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; i 'Safcly factor for Bucklmﬂ '

2.7.5 Steel Conduit

Dcsign Data

NumBer éf Lénes
Dimension
Transition pipe
~ Outlet pibe
Length
Transition pipe

Outlet pipe

Design pressure - . -

* Design Stress -

Corrosion alIowance R

Used steel quallty tor plpc shell

- hendlng

1set

1.400 m x 1.400 m ~© 1.400 m
@ 1400 m, G 0.650 m, @ 0.250 m

1.150 m
01 400 mx 399 51] m(VIPl
0] 0 650 mx 16 210m (Branch ~ Guard Valve)

Branch)

' 0 0 250 m x9, 056 m (Branch (00 650) Guard Valve)

See lable at next page

;054 cy as baSis S
F 135 x 0. 54 ay shall be ad0pted when the plpc shell
the shell -

stress due to restrammg

' dcf‘onmt:on by the nng g:rder or shffencr ring has
_ been consndered S
1.5

-l 5 mm for pipe sheil

$$400, SM400 [

e
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) Traﬁsition pipe
(a)  Design Pre'ssuro

Itis apparcni from demgn pressure table case 2 to 4 wnll dommate over the

slrenglh of lrans;llon plpe

- Incase 2, intcmal pressure p, is

B

CHWL+ Wave Hclght ~ EL. Center oftransmon plpe at Relnforcmg
Glrder

m

II

\VL 155 300+08—1"L 113, 263

_42.8_32 m

42.832 tf/m?

.- In'case 4, exfemal pressure p; is
o .p4: . N. \V L + \Va\’e Helghl - EL boltom of'l‘rans:t:on plpe at Remforcmg _ o
Glrder o ' _' ' ' ' S _ ' @

\VLI48900+08 LL 112861

I

36 839 m

' 36.839 tffm?

S

~ Transition pipe shall be structurally' analysed as a rectangular ralmlen ‘
'_structure Therefore the dlrecnon of pressure load can only change the sxgn (+)
of secllon forces and siresses Thus case 2 shall govem the desngn pressure of

 transition pipe

Cosam
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Tenter af Jransituon ope )
//S'«(n Plats Cniculaticn pant

*'-'\X*EL 133044
0 ‘/ B W

(b) ' _$tréiigtll oFTr'an.sitionn Pipe

()  Pipeshellplac .
Sl iPip'e'_shc'l'l yi)l.ate shall be calculated as skin plate Flat Pla_f‘_’.s_ which are
- subject to bending stress, shall be computed in accordance with DIN
© 19704, clvse 6,522 - ordance _
. K Pl
100 t2.

_\thfe, o .:. . BE_!l-ldillg s-tress in kgfl;:mz.
- p -' :: g\’ater pr.e-ssure: relatli;;é.tg lh%:‘p.le.lt.e cén_.t.e.r B
(WL 155.3 _+'.|'_lw'o".é'.lii'-EL;'1'1'3.0'44')',»< 0.1kgffem®
:43056 kémlﬁz R e .
' K o Non ?di.n.wihsio:l'lz;-lVrf.a;::;;r assho\sn _iﬁ te;l;lé '

“ab : Support length of platé panel a S b inem

azssom

If}O em

-t

N [ Efﬁc;ent -!Ii_ic}ulless ofs_kin plale‘—?‘ 265 em . : .

T L R



a=55em

Reinforcing girder
- g8

et - bfa oy O3 a3 oy

L0 309 137 13.7 309
125 403 188 0 135 339

L 3 150 455 221 122 343
; | : . 1.75 484 239 108 343
@ 030 O Y030, - 200 499 247 95 343

‘ 1—> N300 500 250 7.5 343

C 250 500 250 80 343

' w 500 250 7.5 343
O _ -

b-140em \ e e

-« Side of pipe shell . .

The results of the calculation are as following table

' o a b y : o | o
Item tketlem®) | (em) | (em) ba | t{cm) ) K“ ket _‘3_111_2)__ (keflemd) |
o | S B T I 483 896 |
o |- e | oo |
43056 | 55 | 140 | 25 | 265 |— ———— 1300
oy | . s | 343 | 636 S
03cy | Sl s | 269 -
030, | T T ST R BT

" Shearing stress

D 43056x55 < _ e _ S
s =5k fl T = 750 keflc
T 2%265 g em? x 5 . .g cm?

()] ReinforcmgGl_rder

As shown in ﬁgure ne*cl page the sectlon forcc d|str1but|ons are

- approxnmalely shown in figure ne\t page
Bendmg moment Mx, AZ\'IIB force N.\, shearing force Sx L L
a~b:

o ‘Mx = - Ma_+"/z' px? (Teils.i'_léfét}ess at side of p'ipe she.ll'pi'al'e"‘*_-_”) -

- _';_2—747'4,‘ :




Nx = p(r+8y)
o Sx == p..x
Where,

Ma : Bending moment ofPomt

P e“'+£" | xem [ €2
Ma = -—--é' {‘1—6—2—‘+l‘l12‘(fl+32)+-"2“‘—'(";—‘—.€2'l’ﬂ .

+ &'(f: _52)-(2ni “.L.f' 47[2)} .

®
l

_ e'+82 ﬂ l‘l]
2
- Mx \/h+p [%——rn€2]+p m- \ffl +22 cos(iﬂ )
T m
Nx {r+\f€I +£2 co;(m-—B)}
Sx \ffl +€2 sin(—ﬁBJ
S m

. Where, _ _ :
: B 7. = m (e/ )5 1‘\5 B rhen \A'( r‘/Im.“: V‘ =I Vlﬂ?&‘

Sx'= 0
: Mx : \/Ia+p {%——m(f, +f, )}+p (%—fﬁ}

é»x s p (r%i'-z)



Neutrcl line L ‘lj”’""—:ﬂ___:.:'—[_f_ )

Reinforcing girder flange

: o E R . ) B .
N i - el : S
: . é : Neutrel Line

“Pipe snell ploie

f
o
7\.

|
i
)

BMD . aFp o sFp o

Remforcmg Glrder Propertle L

'lhe mner sade ﬂanges of the remforc:ng glrders also serve as, lhe she]l skm p!ate The :

effective Wldlhs of the inner ﬂanges are calculated by Ihe formula and f gure below '



Lo

. ,,,-ljﬂi—'_:——-[)—si—i £ : P.itch of reinforcing girder = 0.55 m
b - ‘ L :Span |
I ' | " Ceater of top skin plate = 0.6 La
’ g _ ! Ceater of side skin plate = 0.6 Lb
Lo SH- .' l -~ Corner Qf‘transilion pipe = 0.2 (La + Lb)
2 o f La: Width of transition pipe = 1.4 m '
B = ‘ | [ Lb: Heighto.ftransiti.on pipe= 1.4 m
T oI T T T '

The'effective width of the inner flanges “2X” are, Center of top skin plate

- L’/osLa— 055/(06\(14)"0655'_ o

2

03 s 406la
= 0.15x06La
= 015x0.6x 1.4
= 0.026m

- Center of skin plate o

. {,’msLb— 055/(06xl4) 0655'__

'-'03 s fosLb
| ; '_ :':015~<06Lb _jf' |
S i}—— 0.15x06x 14

= 0,126 m

"Corneroflransmonp:pe RN o
,8/02(La+Lb) 055/{02\(14“4)} 0982

03 - = 3102(L‘1+Lb)

o : 015\0 (La+Lb).

R 015x02>\(|4+14)

- 0.084 m _' |

-
<y
PG .
—

It

Lo T s 10219 (o).
O R U . i o . o 5
_f S ’/FZ—%: _.f%i_ —y F , Z = 1215 - _(cmj)
e2 ; 7 o e é ; . Zg"l = _6_22 _(cin’) '
O B N ' = 84 (em?)
: ’7_'_ A i j.?' ('_‘ ,) _
g ! j e . =7 164 (em’)
"’“ ff , A 212078 (em)
////5,, éf’zf?&’///é-d _EEZ RS T
} Ay = 320 (em’)

f_J

3 ;; 252
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~ The results of calculation are as following table.

Bending moment, Axial force and Shearing force.

e | A0 [t e | S
yint G (ko - .
Point M (kgfm) N (kpf) S (ke
‘a | 186948 | 16490 0
b wors22 | oreaso | 17w
b~c } aigsss | 16490 0
cender : 7V i
e wors2 | 16490 | -7
d | 186948 16490 0

- Siress of Remforcmg Glrder :

Bendmo Stress

: ()ut'er '

UOb“’ -

VAR

o . ' M E
- Inner Gip= —
. S 2,

~ Axial Slréss__ '

] : L N
G = — -

o A

- Shearing siress

. L VS:
T .5 —
: L Aw

: \Vhere : :
“p oo water pressure o

] = 8836 {cm%)

L = Sé3 . (cms)
Z; = 596 (emr’)
¢ . = ]IO.Oi ‘(cm.z)

e = 14.8:' (c.l'n?)

A = 0852  (0:112)

A, = '32.0 :(cm’).
_j _:' Not_é:

42832 x55
= 235576 (Lof/cm)

: --b : piteh ofRemfo:cmg

- girder

1‘]3 Soem

© 8= 50¢em
o

Il

20cm

fa = rte o o



The result of Bending, Axial and shearing stresses are as following table.

- | Bending Stress Axial Shearing
(;a;)?i{f: (kgffcmz) - Stress ' stress
o Oob Oy o (kgh t(kgh - e
_ T Allowable stress
a - 301 -154 137 - )] . ,
' . oa = 1300 kgtlem®
b -180 | 122 - 167 - 368 - = 750 kgffen?
b~c | yg | 282 | 167 - 0 | |
center : : . .
¢ -180 122 167 .| -368
d 301 | -154 | 137 0

(iii) " Combined Stress

Extreme fiber stress

OQuter Gt = Gopt O
“Imner . G = O toto, o
Where, o,  : Bending stress of skin plate

'l‘he rcsuﬁ Oi;Cél_u_bim;(_l Stress - =

Calcuhtwn "Outer | - Inner

~Point - | (keffem?) (keffem?’)
a | 431 | -286
5 13 95 Allowable stress
~c - Cmen IESERESUNER T B R M l300 Lﬂllcm
e | 0| 0w |
S e L N A
oo o 0437 ) 286

* When other stress in addition to axial stress exists, the combined stress
- shall be"determined from the. followmo formula, 'mci thc stress should be
: w1th|n the allowable value

: 7.,0 JGI[ ‘+02 ll 0s+3(T+I ) L : AS L
Lo B : CeTe i : Gte:
: Where ) Combme slress in I\gf/cm

o f""c-s_;e lnner e\treme ﬁber s!ress kgf/cm N ¥

- '0,: Bendmo slrgss ol’sl\m p!ale kot!cm
T Shearmg slress of remformng lrder kgf/cm

S 'r; R Shearmg stress of skin plate l\gflcm

Coaam



Allowable stress o ,, = l..l -d, = 1.1 x 1300 = 1430 kgf/cm’ S

 The result of combined stress.

Calculation ‘ : - ‘ S .
Point gi¢ - O ot K - %q
a ~286 | -896 . 045 796
b 95 | 191 | 368 -7 45 1108
~bee s s o1 | o | 45 | 1007 .
(center) - - : ' -
e 925 | 19r | 368 | a5 | 1108
d | -286 | -896 0 45 746

(3)  Outlet Pipe (4 1400, ~ DAMAXIS)
NORE Desigll IiresSlyr:e

' Accordmg to the desugn pressule tablc the d851gn pressure of each case is as

: follmvs
Casel : Under eonslrl.lctio.n is'ork (Esp'osed.l’ipe).

E*{temal pressure p. = 2. 0 Lc-ffcm

; Case 2 Aﬁer completlon of worl\ (Embedded P:pe)

' '._]nternal pressure

il

@4.600&11 = 45 _kgf!cmz
45.556m = 4.6 kgflem?
50381 m = 5.0 kgflem? -
58230m 4 53 keffom® .

o Point®p;® = HLW.L 155300 + 0.8 - 111,500
Point @ p, ® = HW.L 155300 +0. §-110.544

. Point®py® = nwuss300+os 105.719
: _Pomt@pz@" HWL]SS300+08— 97870

lI' il

3 Case3 Aﬂercompletlon of \\ork ([’mbedded Plpe)
'Internal pressure i
"'-'Pomt@p,d) = S.W.L 151,800 +0- 111.500 —400m = 43 ke’
: _Pomt@p;@ = S\VL]S] 800+0178—110544 44301 m'.'=..4;5. kgf/c_:m’ | - ®
_Pmm®p,®- swmsn 800+1078—105719 53 897m = 5.4 kgffem® '
"Pomt@p,@— SWL151800+2543 97870 | 69508m_%. 7.0 kgffefn2



Cased :  After completion of work (Embedded Pipe)

Internal pressure . .

= N.W.L 148.900 + 0.8 ~ 111.500

Point @ py @ = = 30.156m = 3.9 kgfem’
Point® p, @ = N.W.L 148.900+0.8— 110.544 = 43.981 m = 4.4 kgflem’

51.830m = 4.2 kgflen
56.650m = 5.7 kgflcm’

.

Point @ py @ = N.W.L 148.900 + 1.8 - 105.719
Point @ p; ® = N.W.L 148.900 + 1.8 - 97.870

In general, pipe shell shall be supported le|11porafi1y internal pipe support or
tigs during construction period so as not to deform the‘pipe shetl harmfully.
Therefore case 2 and 4 shall be taken for the de5|gn prcssure of outlet plpe '

(~ DA\AA‘(IS)

- Dcsmu pressure (¢ MDO ~ DAMAX[S)

Calculated : Internal Pressure Exiem'al' Pressure

~ Point S _
O 45 ] 39

‘@ a6 | 44

e s 52
@ 00 5.7 -

() Symbol Used
Do . lns:de dlame{ermcludnw corrosion ihlckness— 140 Ocm -

D, . Outsnde dl'uneter— 141 8cm

'D : " Inside dlametcr excludmo corrosmn tlucknes 1403 cm
o Dg Diameter ofcenler of pipe shell plate = l4l 05 cm |
ro'._.':r"D/2 ' ' - |
' rm' - DmIZ :
tc; : _'Plpe she!l p!ate thlckness mcludmo corrosmn thlcl\ness =} 9 cm
8 Corrosmn thlckncss = 0 IS mm ' -
.__t' - to—e
' B ’ lnterval ofsnftener— IDO cm o
. 1} Stlftenert!uc!\nes::‘.”o 9cm |
'-'._hrr .'.._:.-'.Suffener heloht l(}Ocm _

F hese sy mbols are shown in f gure next pfige. B

T
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(c) : Minimum Thickness of Pipe Shell

The minimum plate thickness of pipe shell, 1, , is restricted as follows:

' D, +800
400

Y%

t, (ﬁnn)

and,

tt 2 6(nm)

- Result of thickness restricted

(ml-n)

No. - Do._‘_ 200

D, +800

.to ;

Allowable

00 |55

S0 | ss

Thickness

6

1400 | ss

- @ '@'_:@"f

oo |55

. (d) Strength Against Internal Pressuré .+

 The strength of pipe shell in case-2 will bechecked as f‘(_)_-llows.' :

(i) Stress due to internal pressure

¢ - Circumferential Tensile Stress -~

P,-D
2t

Gy

: Result ofcucumferemlal tensﬂe strcss

.t\l]o“able slress

| ?"_o,a 054Gy osamoo

1300 I\Oﬂ'cm (sw 400)

| (_kgf/c.ﬁz)_ '

O,

mo

- 430

505

C70

654




Local Bending stress due to ;estamng the shell deforimation by the

suffener

Gap &

W helg, Ar =

' ll 82- tr hr

P D

1.82-tr-hr
Xor

Ar

Result of stress

2 {

'Ar

tr-hr- l (1. 56 \/;nﬁl + tr)

(Il‘l m)

, tr Chr o ot A T Ga
No. ‘ . )

{cm) {cm) - (m) (em’) | (kgffem®)
co oo | 10| 075 | 18180 | £379
co | oe | w0 | eas | siso | w387

® {09 | 10 | 075 | 13180 | 455
@ o9 | w0 | ers _'lsl.l_-S_O £589

1775 koffcm (SM 400)

ot Thus,

) Gt?a

Lon19.ui1:d1nal Thermal Stress - R

U[‘_.!:(l

\‘l’he're,_._ o
: ) )
&
AT

G

xExAT

12\10 x2]\106x(+20)

Allowablc Stress

-Slress duc lo Porss:on S Effect :

: 1, 054x0y

: 0.3—\"-0. L

= Q. 5432400

2784

Young s modulus =2.1% 106 l\gﬂ’cm ;-'

Vanauon of lemperature +20 °C

 Allowable stress & ., = 135 % 0.54 x oy = 1. 35 X 0. 54 X 2400 =

' Thls stress occurs when the pipe shell exislenbe of stiffen'er' i

'7 + G g OCCUrS at lhe mner snde ofthe p:pe shell plate and odb at the
outer s1de : ‘ : .

F Coefﬁmem oflmear expausmn =12x 10 I°C :

" ¥504_l§gf10|n2 -
1300 kgflcm (SM400)

' The long:tudmal movcment of embedded plpe is riot allowed then thc
' Ionguudmal stress occurs under the mﬂuence of ar. :

o



AT

i)

Where, _
v : Poisson’sratio=0.3 - _
Result of stress

R (kgf/cmz)

No | or e

420 126 | Allb'wabl'e_Stress'

430 129 . 6"I3a = 0542{0)’
— = 0.54x2400
" 505 151 ~ = 1300 (kgflem’®) (SM400)
654 196 R

ele|e|o

Sumi of Stress =0 -

Circumferential stress -

o, = G,

_.Longifudiﬁa-l Stress

G; = Ogtoptog

- Combined stress .~

S FE I .
O T .\/Gl t0y ~0;+0y -

_ 'Allow.ab_le. stress

~ Result of Stress. -

 o1a =054 x 0y =0.54 x 2400 = 1300 (kgflem’) (SM400)

Gy B A P
® =135x0.54x oy =1.35 x 0.54 x 2400 = 1775 (kgt/em’) (SM400)

02(\ -

: (_kggciﬁz)
) ]tEIn ) . ’ 0'3 rna.{( ‘. " _(:yg.mra'(‘ l :
No. .

lnnerr Out'cr' lnnid Outer

420 | 1009 | =757 | 878 | 1033

430 | 1020 | 762 | 887 | 1046

505 | 1110 | -807 | 963 | 1146

o el® e

654 | 1289 | g7 | 1117 | 1349




(c)

Strength against External Pressure

()

LTy
T 5 wvisede, 1

Strength of pipe shell

T he critical buckling external pressure Pk is calculated by S. Tlmoshcnko
Nagashima and Kamiduki’s formula,

E. . v 2 | 2 .
Pk = 52‘ X 2] v 2+ ! = (,]2_])+_2_',‘___|__‘i
| ‘(]~v )er (n ._ml) m° 2.y, : m
".\\’Ejere,l"

AR AT
m 1+[M-,—]
. . “‘r(‘

O (4156 Ccos TR (110,037 ———Ym L
' S f+l.56\/rm-t-cos‘ Al

o
) | PR
o 1.56yfr -t
A IH(l+l) ;r'“
“ o e e

r (:HJSGJ—) 0t
' S+156:J_7

- 1
3 . (n ", sin AP +sin ﬁf - ' 2!‘:'1_'___.-._
: {3 (] _ V)}OJS l

6a _'v'z)}o.zs :

..:B B
o LIy FL

Se lr-(lfhr)? |
o e

Es : _Young smodulus ofsteel =21 x 106 (kgf/cm )

v o Ponsson sratlo "03 -

.I.li Number of\\rml\les é '2..7 -

: As the Pk \'alue depends on n, the mmimum value of Pk should trlal and
-~ error b)' \'al}rmg nooo '

Result of Cntlcal bucklmg external pressure ;.'_-i ——

Pk (kgflcm y

- 200
10.6_

~ e oal g

12.3

2755

coshﬁf cosﬁf S +] 56 t- J »

[037]) e Cri.ti'cél'of._ critical kb_uc:l.(ling:éxtérha]



Safety factor

s = X
P,
No Pk Py S
g 39 26 Ailowablc safety
10.3 I 20 | 8215
® : 520 20 -
® _ 5.7 1.8

(i) Strength of Stiffener Ring

Here in this clause a safely factor agamst buckling of stlﬂcner ring sln[l
be checked by E- Amstutz s formula '

Ko, on ], 1+£%L.G_.\z_ - 168 CETON[) 1 fm CFZON
:- rm . l‘JS f—. F"S e ES _e ' ES
‘Where,

: __K"(,: : Sma!l oap bem een concrete and the outer surface of plpe

shell
- 4\ 10 (cm) o

oy C:rcumﬁ.nntnl stress ofplpc shell (!\of/cm )

o i Yields strength Ofmalenal = 2400 (kgflem’) (SM 400)
| i .‘: :"Radlus ofoyrauon ofstlfiener composue sectlon '
= 3403 . ' |
e Distance beh\een the ncutral ams ofshffenercomposnle

isccuon and the inner surface ofplpe =3, 058 (cm)

Thus, UN = 1732 l\ﬂf/cm ) LI R=1 002
k\\&lherc,
L The value of the left side term qfcq1|ai;16;1" o

“'R -1 The v_alué_ Qflhre‘right‘side term ofequation ‘

' Us:no [he G, thc Cl'lth"t[ buckhng stress of slll‘tcner is e\pressed as
L fo[!ows ‘ s

o R e 6 _ Tl
o oer = oy dl- 0N EE



70.9 . - 2400 -1732
3.058" 1+ 2a)x2.1%10°

= 732 x {1—
1730(kgf/c1112) |

The average complcssnc stress of lhe suﬂener ac, can be calculated by
.. succeeding fornmla :

P're (tr+l 6. _) o
Sy +1.56-t-4fr. -

“ . Where, -

P P = «(1r+1'.56'-’ ,:_{+2

: tr+l 56\, -

y2 (4156, 1) vy

S U Sy +1.56-t-4fr, -t
e 3"_“'_“;_'(5_',_]"5_ si.{hﬁf+'siﬁﬁe'+” S g R | .
B-0-v? ) U] coshBe-cosB s 4156t g
: R.esu__l.t of _oc...snd ‘sarfel) factor © yoc

ocr

Sp . .oc ocr

b (keflem?)

(kgffem?)

(keflem?)

oc

3.9

50

R

R

o

52

o1

321

T350

(kgf/cnf)

72

6.4

1730

5.4

52 a9

""ssf_é_ty fac.tpr"‘:.;.___ N IR
, (4)' _-.V‘Ou.llet=pipe (DAMAXIS ~,® 14{.)0,@_6:50(.),.@.25.0')' .
| (a) ' bcsigil Pressﬁ_ré L B
Ac‘cor d'“g to (he dcs'B“ Pfe‘SS‘ure.table the destgn pressure of cac}s case is aS. .

follows



Case 1 : Under construction work (L\posed Pipe) _
E‘(ternal Pressure p, = 2.0 kgffem? (Groutmg Prcssure)
Case2 : After completion of work (Embedded Pipe)

Internal pressure -

 Point® p® _:'H.W.L 155300 +_hw 0.8m~EL.93.050 = 63.050m-
@  Point® p® = HW.L 155300+ 0.8 m-EL.90.638 = 65.462m
. 7 SR - | - R =66 kgflcmz
Point | L
¢650@ @ = H.W.L 155300 + hw 0.8 m - EL. 85.900” = 71400 m
' _ = 7.1 .kgflc_mz
igzg py = HAVL 155300+ hw 0.8 m—EL 85900 = 70200 m

L & _ _ Co =~“ '_:’..[)Hkgﬂ'cm2

o Cdse 3 After complellon of v.ork (Embedded Plpe) SR

| = lnternal prcssurc ' CE : I
Point® p,® = s W.L 151. 800+20 3430 m L. . 93.050 = 179. 093 m

R ‘ T RN *~: 7 9 kgf/cm

S.W.L 151.800 + 22.729 m Q'_EL. 90638 = 89.762m

"Poilﬁf@ p3© .
' 590 kgt/cm'

Point _ - L o
5650 @ P@ = SWLISLS00 28,600 m~BL 84700 = 95700 m

- = 9.6 keflew? |
650 -
3250 P

!

S.W.L 151.800 + 28.600 m — EL. 85.900 = 94500m
' - | g kgr/cm?
Then deSIgn pressure shall be shown under the table R :

Desuon Pressure(DA\AAXIS ¢5|600 ¢650 ¢2SO) . S
 (keffem®)

. ltém ' L\temal Pressurc SRR T - Internal Pressure
Cotem o : (E\posed p.pe) R . (Embedded P:pc)

ORI IS 9"6 = '(Groilt'iﬁzo.[f)’ress.ure)
@650 | - .. 96 S B
9250 .| . .. 985 o oo '



“(b)  Symbols Used

Symbol used shall be shown 3.2. N
: o A{em).
Item | D, D', D t, | = £ tr | br
® 140 | 1458 | 14015 1 0.9 | 015 | 150 | 0.9 10.0
® 140 ) 1418 | 14005 1 09 | 045 ] 150 | 0.9 13.0 : : :
~@ 7140 | 141.8 | 140.15 | 09 | 045 | 150 | 0.9 | 10.0 N
. Q650 | 65 66.3 65.15 0% | 015 | 150 | 0.9 10.0 ' @
_ 0 250 25 26.2 25.15 06 | 015 | 150 | 0.6 7.5

" (¢) . Minimum Thickness of Pipe Shell

The minimum plate thickness of pipe shell, t,, is restricted as follows. - S

. Dy 1800 e
. - .04‘;0-—9 (nun) '3“? L = 6.0‘7(1171}11)‘
-Resi_:]loﬁhickness restricted _' R
o _ ' R . (cm) -
o I D w800 | Allowable
ltem Po 1 7w t‘j_f'm Thickness
® L1400 55 {9 e
® " 1400 | 55 | 9 | 6
@ |-1400 | ss |79 6
@650 | 650 | 36 | 9 6
o250 | 250 | 26 | 6 6

C(d) Slrength Againsl Internal Pressure

' "'The slrength of pipe she}l wnl! be chccl\ed as fo!!ows o
E (i)., j:._ . Slress due to internal pressurc

E ._-'_ Cucmnferenual Tensnle Slrcss R
Resullofthwkness rcslrlcled BRI el B
B - (kgffcm )

g =

P WS

“Cm Pl - or N . A
© _19 738 - ) Allowable Slress
S ® 190 | 84 |- E
@ |96 © 897 - | Ou. = 054x0y
0650 | 96 | 417 |- = 0.54x2400 =
1300 (!\gf/crn ) (SM400)

0 250 9.5 265 -

27790



Local Bendmg Stress due to Restartlng he shell Deformation by the stlflener

O =

1.82- tr hr

PD

. Ar

2t

" 1.82-tr- hr'r
Ar -

Where, Ar =“‘ tr \ hr + t.-( 1.56- Jr;j +ir)

O gy

E Longitudi_néi Thermal Stress

o O =

~Og : Outer side of pipe shell

“Result of Stress

lter ir . hr t S Ar Ggp
(em) | (em) { em) | (em) | (kgflemd)

® | 09 {100/ 075 | 18180 | +665

" ® | 09 | 100 ] 075 | 18.180 | - +758 -

@ |09 | 100! 07518180 | +gos

2650 | 09 | 100 | 075 | 15491 |  +a4i

250 | 06 | 7.5 | 045 | 6455 | 1337 -

: Note. +_csdb. . Inner side of pipe shell

Allowable Stress

: llw'0$4\o}'
C= 135 x 0.54 x 2400
= 1775 (Lgffcm )(S\/[400)

I

Coeﬂleleul oflmear e'(pans:on = l 2 x 10'51°C

054 x oy'— 0.54 x 2400

op = axExAT
. Where,
. a
g
R _A'F.:
| 'l.'h_u.s," S
_Gtz.-; .1.2 x: lO
Allowable stress i

' Stress due to Pmsson 3 Effeet

Youuﬂ S moduius— 2 I x lO koflem

varla_tron oftemperalure =120°C

= 1300 kgffem? (SM 400)

lhe Ionoutudmal movement of embedded plpe is not allowed ihen the longitudinal

S stress oceurs under the mﬂuence ofor

- GI} e

S ;_ Where

_‘.'v

VXGI' .

Poisson’s ratio = 0.3



Result of stress

: | (kgffem®) 5 N
Item or .| oy Allowable Stress
® 7138 | 221 - Gus = 0.54 X oy
__ ; S = 054 x2400
© | 8 | 2% =2 1300 (kgflem’) (SM400)
@ 897 269
@650 | 417 | 125
@250 1 265 | . 80 .
) . :Sium’ofStre'ss L
Cir_cmﬁferemiai Stress |
L] = 037 3 .
' Iongltudlml Slrcss '
'.‘02 = Udb"'(fﬂ"‘ﬁﬂ
Combmed Stress - '
Glg” \IUI +022*U|02
: Result of Slress
6 ma.v(____ o g max

©

Ttem :
o1 Inner. | Outer Inner | Quter

| ® | 138 | 1390 | -945 | 1205 | 1464
® | 8o | 1s1a | 21009 | 1314 | 1605
@ | 897 | 1581 | - 1043 | 1374 | 1682
@650 | 417. | 1070 | ~s20 | 938 | 1090

©250 | 265 | 920 | —761 | 821 | 923

Allowabie slress R B Sk
0.54 % oy = 054 % 2400 1300 kgf!cm (SM 400)
G, 0= 135>e 0.54 x oy | e
T I3Sx 054 x 2400 = ms kgf/cm (SM 400)

il

- O1a

i

Strength Against_ Extern_aE_Pressure o

N .(i)_ - Strength ofpipé_ shéll

The crmcal bucklmg e\iterna! pressure Px is calculated by Tokugawa s

formula

L
i



T v
N Y

B o 20t | ’ e )
Px = 5 [ : 2 7 [D.) {(“ ra?)? - ( nd H
n?_1+20 (n°+a”) I-v a ( +d?)?
2 N .
asu’ < 1
Then
Dl
pr = 24 Es: of — -25
2 D0
 Where, £ - Interval ofstiﬂ"ener'=.7150 cm
' Es.: - Young's hlbduluszll x 10° kgffem’
Result of “pg” N
S B 2 BT R B
fem | ) | em) | (kefemd) | (keffemd) |
@ 418 | 075 9.7 C 4.8
® 1418 | 075 | 9.7 o 4.8
@ | 141.8 | 0.75 97 2.0 4.8
D650 | 66.8 0.75 ~ 300 B 15.0
0250 | 262 045 | ~ 34.0 - : 17.0
Sqfety faclor _
S = P > 15

p
' (ii) : Strehgth_ofStiffenér Ring

Herc in this chuse a safely factor ag ainst buckli.n.g'o.f stif‘fcncr ring :}h.all be checked |
by under by under the formula ' . o '

B 24.E-1 .

oDt

o Wheré, N | T
R E : :'Youngsmodulus _2 I IO k0flc111
.'I_' :'_l'_lnerua ofshffer em'

v Ponsson 's ratio 0 3

' 3 : inierval ofstlffener = 130 cm .



Result of “py™

I | D% Px P
(emY) | (em) | (kgflem?®) | (keflem?) ]
® | 206 | 118 | 267 13

® 206 141.8 26.7 13

@ 206 | 141.8 20.7 20 13
D650 | 184 66.8 2219 - 114

9250 | 43 | 262 | 87139 R k1

Hem

Sal‘ely factor

5= Koy
. . -



2.1.6

()

Control Gate (0 0.650 m)

Design Data

Type of Gate

Water level

'Ei_cv.a.tion of orifice center
 Orifice diam'eler-
_.Type'ofHoist | _
Operating speed - -

- Power Source

o Allt_)\'véble.Deﬂection_." S

e

~ Corrosion Allowance

 Allowable Stress

Design hydrau_lic pressure load -

o (a) Deswn Pressurc

. (b) ..':.Pressure Load .' SR

Jet Flow Gate
Design water level

S.W.L 151.800 + water Hammer 28.6 m

- Operating water level

H.W.L 155.300 + wave height 0.8 m
EL.85.900 '

0 0.650 m

Electrically screw spindle

0.100 "Y,sy £ 10%

330 V, 50 Hz, 30 4 W

1.0 mm (0113 face)

T Tension compression 0,5 Gy as a basis shear
o, 5 Gyl 3
", Under 1/2000 :

-p  -'= S.W. L lSl 800 + water Hummcr 28 6 m-—EL. 85 900 .

= 94 5m
_ = 95 kgf/cmz
. _. in Operatmg

. -'-Po =
' =702m.-:__'. '
'__— 71kgffcm

H. V. L 155 300 + wave hewht 0.8 - EL. 85 900 -

Thus calculated pressure shall be employed only Yp”

- Where DS :

Dtameter of“()“ rmc- seal c:rcle = 75 0 (cm)



(3)

(a)

- (b)

__-(c)"

P

]
]

i

= 27502 %95
4 |

41970 kgf

in Operating

Py =

i

A

'_Whe'r.e, -

LW ;. : .Hydrau-lic.:p'reésu're load (tf) -

-~ Ah s _Umtofhelght “’001(m) {____
Hs ¢ Dessgn Head ' —94 5 (m)

‘W

Pressure Lioad of Seal ng

Whe_re

Ps

= Hs-D-ah

?
-Dg “Po .

T 7502 %71
4 -

31367 kef

Strénglh of gate leaf

-Hydr'auiic'Pressure_ Load - .|

D : Orifice dmmcter = 0.650 (m)

945 x 0650x001 c
= 0614 OF ;

= Hs-b-Ah

b: Width of‘seai ring = 0.050m B

945x0050x00]

 =' 0047 (u)

BendmgMoment D R ' . .i = VA
, M =

7 \Vhere

'M_=

4BéndingMom¢nt and ShearihéFbr_cé : L o

1/8(21, D) w+v2a, D) Ps l

L Span of Gate Leaf = 99 0 (cm)

llS x(2x99 65) x06l4+%x(99 65)x0047

ll 007 (tfcm)

- _'25:7-96'



e

®

N “an s
Dy SUS

" (11'59.5)

(©)

Shearing Force

b

%(W+2-p)
‘/zx(0614+2x0047)
0354 (1)

Q

II -

il

Section Properties of Gate Leaf

i . - o 3 1 73
“J\r T B _%-= Jﬂfl—lz—li = 131 (cm*)
TN S R . 2 2 . :

Ny e w - B A0RNE g

! 7 ! ’ : . ’ . . )

N o A = bh = 1.0x11.6 = 11.6 (em?)
| I A Aw = blY=10x95 =95 (cm?)

g " h=ll6 E T
3_“|‘ M ain

e

i

TEmn

__Stréés of Gaté Leaf
Bending Slréss
M1l 007x103

6 = E »- ——-—2—2——-4— 7— 500 (kgf/cm )

" B Shearmg Stress o

T = Q 0354)_(1.0 H37 (Lgf/cm)
_ LAy 9 -

Aliowable stress
| cr'a'_; 05x0y$<092
b =7.05x2400x092 s .
o= 04 Lgf/cm (gravlly SM 400) o

i = % . LLOE = "637.kgf/c_in2

3o

Deflection bfGate Leal

5 = ——\X——(s L’ a-L- D?+D)+P(L D
SETTNCN 1851

(2 Iﬁ 2L D D’)



Where,

6 Deﬂecnon (cm) L ‘ .
E : Youngmodulus=2.1 x 106 (Lgf/cm ) (quanly SM 400)
I :  Inatia of Gate Leaf = 131 (cm ) .

: 33: Sl
8 - 0.6]4)’(12 X(8X993‘_74X99x652+653)
384 %2.1x10° x131

+ 0.047x10 x(699 65) x(2x992+2x99x65—652) :
48x 2, 1% 10° %131 ' ,

0040(cm)
y:0.040=-1 S
S /Lo 99 2450 7 2000

- (4) .Bé'aring platé -

H

_ '(a) : Bearing Stress _- .

P

| ..ob .= | TK
_ Where, - _
P : Pressure Load = 31367 kaf
-A  : Bearmg s!ress area o
=B -
Length ofBearmg plate = 65 O(c;m) S
B - Width ofBearmg plate “80(cm) RN
ﬁ | : -‘Lﬂimency ofbolt hole ~07(cm)
ob . 4!9]’9;__ .
e 2x65x8.0x0‘.7 - L
= 58 (kaffem®) R
o Allbw.ra.ble stréss & o %

oba' == 60 kgf/cm (quarity LBC 3)

“(5) Calculanon for honst '
.' (a) _Hoi_sting Load_

' 'G'atc .legf_.self.wéightr__‘.. Lo

o 27-98 - - B



i

®

, ‘,Th‘us, ‘the dé_sign'- hoisting load is 25 tf rasing'bpérétion 23 tf in IoWéring _

Ps =

We = 1000 tf

Friction of seal ring due to water pressure . -

Fs = ;(-Ps'

Where, -

NS Frictionco.eﬂ"lcient=0,6_ L

Ps :  Pressure load of seal ring

(0.752 —0.652)-1:)('

n

= 78071
Fs = 06x7.807 ° °
Co=agsad

Friction of Bearing plate

_Whére, pe o friction c'oefﬁcigznt?{').é

Fb = 0.6 x31367

- 18.802 tf -

~ Spindle .'sél.f\_veight
CWs = 00F

Sum of Lbads |

L em "Rasiné -

" Lowering

Ws e L L aesd
Wy b L8802
Ws Vo100 -

We |0 Lo

4 1.000

. T 4.684

118.802 -

40100

. operation. . .

o "'(9)' k

LTs =

_._Spin;llc:_'fdﬁ:ihg .

CoSum | 7 daasse

S 122386




. (d').

 Where,

: '(é)' §

Where,

Ts Spindie Torque (kgfcm) _ _
W Maximum hosting Ioad=2500—0 kgf

f Coefﬁcientoflhrhsi _
| 2-(0.7-d-p-0)
d-@-+p-med)

: \thrc_,

-0 : cos 15 (Metric screw thread) '_ -
d - : clear diameter ofspflldie = 9.5 ¢m
' 1l : fnctlon coe!‘hczent of screw =1 2 :

2x(cosle1x95 0.2x1 2)

Foe
: 95x(00515x12+02>c7rx95)
= 0344 . '
N E 1\umber0fspmd|e=l
TS = _%S,QOL},‘ o

%0844
P 29621 kgfem B

Requirement revolution number of hoist . . -~ =

- N . Requ:rement revoluuon number of holst (rpm)

" V.o Horstmg speed = {. 100 "’/mm -

0100

N, AR
T e
= 8334rpm :
_ lHonslmg Speed : i:
-"V - Nm i- 2
Whéré, 7 L
-V : Hoisting Speed (“in)

Nm rcvolunon of motor
i : ratloofreducer = 1/I5647

om0




0

<
l

1350 x 1/156.47 x 0.012
0.103 /in

Motor Power

., _  N-Ts-Ns
97400 xn

Where, 1 : Mechanical Efficiency = 0.55

py - 1Xx29621x8334
S 97400%0.55

= 4608 Kw

Therefore, 5.5 Kw induction motor should be adopted. -

2700



2,17 Control Gate (€ 0.250 m)

(b

Design Data

Type of Gate _ : Jet Flow Gate

Water level . . Design water level .

_ S W.L 151.800 + watcr Hammer 28 6m
Operatlng water Ievcl e
H.\Y.L 155. 300 + wave llemht 0. 8 )3}

l:,lcvatlon ofonfce center : EL 85.450

. Onﬁce . . : ©0.250m
_ Type of.Ho1st o _ .Fleclncally screw spmdle type
-' Operatlng speed 5 0.100 "'/m,,, * 0% _ '
PowerSouce . : 380V, S0Hz,3 0 4w
'.Corros:on Allowance - . 1.0 (one face)
: ':Allowa_ble Stress - ¢ Tension, Compressnon 0,5 Gj,'és a.b_as.is shear -
: 050y/ 3 | o
 Allowable Deflection ~: Under 1/2000

@

Desfgn. hydraulic preésufe_ Ioéd

@

®

Desngn Pressure

“p =S W.L 151 800 + \vater Hummer 28.6 m —EL. 85. 450

C=9495m
= 9.5 kgflem’

in Operatmg

| p,,' _# H.W.L 155. 300+wave helgthS EL 85. 450 o
= 7065 m : ' ' '

= 7.1 kgf/cm

Pressure Load

P = Z.plp

3

~ Where, Ds : Diameter of “0” ring seal cin;le‘-*-_ 31.0 (em)

po= Easiotxes

= 7170 kef

Cdim




Ao
Lo

in Operating

Po = .])S2 PO

&R

= 2y31.0%%7.1
4"

= 5359 kgf

(3)  Strength of gate leaf

@

Cwo=

}[ydralllic Préssu;é Load

Hs-D-ah

| Where, -

- W B Hydrauhc pressure load (tF)

e ?242 (tfcm)

Csatims

D -_: Orifice d:ameter =0.250 (m) \“ _jﬁﬁ%ﬁ/ - 1?
._ r;h Umt ofhelght ""00] (m) 7- I .\\\ ‘ / '
| Hs_: Design Hcad : —94.45 (n_l) I ' -.\7- 4 Z i
W= 9495x0259x001 L B i
= 03T ) -
o (B) ) Prcssure L. oad of Seal Rmu
'_Ps*' = s b ah |
-' Where b Wldth ofseai ring | 0030111 |
Ps - 9495x0030x001
.j_=__' 0023 (m
o (c) Bendmg _Nl-oﬁl.él_l_t_and _S.hearin.g. Force | :E—;_ D #1 _
' Bendmg MoKni.érzlt_rj T v 'P[S
M* 1/8 (21, D) \v+=/2(1—D) Ps ;% teb—p
SRR . |
Wl_lgré, .. ._ L: Span of Gate Leaf = 45 S (cm) L"'—_““"'_’%*A - ’_“!
M =_' '_-1/3 x(2x455 25) x0237+%x(455 25)x0028



)

@

Shearing Force

Q= %(W+2-p)
= ¥ x (0.237 +2 x 0.028)

= 0.147

()

Section Properties of Gate Leaf

Condroxsd

e T = 13 122 (cm)

= 4.86 (01113)

bh 10x38 “38 (cm) (h~38) 1

' Sheéring Stress

. o 1 = :

AN 212
1 ‘ ’

! o 1 g - bh? |0><542
b L —-L. -7
8777/ B

l .

i - l _-'A_'=bh~10x54 -S4(cm)
: \: b Ay =

| l Csa

3""' "S5 ]
57 ]
NG

Stress of Gate Leaf
B_endin g Stress

o =M_2Z 242"“’ = 461 (kgflcm)
Z 486

Q  0.147x10°

1 - = — =139 (kgffpllpz): |

Ay 338

' Allowable slress

Cea = "‘05x0yx092 :
- 1="'05x2400x092 _
L = ' 1104 kgf/cm (grawty SM 400)

Ta =

T

sls”

Co2me

=637 kgflcm_ R




5

o
s

' (D Deflection of Gate Leéf

e =Y groan-ptep)r SEID 6 2 DDy
384-E-1 | 48-E-1 |
Whete, A

i Deflection (cm)
E Young modulus = 2.1 x 10° (kgf!cm ) (grawty SM 400)
[ Inatia ofGate Leaf =13.122 (cm )

- - ' 3 :
5 = 0:237x10 (1=;><455J 4x455x25’+25)

1l

%_:

(4) ' lBéajril.l'g plate

334x2lx106xl3 122

oozsxm’x(qs 5x25)
. 48x2. 1x|06x|3 122

(2 4552+2x455x25 25)

0. 017 (cm)

0017 - 1 1
455 2646 2000

(a) Bearing Stfess

.Gb j. =
: W'hrerc,

)

A

_'__t

B

.“:

"':01.3 . 5
Co 2x25x45x06

P
2-A

. Pressure Load = 5434 kgf

| Bearmg siress area
= (-B- n o
. Length of Bearing plate =265, 0 (cm)
B :\Vidth of Bearmo plate =4.5 (cm)

E.fhcwncy of bolt hoh_a =06 (cm) :

770

53 (kgf/cm y

Allowable slress N :

60 kgffcm (qmnty LBC 3) L



(5) Calculation for hoist
< (a) Hoisting.Load
Gate leaf seif weight

W = 0.1000 tf

" Friction of seal ring due to water pressure .~ -

Fs. = i;t'; ]53
Where, o _
pr Friciionﬁtdgfﬁciel}t': 06
~ Ps: Pressue load of seal ring

g o (031720257 m

4

x71 '

= "17 8741f )

I

0.6 x 1.874
1.124 f

Fs

L

~ Friction of Bearing plate

| }-b 3 };.-P R

Where, p : Fr_Ii:lion coefficient = 0.6

Fb = 06x5359

321514

- .Spind_le selfwci-ght
Ws = 00106

(b)  Sum of Loads

N item : Rasmg L;)F"érilig
We | buae [ ot é)
W Coidzas o o T2 DR

Ws | - ~doolo - | " Loo10

Thus, the design hoisting load is S1f, -~ -



(©) Spi_ndle’['orque

i
Ts =
: N-f

Whe_re, '
Ts @ Shiﬁdlé 'i"pfqué (kgﬁbnl)
W :  Maximum hosting load = 25000 kgf
f ¢ Coefficient of thrust

2.0 r-d-p-f)

_ d-@-F+p-n-d)
 Where, .
SRR : cos 1S (Méiric éciéw lhrcﬁd)

d Py 'cic_air diauﬁeier ofsp.ind'le = 44 cm
. p. : frict.ibll. éopff_iciqnt: of screw = 0.2
2% (cosI5x mx 44— 02x0.8)

4.4x(cos15x0.8+0.2xwx4.4)

o= 1952
N s Number of spiadle = 1
T k16952

= 2950 kgfem

“{d) .Requircniélﬁ revolution number of hoist

N’ _ =' s
o Where, ” _ _
. : N's E .' Requi_rement revolu.l_ion n'ul'nber_'of hoist (r.p.m) - -
” Y . i Hoisting speed = 0.100 Vo | '
NS = 0.100
T . 0008
C125rpm

R



~ (e) Hoisting Speed

V o=  Nm-i-f
Where, _
v H.aisling Speed (i}
Nm revoluuon of motor | ,
P raho ofreducer = 1!]56 4? .
Vo= 1350x1105x0008
= 0003 Y

(fj Motor Power
P = N-Ts-Ns
BT _97400)(1] :

Where, = 1]:_ E Mcchamcal Efﬁmency = 0. 55

o :’--_’1x2950x125
9740003

= 13 Kw

' Therefo_ré, 1.5 Ky induction motor should be adopted. R B @

S mios | N



O

- 2.1.8

Guard Gate (3 0.650 m) .

: .H'eight Pressure Slide Gate
: Design Water Level ..
'S.W.L 151.800 + Water Hammer 28.6 m

_ Operati_ng watcr level _

H.W.L 155300 + Wave Height 0.8 m

Electrically driven screw spindle type

380V, 50Hz,30 4 W

Tensnon Compressmn 0, S oy asa ba51s shearmg 0,5

5800 - °

(1) Design Data

Type of Gate

- Water level
Rasing pressure balance
_'Lowering
~ Elevation of center EL. 85.900
Nominal Diameter @ 0.650 m
- Type of Hoist
_ .Operating'.speegd 0.1 "Voin £ 10%

Power Source

Corrosion Allowance 1.0 mm (one face)

Allowable Stress for steel :

oyl _J—
| [Anowa'bte'o'eﬂection 12000

) Deswn hydrauhc pressure Ioad _

(a) Dﬁ;sign Pres"sure

i - WL 57
286
SWi 151809
W270555 o
wo70pe5 m |
0670 = N I I
. ¢

B=0.775 =

e
e i et e e it et



RO

P = Y- ~h) - B-W,

Where,

It

h]

il

Ilz

S.W.1. 151.800 + Waler Hammer 28.6 —'FL 86. 245 = 94,155 m
S.\W.L 151.800 + Water Hammer 28.6 — EL. 85.575 = 94 825 m

B i Seal span—ﬂ??S m

W Unit of water welght“l.{) tfm’

P - ’/zx(948252——94 lSS)xOTISx 1.0

=49, 064 11

YWove Pressure

Opcrahon Pres_sure

WL 156600

-
08~
n1=6985% n

69.725 n

0.670 =

|l

SML 155300 .

. Po = .l/.I'(hlz -‘h'|)'B'\V0

 Where, |
: h.] .

hy

x 36 446 «f

£L. 85575

.' H\VL}SS3+08m EL 86245 69855m

H\VL1553+08m EL. 35575 70.525m c

P, = %x(705252x69855)x0775x]0

- 2-7_11 10  | o



(3)  Strength of gate leaf
(@) Dé:«ﬁigﬁ Pressure
W o= 49064t

(b) Bending Moment and Shearing force

M = I/$-W-L

Q =%-W-L

Where, L: Span.=.0.86[.) m | _ S — --

M = 18x49.064x0.860 = 5275 tFm
Q = ¥ x49.064x0.860 =21.0981Fm
{© __-Sécti0|1 Properties

SRR ——SM—SIQOcm
Sz

. . / = bh 57.0><IO.3 = 1007 em®
. e bh 5‘7..:0): 103 ”5:87.1 cni S
P | 870 Aw = bW’ =57.0x75 =4275em .

. % : _ ' o (h’:.(}_a'teleafendﬁ.‘?is‘cm)' S

100

>
It

L;'_v..!
h=103¢105)

) _Stréss _
Bendlng Strcss

G = M— = M = 524 (kgf!cm)
, :__ YA 1007

ShearmgStress IR
S e Q - 21.093x10 =50 (kgflom?) -




Allowable stress

Bending Stress o,

It

0.5 x oy x 0.9 = 0.5 x 2400 x 0.92
1104 kgffem’ .
(steel quality SM400, 1 2 40 mm)

It

{(¢) Deflection of Gate Leaf

Shearing Stress 1, = %_a— = ”04 2':.63:7 kgf[_cm:__ L
5w

Bmu

384-E-1

: -\Vilefe, . '

1

T O F

Maﬁinuuh Deﬁeélioh of Gate Léaf Center (cm)
Young 5 modulus = 2 I x 106 (kgffcm ).
lnatla of Gate Leaf = 5109 (cm’ ) '

- 5%49.064x10° x 86°
-~ 384x2.1x10° x 5109

0.038 (cm)

0038 11
786 2264 - 2000

(4) Slréngth (_)f bonnet

Bonnet shall be calculated as simple Supporlin'g horizontal sub flame. -

(@)  Bearing pressure -

| L

. 'w =
 Where,
a

W

pxaxB -

Interval pressure

S W L 151 800 + \\’ater Hammer 28 6 m - value center EL 85 900
94 5m : ' '

=95 kgf/cm

H

Pitch of honzonlal sub ﬂame = 26 5 cm

asxzasxgo_

C226s8ket

R ATV R



. cm

(b}

Bending Moment, Shearing Force

=13.25

M = 13 -W-Q2L-B) l“*'_—"] §
Where, _ HHHH[W"/
L width of connection Z[\
= 1150 cm :
[ |
B width of pressure load = 90.0 cm L
M = 18x22658x (2x 115.0-90.0)
T = 396515 kgfom
* Shearing force
Q = %-W-B
= %x 22658
= 11329 kef
© Section Propetties ST
i) = Clear width of skin plate
L B .
Sk'-n. Plate - '
E \,\ Where, £ - Yo q =Y x26. 5
7 7 Y 21325/ —ouls
Z _- 4 Aiso =018
2 . ..’. P
é FU00s< <03
7 |
g | {11—2 (/L)} ¢
= - 132
| T = (Ll 2x( /150)}xl325
L G = 11522cm
L _ Thus, G 7
o 22 : 23.04cm = 230mm
7/ 16','--':/
/3 R
G L = 4710 em
W7 772777777 ego I = 4710 em
% B X % Z| — 366 cm} )
BT CZc = 734 cny’
BN 77 IR, Lo R
: A = _ 96.3 em
19 150 (2:) :
o . 2-.7-1.13



(d) Siress

Bending Stress

c's..= M 396 1083 kgffem’
A 366 ' S
oe= M . M = 540 kgffem?
e 134

- Shearing Stress

g = Q _ 11329 =472 kef/em?
: Aw : .

Alloiv_able stress E
Bendi'ng Stress Ua = 0 5 X cy 0.5 x 2400
' ]200 kgffcm (steel quallty SM400)

Shearing'Stress 't,, = 91 = _lﬂq N
e R

C =693 k.sg,ff’a::m2 (steel qL.laI.ity- SM400)'

L (c) -V:Ski_n:}'_’l_t_u'_e

100 . -2

K Non-dimensional factor as shown ih 'lable o
Cab Suppdrt Icnélh 6fplate pane. a <b (cm) :
’7 P rlniernal pressure = 7 1 (kgffcm ) -

: A‘.lr o Tluckness of ﬂ\m p!ate 2 4 (cm)

o toa é,
] : —-: ba - Ty -'(02 Gy - 0.'4.
100309 0137 137 309
030, | 125 403188 . 135 339
P A0 150 45 220 122 343
L L | B 175 2484 239 0108 343
o | oy |- 200 499 247 95 343
o 250 0500 0 250 0 8.0 343
1300 500 250 . 7.5 - 343

-~ o 7500 © 250

343

e =¥




HCE

L O'Ha”

bl = 5000265 = 2.0

K, = 499
K, = 250
Ky =95

Ky = 343

‘Result of skin plate ;t'réss

G

kgffem?
__-0'1 ._ 0.3 [+ 7} B ¢ R [¢51 . . Gs . 03 0'4.
432 | 130 | 216 | 28 | 363 | 109

: Allo“able stress G, j 0 5 x gy = O 5x 2400 kgf!cm (stecl quallty SM400) -

(Steel quahty S\MOO)

Sum ofstréss =

Honzontal strcss

ow = octay =S S40+363 =903 kgflcm R

- Vertlcal stress

oy = c;ﬁ432 kgf/cm

' Combme stress _

I

- JO’H +0y ~0py Oy

§

' '_ wﬂmz2 + 4322 ~903x 432

il

782 kgflcm

' A!Iowab!e stress e |

il

1200 kgf/cm

I

1. lx 0.5 x2400 1320 kgf/cm .

P ATt



(9

)

Bearing plate

. Lote Leaf r .-! Benrmg Plcte\
(a) Bcaring Stress . e
[
. P : T -
S TITN :
2-H-b-y _ 2 l _
Where, ' . o 'ﬁ _J
" R
: . S TR ©
H: Seal Helght =67.0 cm _ L o Guive Plote
b Width ofBearmg plate =17. 5 em DT
LMo Efﬁc:ency ofbearmg p]ate by bolt hole -0 7
. At full closed
Oy T 49M £ 70 0 I\gf'fcm
: 2x67x75x07 Co

o Allmvable stress ot.a 180 kgf!cm (steel quahty LBC 3) ' E

- Atoperating

| o y o
Ope = 36.446x10 e Sl 8 kgf/cm
2x67x'] 5x0.7 .

, _: Allowable stress oba ' 60 Lgf!cm (steel quahly LBC 3)

Cal_c_:tjlalion for hoist

@

Hoislihg load

Gate Leaf Self Weight

S Wg = 0.6501F
Friction ofBearlngPlate PR
I‘b = ;1 P

Where, '

TR Frlct|0:1 coefﬁcnenl —06

-‘ Po- : Pressure load in opcranon "*36 446 tf '

Fb = 06x36446

= 21.8684f



Dounpour

Fd =

Where,

_A i

6&

h
85.900

Fd =

AP

| Spmd!e welght

V.WS =

Fg =
N Whe're-,'_r

-Fg‘=

Specuﬁc grawty of stee!

a-Ah

Coeff'cnem ofdounpour =}, 3
Area of gate leaf bottom face .
0.095 x 0. 65

0.061 75 m

n-

i

a Operatlon head
= H.W.L 155. 3+ Wave I-Ielght 0 8 — valve center EL.

= 702 b’ |
03x006175x702 S

1301 tf

Olt[‘

N T BudyahéyofGate Lea_d and spindle o

l : (\Vg% ws)
’I 85 (tflm )

. :

—— . (0650+01)

78

= 0.0_96 tF

' (®  SumofLoad

_(tD)

Ttem

Raising o L(:)wefing-' - ' . Note

W,
W,

oW

"4 065 -

» »'. 21'868 | Pressure balaﬁce

R R T TR in raising

'_J, 0.650

Sum

122515

o Thus, the lp\;.ré_riljg I}Oié(iﬂéié&d 23.0 i_f lS émpl_ol)"cd..‘ '_ Ea

Cldanr



©

@

e :

Spindle Tbrque _
Ts = ._\i.

N-f
Where,

Ts @ Spmd!c Torque (kgf cm)
W o Lowermg hmslmg load 23000 (kgf)
N @ Number of spindle = 1
f : Coefficient of thrust o
2@ mdep-t)
(_l-(ﬂ-[f;l-n-d)

0 : cosls® (Metric screw thread) -
d .' Clear diameter of ;:pip_l‘dl.e: =95 cm
T Friction coefficient of screw =02
£ - Leadofscrew = 12em

- 2x(cos1Sxmx9.5-02x12)
9.5x(cos15x1.2+02xnx9.5)

0.844 :
| Ts. - 23000 —2?25]kgfcm
1x0.844

i

. Requiremeﬁt Revolution numbef_of spindle o

= ¢
‘Where, V Opcratmg Speed = 0 100 '“I,m,, :
Ns' - = —0——10—0 *833rpm 7- )
| 0012 :
Opérating Speed

) Vo= Nm-i-é _

Wherc -

Nm : Revo!uuon number of motor = 1350 r p m" :

oy ranoofreducer = 1/156 4’) '

i

I'{SO X 1/156 47 x0012

Hi



(f) - Motor Qutput

N'TS 'NS .
Py= S5
97400 - vy -

1x27251x8.33

97400x 0.55

42338 Kw

I

Therefore, 5.5 K_\'i.':in‘l.:l.ﬁ.t":tibn‘_ leiO}j should be adopted.

e



22,9  Guard Gate (9 0.250 m)

(1) Design Data

Type of Gate - | Height Pressure Slide Gate
Water level : Design Water Level
S.W.L 151.800 + Watcr Hammer 28.6 m

s ‘ et

_ Operalmg water Ic\rel

Ra.sing S pressure balance -
' Lowﬁing H.W.L 155.300 + Wave Helghl 0.8m
EIeQalioh of center - : _EL 85.450
Nominal Diameter | K [2] 0.250 m 7 o
. T ypé= of Hoist o : Elec;lri.cally driven serew sbind_le type )
Opé_réiing speed ;0.0 "’Im,n £10% ‘. ' i
| PowerSowee i 380V,5017,30 4W
" Corrosion Allowance N K mm (one facc)

Allowable Stress for_'s{eel : T ensnon Compressnon 0 5 oy asa basns sheanng (} 5 '

R oy/\/-

Allowable Deflection  : 1/2000

~{2)  Design hydréulic pressﬁré load -
.(é) " Design Pressure

" Water Hurmrmer

s WL 156,800
| A B o -
: . , O
' ; o gae e L 19160
1711825
h2=71.485 - N . R _
£6.485 A e NI e
C £TL 856175 - R I I @
) | N : - ; - . .
03025 |
: ’ : . 1
EL. 85315 |

B= 0355 n



P = %-(h2-h})-B-W,
Where, .

by = S.V.L151.800 + Water Hlammer 28.6 — EL. 85.6175
- oumsm | S
h, = S.W.L I51.800 + Water [lammer 28.6 - EL. 85315 :
= 95.085m

B : Sealspan=0355m
W . Unit of water weight = 1.0 i’

P o= %-(95.085—94.7825) x 0.355 x 1.0
= o10a95 06

(b) ()peféﬁ_on Pressure .

. © Wave He;éht
T
P N8 a

W1 155103

HY.L 155300

Lt 1=70F823

. W2=70.785 n o
Lol 66.485

= N o T
eLesers ]

03025

EL. 85315

.
oL

- B=D335 n

R = A NDBW

}Vlﬁere,'.L._.' . B e i

s Lt H.W.L 155300+ 0.8 m — EL. 856175

Wy : HAVL155300+08m-EL. 85315
By = Vex(70.785'x 70.4825Y) x 0355 x 10
e gssse

il

'7.0.4_32-5 m
70785 m

il

- 52_'7-.1"2'_1_-1 )



3) Slrenglh.ofgatc leaf -

(a)  Design Pressure

W= 10.195¢f

(b) K Bending Moment and Shearing force
M = 18-W.L
Q =% W L.

Where, L Span =0, 380 m

M = ]IleOl95x0380 —~0484tfm o

Q = % x10.195x 0380 7"—‘.1.9_37tf-m R

(©) ‘Sf_:ction. P-rop'ertie.s

B e .
o= b—h—;—m—Qucm
TR T

T T 2
. = b]; = 2.3'OX4'3 =88 em’
e30 . | o &6

330 . ' B A
P Aw = B =23.0%25 =59.5em
L (h:Gate leaf end = 2.5 cm)

100

o —— ot

n= 480505

(d) 'VISrtre‘ss '

Bénd‘ing S_tres's -

- 'Ml

0484510°

= m———— = 550 (}.gflcm) '

* - Shearing Stress

- Q

S 1.937x10°

Ay 515

=34 (kgffem?)

CUA = bh =230x48 =1104em®

£y
LI



Allowable stress

Bending Stress ¢, = 05x0yx09 = 0.5 ><2400x092
= 1104 kgflcm’
(Steel quamy SMdOO L= = 40 mm)

: - G, 1104
Shearing Stress 1, = —% = —(= %637 kgflcm
(e)  Deflection of GatelLeaf _ o
s L swer
- 384-E-1
Where, '

S Maxrmum Deflection of Gate I eat Center (cm)
B _ : Young s modulus = 2 tx 10° (kgflcm )
[ : Inatiaof Gate Leaf =212 (em")

5% 10.195x 10% x 383
384x2 1xl06x212

Bumax

I

0. 016(cm)

e 0016 T |
L3823 20000
@) Strength of bon'ne-t_

Bonnet shall be calcu!ated as srmple supportmg honzontal sub flame.

@ Bearing Pressur‘e' - o '_ f"—_’l
'_ W. = pxaxB o |
Where SRR

| p -: lnterval pressure .
- = 8 W L 151 800 + Water Hummer 28 6— valve center l:L 85. 450
g -‘7—-‘“7 94 Bm - -

o= 9 S kgflcrrr

prtch of honzontal sub ﬂame = l9 0 cm

o o SR

w:dth of pressure Ioad 41 O cm
5x|90x410 |
7401 kgf =

n

Cw o

27]23



{b) Bending Moment, Shearing Force

M = U8-W-QL-B)
Where, | . '
L% width of connection
=550 cni -
B : \\1dih ofpressure load 4] Ocm
]ISx'MO} x(2x550~ 41 0)
63834 kgfcm

‘ =
'u‘

. .Shearin'g fbrce'

Q =uw
S %me, .
370]Lgf

if

(c) Scction _Proper_lies ;

) Clear width of skin plate S

y .

A S |

" Suin Piote S _Whereﬂ '/z a: —‘/Ex]90 95 cm _ o

IRNIEY 7SN X - - ST
) Koo 50_ 947_,

am<f <03 .

UlPZ(Ah}ﬂ

nl—zx(9ygonx9s'”
?2 cm L

i }"; ,'.

.

rhrSSSe
H

'lhus

2Ag

'

.7 '1-4.}).'c_m; = 1540 mm S

\“*77‘7 : 9 -
:Ml %?ywwy

12 B0 U

= 61 o’
e RT A RE
Ay = 12 '5_ “em? .:7-‘:5

[
W

@ R

AN

X
!
|
!|'-




A

e Fig

(d)  Stress

Bending Stress

f\d . 63834 1047 kgflem®
Z, 6l

Gl =

o = M _ 03834 _ 453 kgtlom?
Ze 414

' Sliearing Stre_ss o - :
B T = ;’% =%1 =514 (kgﬁfi/.cmz)
Allowable stress
"”Bendmg Stress ‘@, = 05xoy = 0.5 x2400
: ' (steel quahty SM400)

© O, 1200

Shearing Stress 7 = & = 1290+ 603 kotiem? .

' (steel QIléIity SM400)

- (e) : Skin-Piate _

100 G
Where, : '
- K Non dlmensmnal factor as shown in table

"a_-b : Support Iength ofplate pane. a = b (crn)

P ~ Intemal pressurc = 72 (kgf/cm)
t Thlckness ofskm piate =15 (cm)

Soy

1200 kgffcm

|0.-3d4
R S S ' . _
-./ b/a o5 - G; O3 - Oy
100 - 309 137 137 309
_ aed 125 403 183 15 19
s L0300 50 455 220 122 343
: b | s . 75 484 o239 108 . 343
o o | 200 499 247 95 343
2 Ol . . .
- ool 250 5000 250 - 80 343
300 500 250 7.5 - 343
| w500 250 7.5 343
o



(0

_bla

K,
K,
K,
K4

i

1

55.0/19.0
50.0
25.0
75
34.3

= 3.0

Result of skin plate stress

keflem’
) C] 7‘ - 0.3 6|. : . Q’z : 63 . i 7 Oy . ._ 0.3 o4 L
578 173 9 | 87 396 119

(Stecl quahty SM400)

; Sum ofstrcss :

N Honzontal stress o

' Allowable stress Ta f 0. 5 x csy = 0 5 X 2400 kgflcm (steel quallly SM400)

on = 0c+04 =4 453 +396 - 849 kgflcm

: \’crucalstress o : _ S R ‘;)

Gy = 0= 578 kgﬂ‘cm

’ Combme stress

- 5 2 2 - o
Og = \/GH 0y O Oy. .- -

It

V8492 +5787 ~849x578

i

(1

El.

751 kgf/cnﬁ_
) Allowablc strcss ,

1200 kgf/cm

1 l X 0 5x 2400 = !320 kgflcm

| ?é;s:



(5) DBearing plate

©

() - Bearing Stress

Gy = —b
" 2:H-b-n
Where, T
H : Seal Height =30 25 cm Guide Plate
b Wldthot Befnrmg plale 3 5 em l i
n o Efﬁc:ency of_bearmg plate by bolt hole = 0.7
At full closed
Gy T 10.195x19 = 69 kgﬂfcm2

_ 2x3025x35x07
Allowable stress O'ba = 180 kgf/cm (steel quallty LBC 3)

At operatmg

Op = = 158510 = 51 kgl/cm
- - 2x3025x35x07

Allowable stress Op = 60 kgf/cm (sleel quallty LBC 3)
(6) (_:alculation for_ hoist
(a) Hoisting load -

* Gate Leaf Self Weight
O Wg = 0.100(f

Friction of Béaring Plate

SRy = peb
4 Where, ¢ SR
lp ’ 3 Frlctlon coeﬂ:cnent —06 |
: P, Pressure load in operatlon "36 446 tf N
CFb o= 06x7585 .
CwasSIE

R



Dounpour
Fd = a-A-h
" Where, |
o : Coefiicient of dounpoﬁr =03
A : Areaof gate leaf boltom face

0.045 % 0.25 -
U.Oll m2

i

h _- Operahon head

HW., L 155, 3 + Wave Helght 0.8 - valve center EL. 85. 450
- 70. 65 tf/m ' |

© 03x0.011 x70.65

i

\
B

Fd

0.233 tf -

R

Spmd]e \-.e!ght B
Ws = OOIOtf

Buoyan.cy of Gate Legd and Spiildie

Pg = - (Wg+Ws)

Wheré, r: Spéciﬁc gravity of steel.= 7.85 (1ffm’)

|
Fg = - 0100+00w
g.‘ g5 ¢ )

= 0.014¢f

“ (b Sum of Load 7

— — e ()
CMem | Raising | Lowering .. | ° -:Note - '
W oo oo o doaee | ST R .
Wo ol o T o O
cWe o pe s e i 0190233 | Pressurebalance | 0
W, _ dogo L 0.010 . - | in raising operation
Ve o Toeoa | cteonq |
© Sum 10096 ] 71 4688 - N

- Thus, the 'loweringhoi.sfing load 5.0 tf is éﬁl;ﬁ-loyéd. .

27128
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LR

(c)

©

L Ts =

Spindle Torque

- W

Is = —
N-T

Where,

Ts :  Spindle Torque (kgf-cm) _
W Lowering hoisting '1oad = 5000 (kgf)
N @ Number of spindle = 1
L :Ck)éfﬁci_enf of thrust o

_ 2:0-nd-p-8)
@ f+p-n-d)

hﬁ .

cos 15° (Metric screw thread)
 Clear diameter of spindle = 4.4 em

Friction coefficient of screw =0.2

P - -

. Lead 6f serew = 0.8 cm

e L 2x(eosiSxnx44-02x08)
' 44 x(cos15x0.8+0.2xx4.4)

i

1695

3900 5950 kgfom
ix1695 0

: (d) .Requirement Revolution nuﬁlber of spindle

'NS'.ﬂ L

¢

" Where, V :Operating Speed = 0.100 /iy

Nor o 0:100

<125 rpm
“ogog P

dpeféfing Speed -

v :. = an1-.;_‘_€ o

- .Wheré,:'- |

. Nm :: Re@oi_uti_dn_numbef of motor = 1350. £.p.m
: | o ratio'ofrédt‘lcer = 1/105
SV = 1350 1/105% 0008
= 0.103 e

2729



()] Motor Output

N-Tg - Ng
PM = ————
97400- 1y,

1%x2950%12.5

97400x3 - .-

U= 1262Kw

- Therefore, 1.5 Kw induct'i.o.n |i10i0r=s‘hloul.ld be adopted.

i 2-7—13_0 Ny |



28  Trash Boom
The trash boom is provided across the reservoir. The purposes of the trash boom are:

- To protect the spillway and intake structures from floating logs and teashes carried from
upstream of the reservoir during the initial filling of the reservoir or floods and

- To maintain the_ environmental oondition at the shoreline of dam slope. -

The total length of trash boom is 405 m and 2 supportlng anchors are prowded to mmgate the

tensnle stress of boom

A boat gate is arranged at the left side of trash boom for the access to the dam body.
28.1 Coinpt’ments and Materials :

rThe trash boom is composed of mam rope supportmg rope, ﬂoat net Weught and anchor

blocks The matenals of the components are selected as bellow

- Main Rope S :doublelines galvénized wire'rope :

- Support Rope IR smglelme galvamzed wire rope - S _ _
~  Float : S polyethylene float fi lled up with expanded polystyrene a
- Net . ":- tied polyethylene fiber net with 1.2 m hlgh

- Weight o lead od .

. Anchor block . iconcrete wnth steel hook

- Boat Gate_' o :steel made manual operatlon N

: pass w1dth 4m . .
pass depth Lsm

282 Design Condition
' The de31gn condit_ione_of _the.tra-s.h booni are: -

< Waerfevl 7 :Maxioom Water Level EL. 155.300m

+ Surcharge Water Level ~ EL. 151.800m
: Normal Water Level - EL. 148. 900m



: Low Water Level EL. 136.000m
~  Wind Velocity £ 20 s SR
- Whater Velocity 03mss
—  Thickness of trash ~ : water surface 20 cm

: underwater 50 cm

© o= < Unit Weighlbeoncrete -'Tc?;235 vyt
~  Coefficient of Friction -~ 1= '
~  Safety facto; : Mam and Supportmg rope SE>3.0
U {AnchorBleck - SPels

= Allowable bendmg stress of steel matenal . o=1 400 kg/cm R Ey
B 'Allowablc tensile slress of sleel material - o= 1.400 kg/em?
- AI_Iowablc shearing stress of steel material 1= 800_kgICm_2

283 Design Calculation . .
(1) . Design Load

P:llz hw '-\-‘y'“_Z' C‘At (kgt) | - - |

Where,
L Pe :Densxly of Water (—-i02 kgf sec’lm‘)
V,,‘ :Velocaly of Flow (m/sec) :
. C, ‘:Drag Coefficient (= 1.0) :
A, :KAré'a u'nderWa{cr_ (md)

P, —IIZp,,U""C A, (kgi)
Where

Sy Péuﬁélc Veloc.ily (r'h!'s); erfI‘ erHL , B i
.H_ : Wave Height (m) :.‘.. DR SR SR &
- =03001- {1+0004(gF[U.0)'”]2]U 2/g LT R o

L :VWaveLenglh(m) gT’nn EERSCR

- T :Wave Penod (sec) Coe
' :.,"_...137[1 [l+0008(gFfU,0)m}s]2nUm/g B

T Wherc

am



g :Acceleration of Gravity (=9.8 m/sec?) - - -
Uy, : Wind Speed (inlse(;)

F Fctch (m} - l,900 m (upétream)

= 250 m (dowhétfeam)

P, 1/2p,V,2C,G A, (kgt) |
, Whess. - =
o, :Den'silyofAir( =0, 125 kg sec/m)
V., : Wind Speed (m/sec) _
C;_ :'__Drag Coefﬁc:ent (=0. 8)
G _‘:VGust Response Coefﬁment (- | 0)
B Area above Water (m) '

@ (:Zsalcuiat-wn of Desngn Lo_a_d

- S ek A 0sX10s05w
C o A T02X0u =02m |
| N a0 161X (1.5+0.15-0.5) = 0t85m A
B A :0!61)((03502))(15!25 0014m
Prolected Area of Net per l m:
- A__, a XI(m?) . .
L a =d(Ld)yS
" Where, = |
D :D:ameterof NetStnng 042cm
L :2><i~100cm
= l ;Slzequet;-S.()_cm
R S : Areaof Net=250¢cm? |
(;}' L @ =042X(10.0-0.42)/25.0=0.161
| | A=0161X1=0.161 m’
T Weight 0.UX10/25= =0040m?
~CFloat .. o (03502)X10!25 0.06 m?
~ MainRope . . 'A _._o.ozexl.o 0.020m?
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Désigul&aifmmﬂpsjmaﬂ::imm) e

Itein

A ()

A, (m’)

P (kgf)

P, (kgf)

P, (kgh

- Trash

0.500

0.200

2.295

31.024

~4.000

Net

0.185

- 0014

- 0.849

11.479

Weight

_0.040

0.184

2.482

0.280

Float

- 3,060

1.200

Rope

0.020

- Total

0.725

0294

Tota] Design Load from Downslream ‘54 l93 kgim E

0400 -

“ Item

A: (mz)

A, (m’) '

P (kg

P, (kgh)

Trash

- 0.000

-~ 0.000

1 0.000

0.000

Net

0.261 - -

- 0.034

- 9.348

0680

- Weight

~ 0.040

- 0.140 -

1.433

2300 -

- Float

- 0.060

0.140 -

- Rope

0.020

0020 -

- 0381

Total -

Désign of R.op‘es_' o

o Total Da51gn Load from Downslream

-~ Po

’0334 -

IIHHH

uun'i:

2,149 -

2.800

17 526 kgflm

 Spmnt

- (length of rope L) ST

" Horizontal Component of Force o

. H=P S

Coase




_Verlica_l Cmnponcnt of Force C o V= 12 Pold (1+h/46)
: '_vh_uzpol(l h/df)

" Tensile Force forRopé TR A JV +H?
[: S . e TB=.\‘VBZ+HZ-
C LengthofRopeL LA+LB SRR R
".'LA al?.{ l+(P0a/H) +H/P€,a }I(Poa'f}ih/n(Poa/H)z)}
1B= bIZ{\/H(P b/H)2 +IIfPob _(Poa/H+,/1+(Pob/H)")}" '
asiaehust . N
b-_ll2+l_1:ll8f

R ooasE 4

mmmmﬁmormmm 4&50«!)

ns.mtlmuormmou 130.0 m) C 1osmo(wmuwmsuaoou 1800 )
s woboaﬂmnwmm 1159 m) : .

T

.-'-_.Casel Do

% [ U [LIR] F IRV %L T
(m) | (n) J@ @) (@ | @) | @0 | @) | O | (O
0054193 | 95 | 130 [ -50 | 35025 | 1745 | 1655 | 3.493 | 2.406 | 3.905

Left Bank Anchor to
Suppotling Anchor A *.
Supporting Anchor A to
Supporting Anchor B °
Supporting Anchor B to-
Right Bank Anchor

0054193 | 90 {i1s| o | 32267 [ 1701 | 2430 | 2439 2973 | 29m

0054193 | 105 1160 s0 | 52080 | 1.434 | 3.528 | 2.162 | 3.808 [ 2505
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Case 2

b Supponmg Rope

)] Balancc of Tensnle Force (Case l)

] ' ‘Po | 1 L|H F H Vi [ v | T T
Location - (tf/m) m e |m] oy @ jenlay | enl ap
Left Bark Anchorto 0 0 | 1073 130 0 {32797 [ 2380 | 2.909 | 2.909 | 3.750 | 3750
Supporting Anchor A - e 6 R AR A I
Case3 . S0 e
o Po . 1 L|H F H vi | W[ T,
Location @m | m Je ey @ ap | @ {a ||
Supporting AnchorBo | - ' : o '
Right Bank Anictor 0.054193 116.3__9 1601 0 | 50001 |1.832 3151 {3151 [ 3645 3._6iJ
- Cased B R L TR TR T AL T A
R I T L[R F | H volw |,
Location Wm) ¢ ) Jjmi m | e e | ! an
Left Bank Anchor to A " ' o~ ‘
Right Bank Ancho; . | 9017526 | 290 [405| o | 128874 | 1430 2.541 | 2541 | 2916 | 2916
Ca. Mam Rope _ ,
‘-D351gn Tensﬂe Force (T) -40|f
- Type Galvamzed ere Rope (6><24 G)
- Dlameter , : 125 mm S
. - Breaking Load (Tn) 720
-Numberof Ropcs (n) 2 o ‘
—Safety Faclor(Fs) : E F3=Mﬁlg—§%~—3 60> 30

T 40

-~ Supporting R_OPe H, () Vi {th)

Supporting Rope for 1746 | 3493

By | v,en | man
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Supporting Anchor A 1701 2439 5932 .

Supporiing Rope for | ~ o S S '
101 4 1. - 3, A

Suppomng AnchorB ! 01 12 \39- : 1434 ;3528 5973




iy

SUPPRTING ANCHOR BLOCK

 400m

(i) Tensile Force for Supporting Rope (Casc 1)

MAXMUM WATER SURFACE E£L.151.500m

Ts

Tt

L. Hm -

i .

Tv

Supporting Rope | T.(f)

H(m)

T,(N

()

Supporting Rope for
Supporting Anchor A

75.932 _

1325

h{m) | o (degree)

193 | 21021

2.290

6.359

Supporting Rope for

5973

135.5

163 | 18056

1.947

6.282

Supporting Anchor B

S (i) SpectﬁcatlonofSuppomng Ropc(Casesi) f

Supbdn}nglkopé

'Design
Tensile Force

. (o

e

Diar.nele.r Bréaking
(mm)} Load

Number
of _
Ropes

Safcty
Factor

Supporting Rope
for - Suppotting
Anchor A = -

s

Galvanized
Wire Rope
(6X24,G)

na | 234

3.66‘;-3

Supposting Rope
for - Supporing
Anchor B

6.3

Galvanized
Wire Rope

224 234

3713

' (4) .' Desigﬁ 61‘ Anchb_r Structure .

a.‘éankAncﬁofBlock )

h2

2

v,

(6X24, G)
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Bank B W h T VL Safety for Eccentric
Anchor (m) my (m) «n - {th) Sliding (F5) | Diameter (m)
LefiBank | -, o 1.8 1.4 40 | 10660 | 160515 |0.263<Br6=0.3
| Anchor o :
Right Bank |, ¢ 18 | 14 | 40 | 10660 | 160515 |0263<Br6=03
Anchor
b. Supposting Anchor Block
Flg,}_
B2, B2 _ i
S B - f._.--—:b- -4‘ w
Suppoiting | - B W - h T, T, V. Safety for “Becentric | _
_ Anchor {m) (m) | (m) (i3] (th (lf) Slldmg (Fs) Distance (m)
oloA 32 | 32 | us Ps9e32 12290 | 20136 | 187515 | 0.482<Bi6-0.533
LB 32 [ 32 {15 5913|1947 1825 | 189515 | 0477<Bl6=033 |
- Design Q:fS_ teel Bar Anchor . -
zi. Check ofBond Stress
To TIU
Where _ .
- To :Bond Stress (kgf/em?)
-T _:Tensﬂe TForce () _
B § IR Total Surface Area of steel bar (cm)
- —Z:rDL(L- 130cm)
D :Diameter of Steel Bar (cm)
" Anchor ) T(lD i © D (cm) ; U(ﬁh’)" To(kgﬂcm
Left Bank Anchor 40 .| 19 1,552 " 1.3<9.0
Supporting Anchor A 6.359 3.2 2614 {7 2470
Supporting Anchor A - 6359 3200 ) 26140 a0
Right Bank Anchor | 4.012 19 o5z | 1390



6

b. Check of Tensile Stress and Shearing Stress

- 6 =TH2XAs)

Where,

o : Tensile stress (kg/cm”)

As : Sectional Area of Stee! Bar (cm?)

t="T/As

Where,

_' 1 :_.Shea:ing Stress (kg]cnf)

o M e =M ,,mrz 660 000472 = 1 398 kgflcm <l 400 kgflcm’

289

" Anchor . T () D (cm) As {cm?) o(kgffcm’) . 1 {kgffem?)
Left Bank Anchor 11.9/2 1.9 2835 | 353<1400 | 705<800
Supporting Anchor A 5.8 | 32 8042 | 395<1400 | 791<800
Supporting Anchor B 142 | 32 8.042 395<1400 | 791<800
Right Bank Anchor | 672 1.9 2.835 353<1400 | 705<800
Désign of Boat Gate
o i _
_ - Maximum Bending Moment *T eam T
© Mmax= H2XTX (i) -~ Yy l
C = 1/2X4.0X(1. 95+1 35) ]
- =6 6 ttm '
Main Beam - H200X200X8X 12
o Sectional Area A : =63.53 cm’
: Sectlon Modulus Z = 472 en’
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