.017

0.000

2443

M2 Minimum

- 5.600

-9.205

10.578

2443

Maximum -

4.300 -

-0.919

1.411

10.578

Minimum

- 0.000

-9.205

2.443

- 10.578

- Seismic case .

Maximum

2.538 -

15,898

¢.000

1411

M4

5.600

-8.567 -

1.411

Minimum

S0 UL w=3017f-m
© Wa—l438i-m —

15.982

P EEE B tistd

e Mxe355Ttam

T BENDING MOMENT

{3I5vl Casdh

_S_:B_,E-!h!

S=2.8830F

oszrgray_ ] /

L SLETHY

U shr

UO{RESME Last) -

ARING STRESS

R Y H T L

\ (TR I LS T




Results of Strength calculation on each member are shown as follows.

(Normal case) -

Top slab

Side wall - -

" Botitom slab

- As=417cm?

,'}'-‘2?6.-51'_6_'?: SRR

: : Inside | Outside | Inside | Outside | Inside | Outside
Member of shape | Rectangle | Rectangte | Rectangle | Rectangle | Rectangle | Rectangle
Y - 10.005|  -6942] - - -6.942 . 18279] . -5.163
N e 0.414] 0414 . 11340 0414 0414
S (f © 0.000] . 11.340] - . 0.414 0.000] . 16.744
B om 1000 1000 7 1000] 1000 100.0
D S dem 1 2 500] .7 500 . 500 700 700
Ac ilem® ) o - 5000] 5000 © 5000 7000] - 7000
As - emt 1196 - 816 548 15.60 4.17
P=As/(B X D) 1 000239] 0.00163 0,001 © 0.00223]  0.0006
N=Es/Ec sl s s 15 15
X0 - om 18] . 100 116 160 9.0
[K=xom 0236 0.201 0233 0229 0.128
Aw@expy  fkeen | 4002 2777 27171~ 3.730 1.054]
|sfBXD) . ¢ |kgem? | . 0.000] 2268 - 0083 0000 2392
o ' - 9281 10844 13116 054 16751
s 29985 - 43215 - 43215]  32.168| . 113.887
@) - ‘ 1085 - ron]| 147 1082 1043
oc kgflem® |+ 37.10 30.10] C: 3640] - - 3560f 1770
os - . [kgfem® [ 1800.00]  1800.00 1800.00| - 1800.00]  1800.00
T " |kefrom? S0.00l - 227 C008F - 0.00 239
oea * lkegfem? | . 7500 75.00] 75.00] 0 7500 - 75.00
osa kgflem® | 1800.00] © 1800.00 - 1800.00]  1800.00] - 1800.00
Ta : [kgfflom? - 6,50 6.50 O 650] - 650] . 650
" Area of re_infbroemént _ B
(i)  Insideoftopslab -
. As=11.96cm? = 1420cm (DIQ@ZOO) ........................... OK
{ii) Out&dcoftop slab - : : N _ 'j E
O As=86em? = 1005cm (016@200) ..... e OK
(i) Oulsidcbféidewali ._ R
S As=548¢m? = IOOScm (D16@200) ........ ...... 0K
C(iv) - ]ns:de of bottom slab _ : ' o _
2 As= 1560cm lQOOcm (D22@200) oKX
C(v)  Outside of bottom stab S
| = 10 05 cm? (DI6@200) ................ i OK



(Seismic case)

Top slab Side wall Bottom slab |

Inside . | Outside Inside Outside Inside Outside

Member of shape Rectangle | Rectangle | Rectangle | Rectangle | Rectangle | Rectangle

M tf-m 9.017 -9.205 -9.205 15.898]  -8.567

N it 24431 .. 2443 10,578 1.411 1.411

S tf ©0.000] . 10578 - 2,443 0.000] . 15982

.3 B ¢m 100.0 100.0 1000 100.0 100.0
= D cm 50.0 50.0 500, 700 70.0
Ac cm’ 5000 5000 5000 - 7000 7000

{As - s cm’ - 671} . - 687 5.52 - 870 4.50

P=As/(BXD) - 0.00134] 000137 0.0011] 0.00124] 0.00064

N=Es/Ec 15] 15 15 15 15

- 1X0 cm 298] - 97 106 12.6 .95

|K=X0/D 1 . 0192 0.194 S 0211 . 0.180 0.136

M/(BXD?) kgflem? " 3.607 3.082] . - 3.682 32441 L1748

S/(BXD) kgflem® 0.000 2116} .- - 0489 0.000 2.283

(©) o - 11872 - 1LT739) 13.1034 -« 12.184 16253

|(5) | 49906 48886 - 48886 55479 - 102933

@ 1.067] - - 1.068 1L114] - 1.062] " 1.047

oo kgflem?. 4280]  4330) 7 4820) 739500 . 2840

_ os keffem® | . 270000} - 2700.00 2700.00] = 2700.00] 2700.00

L T kgflem? 000 S 212 049 000 228
% Uca ' kgHom® 112,50 112.50 112,56 - 11250, - 11250
' agsa . lkaflem® | © 270000 2700.00 2700.00] - 2700.00{ 2700.00
Ta kgficm® Q75| .. 975] 9.75 975 - 9275

Area of reinforcement

(i) Insideoftopslab o
| © As=671cem? < 1420 cm? (DI9@200) ... OK
(i) - Outsideoftopslab = .~ o
. As=687cm! S 1005cm? (DI6@200)..............OK
(i) . Ousideofsidewall 0 e
S As=s52em? £ 1005 em? (DIG@200)... o OK
) - Tesideofbottonistab 0T T
| S As=870em? S 1900 em? (D22@200)..... i OK
g—; S W 'Outsideofbbttbm§la_b o TR
- o 0.K

L As=450cm? S 10.05 cm? (DIG@200) .



Figure of main reinforcing bar is shown as follows.

©opisere j_—_— Rzt

ClEQZor

LALTZ i R S CIES200

! (b) Openmg secnon _
o Openmg sechon is regarded as slab ﬁxed in3 51des o

L0

—_— .

4,400

P RERRRRRRRREERERRRRGRRRERRGERGRY i

R U

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

" Slcndemess ration : ‘3/ 440/3 73—1 16

B Loadcalculatlon ; A T .

a) =H01snng load .:. . Skl . TR R e - 7. é} |

(1000tf+3 SOerO 581)/(2 00><3 00) . ~2.o_1 tfm? S

‘b) _ Lwcload SRR Lo . SR

c) Welghtofslab  : T R TR
W3 060X250tﬁ‘m e =150t



C W=WI+W2+ W3
Bending moment
Mx1 =-0.085 X3.81 tf/m? X 3.78?
 Mx2=0052X3.81 tfm? X3.78}
Myl =-0.058X3.81 tfm?X3.78?

Shearmg stress
- Sx= 05]X3 81 tfm? X3 78
_' Sy 040)(3 81 t/m’ X3. 78

Combmahon of ioad

- For short side section (L = é;78 m) |

L (Outside) .
o Mx=A463(Em Sk T
(lnsxde) '

Mx= 27su m Sx=0.00f

- _Fol_r long si_de section (L = 4.40 m) o

 My=3161Em Sy =5761f .

2619

=3.81 tffm?

=.—4.63 If.-:m
= 2. 78 tf-m
=.3.16 tf-m

=734 1f
=576 tf



Results of Strength calculation on each member are shown as follows.

~1=440m -

L=3.78m " Bottom slab
e Inside Outside | - Inside Qutside Inside Ouiside
Member of shape Rectangle | Rectangle | Rectangle | Rectangle | Rectangle | Rectangle
M tF-m 2.780]  -4.630 3.160 -
N (f - 0.000 0.000 0.000
S tf 0.000 7.340 5,760
- IB cm 100.0 100.0] = 1000
b cm - 500{ 500 .. -500]
Ac om? - 50000 5000 . 5000] - |
- 1As .. - cm? 323 - 5.4 368
- [P=As/(B XD) - 0.00065] 000109 - . | 0o00074] ]
N=Es/Ec o) 15 s
- |xo cm - 6.5 83| T 69
-[k=xom 0130 :+ 0.165) 0,138
M/(B XD?) kgtlom? CL2] 1852 1.264
SBXD) . |kgfem® - 0.000] .- 1.468|. sz
o ' 16.101] 12817 15.195
sy - - 107914] - 64.795 94937
R 73 1.045] 7 1.058 1.048
Jeoc kgfiem® | - 1790| - 23.70 7 19.20
as * |kgliem® | - 1800.00] ~ 1800.00 . 1800.00]
T kgtiom? 000 147 1.15
‘loeca kgffem? SIS0 . 75.00 L 75.00
0sa kgffem? | - 1800.00] "~ 1800.00 1800.00
Ta - |kefrem? 6.50 6.50 - 6.50]
e Area of reinforcement :
“ () Insideof short side ST
| . As=323cm? £ 6633 cm? (D16@300) .o, 0K
(i) Outsideofshortside ~ =~ i
T As=54dem? = 6633 cm? (DI6@300) .l OK
(iii)  Outside of long side T LA
S As=368cm’ = 10.05cm? (DI6@200)................. OK
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