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Dimension of Gate Body
- Given conditions o
Highest tlde level: ' ' E10.45m

Surplus helght from hlghest tide level: 0.4 m
Design river bed elevation of Ba1 u river; El-2.40m
Gate width: : . 4.0m
Surplus height for hoisting: : ' 1.0m

Control room height: L 3.0m
- Thickness of footing (h) : : o
Thickness of footing is assumed to be 1 m.

. Assumed dimension of gate body for stabihty analysm

‘Width of pier: . . : : 1.0m
Width of OM bridge: : 3.0m
Length of upper piex: _ 20m
Length of contrel room: 4.0m
" Length o lower pier: 9.0 m

(Iength of control room:dm+width of OM b1 1dge 3m+space fm stop log lm
+top & tail of picr:im =9 m) : :

_ Assmned dunensmn of gate body 15 shown in attached ﬁgme 1

!Ealgulatlon of ! _.gad for Stability Ana lyz§

Condltlons of St‘tblhf.y analysns are both under nonnal and earthquake (:Olldltl()ll at the Ioad
mentmned in the figure-1 : : .

n Self we}ght of gate body (calculatlon detalls ave shown in attache(l table-1 and ﬁgum 2)

Total volume: © ' 153.59 m?
- Umt weight of remforced conclete 2.5 t/hn?
: Welght of gate body: '_ _ 383.975 t

(x,y,2) = (5 080 2. 739 0. 000)

2) Mud -sédimenl; weight (ca_lculaﬁén details are shown in attached table-2 and figure-3)

Sedlment area: i L 10.2156 m*
© Unit weight of sedlment 0.6 tm?
'l‘hlckuess of sediment: 1.0m
Welght of se(hment ' 6.120 t

(\c y, z) (10 096 15 0)

3) Watm welght (calcuhtlon detalls me shoWn in attached table 2 and hgme -3)

'Alea R T S 10216 m?
i fUmtwelghtofsedlment e 1.0 t/m?
: :\V‘ltel depth o Co 285m
'- Welght ofsedlment o 20.112 ¢

G, y,z) (10096 2425 0) -
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Tmm~1§,

Self weight of gate body

No.
1

2
3
4.
S0
6
1
8

=]

S0

12
13
14

15

T ¥
.19
- 20

29
23
2

) 11.520

- _{2000_;
6208

- 1.276 .
1625

- 6.500

0000
0000

0000
S 0000

170000

21 o

Lo 0000
"0 66.000

- 0.000

- 1.860 -

0.683 -

15925

0.683
1276

0000 .
0.000

0.000

0.000

0.000

-—'-‘--—--‘-'-4-&-~——'--—-‘-_-—~—~mmmmmmmmr\:m—

2500 unit \;eight of rainforced concrete (t/m3)
S V(m3) Wl '

11.520

-4.000

12415
2553

B ‘3.250

L1365 C
31350_,_
1365

13.000

2553 - 6381

0000

S 0000

~ 0.000
£ 0.000
© 0.000

0000
0.000
0000

0,000

0000 -
0000 -
" 0.000

0.000

<0000
66,000 -
0.000

o 153590

calculation

28.800
9300

10.000
31,038 -
6381 -
8125

3413

79625

3413

325000 7

6.381

- 0.000

0000

0000

0.000
0.000

0000 .

- 0.000

0.000 -
165000 e
0000 -

383975

VX

100800 259200
- 80.445

32550
©35.000

108631 - 182345 . :
0000
. 0.000

61977
75.156

- 29518 -

21328

vY

80.000
16.751 .

8.958

497.656  209.016

12456
81250
8218
- 0.000
0.000
0,000
©.0.000

10.000
:0.000

., 0.000
-~ 0.000
0.000
0.000
907500
10,000

-7.'1950713 1,061.564

5080

S0.000 :
10,000 |
0000
0000
0000
0000 |
0000 . 00C
- 0.000

- 8958 .

85.313

16.751
© 20000 .-
-+ 0.000 -
- 0000 .
. 0.000 ¢
"~ 0.000

. 0000 .

0.000

82 500 -

0000

Y
2.739

. 0.000 -
+0.000 -

L VZV‘_' .

0.000
0.000
0.000
0000 .

0.000

Tttt v s 0 415

0.000
0.000

0000

0.000 -
0.000
0.000 - :

0.000
0.000 -
0.000
0.000
0.000

0.000 |

)

- 0000
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" Table ~2 Water Weight ond Sediment Weight

Water and Sedimeﬁl weitht

area

1.000
3.142
4,000

P G D e

water . depth

. 3000
20 -0.785

e GO Ay -

sediment

e L N

" 2000

area(m?) i

8000 - -
0.000°

- depth

area{m?2) -

S 3000

0185 ¢
8000 |

- 0000 ¢ T

1.500
0.500

1.000
0.500
1.000

C285m -

Weigit(t),*

- 1.000
©o 0500
1.000

unit wiegh

8.550

| -2.238
22.800

m
© Weigit{t)

1.800 -

" -0471
T 4800
U 0000
6129

L0000 S
roo28m2

ufnii wiegh

i

X

- 10250

1.500
0393

8.000

S R 74
U242
Mz . 2425

10.000

06 U/m3
B 1 .
10.250.
on2
10000

-t

1.500
1500
1.500

2425

Z

Z

2,000

—-2.000

1000

0000 -
0000
0000

0.000

0.000 -
0,000

3000
~0.785

10.215

WX
87.638
—21.740

228.000
0.000

293.898

| 10096

WX
- 18.450
o -4517
- 48.000
“0.000
61873

10096

YWy

20,734
- -5428
© 55290
- 0.000
70596

w2

2425

WY

2,100
- -0.707
1.200
0.000
© 9193

1.500

wz -

U U Figure =3 Area for Woler and Sediment Weight

s . 00
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4) Welght of gate, hmst stop log etc (detalls see ﬁgme 4)

Opened gate: , 4.5t
Stop-log: 3.0t
Hoist: : - 35t
, - - (3.5 thunit x 1 units)
Weight of control room: 500t

(x, v, 2) = (3.65, 5.875, 0)
. (x,y, 2) = (8.65, 2.625, 0)
{(x, vy, 7) = (3.65, 9.2, 0)

(x,y, 2) = (3.5, 10.7, 0)

(1.5 thn?x 7 2mx4m=432 — 50t)

Embedded material: - 3.0t
(3 0 tfunit x Iunits)

5) Welght of OI\I budge (det'uls see ﬁgme 5)
5) ISelfwelght R S
Width of bridge: . 30m

Length of bridge: =~ . .. : 6.0 m

. Thicknessofbridge: * - . 04m
© " Unit weight of reinforced conc1ete © L 2.5 thn?
- Self-weight ofbndge‘ SRR 180t_ _

5) 2 We:ght of OIM eqmpment

x,v.2)= (365 3.6, 0)

(x, v z.) (7 4. 45 0)

Load area of eqmpment

" Unit weight of equipment: = .
' Weight of O/M equipment i

6) Welght of stanway

T L=dmix WQB ;m-

1.0 tfm

120t (\"y,'.z,) (7 465 0)

; GOIm | ‘

Area for stairw way: s _
- Unit weight: ‘ Lo T 04 um? S o
- Weight of stairway ©; . . o 72.4‘; - (x y, 7) (3 5 6‘725 4)

T)Upllﬁ.f" S
7) 1 Length of sheet pllc ag'nnst plpmg

- Cr eep 1at10 is calcuhted by Lane s fm mula as follows

o asSuming . C 85(ve1y ﬁne sand ov sﬂt)
: S L=110m PR

E! 1mx2+4f

Necess:tv Iength ofsheet plle agamst plpmg‘]> '1 64 m. - -

2> 1= 5. 0 m
7) 2 Calculation of Upllft

Uphﬂ; at the pomt ofx calculated by followmg foxmula: :_:' _ i

UPt (h,+Ah ,.u Z;!I +dx) W. _fjl

h;—O Ah'—'z 85 nl, ]i—l 00 dz—']. 5 ‘IVo—l 00
l~10x2+5x4+11"'33m o

Sea suls, (Up 1)

Up1“285x1x(33 11)!33+1
w ~290tlm -

c<*w-~—

' _B;aru :

LL+ZI '

Sea

- l 285m - :
\le :

A=5m

S llm

- Figure-6 B
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- Se.lf-ﬁ'eight‘ of O/M Bridgé o

0.500 .

0.500 -

1.000 /‘1.000 ‘2000 1000 - .. 1.000

caleulation

© U 6.000

1.000 .

1.000

3.0C0

.

H=R

C

4000 - -

F‘gure 5. OmBrldge T INTI PE I T

C Wi3mx ;'L:'6m,x_ t: 0..4__rn_'x 2."5'/.m’.:=i'8*_' IR Sl
e o ) =,44550 L
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 wpd (46,00 T

O



Vo

Name of o | Category of

Stability Analysis | Page 9134

Structure - Baru Gatc_ ~calculation .

Ba1 u nvel 31dc (Up2)

Up2 =2.85 x 1 x(33- 22)!33 + 1 0
= .95 t/m?

Up = (1/2) x (2.9+1.95) x 11 x 6 = 160.05 t
X=5.14

8) Static water pressure

. Static water pressure (SWP) of gate axis dnectlon is balanced, thelefme only SWP of ﬂow
- direction is conmdeled : ; o

8) IWatel level undex nounal COlldltIOll _ o
Wave pressure caused by wmd is assume(l as a statlc watel plessule of the wave helght
W'we henght caused by wind is calculated by followmg fo1 nmla
o hwﬁOOOO'i'?xV\F'“- '

hw: wave height (m), V: 10 inimltes average \Viﬂd velbcity (mlséc) B
hlow dlstance (m). . : - ; :

V: 40 km/hr = 11.1 m/sec 9 11 1x 15 (safety f‘iCtOI) = 16 7 m!sec > 20 mfsec L
R O 100 m (Sea side) - -

 hw=0. 00077 X 20 X 100"2 = 0 154 m 9 0 16 m o
8) 2 Watel levei undel ear thquake condltmn R

4_ W‘we p1essme rcaused by ear thquake is 1s assumed asa statlc wate1 plessme of a half of the B
- wave helght S v - ‘ . C .

he—(Kt x f(gHD))/r

~ he: wave helght (m), K horwontal ealthquake factm t:per 1od of emthquake (1 0 sec) :
. Ho watel depth (m) g acceleratlon of gnavnty (9 8 mlsec“) 7 _ -

K Kk‘ldl g -

o _Ad =1 (ac x z)'“ = 109 508 cm)’sec* .
- ad: design shock acceleration {cm/sec?)
S .- 7 ae: basie shock acceleration (160 em/s?: 100- -year 1etum peuod)
T T ., .5 ‘z:factor depending on geoglaphlc condition (0.56)
Pl e e ',n m: coefﬁments f01 soil types (n 029 m=1.32: soft 'ﬂluvmm)

Thelefme . K= 109.508 /980 = 0.11
hel2 ((O 11 X 1 0 X f(9 8 x 2 86))In)12 0 09 m

8) 3 Statlc watel plessule undel nor mal condltlon (details Qee ﬁgule ‘7)

P=-d524t . y=142 Sy R
8) 4 Stahc wate1 plessme unde; ear thquake condlf:mn E - (details séé,ﬁglil'é'7) '

:.,_Pﬁ 4357!; -"_:_j,-: ,,140 L

9) Dynamlc watel plessme (DWP) undel ea1 thquake condltxon '

' DWP is calculated followmg fommla Pd—E W. Kh HV Iz . o "y'zg-h‘

- Pd dynam}c watel ptessme at h :
Wy unit weight of water (1.0 thm?) ;.

Kh honzontal eazthquake factm (0 11)
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(Normal) _
S.W.P to Gate + Pier (P))

P, = -'"/zx301x30|x|0x6='~27.13‘

Y =

301\( I+1 = 2.00

S.W. P to Footmg (Pz . P,)

P2-_-'/z(301+401)x10'(10x6 3

B A i

Y

—2106

.2x3 01+401 ='0.'5'2 o
301+401

P,; '/z\cIO‘(I{)xlOJsG'“B
=_033

Total S W P

P

Y

142

=21, 18+(—2106)+3 41524
L 2718%2-21 06x052+3x033

~4524

calculation

. (Siesmic) -

Py = - %x294x294% 10 6= -2593

Y = |

98

Py= - '/zx(294+394)x10x10\(6

: _20

Y= 0.

Py=3

o L

3.0C0

4.250

3950

= 43,

64"

52

Y= 140

CAH ;046 (rommal)

. 0.09 (seismlc) o

,, & Watcr depth

300 m(uormaly
2 94 m (seismic) -

T T T T T

ey

8.000]

NI

. Figure?. Static Water Pressure = < 0
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H total effectlve depth (m) . o
' H=285 (totql depth) - 1.00 (sednnent) = 1.85 Baru Sea

9-1 Dnectlon of earthquake load yA . ' ' ' e §edi:'ne.n
Pd = 7/12x10x011x1851'Zx1853"‘“x10x2 | [ .V _ Jiom

=044t
_ \"2/5)\185+1+1—274 m

+ 9)2Dnectlon of eatthquake loadX ' o . 7 '_ 7 _“}ter-

Pd“’?lleleOllxlSS”’x1853”1(6"132{: o
Y = 274m '

105 Sedimeii—tﬂplés.sme
pe = Ce X W x d (tlm)

Pe sechment plessule

Ce: coefficient of sediment plCSSlllO (0 6: sﬂt) : '
. W: unit welght of seidment (0 6 t/m*: subm‘n ged lcose clayly soﬂ)
d sednment thlckness (1 m) . ‘ ‘

| Pe'=ll2x(06x06x1)x1x6—‘108t ' Y=1_o+1f3=1.33 o

_ li) ‘Winld-lo"z-idf :
' _11) 1 Wmd plessure
: Pa = VZIIG -
_ Pa: wind i)lé.-é‘,.sille .(]-(glhl.’) :
" V: wind ver031ty (kmﬂn) V =40 kmlh1 '
Pa = 40 x 40/ 16 x 1 5 (safety factox) = 150 kglm
:11) 2 Wind load (detalis see table 3and ﬂgute 9)
Wmd dnectlon X (Sea to Bar ) '
| Pw=PaxA(D) .
_ A Area above HWL (49 46 m’) L
- Pw 49,46 x 0.150 = 7.4191, Y= 8 222

;19) E'uth plessme L P

' y s unit welght ofsml (1 9 t/m*; embankment sandy sml) cre
o .-y’ unit weight of submalged 501l (0.9 thm®: embankment S'mdy sml) : ; o
:@ - | . . ¢:rinternal friction angle (30 assumed lntel nal f1 1ct10n angle of embankment s'uuly sml) |
) 'C: soil cohesion (0) - i R TR .

glound watel Ievel (GWL) 0 6 m below glound level (GL)

}12) 1Ea1 th’ pleSSllre undel nmmal condltmn q—' W'“i lbm
pa I{a Xy X h (+ Ka X Q) AR 0.4 awvi,

R ‘pa actmg earth plessme (tf/mg) : _
© . Ka: coefficient of acting earth plessule S
¢+ v unit weight of soil (tfim?) ' :
" h:earth depth to acting point (m).
: q smcharge in normal cond;tmn (tf/m"’)

1.0 ni

__|* v + +-+ -&
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wmd load
"~ Area
No. -

O QO P L0 DN

Lol DN LAY =

_ X
AN

Table -3

12
3.6

-t

* Wind load
No. A{m?2)

94.480

1080
0000
1700
4800
11.400
0000

49.460

34
0.3

385
- 08
285

Ww )
- 3.672
0.162
S 0000
1.165
. 0320
- 1.10
- 0.000
1419

0.15 /m2

72 .

Y

—
ey

8575

4950

6075

24480

4800

0.540
- 0000
3850 .

. 11.400
- 0.000

N .deMMN-A

£ 0000 - 0000
70000 0000
70.000 0000
0000 0.000
+ 0000 0.000 -
0000 - 0000

ea iy e

wz o

0.000

. .- 0.000
< 0.000
- 0.000
. 0.000
0.000

- 0.000
40000

70,000

A5
B
AT

Yeoohln

&:”_

.,n":';.."’.“' 4SO

“Figure =9 - .
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Ka = cos (¢—9) !
cos’ - cos(0+6) sin(@ + 8)-sin(¢ - "
_ cos(& + 8} - cos(0 - a)
| "9=0°. 6=30°, a=0, §=6/3 10°
.Ka-—*' S T cos'30 ol ::0.308_
cos'0- cole ngdl) sin30
: _ . - Y cosl0-cos0
-Bar th plessme at GWL (pal)
- pal =0.308 x 1.9°x 0.4 = 023tf T AT
- Pal= 1!2:\023\04:\8 037tf S e Y =398
'-Eax th pressure at bottom (pa2) ‘ -
pa2 0308x09x(42504)+023“130tf : ' ,
Paz= V2x (023+130)x 385x8=285640 . Y=1d8 . -
'-‘-Total ealth pmssu;e Pa ' N L
Pa=Pal+Pa2=23.93 tf | L
Y= (398x037+148x2393)l2393—152 ... X=55 -
. *orizeontal force: Pa“ = Pa X cos § = 23.93 x'cos10 = 23. 57 tf .
L *Veltlcal force: Pay = Pax smtS 23 93 X smlO =416 tf
~Pmssme caused by smch'u ge (Pa3)
q=1tfmz | '
Pa3= KaquHxL—OSOleOx*l 25\8H 1047 tf c . YHZ 1?57 o

' "Honzontal fome PaSH =Pa3x 036 = 10. 47 X cole =10. 31 e
*Veltlcal fozce a3v Pa3 xsing:= 10 47 X sin 10 = 1 8‘7 tf

12) 2 Lal th plessme llIldBl ealthquake condltlon
" pae = Kea Xy X h 2CfKea + Kea X q

i pae - acling arth) plessme (tfm?) : ' ‘
- Kae: coefficient of acting earth pressuie, © v uml', welgllt of Sml (tffm")
- h: earth depth to acting pomt (m) C soﬂ coheswn (tflm°)
q surcharge (tflmz) '

o cos? (g - 9 0)
sln(¢+§) sm(¢ « - 9)]

Kae" - _
e c050 cos 9 cos(0+9 +§) [ J

cos(&'ﬂ? +§) cos(ﬂ )
_."‘OOQS‘SD"GDaO_-"
- tan90—~Khl(1 Kv) 011!(10) 011 00"63

o Kaem coy’ 237 7_0404 (above GWL)

- cds'6.3-:c'o's 0_-c_os'6;3- 1t 55;"307355?3’7 :
e T A T cos63 cosO
C Kee=0500 Grelow GWL) -
| 1(|1~Khx(y/(1 y) = 011x(19!(191)) 093

Do “y ' unit we:ght of submmged soﬂ (tflma)
S tan 023 90—130 * “ R S

!
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-Earth preséure at GWI, (pael)
pael = 0.404 x 1.9 x 0.4 = 0.31 tf T T
Pael=1/2x031x04x8= 050tf . Y=3.98

La1 th plessule at bottom (pae2)
paeZ = 0500){09\:(42504) +0.31 = 2.04 tf

“Total earth pmssulc Pa

Pae*Pael+Pae2 3669tf o
Y= 1.48 . o X*55

- *Horizontal force: PaeH = Pae Xcos6 = 36 69 x cos0 = 36 69 tf
*Ver t:cal force: Paev Pae x sin & = 36.69 X smO 0 tf -

Mﬂ&l&m@ﬁu&ﬂm - (de'i-éils 's’éé'taﬁle'—&) R

1) Nm mal condltlon

. Total horizontal 16ad’ and moment: T H = 63 53t TMz= = 49, 40 tm B
Aetmg pomt of compsﬁ,lon of fmces (x, a) (5 12, 0 14) :

2)Ea1 thquake co'nd-ition g
2)-1 Earthquake condltlon 2

. Total vertical load and moment EV 357 57 tf LMx 1880 79 tm
Total horizental load and momeént: TH =100.81tf, - LMZ = 263 01 tm
Actmg point of compsﬂ;zon Of fmces (x, z) (5 29 0. 74) '

2) 2 Ear thquake condltlou X e : , : .
~ Total vertical ioad and moment EV 359 73 tf LMx = 1701 06 tm

Actmg pomt of compsntlon of forces (x z) (4 73, 0. 09)

Sjaumgmnam_m_mm (détai_il'sr'sée tam}si«n R ARRE
1) Normal condition EER S ". -
Actmg pomt of compsmon of forces (x ?) (5 12 0 14)
Dlstance between center of footmg and actmg pomt (r)
= extrer’) = [ ((5.12- 5. 5)2+0 142) - 0.41.

_ Stablhty agamst ovelturmng Ar —l L sin 8+B '£05'0

T 6 L sm9+B cosB .
. L llm,B Gm tanG :ex/ez am123 RIS
Tae = 150>041 i -) OK

Pae2—-1/2x(031+204)x385‘(8 3619tf7 o Y=145

Total vcltlcal load and moment EV 361 55 tf EM'( = 1849 4 tm R

.Total horizontal load and moment: ZH = 101.98 tf, - £ Mz = 32. 95 tm .

ex, ez de\hataon from foatmg center to actmg pomt alongX Z axns' S
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2) Earthquake condition _
2)-2 Earthquake direciton- Flow (4)

Acting point of compsition of foxces (x 7) (5 29 0. 74)
Distance between center of footmg and actmg point (1)
r=0.797 - .

o B | 1 sm 6‘+B’ co.s g
St blht against overturning: Cr o= >r
a‘ y ag e "3 L smf)+B cosd

L llm B:6m, tanB "ex/ez 0= 028
: max—161>077 > OK
2)- 2 Ealthquake duemton Gate A\ls (X)

Acting pomt of compsmon of forces: (x z) (4 7 3, 0. 09)
" Distance between center of footmg and actmg pomt (r)
r=0.78 . , ‘

1 llm B 6 m, tanB —-ex!ez 0 078
'-m—343>078 > OK

Mmﬁahm

1) N- value for demgn of plle foundatlon :

Geologlcal condltlon at the 31te is assumed as shown m ﬁgure 11

N value at pile txp (Nt) 50
average N-value 3.75D above the tlp to plle tlp (\12)
375D =3.75%05=1875
NZ (0.875 x 10+ 10x50)/1875-313-) 31

- N- value for pile desngn (N) \I (50+31)/2 40. 5 -} 40‘ '

2) Fstlmatlon of mternal fnctlon angle e
| ¢> 15+f(15xN) 15+J"(15x40) 395940 )

3 Allowable compresswe heal mg capamty (Ra)
Ra = {qd xA+ uZ(h X ﬁ)}ISF

'qd ultlmate beanng capamty per umt are at plle tip (tflmz)
- Az Avea of pile tip (== R¥4 = 0.196 m?)
. lir stratum depth (1,= 11.6 m, l,= 10 m, 1= 1 m)
- w: civcumferential length of pile (= 1.571 m)
fi: maximum skin firiction of stratum”
(f,= 2.5 tfn?, = 3 tfm?, £;= 3 tfm?)
SI: safety factor (noxma] 3, earthquake 2)

 Value' of -

ultnmate heanng capaclty (qd) Coa - S
qdﬁ 13xcx’\lc+03xny,xN +y2 foqu

'ccoheswn( 0) el
Ne, N,, Nq: beaung capacxty foctors RRAE
Ne=92,N,= 110, Nq = 85 -

1.0m

_';"BecrinngopaCiTy Focrors

] o - a

rnfernol Friction Angie .

S Neb
T EL15m

N=10

_EL.25 m

S N=50

K @’ e \ .. . oy
. > E‘.

G( °)

Yy umt welght ofsoﬁ below plie t1p ( 0 8 tf/m3)

: f 3 a3 i R
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Structure
- y 2: unit weight of soil above pile tip (= 0.8 tffm?)
R: diameter of pile (= 0.5 m)

Df: Pile rength ( 22.6m)

qd = 03x05x08‘<110¥08x226x85-~1516tﬁ’m
Ra= {1050\:0196+15‘?1~:(116*{25+10x3+1'<3)}ISF 4012!SI‘

Ra = 133.7 tf

-Noramal condition:
Ra =200.6 t{

-Earthquake condition:

4) Allowable pull-out capacity (Pa)
Pa=Pu/SF+w . .
- Pu: ultimate axial pull out capamty of pile (leteunmed by glound condltlons ()
' - Pu=UZ(ixfiy=974 R .
w: eﬂectwe weight of pile (= 1.6 tf/m1 x 22.6 m = 36 16 {;t)
SF: safety factor (normal: 6, earthquake:3) * :

“-Noramal condition: . Pa=52.39f
_Eal thqu’zke condition: Pa=68.63 tf - -

b) Allowable latel al bealmg capamty (Ha)
o IIa—(kxDIB)xS'l .
' k: coefficient of latelal leactlon of foundatlon gt ound (kgﬂcm?)
 D: pile diameter(= 0. 5m) : S
"B chalactat IStIC value of plle (cm l)
k-D |

ﬁ_'?z«,l R S
" E: coefficient of elasticity of pile body (= 400,000 kgffem®)
- I: momet of interia of corss section of pilé body (= 260,604.6 m™)

. : 6 a: a]lowable dlsplacement of plle (normal: 1.0 cm, ear thquake 1. 5 em) -
5) 1 Lstlmatmn of coeﬂl(::ent of l'ltel al 1e‘1ctlon of found'ﬂ;mn glound (k) '

k= ko(B"L‘}O) e

' kuﬁlBO\c o 3\]*_,0, ' -
' oo KO =28N = 140, a= 1(1101mal) a-—2 (ealthquake)

A Bu f(D’B)
: D 05m ‘

k = 1 70 {nor mal condltxon)
k=3 40 (ealthquake condltmn)

5) 2 Allowable latm al beari mg capacnty (Ha)
Ha=(kxD/B)xda .
~ K: 1.70 kgffem? (nor mal) 3. 40 kgffcm3 (e'u thquake)

D: pile dlametel( 50 cm)

B:0.0035cm?, 1/8=264. 5 em :
allowable d1sp1acement of pile (normal 1 0 em, earthquake 1 5 cm)

(detanls see table o) -

_ Ha 22 5t (nox mal) .
a = =45, 0_!_; (ealthquake) A
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| 6) Load and _mqm_ént _for a pile

caleulation

6)-1 Load and moment at footing center

(normal condition)

- flow (ﬁréctidn Xy " Vertical: -

" Horizontal:

- Gete a‘xis; direction (%) Vertical:

" Horizontal:

' (ealthquake comhtmn /) :
- flow dnectlon (X) Veltlcal

" Horisontal:

-~ Horizontal:

(eal I;hquake condltlon X)
ﬂow dnectlon (‘() Vertlcal

V=361.55¢

Mxv = 323.05 x (b.47-5.5 —-97tm

Hx=-53.74¢
- Mxh= -126 7 tm

SMx =97~ 1267-—-1364tm e
- V=36155¢ .

Mazy = -8.3 tm
Hz=33.88t

CMzh=87.7tm o

V=356567t °
Lo Mxv =107 tm
- Hx=-44.65¢t -
‘V'I'xh =624 tm

Z\fIx 731tm: . o

' -'Geté a_i:_ié dire.cl-f,ion (Z) \_’ertichl: - : V= 355 b7t .

Mzv = 9.6 tm

H=9038L T -
. Mzh=2534tm -
LMZ 26301111'4'

B V:'3'59.'73}'.

: - Mxv=-10.8 tm
Hm 1z0ntal: R

Hx=:99.92t °°

" Mxh=-266.1tm

. SMx=-2759tm

- Gete aus duectlon (Z) Veltlcal

H01 mmtal:

OV =359.73t

Mzv =-2.9im

- Hx=23b67¢
_Mzh 358tm S

- 2M&~32 9tm - MR

Ntow (lirection: X

gate axis direction: -

v

H i

H

"

SH

361 55
355 57

' \Ibl’ m’al a

L i‘ ealthquake?

j"-;14.55.

-136 4

131 | 355.57

361.55

33.88
86.15

494
2630

32.9

63.53 .
10081 S

ealthquakeX 359.73

.. 6)2 Layoilt Ofpile i f:r“
~ $ 500 PHC pﬂe
@‘( 2. 125 m @/J‘ 1 75m

Xth5x3

99.22°

: -275.9

359,73

93.57

101.98




- H: honzontal load actmg to footmg {t)
~ V: vertical load acting to footing (t) _ .
M: moment around footing center (t.em) -~ = . o L
6 x: horizontal displacement (cm) -
~ 8 y: vertical displacement (cm) | :
. «a: angle of roatation (radian) - .- .- :
- Kv: axial forces induce the unit axial deﬂectlon at p}le top (t!cm)
" Kv=axApxEp/l, a= 0013x(lfD) +0.61 = 1.18
0 Kv=118x 1,159 x 400,000/ 2209 = 247.6 t/em
Xi: horizontal distance of pile i from footmg center (cm)
Ky, K;, K; and K coefficients - .
K, 4EI B3, K, =2EI 82 ' Ka = Kz, K, 2EI.8

ﬂ"‘ AL A : B —3 78x 10“3 (normal), : :— 449x 103 (earthquake)

4-E.1

1esults are as fo]lows (detalls see table 6)

N o (em) 0 oM (x10° radian)

: - JSya !.6Ki T8z s .jax:'sfaZ' ol _
Normal - | 0097 | 0168 | 00157 | 0195 | 395 | 1162 | 1547 - -
carthquake: Z | 0.096 | -0.078 | 0.200 | 0215 '0.440' 4330 | 4374 o

Earthquake: X_| 0.096 | -0.183 0.049 | 0.189 -’-7'3'3 EEATE --‘14'.47 S

.’Allo‘wa.ble:‘ normal condition; § y=8H=1.0cm, a =1/1000=1x10% =~ =
e mthquacke c0nd1t10n 6y" 1. Ocm 6Il =1, Ecm a = 1!1000 1 b 103 .

6)3Loadforplle T
' P\I—KVX(XIC! + 6y)
: PHI—-HIU :

- Py vertlcal load actmg on pde i (t)
Pyi: horizontal load actmg on plle i (t)

: 1esults sre shown below R (detalls see table 7)
“ Pyt &
_ 'PVmL__ ' me PH (t)
Normal' .- f: oes2 .--_'_‘-5_19.‘9__,; C424
earthquake Z |- 243 1934 _6,72 ,
_Earthquake: }\ '. . 35| 161 | -"76.‘8.';"'—' L

7) Stless for a pﬂe

7) 1 Load and moment for calculatlon of p:le stress

0 2079 Mo

Nameof | = @ |, Ci | Category of A, ] ey
Structure - Baru Gate L calculation S.tablhtfy A“‘“Y o1 Page 22 134
6)-3 Calculation of displaéement ‘ E : o e <_wlé__{ﬂ}_(lm_ >
Simplified defommtion method _ o ' AN
'Hz—nxKgxa +uxK,x6x ' X L
V=nxKvxdy - . e S IR I S
- M= (LI{VKX12+1HK,)xa nxK3x6x RN - o L=11.0n .

o ~H/28 B‘ 0.378 x 10° normal, B=o.i;49'§c 107 arthquake -\ . .
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' Resu_lts are shown below; - ' o ' _ (details see table-8)
Py(t) | -
. . P\’mA(: _I)Vmi‘n ’ P{L(tr) Mo (t]n) Mm (tﬂ]) .
Normal _ 282 199 | 424 - b6l ERY
earthquake: Z 243 234 - 6.72 - 7.48 - 1.66
Bavthquake: X | 3815 16.1 6.8 757 1.57

7-2 Effective pre-siress
- basic condition _
¢ 500 PHC plle 'Dype A

10~250cm Y= 160cm ¥, =2100m ‘
PC wive ¢ Immx 9
- cross sectional area (AO): A0= 7 (ry?- 112) = 1159 ? em?

- Area of PC cable (Ap) Ap 0. 64 x 9= 5.8 em®
Alea ofconclete (Ac): Ac= 1159 5.8 =1153.4 cm?®

Effectlve CIOSS sectmnal area (Ae) Ae =Ac+nx Ap = 1153 4 + 5 X 5 8= 1182 4 cm?
. ' g n—-EpIEc—«ﬁ i :

- Coeﬂlelent of effeetlve Ccross sec1t0n (Ze) Ze = Ie Irg= 260604 G/25= 10416 2
- 'Iensﬂe stlength of PC wire (a pi): o p1 =0, 7 X 14500 = 10150 kglcnr '

Tenslle stless afte1 elastlc deﬂectmn) v pt o p1 I (1 T n' x (Ap / Ac)) 9819 2 kglcm—
n—EplLe—G‘? _

Imtnl plestless (a cpt) o cpt =0 pt xAp IAc 9819 2 x 5.8/ 1153 4 49 4 l\gfcm
- Reduce of tensﬂe stlength - ' ;

s, MO0 e T 9=30, es=15x10% 0

o ) l+n Tor (l+q0)
R T

N 979 A
_ AU —lhﬂpt 00’?198192 6873 R
Effectwe tensﬂe stless of plle (a pe) o pe =0 pt (A v, ¢+ Ag ) 8152 5 kg/enr
) - Effectwe plEStlESS (0 ce) oce=g¢ pe x Ap IAe 41 0 kglem® _'; R
7) 3 Analysm on pile stless ' ‘ o oR
Allowable stress of concrete (0 ca, o ta) T T SH
ocas 500 kglcn12l 3=168 kglcm _':_1_ ':Vnm mal PRSI

00'1 = 1 Ekoca 250 kgfcm' L ?_ealthquake SR
" ota=notallowed . . : Y normal - L

‘ota =30 kglcm 40 < v ce < 70 kglcm ear thquake -
A]lowable shess of PG cable ( a pa) ‘ ey
~ 0pa=060x 14500 = 8700 kglcm o

Moment ofmeltn (Ie) Ie (:. 14) X (10 - 11‘) + 1/2 X (11 1) xAp X1, 2 2606'04 Gem!

Do 3esa
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a p:\

" (normal)

1) Compressive stress
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- Stross of pile

ge= oce+(MIIe)x1o+(VlAe) =gcet+(M/Ze)+(V/Ae)
oc =oce-(M/Te)xry+(V/IAe) =oce-(M/Ze)t (V/Ae)
ap = ope+nx(MlIe)x1 -nx(VIAe)

o compnesswe stress of conmete (kglcm?)

o ¢’ tensile stress of concrete (kg/em?)

o p: tensile stress of PC cable (kglomg)

Results ale shown below; ' (detalls see table 8)
(nox mal comhtlon) .

© gc= 1187 kglem? < 166 kgfem?® > OK o
oc —40kglcnr>0 2 OK . . ...
Lop=82044 kglem® < 8700 kglcm > 0K oo

(ear thquake con(htlon)

" ocz=133.4 kglem? < 250 kg/cm —’) OK "
“odz=-1L 0kg!cm‘> -30 kglem?® > OK .
.o pz=28354.9 kglcm < 8700 kgfcm rd OK

Coex = 140.8 kglcm < 250 kglcm‘ -> OK
- oc'x =-18.1kglem® > -30 kglem® > OK

8389.4 kglcm < 8700 kglcm" > 0K .

nd Footing .

V=409, H=424t
10~25cm 1,—160111 S

U evEViR x @ -12) = 35.3 kg/cm- <75 kg/cm2 (demgn cnteua)
og=H/Dl=94 kglem? < 75 kglem?® _ 20K

D =45 cm, lﬁlOcm ;

(ea1 lhqual\e) V 44 9 t, H= 6 80 t
L ovs= 38.7 kglcm <1125 kglcm‘“ 75 kglcnr X 1 5

L UH =15.1 kg/cm" < 112 5 kglcm" SR _ R > OK o
2} Shérér'sfll'é.ss : S R o
o (nornial) St _W(,L x Dx 1’) 3, 21 kglcm <15 kglcm L. DO0K
, - 90 cm distance between plle top aud footmg top
(emthqu'ike) £= 3 53 kglcm < 7 5 kg/cm' s e T _ o '. —) OK

Rgmforgg nen Lnglig Hgad S

o Rmforcement of plle head is done by emheddmg the 1emf01cmg ba1 basket into the m31de of PC Pnle

with ﬁllmg of concrete. In th]S case, the p}le he'ld 18 asuumod asa RC wll;h cncle shape £orss Sectmn

Condhons of calculatlon 13 as follows _'f':




Name of P Category of
Structure rBaru Gate - : calculation

Stability Analysis | Page 32134

- Table 8
Pile stress

normal : U
e "41 + 7 561x 100000 /- 104162
et R § 561 'x 100000 /- 104162
p 81525 + - 5891 x 100000 / 260804.6

282:x 1000 / ' 11824 1187
7199x 1000 /11824 = 40
S 995x 1000 / © 11824 = | 82044

I+ o+
|n;n

' earthquaka Z
.G

-G

e 81525+-‘;—-7854Ex

T1000 / 11824 = ,1"33.4' .
F4x 1000 /. 11824 = -110
7x 1000 /7 11824.5 - 83549

moobo / 104162 +
100000 /104162
100000 / 2606046

_-"earthquakeX el e

e e Iy 157 x 100000 / 104162 + =31,
¢ 4l —'_;i B57.x 100000 / 104162 +:16.1

o p g 81525+ ?949x 100000 / 2606046 - 805

C 1000 / 11624 =" 1408 |
x 1000/ 11824= . -181 |
1000 / 11824 = 83894 . .| (D
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Structuve “calculation

(Dnmensmn and bar chameter)

Assumed diameter of cross section: 50 cm (pul dnametel)+ 20 cm=70cm
Ramfmcement bar to be used: D13x9 . .

(Loa(l conthtlon)

The most tough case f01 p;le top is havmg large moment and small axial stress at ealthquake '
con(htmn Loads for calculation are as follows: '

' Bendmg moment at pile top 7.57 t.m -) 8 tm
Axisal force: 27.4 t - 27 t o

(Result of calculatlon) Lo .
GcHGZOkglcm < 1125kgfcm" . D0K

os= 7973kg!cm <2100 kglom® | SOK o
' wa}%ot_ng ngghty | o
hm1n{(3xkxl‘)lE}”*‘ .' S
7 Hax(?.’7+e°)l() +e) 22 : _
h=2 (=0 S
: = max(h, D=2 (= ) $ _—
- k kvx(mxn)l(LxB) 6752 T L — '
' hmm {(3*{k:\?v‘)lE}"3—058 m LT _ o S e .L‘?HF .
_ hh10m>o58m—hmm 901{ R A
B=11m
L e_=lm v




‘ gfﬁ:‘;ﬁf ASIN GATE Cgf:ﬁfﬂ‘ign .| Stability Analysis | Page 34734 .
Table-9

wem . [symbol unit - amount | -

concrete radis . R em 30 .

wisotetr R em g |

cover o d_Tem %40 oo
banding moment M tfi*m: - 8.000 _— L
aidfoce N 27000 . / compression
shearing force Q ; tf T 0000

eccenticly e em | 296

bar diameter LD rmm 3 s

no of bars L N 9 . tension

bararea CAs coom® i 11401 :

elasticity ratioe ) o ! 150 i T .

bar ralio p . - V00026 - circular section -~ P
locationofnuralads ¢ x  om | 248 . . -
compression stess of concrete | oc  kglfem’t  62.012] = i5¢=1125 10K

tensile stress of bar i _os kglem’| 797.287] < o5=2100.0{0K - j

3.59
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