4.2, 3 2 Apron (EL+0.900)
1)  Loading Condmon

arne

0150 . . KA. %,

ik

'

2,150

:Fiow

) !
S

riew
e

PROFILE

e '.PLAN-"'

_ Des:gnCondltxon e T T e
o Item SUnit o) | Jtem - - b Unit
Thickne‘SS'at 'upstream of RS :
L . gate .
Thickness at'downstream
. of gate
I_,ength ?f\:ftt:l t flowing m ' |15000 Umt wc1ght of sml e - 1.800.
Width of slab at weir axis, Som o 15.300 Submcrged umt welght /o | 1000
.Igl:lgth of slab at upst_neam m |- Angle of sheanng | .30'000
ofgate : L : - Tesistance” . . o it
e R B Hon_zontal seismic R : '
Length ofslope sectlor;_ om0 - dptemsity . | 0.120
Lengthof slabat - | ~ - . - ., ;-Apparently horizontal

downstrcam of pate m, ~ | - seismic intensity : 0_2 :

' .Wldth of.muddy soil [ m- . ~0.000 - Coefficient of earth ... ] 03085

. e : pressurc in Normial case | . - :

S Lo - Coefficient of carth - | . O _
tffm | - | pressurein Seismiccase | . | 0.4107
EER _ above water . R B
B _ C_oefficnentof earth L o
'm - | pressureinseismiccase | | 0.5089
o below water - S

Sm | 1200 Unit weight of concrete |t/ m? _2.35‘0

fmof L -'Unacivéigm'-o'fwéter 1-_ tf/m® | 1.000

IWei.ght of ﬂood.dischargc
gate

Distance of installed gate
© position

St | | 1000 | Topotwionsrisn | £ | oo
Bottom elevatlon of slab :ELm | -0.300"
- |- Normal water level ELm | 1550
Water'_lével in seismic case| EL m~| 1,200
Design high waterlevel | EL m | '§.000

C4-2422



- flooding case W ().

s
- - Normal, Seismic

- flooding .

1. Weight of body

-~ Weight -

_ , W
S :
L 2.000

C T 3.000

10.787
64T

647.190

Vertical
length
X (m)
7500
10400
© 10.850

Moment
MX (tf-m)
14853.925
112.180
. 70.220

Horizontat

length
Y (m)

0,600
- 1,500
1.400

Mdm’ent
MY (tf-m)
388.314 - Conc.

Note

- 9.061

B To'@ai '

| 664.448

2. S'Urcha rge foad
“Weight

| Cp?‘lSt[‘UCFlOH W (th,

. 7.580 5036325

Vertical length X (m)

[220500]  7.500 |

3. Weighit of water -

' 68.850

" Vertical
. length

~ Normal case  Weight -
 Seismic case”. “ W (tf) -

. Moment
; MX (tf-m)

X:(m) :
- 349414

5.075

" .Design We.igiiﬁi

- 1629.450

. Vertical
"length
S X(m) © ‘
©7.500 12220.875

' Moﬁléﬁt :
- MX (t-m)

0.622

* Horionial -

length

Y (m)

413554

‘Moment
MY (rffm) Note.

S 1350 92948
- Total . [ 68.850] - 5.075] “349.414[ - 1.350{ 92948

.Hon'zpr_lt'al :
length -

bt
MY fm) N

4,750 7739.888

Total - [e29450]  7.500] 12220.875] " 4.750] 7730.888

. 4.Earth pressure -

' Normalcase  (f/m®)
S URa0= 0000
Gl Pal=c o 037000

© Seismiccase | (fmY

Pa0="

‘Peal= - = 0.000

Peal=

0611

5. Hydrostatic pressure

Normal , Seismic
Wal= -
L iWal=
. Design

~flooding
Wael=

- _:Waelé_- 8300

Ul=
S U2=
- Design - - -

o Uel: )
Ue2= -_3,3‘00_:

0300

7100 0
- Pel=

6932
14750

8300 Ue=

“Pl=

1

9.737 .
~ (tf/m)

| 141372 |

-2487.967

-

o m)
Y=

Yc_l:. :

L im)

Yi=

Ye3=

Xi=

42923

)

m
0.400

(m
0400 -

o

E)

0.456

2

"0.584

g

"8.401

Xel= [ 7.500

16180 Conc. . -



Normal Case

_ Actmg force at toe of Concrete apron -

V0= 893,948 tf
. HO= ‘ L 0.000.tf
MO=Mx+My= | 6757769 tf-m
Acting force at rmddle of bottom of Concrete apron -
v Ve= 893 948 f .
“He= - _ 0.000tf. . -
Mc=Mx+My=' 80 936 tf- '

4-2-124

. Vertical . ;.- Horizontal
- - V) | Xm) |Mx@i-m)] H@D) | Y(m) |My(fm)
Weight of body L 664.448) 7.580|°5036.519] - r -
Horizontal earthquake load | - - : A
(Main body) 7 e Ce e R I
Weight of muddy soil - 65.000] .. -2.500| - 162500 -
- [Horizontal earthquake load : ' »
(Muddy soil) : .
- |Surchargeload . e B R
[Weightof water = | - 68.850[ . 5.07S| 349414} .- | I
Earth pressure ) N H 3.398| 0400 1.359] -
Hydrostatic pressure . el I R ' B
- {Uphife o 447715} 7.154] -3203.083] T - R
- |Total L L "'2'_85’.583 213_2.850 1-3.398 1.359) .
_-Actmg force at toe of Concrete apron Sl
VO— ' 285 583tf '
‘HO=. 3398 tf '
MO—Mx+My.._‘ oL 2184 209 tf-m
: Actmg force at rmdd]e of bottom of Concrete apron -
CVe= oo 285583tf
oo Hes 33984
'MciMx'-i-My: L O_502_tf_-m
Construction Case e L
T Vertical L v 7 Horizontal -*
e V@b X(m) [Mx(fm)| H@H) | Y (@) | My @fm)
Weightof body- - 664,448 . 75800 5036.519f . . | o]0
Horizontal earthquake load | . < - S EREICU
(Mainbody) - '
Weight of muddy soil
" {Horizontal earthquake load_
{(Muddy soil) . N e .
Surchargeload =~ - - | 229.500] - '7.500| 1721.250]
Weightof water =~ | =~ o e
Earth pressure
Hydrostatic pressure
Total . . ) 893.948| B 6757.769 - 0.000 - 0.000F




Design Flooding Case

Horizontal

~-49.976 tf-m

4-2125

Vertical :
. -V (tf) X(m) |Mx(@f-m)| H@D Y (m) |[My(f-m)
Weight of body 664.448 7.580| 5036.519 ' '
Horizontal earthquake load :
(Main body) - -
Weight of muddy soil
- jHorizontal earthquake load
.(Muddy soil)
Surcharge load _ e A RN
|Weightof water - -~ 1629.450] - 7.500[12220875 . .} ... o |.
- |Barth pressure -« 0 | SR Toeen 3,398 0400 1.359
Hydrostatic pressure ER S o IR
Uplift ' -1904.850] .~ 7.500| -14286.375 S
- [Total ' 389.048 S 12971.019 3398 © 1359
' '_Actmg forcc at toeofConcreteapron. e
o Vo= - - . | 389.048F
S HO= 3,398 ¢f
S MO=MxaMy= 2972.378 tf-m
o Actmg force at mlddle of bottom of Concrete apron
' S Ve= ©389.048 {f
o He= U 3398t
T Me=Mx+My=_ - -3.842tfern -
© Seismic Cas,é _ : SRR . :
: P i Vcrtlcal RS Sit] T _'Horizontat - :
V(tf) X (m) - [ Mx@fm)| H@H- | Y(m) | My (@f-m)
_ 'Wenghtofbody | 664448 7.580| 5036.519) - - f o]
: Honzontalearthquakeload"- s R I R NRVCPSvISrs L o ¥ I
 |ivsin bodyy % {79734) 0622 49.59
Weight of muddy soil - :
. |Horizontal carthquake load
- |(Muddy soil) B
. |Surcharge load - ERATHNTRN IR S I
Weight of water - 68.850 5075 349414 . - | SR
Earth pressure _ L TR SR 5,606 - 0400{ 2242
- |Hydrostatic pressure . 1 T
- MOplift - 447715 0 7.154|-3203.083| | R
- fTotal - -~ '_285.583 218_2_.850 "~ 85.340 51.837| -
' Actmg force at toe of Concrete apron B
e YO= ' l 285 58341
© HO=- . 85. 340 tf -
s _'MO—Mx+My_ R 2234, 686 tt-m -
" Acting force at rruddle of bottom of Concrctc .apron - .
L Ves 285583tf
. 2 Hes o © 85340
R Mc—Mx+My- '




2y Stability Analysis
L

- The prestressed concrete plle is adopted for the foundanon plle of apron

Refcr to stablhty calculatlon of center p:er

o There are many cases for the combmatlon of p1le dtameter and pile: " |
arrangement’ (number of pile). Judgmg from the structural size, geologmal and -~ _

. soil: mechanical- conditions, the: followmg three altcmatwcs are selected for - -

: ‘comparatlvc study. It i§ noted that the maximum p:le dtametcr that is avatlable o
- in thxs country, is 600 mm

®

Altematlve'—l PC P:le D:a 400 mm, type A - 2S5piles
' Altemat1ve-2 - PC P1le Dxa 450 mm, type A 20 piles -
Alte_matwe-?g, _PC Pile Dia.500 mm,_ type A - _'}: 16plles N

_ The_a]_lbWatble beanngcapacxty of ground;s shown in each jélt‘éﬁiative pite as

* follows.

: _Lajrét_ .

© Li | N-Value
(m) -

Average -

(f/m)

"Li-'Fir__ .
CE/m ]

T

550

340

1870 -

Ac

350 ¢

Y

3360 |

140

T35

1500 .

12100

" Towl | 71040 1 7330 |

' Altemanve ~ 1 (Dxa 400 mm) . _
S A= ’VD" fyx(ow) _.0126m

§ qd SOOtf/m’XA 6300tf
U= 2D= 7r><040—1257m e

: Ru 63 00+ 1 257><73 30— 155 14 tflplle'

A]lowablé'ﬁéaringt:apacity T I PR . &
forPCptic(D1a400mm) _ TR R TR o

‘Safety | Allowable bearing

| factor | capacity (tf / pile)

“Normalb.:| .3 | - 5171 ~
Seismic: | ~ 2 | - 7157

Case

4-2-126



Alternatlve 2 (Dla 450 mm)
. 771)2 fyx((msf ~—0 159m

©qd =500t/ mPXA =79.50 tf
-.:U— 7D= :rr><045“-1414m -_

Ru=79.50+ 1.414><73.30= 83,15 tf / pile

 Allowable bééiring :éépalc:ity

“for ] PC plle (Dia 450 mit) - -
'Céi‘se" ‘Safety Allowable bearmg
REGSE factor " {  capacity (tf / pile)

Normal | 3| 6105
Seismic | 2 | 9157

.Altematwe 3(D1a 500 mm)

771)2 fyx(osm _0196m
| -f"fqd 500tf!m XA 980()tf
’-;Z_U'-_ JrD— nxoso 1571m _7
. ':Ru 9800+1571><73 30=213. 15 tf/plle _' —
EAllowable beanng capacxty

. ,. forPCplle (Dia 500 mm) - SR
' Safety - Allowable beanng

Case o

N R factor | capacity (tf / pile)-
1. Normal 7| -~ -3 S DS 71.05 -
_ Seismic o2 i 106.58

- élee stablhty analyses for Altematxvc—l Altematwe-2 and Altematwc-?; were

. 3conducted based on the condltlons mentloned abovc Asa result Altcrnatwe—?,_ -

Lo :(pllc ‘dia. —450mm n—20 pllﬂs) was selected for the economlcal Teason. The

R calculatlon results are shown a follows

PR
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3)
@

. 'Stress-Strain Calculation

Main body

Stress-strain calcuiatlons of the structure are made to demde proper remforcmg
bar arrangement, Described below are the bar arrangement for the center pier.
Deformed steel bars are used for all parts of structurc and bar spacmg will be
125 mm or 250 mm. - - : Co S

1,750 ’ e s 10,150
N ";m‘.m..soar
] ) N o
" Loading ulation ‘ K IR
- W1 (Weight of body) 1zoxzsotf/m3'
W2 (We:ghtofwater) 060><100tf/m3_'
W3 (Surcharge load) L
. W6—4 (Uplift) e

5,000

‘Horizontal p:fe.s'sufe B

: “<Normal case> ~© . : " :
"H=0222 tf/m’ (Refer to stabﬁity anaiym )

M= 0222 tf/mXO 400 = 0089 tf—mlm '

T <Construct10n case> ‘ Sl T
H = 0.000 tf/m (Refer to stablhty anaiys:s) e

M OOOOLfmIm

L150x)

FLew . Coe 1w

J \EL%L%L-_’

s, X ol ﬂo-mm) :

 _ = 3;0;()0_;1’/&512
“ = 0,600 {f/m?
=1 OOOtf/m

L —2219tf/m' EEES
,-___16_31_tffm,__';"_;_-j;-.-

HHHHHHHHHLH\

Geometncal moment of mertla S

. 4-2-130

.Member e Calculanon Geometrical moment
5 - of inertia (m*) -
16 A X1.00x1.20° . 0.1440



Section area

‘Member . - Calculation - Area (m“"')

1~6 . 11.20X1.00 .- 1.200

- Axla} spnng constant
- Kv CApx Ep

a= 0. 013 x (L1 D) -F 0. 61.-(for'prestreSSed_c_o"nc'reté ﬁiie) _

a '_..0013><(10401045)+061 o =091044

Ap = 0,099 m? :

. Ep ._40><106tﬂm _

CKRv o =34666.75tfm - .
Kh =1BXKv. . =1155558tfm

- Sdr'mr;ary'of_ _'calc'ulatioﬁ results is shown as follows.

- (Normal case)

Member

R Dlstance ;B.f:.nd"_'_g, Shmng Axial -
_ Con_dltlon morment | - stress - Force

(m) M(tf—m) S@hH. | N@hH

Ml

T Maxiom | 0000 ] 0000 | 0000 ] 0000 |

AMinimum - 0 1600 | © 22494 | 0<3:1000 |0 7 0.000

M2

[ Maximiam | L1688 | 20160 - | -0.000 | - 0:000

Minimum = | 0000 | - 2494 7 | 3.162 - 0.000

M3 PMinimum [ 0000 1 -1785 | 2952 | 0000

* | Maximum | - 1.687 i~ 0.689 | - 0.000 | 0.000

O ME L MMinimem 0000 | 1127 | 2759 1 0000

|:Maximum | 1697 [ 1,198 |- 0.000 - 0.000

LM Minimum- | . 0.000 | 0463 | 2360 - | . 0.000

“Maximom | 1568 ] 1374 | 0000 ] 0000

LME

[ Maximum - | 0.800 | 0.000 _|._ 0000 ] 0.000

L Miniﬂium-; ,O.DOO' 0445 0 1117 0.000 -

{Constructlon case) L

- Membér

Dnstanc e Bending - Sheanng - Axial

'..Cor‘i’ditioni moment | - -stréss Force

i IM@f-m | Sah | N@D_

K Ml O

-'_'Max:mum;-: 5000 | 0000 | 0000 | 0000

Minimum - | & -1.600 . - ey 1200 1026400 | .-0.000

| Maximum: ;|7 01673 | 04760 0000 . | - 0.000.

Tl Minigmom ] 0000 ] 510200 6691 ] - 0,000

I Maximumio | 1679 | (1749 | 70.000 | 0.000

{ Minimum . | 00000 | -3.889 0 [ 6716 - | " 0.000

T Maximem | . 1698 - | . 3.188. | _.0000. | 0.000

M M mmum ] 0000 | 2579 1. 6792 ~ | 0000

‘Maximom - | -1.555- ] -3 8()8:'"_'w 0000 - {0000

Minimum -~ | 3150~ 1280 -6380 .| - 0.000

e

Maximam . - | --0.800 S0.000. 0000 1 0.000

Minimum “| ~ °0.000 . | = -1,280 - 3.200 0.000 - -

421310




Meﬁlber

{Design flooding casé)

Co'nd_iti'on g

Distance

(my

moment.
M (tf ~m)

Beﬁding

Shearing
stress

S (D)

. Force

Axial -

N (tf)

. M1

Maximum

0.000

-~ 0.000

0.000 -

0.000

Minimum

1.600

-2.304 -

S -2.880 -

0.000

M2

Maximum

1.673

~ 0214

0.000

0.000

Minimum

0.000

C 2304 ..

3,011

-~ 0.000 -

M3

Maximum °

--1.679

0.787

0.000 -

0.000

-} Minimixm

0.000

21750

- 3,022 -

0,000

M4,

Maximum

1.698

'1.434

- 0.000

0.000 -

Minimum

0.000

L1161

~. 03,056

0.000

M35

Maximum

- 1.353

1713

0.000

0.000

Minimum

3.150 -

. -0.576 -

-2.871

0.000

M6

Maximom

- 0.800

0.000

0.000

Minimum

0.000

0576 -

= 1,440

-~ 0.000

Results of strength calculation are shown as follows,
- Table of strength calculation result at standard section -

- . Normal.cas¢ - .

. Construction cas¢ -

| Topside

" Bottom
~oside .

Top side’

Bottom,
side

Topside

- Deéstgn flooding case

"Boriom
side

Rectarigle

Réctangle

Reciangle | Rectangie | |

Rectangle

| . Member of shape -

Moo

Afm | C-249

R . N 3 I i

LT

S 1T 0000 -

000

000

000 | 000

000

Hf 3,16

0,00

16,69 ¢

1000 ¢ 301

000 |

Cem- | 10000

100,00

100,00

10000

e} 111.00 :

103,50

CIER00

103,50 i 11

| 103,50

“em® | 11100,00°

'10350.00.

11100.00 |°10350,00-] 1

°10350.00

em?

| D16-250
=R

"D16-250°
B4

D16:250 | D16:256[ L

=804

—AU(BXD)

0.00072

0.00078 |

=804 | =804
0:00072 | 0.00078 1 0.0007

SR s

15, -

215

. N=Es/E¢

1146

M52 | 146 L]

" K=X0/D

semo | 1820

0,137

0.141°

0137 | 0141

M/(BxD2) .

kgf/em?

. 0.202

0416 ¢

056

| S/(BxD)-

.+0.285

140,000

- 0.603°. | 10000 | -

©)

kgf/em?

‘15303 ¢

14.839

715303

14839 | 153

8y i

96442

790,068 |

96442

- {Z)

1,048

o9

Y

ge

kgffem®

2310

180

640

530 | 2 .

kgf/icm? | -

292,00

173.00 -

60100

ketfem?

5,000

0.60 |, 0.00 -

oca :

| ketlom?

1500

7500

7500 ff.,i "+ 75,

gsa’

kgflem?

-1600.00

600,00

160000 | 1600,00 | 1

-ga

kgflem? | ©-3.80

e -3.80' !

3807 | 380 | 380
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e

(if) Pile head treatment |
h)  Vertical bearing presSUre for footing concrete
Pnmax = 49.063 tf/pile (in Constructlon case)

Puna_ 49063

'w = 30._85 kgf/cm
=D / ’V x45 _ .
_s g ca = 60.0 Kgflem? oy sviccinsiecsivenns e oo 0K
N Punchmg shear stress for fcotmg concrete :
. P _ .
Ty = e 49063 - 0 92 kgf/cm
;rr(D+h)h 7r(45+110)><110 _
< rcad= 8 8 ir:gf/’cm2 ........ - ................ 0K
-.:where o o '
h Helght of between top of footing and plle head .

(Cm)

| Do "Horizental bearing_br'e_ss_ure _fc_r footing cor_lcrete :
O, = H - sl o
“ DE
' where L '
o 1 o Stufﬁng length of p11e (cm)
. .D o P:le diameter (cm) '
S Shearmg pressure (kgf)

" Pymax ';-.15 92 tflpile (m Selsmlc case)
M “;__305tf-
i 8. _ —-427tf
4370 2
o ad,. 45 10 -9‘71 kgflcm =y gca= 600><1 5 900kgf/crn

; k) S . Vertical punching sheanngstress to pile on edge of footing
h'(2£+D+2h') :

L '-where L :
o h"_f S Effectwe thlckness to vertlcal punchmg stress on
. footing (cm) -
1 Stufﬁng length of pxle (cm) '
a D "{ Pile diametet (cm) -
b L H ‘”:'Sheanng pressure (kgt)
= (80—1/2)(45) 575cm _' o

4370 — =042 kgf)’c.m2 ..
575x(2x10+45+2x575) R
= c_as = 8.8 KGHCMP. .t OK
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)] Strength of estimated reinforced concrete scction'_

ESTIMATFD REINFORCED
CONCRETE SECTION ]

.'P;:T'ﬂin L iae tf!plle (m Selsmic case.)

. =305tm

C=a27t :
S4500+1000X2=6500em
= 14.50 cmX2 = 29000m L
..2300c:m T

an Dwuz

| " Result of é‘tféngthééil_culat_iOnr-i"s shown as fél_l_oy#'s. R

Member of shape T " Circle

tm| 305 ] X0 | em | 1270

T | 000 | K=XO0H | - ].0.196

tf | 427 | MIBXHY | keffem? | 1:111

cem | 65.00 | S/AB ><H) kgffem? |- 1.011

em | 6500 | . .© | . |s0097

em | 4200 | - (S | . |115465

em | 23.00 @ Canl) 3419

88{:& u‘:'wfz“z

emf 2300 | ec | keffem? | 55.60

~BOLR: [reme| 3250 1| es o | keffom® [ 1924.00

HO,RO | em | 1450 | .. ¢ [keffem? [ 0.00

AC em® | 26578 | - oca | keffem® | 112.50

as,ast et | OSP34 o | kgtiem? |240000|

P Pl | [ 0003 | ra . |ketemi| 570

N=ES/EC | . - .='15

- m) . Remforcmg bar at ptle head treatment _
' lemg lcngth of remforc:ng bar at footmg
- L| 21«)
Where _
Lo 35D(mm) : e
D : U Diameter of rclnforcmg bar (mm)
L= 35><,1_3 = 4555500 mm
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o

_ Where

'Fixing length of reinforcing bar at pile -'

1,250 ¢ + Ly

- ¢ Diameter of PC steel bar (mm)
12 = 50X 9.0 +500 = 950 mm

Depth of concrete ﬁllmg :
Depth of concrete ﬁ]hng is the same ﬁxmg length of remforcmg bar at

. ‘p:ie

B Lg=950mm

4235



' 4.2.33 Apron (EL+0,400)
13 Loading Condition

.. &&ﬁ . 10,000 ,
g ‘,; L . § - I : 2R _g.
Z J ) )ig;g
e _ — : - J '_ - PROFILE
PL.AN.“: :
 Design Condition e L L
_ cTem . Unit | Item b Unit |
'Ihlcknci;;tlépstrc}am of m | 1.000 Unit weight :of.c'dhcrete tf/mt | 2350
Thickiiess at downsiream | -~ . ‘Unit weight of water | tf/m® | 1.000
: of gate . : T TR AR A : L
[ﬂ“gﬂ’_ "f\i];';ft flowing | * 1| 10,000 | - Unit weight of soil | tf/m* | 1.800
Width of slab at weir axis m | 15.900 Submefged unit weight™ | t£/m’ | -1.000 .
Length.of slab at upstream o S -_Ang_lt; of shf:an{lg N 30000
- of gate - -~ resistance
Lén'gt'h of.s}ope section | m | - Honzontai seismic - 0 120
: AN ¢ intenisity.

Length of slab at m i} ' Apparently horizorital 0 240 :
downstream of gate _ seismic intensity - e -
Width of rouddysoil | m . | 00po | - Coefficientof earth . 0.3085. |

R ol . pressuie it Normal case 5

s e C S " Coefficient of earth S
ngght O_f ﬂg:;d discharge . tfim oo- .| pressure in Seismic case 0.4107
& ' L ~ above water- S
Distance of.installed gate B Co-efﬁCIent of earth o P
O ssition | m - pressure in seismic case | 0.5089

. POs 5 o : belowwater R
Surcharge load in Y A CEE S AP
construction case tH/m 1000 Top clevatlon of slab ELm 0400 |
Bottom elevatlon of s]ab | EL'm -0.600

Normal water level . - | EL m | 1.050

Water level in seismic case |*EL m | 0.700:

Design high water Jevel | ELm | 6.900_
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1 Welghtofbody o S
~ Vertical " © Horizontal :
Welght length Morment length Moment

W ey MXEm) e MY(Em m)
1. 373650 5.000 1868250 0500 _186.825 Cone.
" Total [ 373650 5000 1868250  0.500 186.825]

Noté

* 2. Surcharge load

Construction - Weight -
Ccase W) w
. | 159000 5.000 -

I

&
k>

o

_ Vcrticai lcnéth X (m)

§3We1ght0t'water . 3 SRR
““Normal case Welght Ye_rtlc;al__ Morﬁent -Horizontal

_ Sesimic case - W(tf) ;e{n(gr:ll;_ MX(E m).

Momenf
I;n(g”)‘ MY(tfm) O
47700 - 5000 238500 1150 . 54855

fotal C -47,7_001 " 5.000[ 238, 500' 54.855

Vemcal M fnent Horlzontat Moment
]ength

gth -
‘MX (tf-m MY (tf-
1033 500 5000 '5167. 500 _4250 4392.375

Toal [1033 sooj s_oool s167.500]__4.250] 4392375

Démgn B Welght

- flooding case - Wy Note

4. Earthpr&;sure D T AN
~'Normal case /) : (tf/m) _
S pa0= 0000 E1= _Y1.=' 035
':7-1)31:]—--_ C 08308 L
" Sesimic case - (tf/m ) L (tflm S

Peal=" - 0.000 _Ee'r= 046 | Yel= 0333
Peaz-:-- 0.50,9__ S DR R

_ 5 I-Iydrostatic pressure .
“ Norial ,Seismic 7. - .
UWa0= 0300 v o
Wal-_ 1650 - Pl=
"Des1gn U RS
flooding . S A e
W= 6500 L @) (Gm

Wael— 7500_ o P_e;fi— | 111.300 | Ye3'= 0488

'.6 Upl:ft _ R
= 0000 U= m xi= 6667
U= A4S K
_ Design = .. .
- flooding
. Uel= o -
Ue2= -

E

y3= [0385

—

o

_ - -1192500| Xe1§-; 5

U=

B
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~ |Weight of muddy s'o.il o

© - |Surcharge load - -

Normal Case

Vertical o L - Horizontal
' oo bovan ] X{m). | Mx (f-m) H(lﬂ Y (m) | My (tf-m)

Weight of body, . 373.650] = 5.000| 1868.250

Horizontal earthquake load N o -

(Main'body) - ‘

* [Horizontal earthquake load
(Muddy soil) S

- |Weight of water 1 47700~ 5.000|- 238.500[ - |- : ]
Barth pressure . . T o | 2452 0333 0817
Hydrostatrc pressure e o N T i : z
Uplift .~ | -195.608].: 4354] -851.614] - o[- [ Coun
- {Total - R -225.7’4_2‘ '1255.136 2452 ] osdf. o

3 Actmg force at toe of Concrete apron o SN
V0=l e 225'742rf
- ‘HO=" . L (2452 tf
MO=Mx+My=" "~ . 1255 953 tf-m ..
Acting force at rruddle of bottom of Concrete ‘apfon .
Ve= - S 225742tf
He= " ool 2452
CMe=Mx+My= : .G '_-_‘127.241'>_'tf-m

*-~ Construction Case

Vemcal oo Horizontal ol

. R e e V(tf) X (m) [Mx(f-m)| HGD | Y (m) |My(if-m)
|Weight of body = 1373650 - 5.000| 18682501 & - . - |
Honzontalearthquake]oad' R T S

{(Main body) * - -

_ |Weight of muddy soil

Horizontal earthquake load .

(Muddysor) ' R T S,

Surchargeload . - .~ | 159.000[.  5.000| 795.000| % -

" |Weightof watér -~ .~ RN P

T ——

Hydrostatic pressure

Total = .'532L650'r“f B 2663.250| 00000 | 0,000

Actmg force at toe of Concrete apron ST
V0= e T 532650t

U HO= o o 0000t

_ MO:Mx*-My:" R 2663 250tfm o

: '-Actmg force at dedle of bottom of Concrete apron
oo ¥e= o 532,650 tf

o He= o 0000t - -
..__Mc Mx+My- T 0.000m

aaam



. Design flooding Case

Vertical

Horizontal

)

X (m)

Mx (if-m) | - H(tf)

Y (m)

Weight of body -

373.650

- 5.000

1868.250

My (1f-m)

Horizontal eanhquake load
(Main body) -

Weight of muddy soil

Horizontal earthquake load
(Muddy soil) :

Surcharge load -

- [Weight of \{.'atér_ _

"5.000

5167.500

Earth pressure

- 11033.500]

© 2452

L 0.817

Hydrostatic pressuro

0333

B Uplit Tee L

-1192.500

5.000

-5962.500

{Total

21‘4.6'50 o

1073:250 2452

o Actmg force at toe of Concrete apron . -
Vo= ' - 214.650 tf
. HO= 3 ©.2.45214
_ MO—-Mx+My—- - 1074.067 tf-m
_ Actmg force at m:ddle of bottom of Concrete apron
e Vs e 214650 t
o He= L 2452 1f.
' 'MC=MX+_My=_ R

- . Seismic Case =~

0817tm

"0.817

Vemcal

- Horizontal - .

V. (it)

X (m);

Mx (tf—rn) “H@ T

Y (m) - |

My (tfm)

o nght of body

. {Horizontal earthquake load |
* {(Main body)

373,650

1868.250]

| aas38)

0.500} -

22.419

Weight of muddy soil -

B Horizontal earthquake load
- {(Muddy s0il). - - :

Surcharge Toad |

Weight of water .

47700

5.000

238.500

" .7, |Earth pressure . *

Hydrostatlc pressure 3

" 4.046

0.333

- 1.349

Uplift-

195,608

851.614

" |Total =

' 225.742 T

4354

1255_.136 48.884|

- 23.768

Actmg force at toe of Concrete apron

225742 4F

Vo=
- THO= 48,884 tf
o Mo—Mx+My— 1278, 904 thm
~- Acting forcé at’ rmddle of bottomn of Concrete apron.
' Ve= 225714248
Hes 48,884 tf .

Mcqu+My—._l_"" -

150,192 tf-m, o
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2) Stability Analysis
Typeof Pile

The prestressed concrete pl]e is adopted for the foundatlon p;le of apron

: Refer to stab:llty calculat:on of center picr
I)‘] D. = ] ! .
_Thcre are many cases for the combmatlon of plle d:ameter and pllc g
_ arrangcmcnt (number of plle) Judging from the’ structural size, geologlcal and _
soil mechamcal -conditions, the followmg three- -alternatives are selected for.- .-

comparauve study Tt is noted that the maxnnum pile dnameter that is avmlable
S in th:s country, is 600 mm ' : . _

Altemahve—l(Dla 400 mm) _
A= Jyoz—vyx(o«;o) —0126m B

:qd 500tf/m2><A 6300tf

U= :rD'" 7r><040—1257m

Altematlve-l : PC lee Dla 400 mm, typeA - 20piles
' A_ltematwc~_2 P_(_IPlle Dta.450mm,~typ_e A' ' : '1_6"pil'cs'_ _
' Altem:at_ive-’_.’s : PCPileDi_a.ﬁO(:) mm, typeA - '..13‘=pi_ies .
- "I‘hls allowable beanng éaba'éity jo=f. ground is shown Vin'éécﬁ. ziitétnhtive' pileas .
Cfollows. - L e
Claver | L | N-Vale |- F. | Li‘F -
y S (m) | Average (tflm) (tf/m)
As | 530 ' 17 o340 18.02 °
Ac | 350 | 16 - | 960 | 3360 | oo
Dec | 140 | 35 1500 2100 e
. -Total S '10.20 L ‘_72.62' 1

-Ru 6300+1257><72620—15428tf/p1}e

. Allowablc bcanng capacxty

for PC plle (Dia 400 mm) -

" Case - Safety. | Allowable beanng
STV 1 factor o} capacity (tf /£ p1le
Normal |- 3 . 5143
Seismic CL2 7114
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Alternative — 2 (Dia 450 mm)
fny fyx(o:ts)’-’ =0.159 m?

ad = SOOtf/m XA = 7950tf
.U= 2D = n’XO.45=I.414m

| _' Ru 79 50+ i 414)(72 62“ 182 18 tflplle

= Allo'\{vable' beanng eapacity'
for PC pile (Dia 450 mm) :
‘Safety | Allowable bearing
a5 factor | capacity (tf / pile)
“Normal- [« 3 - [ - 6073 + °
“Seismic [ 2 | ot 9110

ca

- ‘Altematwe 3 (Dla SOO mm)

:sz._:yx(oy)) —0196m
qd 500tf/m2><A 9800tf
"'ff;_-'_jU_-:rD_ :'r><050 1571m

T Ry _='-9j_8:._oq * 51.5_71'_><_72_.62 j= _212.09 tf_f pile

L Allowablc beanng capac1ty
forPCpﬂe (Dia 500 mm)” L _
A - Safety. Allowable bcanng
ST fagtor capacxty (tf/ plle)

- Notmal . .3 " 7090
" Seigmic {2 - o 106.04 o

T ‘;,_".:Plle stabﬂlty analyses for Altemat:ve—l Altematwe-z and Alternat1ve—3 were

g

: > 'conducted based on the condltlons mennoned above Asa result Altemat1ve-2
AL f'f_(plle dla -450mm =16 plles) was: selected for the econormcal reason. The
= calculatlon resultsare shown as follows - R
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3)  Stress-Strain Calculation

Stress-strain calculations of the structure are made to decide proper reinforcing
bar arrangenien_t. Described below ‘are the bar a:frangeméht for -apron

(BL+0.400).

l' s&uctufai P art : Diarmneter of Interval of |- Side of

Re. Bars {mm) -| -Bars (mm) | structure; | ;Panqufla; 1 _ _ : %
Apron (EL+0.400) Di6 - .} 250 - Lower - | Flowdirection | . '

~~ditio - . - -~ D1s ¢ L2850 “Upper - | 7 -dittg - :

-ditto- . Di6 .- 250 - . Lower - |~ 'Gate axis . -

.- ditto - I Di6 .. 250 “Upper | - -ditto-

C4.2:144



4234 Apron (EL+1.500) -
' 1 Loading Condition

.| . Design high water level

4-2-145

mm_____,_.___________,_____________ __________ 7,500
o RS O e
: _'.FLDW
| .
' l PROFILE
) 15,300 .
PLAN
De51gn Condmon P S :

Item R Umt e - Item Unit | .
Thickness ga;t‘éps"eam ofl “m | 1.000 | Unit weight of concrete | tf/m? | 2350
T'“Ck‘.‘csz ?;‘a‘?e“”.‘f“‘“eam “mo| -0 | Unitweightof water | tf/m® | 1.000
Legth Of‘iljtzrat_ﬂqwmg { m | 7s00-| ' 4'Uﬁ_i?'ﬁéigﬁ_t_ofséif : tff m | 1.800

- [ Width of slab at weiraxis | _'m | 15.300 | Sub'mérged"unit weight | t/m | 1000
- Lengtb_of slab at upstream T Angle of shcam}“g | 30000
. of gate ¢ résistance .o ST

, o Honzontal sclsmlc o :
Length of slope SCCHOI] . m -  intensity ' _O.IZQ
Length of slab at Cm . Apparently horizontal - 0240
downstream of gate i S . . seismic int_ensit_y e
W:dth of muddy soﬂ { om- | o000 | Coefficient of earth _ 0.3085

o pressure in Normal case .
| R | - Coefficient of earth L
Welght Of ﬂzfed dxscharge tffm - - - pressuré in Sexsrmc case 0.4107
. 5 S - above water - '

T SN IR : qufﬁc;en_tofearth e
Dlsmﬂ.ce (fsiziti“gq gate m -  pressure in seismic case 0.5089
- P o e * below water o
E:;‘;':;’fg;ﬁﬁ;g | t6/m? | 1000 | " Topelevation ofslab | ELm | 1.500
T ' “Bottom elevation of slab | ELm | 0.500
- Normal waterlevel | EL m | 5:850
Water level in seismic case| EL'm | 5.200
ELm | 8.000




o Segumc case -: W () -

- flooding

1. Weight of body

Cexra Vertical ,, ..Horizdn_tal u ,
Weight length Moment length Moment .

wen (m) MX ‘(tf—m) Y (m) ‘MY (tf-m)

1 " 269.663 3750 1011234 0.500 134831 Cone.
Total | 269663 3750 1011234 0.500 134831

Note

: 2Wexght of muddy soil o '
Vettical ., Honzontal

" Normal case Welght Moment length M ment

Selsmic case W (1 ;E“(i‘f)‘ M (- )Y( MY ()

| 114750 3750 _430,.313 1,500 172.125)

3 Surcharge load

" Construction Welght
case - W()- Vertlcal length X(m)

-_l 114750 3750 |

'_'4 Welghtofwater R cl .
Vertical -, Honzontal M omcnt
e ngth length
MY (if-m
X (m) Yy MY @)
S 424875 3750 1592.156 2350 1210039_;-”_-
Tl 424575] 3750 1592. 156 1210059

) Normal case - Wclght

: Demgn ; We,xght Vertlcal Moﬁ'iérii Hcl)nzotrtl:al Moment' .

. foodingcase . W.(tf) ;‘z"(g“)‘ MX (tf-m) - Y MY (fm) 0

74575 3750 2797031 42503169969 -
+o, Toul, I 745, 875] 3750J 2797.031[ 4.250] 3169.969 ..

s Eaﬂhpr&sure AR
" Normal case (tflmz) e tf/m -
. Pal= . 0.000 . -Ei= "YI— 0333
Pal= 0308 R
Seismic case (tflmz) (tflm)
© PeaO= . 0.000 _Ee Yel= [70333
. Peal= - 0509
6, Hydrostatic pressure - : _ _
 Normal, Seismic - . .. L IR
C o Wa0= 0 3700 - o @ffm) o
' Wal= © 5350 -~ Pl= 3= 0470

‘.Desig_n -

Wael= 6500 . (tflm) iy

Eh Wael= . ©/ 7500 Pel- . Ye3— . 0488 | - o
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Normal Case :

Vertical -

Horizontal

RAC),

X (m)

Mx (if-mm)

‘H {tf)

My (tf-m)

[ Weight of body

- 3.750

1011.234

Y (m)

Horizontal earthquake load |

(Main body)

269.663

B Weight of muddy soii

430313

+ [Horizontal earthquake load
(Muddy soil) Co

114.750

3750

Surcharge load

[ Weight of water

424,575|

3,750

1592.156

|Earth pressure -

.|Hydrostatic pressure -

- 23601 .

0333

0.787

{Uplift

592,382

33252

1926512]

| Total

_216;606 |

1107.-191

2360

0787

Actmg force at toe of Concrete Apron

: Coris’truc’:tibh Case -

'V0=

o HO=
MO=Mx+My=

216 606 T
2360 TF
| 1107_.977 tf-m

" Vertical

Horizontal -

i

X (m) .

Mx (tf-m)

s Wexght ofbody

101] 234

H a0

¥ (m)

My (f-m)

(Main body) .

Horizontal earthquake load : |

269.663]

. 3.950].

. {Weight of muddy sml

" |Horizontal earthquake 10ad ?_'
{(Muddy soib) - s

* [Surchiarge 1oad _ -

114.750]

3.750

130313]

- {Weight of _Wai'cr ' :' _' ™

" |Barth pressure -

Hydrostatic pressure

- |Uplift. -

Total

384413

0,000

*Acting force at toe of .Concfete Apron

. MO=Mx+My=

Vo

HO=

1441.547]

L4247

384413
0000
1441:547 tfm

_ 0000}



' Desig‘ﬁ'ﬂooding Case

Vertical

- Horizontal

vV T Xm

Mx (tf-m)

[Weight of body _

269.663|

.E-I('tf_).

1011.234]

Y (m)

My ()

 [Horizontal carthquake load
- |(Main body) '

3,750 _

- |Weight of muddy 5011

: {Horizontal earthquake load
- [(Muddy soil) -

" |Surcharge load

- |Weight of water

[Barth pressure -

745875

3750

2797.031

i 2.3'6:0 |

0.333] -

- |Hydrostatic pressure

ol

Uplift

| 860,623

37503227344 ..

- {Total

154,913

Actmg force at toe of Concrete Apron

Vo=

. _Mﬁ:Mx+My'=

154
2

580.922| :

913 tf
360 tf.-

123600

581709 tfm

0787

" Seisnic Case

Verncal

" Horizontal: @ <&y

Vit | X{m)

Mx (tf-m)

Y (m)- ;

" Welght of body

“H@

My )

- [(Main body)

Horizontal earthquake load

269.663|

1 3,750

1011.234

- 332:360 |

0500)

lss0]

“|Weight of muddj soil

- |Horizontal earthquakeload
_(Muddy soil) - -

T 114750

3750

330313

13am0)

20655

Surcharge load

- |Weight of water

3.750

1592.156]

Earth pressure

424575

0.333

Hydrostatic pressure . .

B 3'.893 -

1.298]

Uplift

552.382]

"3.25’2 -’1926.5'1'2 T

Total

216.606]

5.112

1107.191] -

50,023

38.132|

~ Acting force at toe of Concrete Apron

V0= -
HO=

M= Mx+My-

216606t
© 50,023t
1145.323 tf-m
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) Stability Analysis
Type of Pile

The prestressed concrete p:le is adOpted for the foundauon pnie of apron

_ Refer to stablhty calculation of cemer pier.

Mamﬂcnmumgmmm

There are many cases - for the combmatlon of pile diamcter and pile
) arrangement (number of plle) Judgmg from the structural SIZE, geologlcal and
"soﬂ mechamcal condmons the following three altematlves aré. selected for
comparatwe study. It is noted that the maxlmum pile diameter that is available

in thls counzry, is 600 mm,

- Altema_tlye-l

Altemativé—2

_ Alterk_iative—?» :

E The allowab}e bearmg capac1ty of ground is shown 1n each altematwe pile as

PC Plle D1a 350 mm, type A

PCPlle Dla400mm typeA :

- PC Plle Dla.450 _mm_, type A - _ :

' .'Altcmatwe 1 (Dxa 350 mm) R RREEI
A= VD’ Vx(oss) -0096m

R qd SOOtf/mZXA 4800tf

U= er—~ rr><035—1100m

- follows
Layer | M N-Value |~ Fi- | LiFi
TPl m) ) Average | (f/m) | (ef/m)
As - |"0640- 0 17 | 340 | 21176
o Ac | 350 | 16 | 960 | 3360
Dec | 140 ] 35 171500 | 21.00
~ Total | 1130 D RS B

- ‘Ru_‘=43.0:(‘)_‘+ 1_.100,><__7q3_§=7132._00=tf‘/p_né |

Allowable: bea.rmg caﬁécity

~ for PC plle (Dia 350 mm) ;

Case | Safety. Allowable bearmg
R | factor -~ capacity (tf / pile)
- Normal 23 4400 0
Seismic 20 ©66.00 -



Alternative -- 2 (Dia'400 mm) .
A= 771)2 Jyx((mo)2 =0.126 "

lqd SOOtf/mXA 6300tf
U= aD= ;rr><0.40=1.257m :
 Ru=63.00+ 1257X76.36 = 158.98 1f /pile

L Allowabie bearmg oapoc'ity
for PC pile (Dia 400 mm) -

Case Safety . Ailowablo bearmg
S b - fagtor capac:lty (f / pﬂe)
" Normal 23 - 5299 o
Seismic 2 | 7949 |

- , Altcrnatwe 3(D1a450 mm) :
' A= :ypz fyx(o45)2—0159m

: ad= 500tf/m2><A 7950tf
: U= zrD- 7r><045"1414m
: Ru 79. 50+1 414X76 36- 187, 41 tf/plle

S Allo'wabie boaﬁn'g oapdciff '
o for PC pile (Dia 450 mm) -

* Case Safety - Allowab}e beanng L

S | factor capacnty (tf/ plle)

Normal |- -3 | .. 6249 | -

Seismic | = 2 9374 -
Calculation Results

.PIIC stablhty anaIyses for Altematwe-] Aitemat1ve—2 and Altematlve-3 were
conducted based on the condmons mentloned above Asa result Altematxvc~2

(pnle dia. —400mm n=11 piles) was seloctod for’ the econormcal reason. The
cah.ulauon resu]ts are shown as follows g
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3)  Stress-Strain Calculation

- Stress-strain calculations of the structure-are-inade to decide proper reinforcing

bar arrangement. Described below are the .l_:_ar'arrangément for apron |

. (BEL+L500).
' Diameterof | Interval of |~ Side of L
StructuralPart | ge Bars (mm) | Bars (mm) | structare | Particular
Apron (BL+1.500) - DIl6 1 250 Lower, Flow direction
-ditto- - D16 250 . | Upper - ditto -
_~ditto~ . - D16 - |- 250 Lower Gate axis
. = ditto - - D16 . 250 Upper - - ditto -

: 4%'2;'153' 3
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