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2.3 Gallery
2.3.1  Structural Calculation of Inspection Gallery
(N Standard section

Inspection galleries are calculated with results of finite element method (FEM) about
dam main body. = '

" {a) Basic Condition

.(i) In case of structural éalculation, inspection galleries are bore by rock

" mass. Therefore, it is 'r-e'g;arded that upper side and bottom side beams of
. inspection galleries are ﬁxed on rock mass. And they are calculated.

(i) Load affecting at bofton slab of gallery compares grout pressure and
- water pressure. And bigger pressure is adopted.

(iii) Allowable conijjressive strength of concrete is 225 kgflem’. _

(iv) Allowable tension'st'rength of reinibrcing bé{r _i_s‘ '14800 kgﬂériﬁ at Normal -

case LT
v) Mlmmum dlameter of mam remforcmg bar is D16 mm above. -

(b) Cases to be Studled

' .Casc I - To op crown elcvatlon of gallery is EL 80.00 m.
Case 2 - Top cro\'m elevation of gallely is EL. 90 00 m.
' Case3- - Top crown elevahon of galleny is EL. 115.00 m.
Case 4 - Top crown elevauon of gal!ery is EL ]40 00 m.

ReSuIIES of FEM method are shown in each éé_se as follows. . |

o

Case No. | Surcharge Load (tf/m’)
Case | , - 163.0 -
“Case2 | 1420
"Case3 | - 890 1

Case 4 20360



(c) Load calculation

a)

o

Gy -

Case 1 (EL+80.00 m)

. S— 5449 R
! L3H - zet | 23 |
aiternonspo E
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T;:EL*’ [ary {__. . ) .
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(: \\ ]
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'L
q== €4 60N /A2
(| |
j“_’; 2000 KO3
L 3ze0 * |
Upper SIdc -

Eﬂ‘echve span L=200m

iy Moment at edge section (Mf)

M = —%x1630x2 007 =- 5433 tfm
it) Moment at middle sechon (Mmax) . o _ co - {}

Mm&x —/ -21sz63 0x2 00'J -—27 17 tf—m |

i) Shcanng strcss at fulcrum (S)

5- r]2~x1630x200 ~ 16304
Boftom side
Grout prcssure _' qg 60 00 tfm? :
Water Pressiire - fqw - (EL+148, 90 i - EL+80 oo m) 4 30m
: R : —6460tf/m
Thcrefore water prebsurc as affeclmg load is adopted
Eﬂecnvc span L= 2.00m S
1) Moment at edge sechon (Mf)

1 , S N _ ) _
\r = = —_— = . > ) o . 2
Mf= - 12x64f6(_)x2.00 = 2_1.;3 fm o ¢

: ii').' ~Moment at middle section (Mmax) - -

© Mmax = +21&-x 64.60)( 2002 ~10.77 tfm -
i.ii) Sheanng stress al fulcrum (S)

§= g—x646x200 64601f |
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b) Case 2 (EL+90.00 m)

6510
3320 2.000 2.320 -'

i

d=142.000 4n2 ]

L

R -
N\ : /

q3=RICOMI /e

T

£60 2000 P94
3.200

Kl

4,300
400, oo 1-0001.00

=]

(i)  Upper side _
Effective span [L=2.00m "
i) Moment at edge section {Mf)

M= ;]lzxmnxz.oo’ :'-_47.“33 tFm
i) .Moment at middle séc_ﬁon (Mmax) -
Mma;c': 5';)(142.9)(2.002 _:23;67 ttm
iit) . .Shea:ing stress at fulcrum (S)
= %glétz_ox"z.oo - 1420010 <

(i)  Bottomside - .
- Grout pressure ~ : qg = 60.00 tflm

Water Pressure qw (EL+148 90 m - EL+90. Ol} m) 430m
- ' = 54.60 tfm’

Therefore grout pressure as affecting load is adopted
- Lffechve span L=200m RO
) \/Ioment at edge section (Mf)

Mf= 'H]_'ixso 00><2002 =20, 00 (m

1) " Moment at mlddlc seclmn (Mmax}_ S

Mmax= -szsoooxzoo‘* ib.oo tfem -

iii) - Shearmg stress at fulcrum (S)

5= Exé().()()xzc»o Z60.001F ¢
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c} Case3 (EL+115.00m)

{i) Upper side o _
Eﬂecnve span L =2.00m
i) Moment at edge sccuon (Mf}
Mf= - Tlé x89.0x 2.00? = - 29.67 tf-m
i)  Moment at middle sccl.ion (Mmax) -
Minax = 2]—4x89 0x2.00° = 14 83 tf-m
- iii) - Shearing stress at fulc_mm Sy -
§= %x89.0x' 2.00 =89.00(f

(i) - Bottom side
Grout pressure qg 60.00 tf/m R
Water Pressure tgw= (EL F148. 90 m - - EL+] 15 00 m) 430 m
| © =29,60 thny®
- Theref‘ore grout prcssure as aftecting load is adopted
'Lﬂ‘echve span  L=2. 00 m ' Lt
-~ 1) Moment at cdgc secuon (Mf)

_ Mf—,-rlix6000x200’ =-20. 00 lfm_ o

i) | Moment at mlddlc sectlon (Mmax)
" Mmax ="5'z><6000><2002 = 10. 00 tf-m'.' o
iii) Sheanng srress al fulcrum (S)

$= 5)46000)(200 souon”
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d)  Cased (EL+140.00 m)

[ 230 2000 230
. qu=38.00t/r12

iHITE T

4,500

620 5000 F04

| (i) - -'-Uppers'idc o
. Effective span L=200m .
i) Monient at edge section (Mf)

Mf— ~¥l——x360x2002——-l200tfm

. i) K ’\/Iomem at middle section (Mmax) _
- Mmax = -5':1-x360><2002 —6 00 tfm .
ji) - Sheanng siress at fulcrum (S)
5= %x360x200 36 00 1f
- (id) i Bqttom side
~ Grout pr_ess_nre . qg 60 00 tt"/m ) R
Water Pressure 1 qw = (PL+I48 90 m- EL+14O 00 m) 430m
S =460 tm? : -
lherefore grout pressure as affecting load is adopted

Effectivespan | . L.=2.00m -
L) Moment at edge sectlon (M[)

' Mf— —E><60(>()><2002 =-2000 tf-m_'. i
S .'ii): :_\rlmnent at nnddle secuon (Mmax) |
g _\r}max £x6000x2002 = 10 00 tfm: N '
: 7 m) : Shearmg stress at fulcrum (S)

:j—%x60.00x_2.00:60.0{)ﬂ‘ E _: S
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(d) Structural calculation .. Vo
Results of structural calcu!atlon on each case are shown as follows.
[Case-1} '

Top stab

Bottom slab

-Inside Inside Outside
Member of shape Rectangle Rectangle Rectangle

M ttm 27.17 T o 21.53
N if 0.00] B ~0.00 - 0.00
s e 000 T 0.00 64.60
B CHY 100.00 B 100.00 - 100.00
D cm 90.00 70.00 70.00
Ac om’ 9000.00 _ . 7000.00 - 7000.00
As -~ lem’ 1808 N 9.09 18.61
P=As/(B X D) 0.00201 ' 00013 0.00266
N=Es/Ee , 15 s 15
X0 _jem 19.50 ' - : 12.50 17.20]
K=X0/D ' - 0217 ' 0.179 0.245
M/(BXD) |kgtiem® 3354 2198 4394
SABXD) kgffem’ 0.000| .- Y0 0.000 9.229
© ) 9927 B TU11.891 8.878
(S) o 35775 . 54596 27311
@) | 1078 1.063 1.089
oc kgffem’ .-33.30 o260 0 3900
s kegffem? - 1800.00 - 1800.00] 1800.00
T keflem? 000 0.00 Lo
oca kgfem? 75.00 1500 75.00
o sa keficm? - 1800.00 . 1800:00] 1800.00
7a l—(ug[f'cm2 ©6.50 5.50 .

" Result of FEM method is adoptcd at oulsuie of top slab (rcf'er to

" stress — strain analysns)
Result of FEM method around top slab

'l‘ensmn stress 1]7 90 + 51.80 = 169, 70 tﬁ'm
Necessarv reinforcmg bar scctlon aréa -

“As=1677 keflem’ X 20 om/ 1800 kgf/ém ~18.63 cm2 .

Arca of remforocment

i)

In51deoftopslab : U TP
As = 18.08 cm? 19oocm (022@200) T OK
Out side oftop slab . . NIRRT
As=1863cm? < 19.00 e (Dzz@zoo)....;._.._; ............. 0K
lnSIdeofbottomsIab ) o
As=9.09em? S 1005 em (016@200).....5..; ..... i OK
~ Outside of bottom slab R L
As=1861 em? = 19.00 cm? (Dzz@zm).......ﬁ;..{ ..... i OK




© STRESS — STRAIN ANALYSIS CASE 1
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Figure of main remforcmo bar 1S sho\m as follows

Dazez00

222 LUy

\&

' 039’340’3 I\

o DISE D

\:l -
. D:Z@ 200

DQS@;’OO 1880 -
" [Case-2] T . o
Topslab = - = - Bottom slab
* Inside o e Inside Qutside
\1ember of shapc . Rectangle |- - Rectangle Rectangle
M tf-m 23.67| . 10.00 . -20.00
N o (tf 000| 0.00 “0.00]
S if e 0000 “0.00 60.00
B - fvrt S 100.00) 0 - . 100.00 - 100.00
D cm - .9000] L - 7000 70.00
- |Ac cm’ T9000] 7000 7000
As : em’ 15.68 8.42 17.24
P=As/(BXD) - 0.00174 ¢.0012 0.00246
N=Es/E¢ ~ 15 15 1S
X0 . . em 18.40) : 12.10 - 16.60
K=X0/D o . 0204 - 0173 0.237
MABXDY) kgficm® L 29 2.041 4,082
S/(BXD) kgfiem? ~ 0,000 0.000 - 857
©) ' R 10.521] 12.282 9.150
(5) 41.065 . 58.800 29.400
1(Z) : ©1.073 - 1.061 - 1.086
ac kgf/em® . 30.70 2510 .. 3730
as kegflem® - 1800.00] 1800.00 1800.00
T kgf/icm? - 0.00f - - 0.00 L
o ca ~ tkgflem? - 75.00 - 75.00 ~75.00
osa kgf/em? 1800.00 - '1800.00 © 1800.00] °
ra - tkgffem? 6.50 - 6.50

Result of FEM method is 'a.dOpféd-at outside of fop slab. (refer to
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0

siress — strain analysis)
Result of FEM method around top slab
Tension stress 111,00+ 51.80 = 162.80 tf/m’
- Necessary reinforcing bar section area
As = 1628 kgfflom® X 20 ¢ / 1800 kgﬁ’cm2 = 18.09 cm?

Area of reinforcement
i) . Inside of top slab .
As=15.68cm? S 19.00 cm? (D22@200) ....... e OK
i) - Qut side oftop slab ' : S B
o As=18.09cm? = 19.00 em’ (022@200) ...... e OK -
i) - Inmde of bottom siab e - S
L As=842cm? = 1005 em? (016@200)._._,; ............ e OK
iv) Qutside of bottom slab - R '
o As=17, 24 cm’ < 1900cm (D22@200) ..... e 0K
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STRESS — STRAIN ANALYSIS CAS

Value of Stress

D. C.
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Figure of main reinforcing bar is shown as follows.

2222200

- D223200 ,
B 0222237

, Chpirigiobynimmy |
\'\ : 4

p223200 b\

0323200

2223269 fx |

D229200 I 2193209

[Case-j] .
Top slab Bottom slab
: : : Inside N Inside Quiside
Member of shape - Rectangle o Rectangle Rectangle
M : 1f-m ' . 1483 : 10.00 -20.00{
N | 000 R oool 000
ey tr 000 - 0.00 60.00
B __fem © 10000 : 100.00 100.00
D cm 90.00 ' _ 70.00 70.00
Ac cm? ~ 9000 - 1000 7000
As : e’ - 10,65 : 8421 - 17.24
P=As/(BXD) ' ' 0{)"0_19_?3 , — : Q.OO]Z 3 - 000246
. IN=Es/Ec o : 15 , : 15 15
X0 em | 14300 - 121000 16.600]
K=X0/D : 0 0.164] - : . 0173 0.237
M/AB X DY fkpfem? | 1.831 _ . 20411 4.082
- |sBxD) kgflom® | 0.000] I 0000 8.571
(S S N 12.882 o - 12282 - 9.150
Sy N R 65.543 ' - 58.800 29460
@ o e 1.058 ' - 1.061 1.086
Nee - |kefem® | . - 23.60} ; 25001 3730
as . . lkgflem® | . 1800.00) . 1800.00]  1800.00
t . |keffem? | 0 - 0.00 ‘ B 000 -
geca . |keflem? {0 7500 . 75.00  75.00
gsa - kgfem? | -1800.00 S 1860.00 1800.00;
ta . |keffem® . 650 . ' _ 6.50

" Result of FLM method is adopted at outside of top slab. (refer to

o2



stress -- sirain analysis) _

Result of FEM method around top slab

Tension stress ~ 67.40 + 30.30 = 97.70 (fim?
Necessary reinforcing bar section area

As =977 kgfiom’ X 20 em / 1800 keflem’ = 10.86 cm?

Area of reinforcement

Inside of top slab

As=10.65cm? = 14.20 cm® (1)19@200) .......................... 0K
Out side of top slab :

As= 10 86cm’ = 1420cm (Dl9@200) ................. S 0K
Inside of bottom slab : o
As=842cem? < 1005 e (DI6@200) ... . OK

© Qutside of bott_om slab - : .
“As=17.24 cm? = 19,00 cm? (D22@200) ............... e OK
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D. C.

Value of Stress
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Figure of main reinforcing bar is shown as follows.

LRS-

pesaw |
1
|
L

- B

1086

_a;c@éb_q o
[Casé—d] e .
: .- Top slab : Bottomslab
“Inside .} ~ Inside Outside
Mcmber of shape - Reclangle - Rectangle Rectangle
M t-m - T 6.00 " 10.00 . -20.00
N tf 0.00 - 0.00 0.00
S tf o000 0 L - 0.00 - 6000] -
B ~fem T 10000] T 100.00 100.00| -
D cin S0.00; 70.00{ - 7000
Ac cm’ 9000 7000 7000
As Cqem® | 3.84 - - 8.42 17.24]
P=As/(BXD) 0.00043 0.0012 0.00246
- IN=EsfEc¢ 15 15 - 15
X0 cin L 9.600 12.100 © 16.600
K=X0/D e 0,107 s - 0173 - 0.237
M/(B X DY) keffem’? 074 2.041 -~ 4.082
SHBXD) . - |keffem? ~ . 0.000 0.000 8571
(C) L S 19.396 e 12.282 9.150
(S) . 162.000 . 58.800 29.400
(Z) : 1.037 1.061
ogc kgffem’ - 14,40 2510} 0 73730
os kgflem? - 1800.00 -1800.001 - 1300.00
T kgffem? 0.00 . 0.00 .
oca kglem’ ~75.00] To7s00] 7500
¢ sa kgfcn? ~1800.00 ~1800.00] - 1800.00]
ta kgfiem? 6.50 " 6.50 ' :

4' Resu_ﬁ of FEM method is édopied at‘ou'ts'i.dc of_ top slab, (refer o

23:14
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stress — strain analysis)
Result of FEM method around top slab

Tension stress ~ 18.10 4 1.60 = 19.70 (/n?

Necessary reinforcing bar section area

As = 197 kgffom? X 20 cm / 1800 kgflom? = 2.19 cm’

Area of reinforcement

)
i)
-iii)_

| Aiv)

Inside of top slab

As=384c® £ 10.05¢m 2 (DI6@200) oo

Out side of top slab

As=2, 19<:m2 = 10.05cm? (Dl6@200)...._....;.........‘;..
' Inside of bottom slab ' -
 As=842cm’ £ 1005 cm? (D16@200)
' Outsude of bottom slab : s
As=1724em? = l9000m (1)22@200)
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b. C.

'STRESS — STRAIN ANALYSIS CASE 4
‘Value of Stress
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Figure of main reinforcing bar is shown as follows.

0162200

e
0163200 0152700

§
D163200 \\

0153200

0159200

0169200

0183290

0162200

Coazoz0 | |oteszco

2 Gal!efy for B-52 .

é} S : There is gallery for B- 52 at downslream dam slopc And helght of cover matenal is
| about 54.0 m from top slab of gallety to dam s!ope , o

In structural calculahon it is estimated that portal ng:d frame is ﬁxed in foundallon

ground _ : '

Standard cross secttou 15 shm\r nas fo]lows

3 st
o] 2650 3

EL 3T Hden

lenncpine Yeree3

4,300

3,700
. .
. .
.
o /
] "
1

a00

HOO

O

- Figure of frame dimension is shown as follows. -

-
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Geometrical moment of inertia

3 3 o
11 = bh = 1.00x090" 0.06075 m*
12 12 S
12 = bh ] 00x1.00 = (.08333 m*
12 - 12 , o

Secuon area
' ;\]—100)(090 0900m _
A2=1.00X1.00 = 1.000 *

Load calculatioh
() Top slab _
a) \\’eight of slab
. W1=100X2. SOiﬂm 250 {ﬁm
by \’elght of eanh R SR
S - \\’2 (EL+141 00 m - EL+87 20 m)Xl 94 tf/m = ]04 37 tf;m
i (ii) Side wall ' : S
a) - Welght of \\all _ _ . E
© NI= L70X0.90X2.50 ' =483 Om
b) _Eanh pressurcat rest . ) I
P1=0. 50><(EL+I41 0 - EL+86 70)><1 94 tﬂmJ = 52 67 tf/m’

P2 =0. 50X(EL+141 00 - LL% 84. SO)XI 94 tffm =54.81 thm’ |

' ] Igure of actmg load is shown as follows

-290"'

) ! wza 10& IFJm2 - I

LT

W1=2 S frey

.F-;=52.e71f)¢4 Uﬂrﬂﬂjm D =577 u/w '

T i [ T
IS S _ o
: ] 1 -
L3R S E
) SR SRS RN =
cf[ ) e ‘:\I §
L—-—-—bi <l =

I : ,_l rl [

. ; z z
i ]

92::—;81_1!,’.7\2 K i St PEsfr g m2

12318



shown as follows.

Member

Summary calculation result is

Condition

Distance

- (m)

Bending
moment
M (¢f -m)

Shearing

_ Stress

S (tf)

Axial
. Force

N (t)

M1

Maximum

0.685 -

4.051

0.000

154.962

Minimum

2.200

-57.538

30.922

154.962

M2

Maximum

1.450 54.809

0.000

80.922

Minimum

2900 - | -57.538

154.962

80.922

M3

Maximum

1.515 4.051

0.000

154,962

Minimum

0.000 -57.538

154.962_

. Mrna-57.53H-m

" 2200
£

[1:h]

UngiwdG51M-m

- BENDING MOMENT

S$=509200

gswm

' Sergegene | . -
i ' ) N Seigassi

2%

(71 O

X

7 SHEARING STRESS

T

T
i

. [ N-22323

S=37 55

. F B : .
e 7 B 4
. R 3= 37308 ;. :

80.922

NS T

M 154, 90280

MF

A us

L

U UAXIAL FORCE

Nt b 007




Structural calculation

Inside shape of top slab at gallery is horseshoe. And in structural calculation at
" cdgc scction, cdge mcmber is regarded as havmg haunch. l'reatment of member

w;lh haunch is shown as follows o '

EFFECTVE WELEEs

e

TR e L S .
3.0 TE .
: P | l . NPT
‘ ! o
o 0D anCH L

CFFECTIVE WIDTH ... .
"
=N

Dll‘ﬂCI]SlOH of calculallon mcmber

Top s]ab : 3 o S
a) Mtddle section CB= 100 em  H=100cm
; b) End section B=100 om H=1l4cm -
" Side wall _ _' L . o
' a) " Middle section - B= IOO cin - H= 90 cm
b) - End section R 100 om H=104 ¢m

Results of s{mctural calculation on each memnber are sho“n as follows

,_B.

..D

©

jos

- Top slab - Side wall -
ST o Inside ~ |  Qutside Inside ° Quiside
Mcmbcr of shape Rectangle Rectangle | - Rectangle - | - Rectangle
M 1f-n . 54809 - . 57538} - . - .57.538
N tf - 80.922 $0.922 154 962
S tf - - 0.000 154.962 80.922
cin 10000 7 100.00] 100.00
“lem 790.00) . . - 104.00 9400
Ac - cm? 9000 10400 9400
As - cm? 19.22 15.02 ©19.00] -
P=As/(B X D) ' 0.00214 000144 ©0.00202
- [N=Es/Ec T R T ~ 15
X0 “lem 3310 35.20 52.00
K=X0/D \ - 0.368 0.338 . 0.553
MBXD?Y) - . [kglem? L 6.767 75320 6512
SABXD) . - tkeffem? S 0.000] < - 14.900) . - - 8.609
o 10316 - 11.535 10047
s 17.734] T 22558 - 8.121
_ l(_Z) ~1.307| -1.388 ©1.688)
oc lkeflem? ] 695800 - 6140 - 65.40]
kgfiem? 1800.00] "~ 1800.00( - ~793.000
T kgflem? 0.00 S 14.90 T 8.6Y .
~loca . kgflcm? 75.00 - 75.00 S 75.00]
gsa - ikgllem? 1800000 © . 1800.00{ . 1800.00]
Ta - - {kgflem’ 6.50| S




Amutmfgmngm
(@) ¢ Inside of top slab

As=1922 cm? 24 55¢m (D25@200) .......................... oK
(i)  Out side of top stab R
- As=15.02cm? = 19000111 (D22@200) ...... SRR ¢ £

With shear reinforcement
(iii) Outside of bottom slab - :
- As=19.00cm® = 19.00 e (D22@200) .......... s O.K
With shear reinforcement

" Figure of main reinforcing bar is shown as follows.

" p22d200

0253200 _

. DIGD200

0250200 - - S R=220mm_

0252200

- D1ER200

: | \F u;sazaa "

192200 | - | 0220200

 In structural calculatmn shrrup bar is anangcd at member havmg above
o a]lowable shcarmg strcss( t a=6.50 kgffem?). ' :
Stlmlp is calculatcd___mlh_ follomng formt_lla. -

A= xS
"'-_0 xd__,_.-
Where , g R
- Aw Total secnon area of shrrup (cm) o
S Shm:p mtcrva} at direction of member axls (cm)
S ) ' S Imposmg sheanng stress by shm:p (kgf)
SsSSc_ ‘ :
o S_-' Af‘fectmg sheaﬂng stress (kgf)

Sc Imposmg shearmg stress by concrete (kgf)
Sc¥ lxr xbxd o
: 2

g sa Allowable tensmn stress of rcmforcmg bar (kgf/cm )



d . Effective height of member {cn)
b - : Effective length of member (cm) -

ta : Allowable shearing stress without siirrup (kgf/cm’)

Casc of top slab (Ouisnde)

a)

b)

Dimension of member and affcchng shcanng stress

' _b =100 cm

d=9%0cm (h= 100 cm)
§=154.961f

Imposmg shearing stress by concrete '

Sc= —;—xr xbxd

( ra=6.50 kgf/cm2 o Lok _;2_25 kgflcnﬁQ) N
So= 12X6.50X 100X90=20250 kgl

_Imposmg sheanng stress by stlmlp .

Ss=8-8¢ '—. 125710kgf

sz(bXd) 13,97 l\gﬂcm 16 00 kgffcm e OK

: Neoe_ssary secﬁon are_a of stirrup
Awr == SsX /(6 saXd) = 15.52 em2

Where _
osa = 1800 kgﬂ’cmZ
s . =20em L
- Aw =D22@200 = 1900cm2aAwr...'.-.'.....‘........-..j;-..o.K_ :

Casc of side wall {Outside)

)

: Dlmensmn of member and aﬂectmg sheanng stress

b= 100cm -

d=80cm (h=90 cm)

5) - lmposmg sheanng stress by corlcrete pel

§= 8092tf

. _:_ Sc=5%xr xbxa‘ N

(ra=6.50 keflem2 1o ck = 225 kgflem2)

s 273.'22 S



So = 1/2X6.50 X 100 X80 = 26,000 kgf

c) | Imposing shearing stress by stirrup
=$-Sc = 54,920 kgf
T = Ss/(bX d) = 6.87 kgfem* 16,00 kgfiem’......... S oK

d)  Necessary section area of stimup
Awr=38sXs/{¢ saXd) =11 44 cmZ
Wherc
T osa = 1800 kgﬂ’cm2 '
s‘--_~3()cm' _
Aw = D19@200 14 20cm22Awr ...................... .OK

.. Qaml_dgratngmwgum;m suiL.all , :
. Downstream Slde wall at B- 52is rcga.rded as slab flxed in 4 s:des

Co2000 o

= \_[\\&\\\\\\\\\\\\\\\ . 7E)486.200m
. 7 :
i ~
o .
[+ : i
= : Z
B 2
' ; . B
é O P EL34.500m
/'i\\\\\\\\\\\\\\\\\\\ R T

Slendcmessranon V 200/170—1 8 S

, Load calculatlon L : o
L PL=0.50X (EL+141.00 - FL+8620)>(194 tﬂm . =5306tHm

. P2 = 050><(EL+14100 EL+84. 50)><|94 iflm’r o =sasnfm’

"_"T-Bcndmgmoment _' ST e ey - DT
\dxlh—(0063><53 16+004><l65))-(1'1’02 : = -9.87 tf-m

7 Mx2=(0.024X53.16 +0.013X 1.65)X 1707 - =375 (fm
. Mx3=-(0.063X53.16 +0.024 X 1.65)X 1.70 S =979 tfm
Myl =-(0.055X53. 16+0028><l65)><170’ : —-85811‘-111

\Ayl (0016x53 I6+0008XI6S)X170’ —245t['-m

Shearmg strcss : : _ B S
Sx=(0.48X53. 16+035X165)><170 L = 44364
o Sy= (045><53 16+035X165)><170 S =416sf

Cmnl_)in&_tigﬂ Qf lqad_

R



Short side section (L= 1.70 m)

Mx = -9.87 tf-m Sx =44.36tf
Long side section (L. = 2.00 m} - _
Mx =-8.58 tf-m ;- Sy 41, 65 If

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

_ Downstream side -

Direction © Verlical Horizontal
Member of shape Rcct'mgle Rectangle -
M < {tfm : 9870 - -8.580

SN 0.000] " 0.000
s T e S aa360] T 41650

B - . em © 10000 100000 -
D o Jem . 8000 .. ... 8000} - -
{Ac o dem? | o U80000 0 - 8000
As 7 fend? coa122 0 625
P=A¢/(B X D) ol 700009 - 0.00078
N=kg/llc . - B 15~ - .15
|Xo0 cm 12100 - 1130
K=xop |7 easzf - 0142

ey ket | 1542) 1341

|sBxD) . lkeffem? [ - L 5.545] - 5206 .
(C) oot 13899 T 14.798)

ey T I 77812l s9si0 o
@ . 1083 1050
oc - (kgbem’| . .-2140] - 1980]

“les - keflem? | 1800.00] 1800.00 .

N - Jkeflem? | - 555 0 521
Joea 7 kgfem® {75000 0 7500
losa " fkeflem® | 180000 . 1800.00] - -

ta kgf/cm’ 6500 6.50]

v A;Qﬂ Q_ Irﬁ. igfg o T

T '_Vemcaldlrecnon (L= l70m) SR TS
T As=722em? < 937em (019@300) ..... e OK

' (ii) Honzonta] sechon (L——200 m) - o SE
As—-652cm’ < 937 en (019@300) .......... — SO o} K



2.4 Splllway

: Sp:llway, lhc balhtub type of stdc channel splllway, consnsts of f'.ve (5) pomons Those are

ovgrﬂowk weir, side channel, control portion, chute and stlll_mg basin.

2.4.1 Design Conditions

g
MMMM_C@&QELL
The safcty of the sp:llway structure should be venﬁed through detalled structural calculanons.
“The ¢ combmahon of loads needed for thc structural calculallon is glven hercundcr '
Structure facmg Resenrmr Watcr
Case Condmon of Reservonr - Combination of Loads -
: Self wi eloht .
‘ Earth pressure with eanhquake (100 %)
: - S Hydrostatic pressure
! qumal Water S""_—fa;e .| Hydrodynamic pressure (100 %) :
Inertial force during seismic motion (100 %)
o _Uplift pressure : :
g Self weight
§; ' Earth pressure wnh earlhquakc (50 %
g Hydrostatic pressure -

Hydrodynamic prcssurc (50 %) -

Inertial force during selsnnc motion (50 %)
Uplift pressure Lk
Self weight P : -

Earth pressure .

Hydrostatic pressure

Uplift pressure .

Self weight

Inemal force during seismic motion (50 %)

2 Surcharge WétefSurf‘aCé

"3 Makimum_ \Vaiér Surface

4 Erﬁpl_y Résewoir L

Struciure not facmg Reservonr Waler

Case |- . = Condmon - T Combmatlon oFloads
B : o Sell weight ' :
i | Normat Condition | Eatth pressure :
ST R Hydrostatic pressure
Uplift pressure
Self weight -

Earth pressure w1lh earthquake (IOO %)
Hydrostatic pressure . .~

Hydrodynamic pressure {100 %)

: | Inertial force during selsmlc motlon (100 %)
: Uphﬁ pressure S

L2 Earthquake Condition




Structural Stability

The spillway structures should be founded on rock and should be safe against shear and
ovcﬂummg It is a vsual pracuce to defermine tho cross sectional arca for a two- dlmensmnal
design process based on the assumption that the slruclurc consists of a number of cannlevcrcd '

~ beams which are independent of each other. The required conditions of the structural safety are

described hereinafier.
(1)  Conditions for Safely against Shcaf

Regardmg shear safety, an evaluahon shou!d be made usmg Helmy s formula for the

contact p!ane of the rock foundanon

LSS

SF =

Wl.nef.e, ‘

: ".‘SF safet)' factor o .

H total sheanng force aclmg m lhe shear p]ane per mut wndlh (l ff’m)
\A total normal force aclmg on the shear plane per umt wndth (tf/m) - ;
_ T B shear strcngth of rock foundahon (tﬁm ) . '
L length of shear plane (m) :
f E 4coeﬁ10|ent of mlemal fnctlon of rock foundanon 3

; (2) _ “Qvertumi‘ng

: When the !ocatlon of lhe resulnng forcc of a load is wlthm the central one—thlrd pomt
o tensnle stress in the vemcal d1rechon is not produced at thc upstream face of the
strucmre o i
Th_c fo]lowing formulais used for the stability evaluation.

"Whe_‘fe, L ' SRR IR S R

I wndthofbase(m) o
M : ftotal moment at pomt A per unit w1dth (tf-mfm)
Y total normal force achng on the shear plane per umt w:dth (tt"/m)

e 1 . eccentricity (m)

“iads



2 R L : . BT

3) Bean'ng Capacity of Foundation

The maximum prlnc;lpal stress in the foundatton must be kept within allowable rock

beanng capaclly, whlch dcrwcd from the followmg

4, b b

ER (lﬁ@)
b\ b))
Whee,
o q._": : 11133\mwmpnn01pal stress(tﬂm’!m)
Q@ mmlmum principal stress (tf/m’lm)
Vo total normal force actmg on the shcar planc pcr unit width (tffm)
b - width of base (m) '

e _}eccentr;mty (m)

o 'Réq:ui_r'ed Conditions o
The foilow_iag égﬁdi}_idris sh_a_I_I he_sa_l_i_sﬁed in stabiiity caICulaliﬁns:_

Structure facmg Reservmr Water R

N R ; : o Slruclural Slablhly
Ca? C ondmpn fo}e.,s?ryoxr Eaﬂhqsake Agamst Shear Against Overturning
"1 Nc_:m_lal Waler Surl_'aqe . IOO% ) SF>4 : e;5f7<g -
o AT N S b M

2 | Surcharge Water Surface 50 | - _S.de g : e=5—7<%
o - : BT — — v

3 Maximum Water Surface |- - 0% - - - 8F=4 : “2”1\75%

4 E R oir ¢ " 50% . © SF>4 e=———<—
4 mpty eservoir | - " | o SF>4 PRI

o  _§74-.3 f_ﬁﬁ



Structure not facing Reservoir Water

. S Structural Stability
Case Condition Eanhqu.ake. Against Shear o Agams}
: verfuming
' . o ‘b M b
1 Normal Condition ) 0% fFH e= SR %
oy ' : b M
2 | Earthquake Condition 100% | sFa4 — ot g

Notes SF :

o ez

safety factor
width of base (i)

{otal moment at point A per unit width (tf-nv’m)

total normal force acting on the shear plane per unit wrd{h (tfm)

eccenmcnly (m)

Material Properties . -

Material proﬁen_ies to be used for structural calculation are summarized belov&; ‘

_.(.1) 5

®

Shear SIfength of Foundation Roﬁk

R kCl Lstimated Shear [ . Coefficient of
ocRL1ass, © Strength Tnternal Friction
CL class - 1,.=30 tiim? - 0.7
CM-L class 1,45 1fm? 08
CM-Hclass | 1,=50 tfm? 0.8 °
Properties of Conét;ﬁc!ioh Material - -
Material Unit Weight (D)
Reinforced Concrele (Thick Structure) - 2.35 |
Reinforced Concrete (Thin Structure) - 2.50 -
VR " Wet Density | - Submerged | Internal Fricion
o . - {1fm?) Density (1fm?®) | - Angle (degree)
Impervious Material (Dam) - - 201 - 1.19 300 -
Semi-pervious Material (Dam) 2.1 2127 0. - 35.0 2.
- - | Pervious Material (Dam) - - 194 L1600 : 450
: Sandy Soil (Backfill) 1.90 . oo 090 50

o244
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24.2  Stability Analysis

‘Sections analyzed are shown in i‘ol.l'd_wing fi gures.
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‘The results of stability analysis are summarized as follows:

Structural Stability
- Parts Loading Condition __Againgt Shear_| Against Oveituining (m)
- ' SF=4 e | <Bfsor<Bf3
Normal Waler Surface _ 6.626 1.078 | '
& Service Surcharge Water Surface __6.165 0.191 1316 = 2 552
= Spillway Maximum Water Surface 5.7 - 1 1490 | TR .
3 R Enmpty Reservoir 30.199 0.574 - . _ (
2| | Normal Water Surface - | 5.795 0.441 o :
21 Emergency | Surcharge Water Surface 5.450 0.889 e e
O - Spillway - | Maximum Water Surface - 4967 - 1.589 . Bl6 =2.385 _
- | Empty Reservoir 20.259 - - 1.405 ol
8 Upper Normal Condition 6.887 1.296 B/6 =2.197
» - | Earthquake Condition - 4.08] ] 2614 | Bfi=4391
5 .Low-er Normal Condition =~ - 7445 | 0.785 B/6 = 0.878
= _| Earthquake Condition 43713 - | 1603 | BBR=1.757
g - | Normal Water Surface . 4297 | 1879 ST
i - | Surcharge Water Surface ©.5.081 ¢ 1.964 SRR
o .;-I_Jpper | Maximum Water Surface - 4.895 . 2175 | - Bl6f2.537
el8L Empty Reservoir . @ 110143 o7n |
g{@l | Nomal Water Surface 14051 | 2093 |
© || Impervious | Surcharge Water Surface 4433 ] 2018 1o
# ) . Zone | Maximum Water Surface - 4.834 1.85¢ | - 7 T
: | Empty Reservoir -+ S 5612 | 1409 | i
' Lower ~ | Normat Condition @ - 7010 - 1055 |- B/6=2.027 :
S Earthquake Condition - 4133 2.355 B3=4053 |- .
- 14 Normal Condition _: 24133 | 0060 | Bi6=0483 | = [
g ) Earthquake Condition - | ~ 12863 - | 0262 | BA=0967 |i - - -
5 =12 Nommal Condition - . | ~ 35965 0.085 B/6 = 0.450
' - Earthquake Condition 183N 0.153 | "B3=0900 |-
Stilling Basin . | Nomal Condition - 6.709 - | 1108 | BI6=1567 |.
: " _| Earthquake Condition 4,053 - 2.530 Bf3=3.133 :
Overflow Weir -

Overflow we-i‘r _bonsisls of t{vd (2) po:ﬁbns, namely scf\’icc spililw.ay and eii\éfgency spiilwéy;
(1) - Service Spillway =~
e ('a). Basié 'désign ééndiﬁbn ) SR

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

. .-,'jil2—4—'6'r
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Demgn condmons such as matenal propemcs are shown n the fo]lowmg tab!cs

Item =~ = Symbol Umt Value - " Description ]
Unit weight of concrete o [ m®)]| 235 " Thick structure
- Unit weight of wetled SIERUIEA N et Aaraiiy
" backfill soil . | RER (tflm) 1.90 Wet density
Unit weight of submerged | i) - 50| oo s b g -
backfill soil . - ys (tf/m°) _'__(;]'90- : Submerged density
HOHZOMEII.SCISIIIIC : " Kh Sl eae T 100
coeflicient o : . s e
't Shearstrength of -7 |- towonb oo b
- foundation rock S | () L{i_;___ _“_V.”Ei\iiiflass o
. Caeflicient of intemal . - - ) _
friction of foundation rock | -~ ! ] 0.8 ... CM-Lclass

< Coefficicnt of carth pressure >

-K'a;. . cos?($-0)

COS- L Cjos(-é e [ Jsm(¢+a) s1-n(¢ ‘a)]

cos(9+ 6) cos(O a)

: Ka Cocﬁlctcm of actwe carth pressure undcr nom\al condulmn :



Item ) Symbol | Unit Value Description
Angle between wall backside ' .
- surface and vertical plane o (degrec) 0.0 B
Angle between ground surface and _
~ horizontal plane ) (degrec) 6.0 7
" Internal friction angle of soil o) (degree) 35.0 Sandy soil
Friction angle of soil to concrete & (degrec) | 233 =234
cos? (904 - 0) 3

- Kea=

cos0g - cos’ 0 -.cos(e +00 +3)- [l +J

sin(¢ + 8)- sin@) ~a-0,) ’
cos(O +0p + 6)- cos{0 - a)

Kea : Coefficient of active carth pressure under scismic condition

Value

- ltem Symbol | = Unit - Description
Friction angle of soil to concretc | ~ &c | (degree) | ~17.5 : =1/2¢
Seismic composite angle 0, (degrec) | various tang,=Kh

i

) Casel Semcc Sp]llway, Nonual Water Sml‘acc LL 148 900m R

Homontal se:smlc cocf"ﬁc:ent Kh 0 16 (100%)

(1) [ oadmg Calculatlon

o Structural modcl and ioad combmallons are snown in thc followmg ﬁgure._ ‘

22590|

_] ‘1f5.etic;m n-:;;.v;; u\.n[sz .T-\-a:rp;
1A\
i ‘_._Giﬁ_ué.a:;,é."l L % co u,mlwcml' “'§‘ : N .
L - B R ?3:? \Woter pressureN -
. . n ; -_ﬁ_g&&'%}.ure Uphfl,—;w _H‘L?*LL Hydrod}'na'mic ﬂ% el
| - 'Eéch load.is.b_:';'ll.(_:ulétéd'lw.reinaﬂer. -
"Deadload L S R
O Am?) | vih ] X(m) {Mx(tfm)| H(t{) Y(m) My(tf-mn)
I(concrete) | - 4593 = 107.93 - 7.65] - 826.14 -17.27 1.50
2(concrete) 30.27)  71.14] © - 6.44| - 458.13[ " - -11.38 ©6.10] - -69.43
" 3(concrete) - 2827| 6643 1013 67298 ~ -10.63} . - -7.65 - -81.32
4(s0il) 19.76 17.78] : 1348} - 239.71 -2.85] © -~ 5.70| 7 -16.22
~ Total 124.23]  263.29] 2196.96] -~ 42,13

T



* Earth Pressure with Earthquake -
Seismic composite angle : 0,=9.1(degree) (tanOo-—Kh =0.16)
_ Coefficient of active earth pressure : Kea=0.348

fian

| A(m?) V(if) X{m) | Mx(tf-m) Y(m) | My(tf-m)
Pagl - 1.37] 1165 16.00 -4.36 4.80 -20.91
Total - 1.37 ' 16.00 -4.36 ' -20.91
Water Pressure - - - - .
3 ~A(m2) | v X(m) | Mx(tfm)]  H{f) Y(m)} | My(tf-m)
W,Pw - ©34.03] 3403 13.48] - 458.71 -75.65 410t -310.14
__Total : 34 03 458.71 -75.65 - -310.14
Hydrod)mamlc Force (due to Earthquake) ' L
A(m ) V(tf) X(m) Mx(tf-m)|  H(Qi) Y(m) | My(tF-m)
) Pd ' e -14.12 4.92| - -69.47
Total _ - - -14.12 ' - -69.47
i Am®) | v | X(m) [Mx@fm)} U@ | Y(m) | My(tf-m)
U - | -31.38 1021 -320.30 L I
~_Total -31.38 | 320300 - -
(u) Stabllnty Analysns (\Iormai Water surfacc)”
: Sensmac condmon (wnth Earthquake) Kh= 0 16(10{)%) | e
£ | Total Load - V| BH | Mx(tfm) My{if-m)
‘ - Dead Load ' 263'_3_‘ B —42 I 219700 - 1929 - -
- Earth Pressure A 44 160) 209
‘Water Pressure v 340f - -756] - 4587 - -310.1
- Hydrodynamic - 00 DAl 0.0 -69.5
“Uplit o - 314 - 00 . -32031 . 0.0 -
Total : 2673 - 1362 - - 23514 -593.4]
Saf'ely agamst overlummg ok S
~d= 6577 mo e _—
e=Bf2-d= < 1.078 m <. 2552 m =bi6 OK
, '_Saf'et) agamstshear PR S
L SE(VEGH= 6626 > U4 OK T
B '( ): Case-2.':’Sér’\'éiée'.spillﬁa);, S'u"r(':hargc. Watér Silr}‘ace : EL'.._ISI..SOOm
g; L 7 Honzontal se:smlc coeﬂlclent Kh 0 08 (50%) R

(l) Loadmg Calculatlon o

Struclural model and load combmations are shown in thc follow;ng figure.

Cza9n
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~ Each load is calculated hereinafier.

o f)ead Load

AQud) ] -\’(ti X(m) Mx(if-inj :H(nb Y(m) 'h_d)(nfm)

(concrete) - | - 45.93] 10793] . 7.65| 826.14] 863 - 1.50]  -12.95
2concrete) | - 3027]  71.14]  644] 458.13] 5690 60| 3472
3(concrete) | 2827] 6643 - 10.13] 67298 - 531 - 765] © -40.66
CA(soil) |- 1976 17.78] T 1348] 2397 - -142| - 530 -8.n

Towl | 12423] 26329 | 219696] 2106 . | 9643

I‘arlh Pressure wilh Eanhquakc
" Seismic composite angle : 60—4 6(degrce) (tanBo""th() 08)

L Coefﬁcxent of active earth pressure : Kea=0.293 L
' A_(m) V(i) X)) [Mx(tf-m) H(tt) ‘ .Y(m) My (tf-m)

el 115] 11es| 1345 - 3.66] - - 4.80] -17.58
Total | - s | TTasas] o 366l -17.58]

- Water Pressure

A2y 1V 1 Xom) [MaaEm] 10 Y(m) Ny (tEm)

W, Pwl - 44,64 44 64 13.48] 601.75) - -35.61 . 6.15]. -219.37
"~ Pw2 : - . - o =565 0 4800 ]
' Tota] : R - 44.64 601.75] - -111.32] - - N -219.37

Ilydrodynalmc Force (duc lo I:arlhquake) -

A(m) V(tt) X(m) Mx(tf-:'ﬁ)" H({f)f o) ] My(iﬁnj

Pd - | -1078] " 6.08] -65.55
Total _ | =~ -~ -] o w8l T 6555

| A@m) V() | X)) IMx(tEm)| CHE) | Yan) | My(if-m) S €)
u_ - | -3878] 1021 39582 - 1o | : L
Total 3878] | 39s8f - T -

| (i) Stability Aria_llyréis (Surchérge Water Surface) o



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

Total Load V(if) H(D | Mx(tf-m) | My(tf-m)
~ Dead Load - C26331 0 2L 22,1970 -96.4
Earth Pressure o 2pe o 37 13.5 - -17.6
Water Pressure - 44.6 -3 6018 -2194
Hydrodynamic 0.0 -10.8 0.0 -65.6/
Uplift -388; 0.0 -395.8 0.0] ¢
L Total 270.3 © o -146.8] 24163 -398.9
S‘ifety against ovemlmmg
Cod= 7464 m T ,
¢=B/2-d= 019l m < 2552 m =ble - OK
Safety against shear " B

o SFE(VErlYH=

(@

L 1158 3552
Rl B .
P19 3w sen)

S 6.165 -

S

IIonzonhl sclsmlc coeﬂlclent I\h 0 0 (0%)

(1) Loadmg Calculahon C .

Casc 3: Semce Spll]way, ‘\/!emmum Watcr Surface EL.155. 300111

Structural modc] and load combmalmns are shown in the fo]lowmg ﬁgure.'

EE.145.90Lm
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- 11350
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Hoter
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8,400

1%, 700
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b
ot
18,700
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- 124.23]

aan

— _g! :—;
- _® ELtssencm § © 4 f§* I 2 o g"i
. L. $2] Woler pressure
| Deod Load - Eorth Pressure % -
R o ‘.ﬂ ..'1'5,3-7}37 _7"'
- Each load is cé!cﬁléted heféi_naﬂt_zrﬁ
o T AmY) | V(D X(m) . I Mx(if-m)| - H(tf) Y(m) \/Iy(tf-m) _
1(concrete) - 4593] - 107.93] - 7.65f 826.14 0.00 L.50 0.00
2(concrete) . 30.27 7LH4] - 6.44] - 458.13 0.00 6.10 0.00
3(concrete) . | - 2827 - 6643 10.13] 67298 - . 0.00 - 1.65 0.00
o dsoil) 19.76] - 17.78 1348 - 239.71] - " 000] 570~ 0.00
- Total - - - 263.29 | 2196.96 0.00 0.00




Earth Pressure without Farthquake -

Coeﬁlment of active earth pressurc : Ka*O 244 I -
~ A(m?) V(@D | Xm) | Mx(f m) - H(tf) Y(m) | My(ifm) |
Pal - 127 11.65] - 14.80 294t . 4380 -14.14

Toal | - 1.27) 11480 294 T o14.14)

Water Pressure

| A(m2) V(i) - X(m)  |Mx(tf-m)|  H(if) Y(m) | My(tfam)
- W,Pwl  5745) - 5745 13.48] 77438 -78.72} - 6.15] -484.13
Pw2 - - - - = <} -75.650 - 4000 -310.14
___Total ' 5745 : - 774.38]  -154.37 -] -794.27
- Uplift I IR o S e i
' - A(m?) V@) © | X(m)  |Mx(if-m) | HQf) Y(m) | My(tf-m)
u ' - 4771 - 1021 -486.96] - - . - -

Total . S I ) | R -486.96_ - SR N

(11) Stablhly Ana]ysns (Ma.\imum Watcr Surfacc)

\‘m’mal CO]IdIthn (wﬂhou( Earthquakc) ) UL SV
: Total Load V(__t) HD - | Mx(tFm) | My(tf-m)

- DeadLoad 2633 . 00[ . 2,1970] - 0]
Earth Pressure | - 1.3] 29 14.8] - -14.1]
Water Pressure | -~ 574 -154.4 LT744) 0 79431 . o .
T Uplig Azal 0o T asn0l 0ol 0 e
' Total o q 2743) - -1573] . 2,499.2] - -8084| - o IS
Safcty agamst mcrlummg L
R 616 m T e
c=_B/2 d= 1490 m <2552 =b6 - OK - .
" Safely against shear . . B S B
- SF=(VftilyH= = 5.774 > 4 OK

() Case 4 Servlce Splllway, Empty Rcsen*onr (No RCSCI'\’OII’ Water)
Honzontal seismic cocfﬁcxcnt Kh 0 08 (50%)
(1) Loadmg Calculation '

Structural model and load combmallons are shown in the followmg ﬁgurc

PSR



Daad Load

_T;’f'“‘ri_;i §
8 '7;
AR
|
@ PalPocl §
| 7 EL136.E00m N
i
L 1530 |
forth Pressure

Each load is calcutated hc.icinaftcr. '

O SFE(VErlyH=

Dead Load ‘ ; L : S
- . A(m?) V(ih) Xm) {Mx(tEm)| H(DH Y(m) | My(tf-m) |
~ i{concrete) 45.93 107.93 7.65]  826.14] - -8.63 . 1.50 -12.95
2(concrete) 3027 7L14] - - 644 458131 - -5.69 . 6.10 -34.72
3{concrete) 2827 - 66.43] - 10.13] - 67298 -5.31 7.65 -40.66
4(soil) - 19.76 37.54]  1348| - 506.06 -3.00 5.70 -17.12
frTolal 124, 23 1 283.04 L1 246331 - 2264 o -105.44
' Earlh Pressure w:th Eaﬂhquake CL
" Seismic composite angle : 8,~4. 6(degree) (tanf)o Kh—O 08)
Coefhclent of active earth pressure ; Kea=0.293 -~ - - T ERTE :
: ] A(m) V(i) }s(m) Mx{tf-m)| - H(tl) Y(m) - | My(tf-m)
o Pael : - o 244 o 11.65] C 2840] - -7.73] - 4.80] - -37.11
Total - 244 2840 7731 - 3
(n) Stab:iity Analyms (Empty Rcscrvorr)
' Selsmlc condmon (wnh l*arlhquake) Kh= 008(50%) e
' ~Total Load - ~V(iy H(l[) Mx(tf-m) | My(tFm)
“DeadLoad - | - 2830] - -226] 24633 1054
Earth Pressure 24 20284 -37.1
Water Pressure - - - -
* Hydrodynamic - - - -
 Uplit N S B B
__Total - 285.5] - -304] . 24917 -1426]
Safetyagamstoverlummg R
Cd= 37 1 O T
e#BIZ d= 0.5 m < 2552 m =bl6 . OK -
* Safety against shear - . = L - ER S
30199 - > 4 0K



@) . Emergency Spillway

(a)  Basic design condition

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

12,200

. 1200

[ 1,000

. GVERFLOW WER "_r“‘tPCt\!C\ SP'LiWA‘Q

Desngn condltlons such as matenal properhcs arc shown in the followmg tables

: llcm IR Symboi Um{ : Value = Descnp!:on '"_;
Unit weight of concrete ye | {thhn’) 235 - Thick slructure
Umt weight of\\etted B I T en | w
 backfill soil i oyt (tf_{'m) 5 190 . \\et densniy
Umt welght of submerged | - e b A an ' L
' backfillsoit . . | - 18 () 1 - 0.90 Sub_merged density .
}1qnzont?l seismic : Kh _ 3 016 . 100%
coeflicient : : - . ‘
Shear strength of i T B _
foundation rock To (tfm?) '-.4;5, b _,CM‘_L class
Coeflicient of internal o R P R
friction of foundation rock | - f ol 08 o CM-Lclass -

< Coeﬂic:ent of eanh pressure >' .

'Ké;-*: ”cos (¢ 0)

: > e . cos(e ¥ 5) [l + J sinfy + 6) sm(¢ . é) ]

cos(ﬂ +6) cos(e a)

Ka: Coefﬁcmnt of actwe eanh pressure under normal condmon

24-14




Item | Symbol Unit Value Description

‘Angle between wall backside P (degrce) 00

surface and vertical plane
(degree) 0.0

Angle between ground surface and
(degree) |~ 350 Sandy soil

lenle-l @

horizontal plane
(degree) 233 | 6 =23¢

i)

~Internal friction angle of soil
cos?($~0y - 0)

Friction angle of soil to concrete
' cosOo cos’ 0- cos(9+90 +8) [ Jmn(‘t;)“-_l—_ﬁ) ‘sin{9 - o - 00)}

Kea =

cos(9+ 0 + 8) cos(B o)

Kea: Coefﬁclcnt of achve ea:ih pressurc under seismic condmon

fteem - . Symbol ~ Unit - -_Value Description

| Friction angle of soil to concrete |~ 8¢ | (depree) | 175 Se=124¢

i

ey

. Seismic compositeangle | 0, (degree) | - | tan0,=Kh -

R (b) Case i Emergency Splllway, Nomlal Water Surface EL 148. 900m
Homontal selsmlc cocfﬁclcnt Kh—O 16 (100%)
(1) Loadmg Calculauon :

: Struclural model and load combmahons arc shown in lhe fol[owmg ﬁ gurc

11509

I L N ;I P R

EL151 230

W EL. 142 900m MOSVAL WATER SURFACE

“ungo -

R A A
f

| prr—

\“a'oter pressurﬂ\
Hydrodynomc fo*c= : .

Farth Pressurn

OVER‘FLOW w:-_iR (t\{ERGEuCY ‘SPILLWAY)
CASE 1 @ NGRMAL WATER SURFACE (EL.143.920m)

‘ II?..‘IOO/J]

.. Each load is 'calc'ulated_ herei_naﬂcr. B




_Dead Load -

Vi

lX(m)

Mx(if-m)

- | My{tf-m)

A(m? ) H@f) Y(m)
H{concrete) 42.93 100.88) - 7105  721.73 -16.14 ~ 150 -24.2}1
2(concrete) - 52.09]  122.42 91 954071 -19.59] .07 -138.42]
3(concrele) 44.76 105.19] ° 12.47| 1,312.20 -16.83 9.101 -153.16
Total ‘ ]39 78] 32849 ,2?§§.09 -52.56 ' -315.79
E'mh Prcssurc with Earihquake .
Seismic composite angle : 0= =9. l(dcgree) (lanGo Kh=0.16)
Coeflicient of active carth pressure ; Kea=0.348 - e
C o A Lovan s X(m) ¢ M\(lf m) l-I(ti) YY) My(fom)
Pacl | - 0 3.32] ¢ 1431 47.55} . -10.54 2.30 -29.51
| - Total | - - 3.32 - 47.55 -10.54 -29.51
Waler PrcSSurc R o AT
oo Am2) v | X)) IMxGEm) H@) | Y(m) My(if-m)
P\\ S L I e ee7sesl e 4010 2310014
L Total s L S B - C-75.650 e |- 2310.14
~Hydrodynamic Force (due to Farthquake) S A
L Amd) | van Xy | Mx(f-m)| - H@f) Y(n} [ My(tf-m)
Pd - - - - -14.12 4.9 -6947
Total ' ' - G N V4 S -69.47] -
LAY VD CX(m)  [Mx(tEm){ . H(@f) - Y(m) | My(tFmn)
a0 0229 33) 0 9.54) 0 -279.82] o i | o e
Total o -29, 33 ‘‘‘‘ _ '- 7):)2779.32 - ) s
(n) Slablllly Analysns (Nonnal Water Surface)
Seismic condmon (\wth Laﬁhquakc) Kh=0, 16(!00%) ' I
~ Total Load - - V(ih H(tf) Mx(tF-nm) | My(if-m)
Dead Load - 3285 -52.6 2,9880] - - -315.8
Earth Pressure 33 -10.5 415 =295
Water Pressure | - 0.0] - -~ -1506 - 0.0 2 -310.1
Hydrodynamic 00 =140 ~_00] - =695 :
Uplift L2930 0.0 - -279.8 0.0
Total 302.5 0 -1529] 0 22,7557 . 71249
Safely agamsl ovcﬂummg
L d= 674 m SR
o e=Bf2-d= - . 044l m - < 2385m =b/6 - OK
Safety againstshear .~~~ oo T o
o SF=(VfryH= - 5795 .0 > - 4 COK

‘ (c) Case 2: I:mcrgcncy Splllway, Surcharge Walcr Surf'acc FL lSl 800m :

Honzontal scaslmc coefﬁclent Kh—O 08 (50%)

16
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(i) Loading Calculation

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

£3 SURFATE

19,200

OVtF\’rLO‘V WEIP (EHPUCENCY SP]LL‘”A‘:)

CASE 2

* Each load is calculated hereinafter.

- SURCHARGE WATER SURFACE {(EL.131.300m}

" Hydrodynamic fcg

“\Egrin F’res-s-.irD -

Dead Load - L L S L -
b AMY | V(D X(m) | Mx(tf-m)] - H(tf) Y(m) | My(if-m)
I{concrete) | 42.93 100.83 7.15| 721.73] - - -8.07 C1.50p -12.11
2{concrete) 5209 - 12242| - 779 - 954.07[ - - 979 - . 7.07] ~ -69.21
3(concrete) | . 44.76 105.19] ~ 1247| 1,312.20 -342f - 910} @ -76.58
Total 139.78] 32849 2,988.00] '-26.28] - o+ | -137.89
: Earth Pressure w1th Farthquake ST T e
Seismic composite angle : 0,=4.6(dcgree) (tanOo I\h‘O 08)
Coefficient of active earth pressure : Kea=0.293 - o - -
o Am’) | V@b X(m) [ Mx{tEm) H(tl) 1 Y(m) | My(tEm)
| Pael - 279 14.31 39.98 -8.86 2.80] - -24.81
" Total - 2.79 - 3998 - - -886f - -24.81
" Water Pressure . R : : IS R
R A(m2) VD L X(m) [ Mx(Fm)|  H(t) Y(n) | My(tFm) |
“Pwl - IR IR i B -115.52] " 5.07]  -585.30
___mTotaI - - -115.52 ' -585.30]
Hydrodynamlc Force (due to Ear{thakC) R R :
A(m’ ) vif) - X(m) \/h.((f m) HD - | Y(@) | My(tfm)
-+ Pd ) - s R - ©-10.78 6.08]  -65.55
~Total - - - -10.78 -65.55]

R VT I




Cupie : R
A(n’) V| X(m)  (Mx(fm) | H(if) Y(m) | My{tf-m)
U e 3628 - 9.54) -34580) - 1 - -

Total -36.25 : -345.80 _ - S R

(ii) Stability Analysis (Surcharge Water Su-rl‘ac'e)

Secismic LOI]dlllOll (with Earthquake) , Kh=0.08(50%)

Total Load V(th) H(t) Mx(tf-m) | My(if-m)
Dead Load . 3285 263 2.988.0 -157.9
Earth Pressure 28] - - -89l - . 400 . 248
Water Pressure o 00 -85 o 00 -585.3
_Hydrodynamic_ | 00 -108 09 - -65.6
uplit [T 62| 0o 3458l a0
Tl [ pesolieral a6saal 833
Sqfety against ov ellummg o
o d= s 6,266 m C - : i
ooe=Bf2d= - 088 m - < 2385m =b/6 - OK
- Safety against shear S L :
SP=(Vfrgly= 5450 > 4 . . OK
Sk (d) f C‘iSﬁ3 ]:mergency Splllway Ma\tmum Watcr Surche EL ISS _)OOID o _ (,,?

Homon!al seismic coefﬁcnent }\h 0 G (0%)
(l) Lmdmg Calcu!auon

Slruclural model fmd load combmauons are shown in the followmg figure.

.x!;'.r f.z.'i-?_-'-; <4 "’- L
) g
1 .8l
TS |
I
)
Bk}
Lit .
1 t
SR g
HIPHE =
S SUTE T~ -
BE R s
I W
F;E"'
. _'ﬁ___'
N ﬂ .
> . \wated Pff_si‘i'f. - O
a - _\Eonr r-’ﬁ;scurc
_ lsf‘g i i.m__rr._
OVLEFLOW WEIR fE"f’JGE“C SFiLi e-f\’)
ASE 3

T MAXIMUM WETER SURFACE (EL.155300m) |
Each load is calculated hereinafter. -
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Dead Load

A(m?) (D) X(n) [Mx(if-m)| H(tf) Y(m) | My(tf-m)
| I{concrete) | 4293 100.88 715  721.73 0.00 1.50 0.00
__2{concrete) 5209 12242 7.79]  954.07 0.90 1.07 0.00
- 3{concrete) 4476]  105.19} 1247 1,312.20 0.00 9.10 0.00
Total 139.78] 32849 2,988.00 0.00 0.00)
Earth Pressure without Earthquake
Cocfiicient of active earth pressure : Ka=0.244 I
AmY) | V(D X(m) | Mx(tf-m)]  H(@D Y{m) | My(tf-m)
Pal - -~ 3.07 14.31 43.98 -7.13 2.80 -19.95
~_Total - - 3.07 4398 ~ -7.13 -19.95
Water Pressure : a ' ' - 3 _
' Am2) | v(f) X(m) | Mx{tfm) |  H(H Y(m) | My(tf-m)
Pwl - - - - e e 5320 7.60] -404.32
Pw?2 : - < i - s - -115.52 5.07] -58530
| Total e - e - - -168.72 -] -989.62
- Uplit B T S R s RTRIUDTEINE SO
Lo A v | X@n) [Mx(Em)] HGH [ Yn) | My(tfm)
e -44.60f . 9.54] -42542 R e
© Total S -44.60F - - : | 42542 - N B
(11) Stablllty AnaJySIS (Ma.mnum Water Surface)
_\Ionnal COHdlllOﬂ(WlﬂlOUl Eaﬂhquakc) SR Conya e
RO Total Load : V(bh : H(tf) ,Mx(lf-m) My(tfm) | -
" Dead Load - 3285 ¢ 0.0l - 29880 .. 0.0
" Earth Pressure 310 ! 440 -20.0
Water Pressure -~ 0.0 -168.7 00 - -989%06
' Uplift 4460 0 00] o 4254 - 0.0
Total 287.0 -175.8;)  2,606.6] - -1,009.6 -
- Safety agamst ovenummg T T I E TR SR
P 5565111 T L I S A
Ce=Bf2-d= S 1589 m S 2385m =b/6 . OK
Safety againstshear - = © 0 Ut
4967 . > 4 Lo TOK

SF= (Vf+~rol)fH— o

v (é) Casc 4 Emergency Splllway, Fmpty Reservo:r (No Rcscrvmr Water) :
- Ilonzontal SCISIHIC cocfﬁc:enl Kh -0, 08 (50%) |

(1) Loadmg Calculallon 7 o

'-.fa_-.A :

Structural modcl and load combmallons are shown in the foliowmg fi gure.

'. 2409




GVERFLOW WER (EMERLINCY SEHLWAY)
4 ETT RESERVIGR (NG RESERVOR WATLR)

o Each load is_c@lc_ula'ted llgréinaﬁep

" Dead Load

:A(_l.nz-). r r.\fA(lf)_ ) X{m) ) .Mx(lf--m). | H‘(If) | __-Y(n.l) ‘-I‘:'I_l;’_(lf:-i';l):

I{concrete) 4293]  100.88] - . 7.15] 721.73]  -8.07 1.50). -12.11

2concrete) | 52091 12242 79| 9s407{- 979 - 7.07] 6921

(concrete) | - 44.76] _105.19] - 1247] 1,312.20] 842 . 9.10] -76.58
Total _ 13978 32849] 2,988.00]  -26.28 15789

Earth Prcssure with Lanhque L IR TR :
Selsnnc comp051te angle : 65=4. 6(degree) (tanf)o Kh 008) R ' - B Lo %

A(m) V(tf) )\(m) Mh(if m)| 5~H(tf)' \;'(111):: My(lf-lﬁ)

~Pael - | - - 5.90 ' 14.31 8441} ¢ -1871) . 2.80] = -52.38

Total =~ - ".'5.90 o 8441 -1871 0 ¢ -52.38

(n) Stab:llly Analysns (Empty Reservmr)

Se.smlcwndmon (with Laﬂhquake) Kh= 003(50%) S
- Total Load V(if) “H@f) - | Mx(tf-m). | My(tf-m) o
| Deadload - | - 3285 - <263] - 29880 ' -157.9| -
Earth Pressure FoA s 590 187 84.4| - 524
| Water Pressure - R It
Hydrodynamic R R R SRS £t EERE A
~ Uplift - T SR I R
Total ' 334.4 ' -45.0]  3,0724] 1 -2103

Safetyagamstovertummg : L Tt Sl %
B d= . 8.559 m T SRR
U eBd= -1405m < . 238wm =b/6 - OK . - -

Safety againstshear - o0 T

U SPe(Vfel)H= . 20259 . > - 4 . LOK -

o 2:_"4;‘2'0_ o
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