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(1)

Gate Structure
Bulkhead Gate

Design Data

Type of Gate
Number of Gate

Design water level -

Sill Elevation

Lintel Seai Ele#ation

' CIear Span

Clear nght

-_ Gate Hcignt -

T ypé of Hoist

Operating Speed

Raising Operation
Opéraﬁon o
Power Source

.Raising Hiei'ght

. _Selsmlc mlens:ty for deSIgn o
' Corrosmn Allowance o

: Allowable Strcss

' For Steel o

For Concrete

Fixed Wheel Gate -

l set

o WL. 149.700

(Normal water surfacc EL. 148.900 + Wave Height

| 08m)
"EL. 113471

EL. 114488 -

2.000m

1.400 m

12,000 m

l:lectncally dnven l-Motor i Drum erc Rope

IIo:st
e 0"‘/mm 10%

Balance _-

Local Conlrol

: _380‘/ SOHZ 4¢4w

68.0 m
K 016

1.0 mm (one face, always used fresh waler)

L Tenswn Compressmn 1. 125 0)'1 2 as a basnc

e shcarl 125 - oyfzhh

' Bearmg 60 !\gf/cm _
- Shearmg 40 kgt/cm .
© Bond "‘].O: ‘kgf/cn.]?



(2)  Design Hydraulic Pressure 1oad

(a)  Hydrostatic Pressure Load, Ps

Ps I~1i12—):.thxW’,,'
Where,

hy, hy, h 2 Shown in figure below

B t - Seal Span =2.Im
W, : Unit weight of water = 1.0 tf/m’

WAVE MEIGHT
2 {8 m

s

Wi 149700

___Noreol Woter Surfoce £L 148500 -

. L]
&
ey i)
S R
fu
[
! —

* el naass
€L 1347 g
Ps = _3.5—_'2_11”“_—35—'32—9 X 1750 x 2.1 x 1.0 7
= 1312734
o) 'Hydro-Préssu.r'e load in S_eismié Period. S

()  Hydrostatic Pressure, P’
© Water level shall be added the wave heighldué to <_:a'.rthc'jliake.' TR o €:
P = l—”——?—]—z— xhxB x'_ W,

by = 2E0EII0T e woi k10

= 1330300



T R2 = 836,707 m

(' = hy +h, +35.212 + 0.478 = 35.690 m, hy' == hy + k. = 36.229 + 0.478
=36.707m)

Wave height of earthquake, h,

- K- 1
h = e -H
¢ 2-1‘( g

Where,
K : Se:smtc mtensny for de51gn =0. ]6
g 7: Sensmlc period = I 0(s)
g | : .Grawty accelerauon = 9 8 (mls )
Water depth from WL 148 9 to the foundatlon ground Level
“'EL 113.000 359(m) |

o = 0'62’”0 J98x35 = 0.478 (m)

BEE I—'he 20479 n Lo
Vi, 150178

k' & 35690 m
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(i)

'"-Ps +Pd

'Pd; ?

' C.m_

y

W,

Hydrostatic Pressure Load, Pd -

Pd is calculated by following Zanger’s formula.

~ Pd, +Pd,

Pd xhxB
Where, _
' " n R H " .{{‘i
Pdl _ C]]]X\_\DXIIXKX4.|1L;.X 2__’]# + hl._.x 2__!”— é:?
2 : H H \ H H i

H

CnikWoxHxKx{hz"x 2=—h2l +' h, 5
2 o Ho "Wl U H

' Coefl:01ent duc to mcllmllon of‘gate Ieaf 0 375
: Horizontal selsmlc coefﬁcwnt =0.16

.Waler depth from WL 148 900 to the foundat:on ground Ievel

- EL. 113. 000

K

hzu
" Pd, =
Zsz =

: WL, ]48 900 l;L 114 488 34.412 (m)
: . WL. 148.900 - hL 113 47] =135. 429 (m)
: '_ Umt welght of water = 1 0 (tfhn )

0375 1.0 35.9 {34 412 (

_13.445 '(-lf/n”lz-)

| '13._461 (m.',e)

b - ;3445:-:13461

\VL 14890(] FL 113 000 359(m)

SELEIVA
2 359‘ 359 )}

‘ 34.4[2 34.412
2-: -+ X
3159 )\ 359

0. 37Sx1 0:-:35 9 35'42'9 (
2 359

‘35.429)
359 )

©35.429Y J35.429 [
2 + —x|2-
T 359 )\ 359

. 175 \21n49440 an

; T olal Hydrauhc Pressure Load in selsmlc Perlod

= 133.030_ + 4_9_.440 ]82 470 (tf)



(c) Design Hydropressure Load

Allowable stress in seismic period are allowed to 1.5 times of the normal case.

Ps' + P, 2470
s+Pd - 182470 590<15
Ps 131.273 .
2 _ ' . . _
¥ : . . . . .
Therefore, design hydropressure load is determined as Ps.
{3) * Structural Arrdngément ofGatt_: Leaf
(a) MainGirderS
In case of luoh prcssurx. Oatc '\II main glrdx.rs excepl top and bottom girders
‘sustain almost the same amount of pressure load even Ihought Were arange in
" the s same mtervals B
IR e S
A ‘ : lhc nﬂht ﬁoure shows geneml armngement of
i "; . I_Wﬁ U mam girders 'lhe)' are prov:ded in the same -
3 70! c'(‘xo. o 1tch f425 nm.
= gg i AN S— p 0 mi 7
A9 T |
| . :
LT
R B
v -
. 8:\
" Pressure loads which aéts on e:ig:h inain girder can be calculated as follows. E
oWy = q:‘iB Foil
| \Vn ‘ | =: ( + qnﬂ) \ B (“ :.QNS) L i |
Py = 41 6!2(lf/m ), P,0—42 629 (tf/m) g N
i-‘ - hn — (P +2Pn+2) X ( +‘1hn+l) (] _.l 7)
SRS
Cohg = Olm o
o Mn = 1/3\(21,—3)\\\!"
Qn : = /:\(Wn



Where,

Wn
Ja
CMn
On
B
L
.
g
Q
©“

' Calculalion results are shown m the followmg lable

Pressure load (1f)

She'irmg force at span

~ Seal span =2.1(m)

~ Unit of pressme load (iflm)

end (tf)

Support span = 2.3 (m) o

' Bcndmg moment at span ccnler (tf m)

SIS0 .

“p3

(&)
- Y

T Pl vi [ Nol

r———{ ——"
Y

. ] e
';"_“_'n' AL -
[$% R N ™
£ i q? we i

425

bendmg moments and shearmg forces.

120

1805

wilh pressure loads,

No. of"&}.ird.e.r Prcs;s‘:’lrgfl),o%lfl | Sheagn(?f;‘orce Bgllilj;\ﬁx?)lnellt
13900 - 16,950 _ 434390
2 207N 14886 | . 930353
3 31842 15921 9.950:_3‘_i B
4 320620 | 16031 |0 10.01940
5 23.697 y | 11.849 - _7_.46541
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(i)

Section Properties

Eﬂectlve section properties shall be calculated by e\cludmg the corrosion
allowance 0.5 mm (one face).

Figure bellow shows the main girder section,

No.i, No. 5

As used in the section for main gird.érs No. 1 or No. 5, Just only about No.
5 girder, w th]l sustain larger load than No. 5 gtrder may be considered.

R = I6269 pm
2t =729 cm
Zc = 719_ cm

A = 57425 cm o
Awv = 21.84 cm’ (End ofG:rder)

3

3

. '_k (D—> ;)IF @

As used in lhe section for main ourders No. 2 No. 4, Just only about No.
4 girder, which the largest load among others may be considered. :

T W | “ § 7 2/ smp“ .I.: .= 2i94Scm: |
%f////////////%

__”_% o % - L A : 78 063 o’
r\ 4“0 .' | (End ofGlrder)



(ii)

Stress

. Bending tensile stress

M o
ot = — (kegflem
z S
Bending éomprcssivc stress
oc = E\/_i (keffem?®)
: _-_. B LC e
Shéaring stress
Q 2
1 = —— (kgflem
_ Aw (ke .)

Allowablé stress

' Bendmg tensllc stress

_ ‘ola = L 125\0)'1? l 125\2400/2—1350kgf/cm

& Bendmg compresswe stress

otc = 1. 125\0)'l2—]2x(K\ f—g)”-:”

Shearmg s!rcss T

@ = 1125my/2/~f~ 1. 125\(2400/2/\’—h779kgf/cm!

: \-Vhere;, e

oy 't Yield stress of 55400 =2400 keflem’
K | D 3+ A“

S :\. ZAC ol .
Aw Gross sechonal area of\\eb p!ate (cm )

~Ac : Gross sectlonal arca of compresswc ﬂange (cm )

L _‘_Dlstance belween F\ed pomis ofcomprcsswc flangc 80 0Ocm o

b : .\Vldﬂl of compresswe ﬂangb (cm)

~Calculation results are shown in lhe followmg table

. Behding Stress L::-i ':".5:"7. .\':A'llbl\'{'éi)_]e Strr'el-rss
No.of |- . |- —} Shearing — —
Gir'der‘ .Téhsile c'o.,;presg;‘.e © Stress ) Bending Stress - | Shearing
. otkeffom?® | oc keflem? | TXeFem Tensile | Compressive . Stress -
S R d ota _ -~ oca . .Ta
Nod | 1019 | 1032 | 529 ;| 1350 | 1234 1
Nos | 1016 | 1030 | 391 | 1350 | 1297 | 779

‘%@




(iii) Deflection of Main Girder

5. W BB
L. 48-E-1 " 2 8L

Where, E: Young s modulus of steel 2.1x 10° kgf/cm

Calculauon results are shown in the followmg table

No.of | W | L B 8 /L -Allowable
Girder | (kgf) | (co’) [(eo®)| (em®) | (em) . | deletion

Nod | 32062 |21945]| 230 | 210 | 0.140 |1/1638] 1/500
No.S | 23697 [16269] 230 | 210 | 0.140 |1/1643] 1/300

- (b) Verlﬁc_a_l Sub;beani :

5171 AR/mE

TR

e Vemcal sub- beam shall be provided as shown in ﬁgure below. These beams :
shall be analyzed m a“manner snnpie beams supporled at the web of nain

K glrders

Load sh'ill be computed from lhe average pressure of the span Ma\nnum -

: bendmg moment and maximum sheanng force mll bc oblamed by followmﬂ '

formula.
M = o
et
- Qunax e
... Where, : . O
P Average p're:s-'sure' =36.048 (f

.(,’ - Support span—042> m

W 14‘? o

—_j_g_j_

o279



Mue = S0:048x04257 _ o os060 :f-m_

12
Qmax = 2'6_0_@3(‘2‘1‘ =] 628 lf
. .4
(i) - Secl.iou P;r_opertigs _

" Efficient scchon propeltles shall be calcu}ated b)- encludmg the corrosion
o allowance I Omm (one face)

I‘lgure below shows thc vemcal stb- bcams scctlon

S

] e 8174 om®
A N = {f__“325 c._m3
Zc ; - 412 __éﬁi"‘
A = 4088 om®
Aw = _'3.5..36- em®

\\\\\\\\\\\\\\\\\\Y“

442
(44 I) ‘
450
>
1

®

MM

o | ' :

: (ii) - Stress

Bending tensile stress ot = M = w = 71 kgficm’
_ S e 32 _

S

' b : S AET ,._-_ 5 .
Bending compressive stress oc = M O—Z—B—M = 56 kgf/fem’
A S zZe a2z 0 P
Shearing stréss - St o= —9- = M = 46 kgffem?
A S IR A '_35.36 LT

Ailoﬁable Stre§§ " e TR _ : .
Bg;ldillg t_en.si:le stress . qua = ._._l 125 X 0)'12 “] ]25 x2400!2
o - - D = __1350 kgf/cm )

|

' 'Bénding éo:ﬁpr‘é's.;si\;é sfress_ t_rca' = 1 125 X 0)'/2 = 12 x(l( X E —9)

I 125 X 2400/2"12 x(2 5 '\ 46_293 - 9)

It

II

1273 kgf/cm

S0



Where,
7 oy Yield stress of steel = 2400 kgffem?

K J;+~Al

: A\§ :  Gross sectional area of web plate
= 35.36 e’ '
¢ - - | Ac : Gross sectional area of compressive
| flange
=5.52 c_m2
£ . Distance between fixcd points of
_ compresswe flange = 42.5 cm
. A b '_: Widlh ofcompresswe flange = 6 9 cm
Slléaring S_tfess ot o= L 125 X Gyl2l 3 |
e IIZS\(2400/2I\/—
= | 779 l\0f/cm

) ski:i_Plate o

€ o - R 'Hat phtes whlch are subject (o bendmg slress, shall be computed in

o accordance wnh DIN I9?04 c[ause 6. 5 2.2

4IWhere, o : Bending slré'ss.in l.\gﬂfcm2 -
K Non-dimensional factor as shm\ n in table .
p - : Waler pressie relative to the plate center in kgf:’cm
©ab : - Support length o_fplale pang,a binem .. .

_ t_" : ': " Efficient thickness of skin phte in cm
(E‘(clude corrosmn allowance)

T 0 3 (;l _ :

' _ S ' ST _ ) bfa . d0) gy O3 0'4
y NS 700 309 137 0137309
Yo L : S o036 SN WA 7_40.3 o188 135 339
+ < 450 455 - 220 . 122 343

oo bl b 175 484 ;-,:239 1080 343

e o | 2000 499 247 95 343
| L 250 0 500 250 . 80 343

CONC 0 3000 500 250 75 - 343
B w500 250 - 75 343
SRR BN =

S X AT



@

Acédrding to the figure, Ihe'-skin-plat_e panel dimension are 32.2 cm x §0.0

cm. Thus, the bottom part panel has to be checked.

L DI S S
I i N,
e e . SN g
\\ ' s ;
P=360(5 wgf/cre
P )
o
.V
|« |
el N U
N [ip]
=
— oo T

N
~ R
_ _ ©=720 o
- Y - 7'5-:0 1= 2;337 > 2'.6, K_='50 L
L X 50 x 3247 x >80 1099 kgf/cm
100 ° ( 4-0.0)

Skm plate sha]l be used platc thchness 14 mm (quahly SS400)

Allowable stress

: d_a_('=. SIS X 0yl2 =, 125 x 2400/2 = 1350 kgﬁcm

Side Beam ,

Side beam shall have lo lransfer lhe hydropres-;ure Ioad from main glrder to_ _

'whee! a\les safe and sound

O Loading Condition_ o

Shearmg force at the span of main glrders act on the s:de beam .

“Supporting points are locations of wheel axles. Loading condition,
bénding  moment. and shearmg force dtagram are showu below
, respecn\'ely : A
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Wheel section of side beam
~ properties are as follows.

(14)

L)

825 |
(82}

- (point of main girder)

(point of .whee.l)

(point of wheel)

{point of main girder)

is shown below. The calculated section

oy
o

12040 -
829

01“3

300
126

-
o

(64)

E

P

oy
5%

L {1111

2713

SO R SN

778 em’
90.915 o’
363

A =

?
cm



(ifi) Bending and Shearing Stress

" Tensile stress

oot = Moo 2520X107 00k ofem?
_ A 0 829 :
Compressive stress

M ' 2.524%10°

obe =  — = =22 =324 kgffem®
Zc 178 '
Shearing slress
: S 3
L Q. w— =681 keffom’

Aw 3063
- Allowable stress '. ' o _
Bending stress © oa = 1125 X oy/2 = 1125 x 240072
N | o= 1350 Lgf!cm -
.S.he'aring stress | = L 125 x cylZl \E 3092 (t= = 40 mm)
o = ‘_||25:\2400/21J§ x 092
- = 7]7 l\gf!cm -

(4) Whe_el.MQun,ting

~ (a)  Whee! bushing ' R ‘__f‘-!—\'

Bearing Pressure

- R . ' - ____.___________ ._ Bd
obp = — _ : : :
P T b
B Where, _
R Wheel Ioad 24711(f : L
o d  : lnnerdlamelerofbushmg— 126cm : '7 L
b Breadlh of bushmg 9.0 cm '
S obp = m =218 kgflcm’.-{ o
: 9(}x]26 - L

Bcarmg matenal is self Iubncatlng buslung, 0|I|es Industry Compan)' Ltd

Japan Allowable bearmg pressure :s 230 I-.gflem

27-14



(b)  Wheel axle
Schematic drawing of wheel mounting is shown in figure next page.

‘. Bénding moment
M = 24711x0.100 = 24711 tFm
Shearing fofce
Q '=' 24.7’11 tf
Mateml of wheel axle Sh‘l“ be ¢chrome molybdem:m steel (JIS G 4105) SCM
a3, 0) =5000 Lor/cm)
Béild_iﬂg .s_trfass .

o = M 2a7iae’ 1258 Kflom? < 0_2)_ _ 5000

: -“- 2500 I;:gf/cmz‘ :

N Shearmo stress

82— = |98 koffcm’ < =

(_ﬂ:f_llﬁi}_ = b 2J§ "2

Coo e o oy 5000
A

-

l

1443 kgffem® -
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(¢©) Wheel

- Wheel shall have to be crowned. The ratio (diameter of crowa in a section

through the axis of the whee! divided by wheel diameter) shail be equal to 15.

Contact Herztian pressure between wheel and wheel track is calculated by

~ following formuta.

R’
z = B-b
Where B '
"p i Herztlan conlact prnssure in Loflcm
- P i.: Wheel load = 24711 kgf
2R : - Wheel diameter = 40.0cm - ' :
; _R' o Wheel crown = ISxR = IS X ’/z X 40 = .JOO cm
ni 1. 2813 (in caseof R/ = IS) S
- no : 048) (m case of R/ IS) .
k- ‘: ' Youno s Modulus of Material = 2. 1 X ]06 kegflem’
Z o “Depth of maximum shearing stress occurred (cm)
B '_ Coeflicient of a/b - : '

‘ Calculaled results are sho“n in the followmo table '

®RIR ool | [T 202 lwl o
(cm) | (cin) A+B B I b- 'ajb-- B (cm) | (kgtem®) HB {kaffem®)

20.0 300.0' 0027 2375 0.409 s.s 0.775- 0317 | 12132 j 250 | 12500

Quahly of“heel SSW QIS HB "2)0 L

' Allowable pressure

. ?\\-/here, pa : Allowable Herztron comact pressure in ]-.UF/cm |
o v N Coefhcrentofsafely = 10 . '
HB :  H:grrd_nes‘s of \\_{heel_ :.: = 2)0 (IIB)

a7



(5)

P : Wheelload

Wheel Track Frame

Strength of wheel track frame shall be computed in accordance with following

Andree’s formufa.

_ at 3 2
v s K_Ef(__?;,_z _-L._\A)

a’ 4 3 -2 12

“o e )

| P
K = 00588 -
| Yor2.1
a = 075 L
K -bf

T

——— T
| '_"Wj]ﬂﬂy ﬂK ' , iEe
7\\’l;ere, '

Mx .Bendmg moment of track frame in kgf cmo

Kx Bearmg pressure of concrete JUS[ beneath lhe bottom ﬂange in kgf!em S

t K o K _' _ Bearmg plessure of concrete _|ust beneath the bottom ﬂange at loadmg

. pomt in kgflcm

= 16149 kef

j. _Top wheel P, =

 No2wheel | P, = 14342 kef
No3w'|{ee| Py = 10435 kef .
Bollom wheel P,,' ' :- 247]1 }\gf' |

S bf .hBottom ﬂa:lge breadth oftrack frame= 15 Ocm e
- ._l o _:' Moment ofmema oflrack frame“ 15435 em?

a | o '_Half of the beanng pressure dnslnbullon [ength along the bottom ﬂange 7

'of lrack frame in cm.




(a) Track frame prbperties

Figure helow shows the typical section of track frame. The sectlon properties

. are the values e\cludmﬂ the wheel track strface plate.

< St = 1
g o = 15435 cm
E — 100 :5 . 7z = 1029 o’
- /5‘////’/{7 /Z/ kN‘_ E A = 1 14.64 cm’
| ‘Ji\—- Aw = 4864 cm’
3 e g
i e __.___'751_
: ] 5
" ,:. (b) Bearing Cohcfete Pressure :
_ _ . o Calculated resu[ts are shown in Ihe ﬁoura, newt paoe
s K,,m " = 214 kgflem’

' ) Allowable bearmo conciete pressum

K_a. 60 LOf/cm
:'(c'): ‘ Bendmo Stress of Whecl lmcL Frame _

o Ca!culated results are shown in the ﬁgure ne\t p'{oe
Mo = 697335 kgfem

= M""“_ = 697335 = 678 kgflem®
2NN TR

,
% _'”Allonable bendmﬂ slress .

oa . % I 125 x 0yl2 = 1. 125 X 2400/2 1350 kgffom®

Do
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Shearing Stress of Web Plate

P

-TW_ N 2Aw"

.Where, :

' ;n"f'_" ;o Shelérilig' stress of web p]até in kgffem?
“P . Wheel load in kef |

O Aw Gross sectional area of web plate = 48.64 cmz_

~.. - Calculation results are shown in the following table.

L oTa . =

@

Shearmo Slress of Web Plate Under the Wheel

- Allowable shearing stress

I 125 X 0)*/2/ \G

P

1125 X 2400/2/ \/37 = ?79'kgf/éa__n"

L  Wheel Load - W 1a .
! | b ) ) . . :
_“ heel 1\9'- (Kgh (kgffem?®) -7 | (kgflem?d)
c Pop) - 16149 166 o
2 14342 147
3 10435 107 79
" 4 (bottom) © 24711 254

cb | = ' .
& . . bb'i“' E :
© Where, L
'bb b _2\{b+lr+lf) ,
b * - Short radius ofheutmn contact ellipsoid = 0409 cmo -
tr : . Thickness oftrack plate = 1.0 m . .~ - :
- Af .1 _Thickness of track frame top flange = 2.2 cm
¢ tw 1 Thickness of track frame web p]ate = 1.9 cm

:_Gba =

Calculatmn resulls are showu in lhe followmg table.

. Shearmg stress of web pla{e under the wheel

ob

| Wheel Load- b, W : :
Wheel N°' (KeD | (em) | (em) | (keffem?)
“1(top) | - 16149 B I B R
IR I 14342 ' o 1046
SO TR T U il L R A
4(boltom) 241 ' 1802

| 0-_9_0>'

'Allowable shearmg slress ofweb plale under lhe wheel

09 >.2400 = 2160 kgffcm




()

' Lifting beam
Lifting beam is regarded as a simply supporléd beam as shown in the figure.
- The maximum bending moment M is ‘ P el
- : . . ) a a0 . ; . o LifIinG 312
L . T X T !"'_'_""" "" T ' T .
_ Where .ﬁ . S DU I*}‘ o ' }_
T Halfa ralsmﬂ Ioad*'/: X 40 i o 4 L I i
a Dlstancc from sndc beam to rope sheave : : @ R {13’“ |
v _"0675 m o ,' B ST W varve
) - T T A T R i
M= '/2\40‘(0675 T e T _ b

e Ltﬂmg beam conslsts oftwo (2) !0][Cd ch‘ume]s C200 X 80 X ? 5/1 1 (SS400) and the

(f)  Bending Stress of Bottom Flange of Track Frame

Bending moment

K-bf?

Mf :
$

214x15.0%
Ty
601.875 kgt cm

Bending stress

i

6-Mf
5 = g
t'f
- Where, e
S 4 S Thicknéss ofbol_tom'ﬂange of track frame
' = 22 cm o
o = 9*—@9%@ = 746 Lgf/cm
: 22 .

Allowabie bendmg stress

ya = L 125 X 0yl2 S 1125 x 240072 = 1350 kgflem’

l 35 tfm

-

0 5 i (onc hcc) are. .-

o effectwe secuon proper{les whtch has a!re'icly ehmmate the corrosmn allowance of -



: ST | = 3446 cm’

= . - 3

f/,// 4 W 7. 7 _ Z 346 e
' A = 548) cm?

AW = 2327 om’

\\\\\f\j\\\\\\\\
G
(2009

i, | ot A-
(SCI)*-;)l

.},‘.\_..._

o

Bending stress

o g%ﬁl:‘%;fél-_ 390 kgf/cm <oa=1.125 \oy/2 = 1. 125 X 24002

1350 gf/cm 2.

- Shearmg slress

o

= XQ:W =86 kgf/cm <1 = oal \/— ”.%%9 ,_ 779 kgf/cm

Caleulation forhoist . ¢

_ (a) : Hoi_s{ingLoad | : e ; L T : - é%

- Gate self weight
O We =404

Wy = Wg-cos8

o= 40 X.cos lan"’[—l
o 1.4

C= 3431 tF

l' Waen = \V(; sin @ .-

1

:__v\Vnrc—Rope “Clght (.lls 6)\ 37 AType ¢20). R
Wr 144 (Lglm) \ 700 (m) X 2 b
| 201.6 (kgf)
| 03 tf

1

1l

' i 2'7'24 -



w

Wheel friction

Where,

d .
[p, +_p2‘ 5] P

D/2

M Rolling resistance = 0.1 cm

Mo Fr:cuon coefhcnent on wheel a\:!e Self-rubricating 0|1es bushmg 0.2 cm

d thel axle dlameter

= 12.6 cm

D : Wheel dlameter = 40.0 cm
3A3LF -

P I\VGV =

Fw =

40/2

0.410 if -

_ Seal rubber friction

(0.1+0.2x '-?-%)xé‘.té-i

Fr = q-p-4£
Where, -
q'. : Prcconumssmn Iorce ofrubber = 003 (Wm
: "o _': Fncuon coefhcnenl rubher on slamlcss steel
= 07 (wet) ' - -
S N (U5 7 I
£ Scal rubber length =2.1+2 x | 75 =56 m
Fr(“.e,) 3 = 0.0) x 0.7 x ).6 :
= 0.118 tf
Frap =~ = 0.03 x 1.2 x5.6
o = 0202 tf
© Sum of_Loa'dl |
e o ol L R (lﬁ
'ltel.n' . Wet Condition - Dry Condition
: _Raising Lowering -~ - Raising " Lowering
SERA\ 7 TIREE BN ¥ ¥ BN IRRNE 727 ¥ d2237 ) laasy
W L des0o 40300 - dosoo | Y0300
B doao To410 logro - To4r0
LRI R 1 X I IS R L A 1 b 0202 | Toz202
Sum - - "J,3.064- = B J,2_009- '_»"3.I4S_M-" J,|.925

Thus the desngn hOlStlllU load is 3 5 if and lhe oatc can be l"uily Iowered by itsown

W ewht :

oo




{c) Mechanical Efficiency -

Mechanical efficiency of each device is listed below

Helical gear reducer o 0.80~094 -
Drum gear & pinioh gear : 095
Drum r 095
alstar) = 08x 095 x 095 -
= '0?22 | T |
Y (drive) = 094 x 095 x 0.95 |
| | = 0.848

: Schematlc arrangement of hoist is shown below -

INIDw CEAR (q=)e, Z:=2L

HOLICAL GEAR REDUCER G=1/500)

T DRUM @K 1’ o
AR L\ S db I e I S
. . i ) . .
- . i : ELECTRD ERAKE s L
] e LT '-
. -! ) = (} . HOTGR (15 Kw, bp, S0 Hz :
_, 1! — 7
’ I
A
. ,-’/
B GEER (votp, 2R /0

| (d) _Hoi.slilng Spéed
| .Hc_;i_s_ting s:pe;ad for éat.e i§ caiculalédras follows.. '
V =" Ny X I.h \VIG :« n \ DD . Lo
")':_Whéré., A;:_I\-hg_;. i ‘Revo!uuon numberofmotor (50 HZ, bP) 930rpm -' | - l ' €)
. . |,. : Reducmg ratio ofHellcaI gear reducer" 11500 RN

ig - 3 Number oftcelh on Pmlon gearl Drum gear = 21/I ]8

' DD s | Dlameler ofdrum =1. om .

‘,V.',__.= 7930% —5—(-)6 \i m )‘..ﬂ h ]0"]040 /m,,,_- S

276
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(e)

0

@)

Motor Output
Pn] . = ....1_._ . V.-V
612 n,

Where,

W tloisting Load =3.5¢f ... -

A Actual hoisting speed = 1.040 "/,
a Pin Mechanical efficiency = 0.722

_Plh _oo 1 35x1.040

612 0722 - .
0.824 kw - 1Skw

Il

' " Therefore, 1.5 kw induction motor should be used. 7

Torque of Each Shaft ._

- 'l‘orque momets, wh:ch shall be transferred lhrmwh each shaﬁ are computed '

L in lwo cases.

C At R_ated_ Motor Tbrqué o

: \'lotor oulput lorque '

15

: T. = 97400{ 1257 kofcm
' " 030

T, = T. X ——\094
- o 1
= Drum Dear torque o e
R F; = Tg-_‘( — (095

S (iri)l |

Pi'nion géar tdrquc

500

1l

73835.5 kgfem

s

3941408 kgfem |

: At.'i\/lz'l.\:_immii n'\éiol(')r Tofqué

L ‘viammum motor torque shall be 300 % of mtcd motor torque Lach lorque o
... value is 3.0 times as calculated 16.1. : - '

.-r.-r,:_‘f = ‘_4713  kgfem o

Ty = ?215065 igtom -
Ty = 11824225 Kglom -



(2)

0

Strength of \\l ire Rope

iy Appllcd Wire Rope

JIS G 3525 6x37- A ype wire rope
Diameter : d =20 mm

Breaking strength : T = 21700 kgf

(ii) Safely Factor

Safely factor to brcakmg slrenglh calculated from horslmg load and flom
. maximum motor torque shalt be at least 8 and 1. 7 respeclwcly

- Wire rope tension per one ropc for holstmg lood 13;

Fo= ii;nstf
: -2
.:.Safct)'factoris _
s o= iﬂq‘%—rzws
' l?leO S

' Wrrc rope tension pcr one rope for ma\lmum molor torque is .

2Ty, 2x11824225

R 118242 kof =

o Dpx2. S 100x2
' Safety factorls .
S' = . yg_l_.z(lq_ = I 8 ] 7
- 118242

E Strcnglll of Gear

K Strength of gear tceth shall be cmmmed as regards bendmg and bearmg

~ Bending slrengih factor to ultlmate tens:le strength calculated from ratcd motor o

'lorquc shal] bc more lhan S And bc less lhan 90 % of yleld strengtlr for the

: ma\lmum motor lorque

A

Bcarmg strength shall be more than thc aclual bcarmg Ioad calculated from

' 'raled motor torque

Calculation resulls are summanzed m 1ab|e ne\t page L

'p<Pa Pba

'_'”P'< Pa'

for Pinion gear and Drum gear.

2798




CALCULATION TABLE FOR STRENGTH OF TEETH

.Pinion Gear : _Drum Gear
Modulem (m) 12
Number of teeth z _ 21 118
Width of teeth b {imun) 130 120
Pitch circle dia P-C-D=mz . ) 252 1416
Material SCM 440 SCM 435
© Ultimate op/ Yield oy (I\Of!mm ) 90/ 70 75155
Allowable oa = oyfS 18 15
stress oa' =090y - 63 495
Revolutionn . e 186 0.331
Pitch Imcvelocnty - I
V=1-n- D000 (i) 1413 -."‘_”“’
Coeﬂ‘:cientofveloéity' TS R T : ' ,
fv = 3.05/(3.05 + v) 0.674 - 06
CoefTicient of tooth profiley = 034 | 046
Cocfficient ‘of'beéri-ng'Stres'sK RN _ o 0116 o
S Rated T - 138355 3941408
Torque kg-em B ST - - T
L Makimum T’ - 2215065 11824225
Actual load Raed P 586.0 | ©556.7
Torl’ ko T :
pi2 ° Maximum P 1758.0 1670.1
Allowable load in Rated Pa 64387 | 67159
bending kg - : e : ———
m- b fv - ). (Ua 0,-03') Lg \/Ia\lmum Pa’ : - 225353 - 22305.1
e Allowable Ioad in bearmﬂ . _ PRTTE
s = : . 774.4
MK Dby - 2" (ko) Pba g 14

D2 - Piiéli'ciréle&of PinliOIi".: S

-z .:_Pinion

bl : Tecth width of Pinion gear - -

YR

- Zy : Drum Gear



2.7.2 Emei‘gency‘(.}:-ite'

(N

~ Design Data

- ’1‘ype of Gate

o Number _0f G.at_e

| Design Water Levcl; ‘

- Sill Elevétion

ol Lmtel Seal Elevauon

- .-_-(,lear Span '

B :Cle_ar Helght N
- Gate I-ieight

B 'l‘)'-pe' of Hoist

""" Raising Operation -

E Opera.ti'ng‘Sp'é‘ed_ B

" Operation
- Power Source

. _Raising Height -

Selsmlc mtens:ty for de51gn
Corrosmn Allowance -

"Allo“able Stress .

" for Steel

* for Concrete

Steel Made Slide Gate

1 set '

| W.L. 130.800

(W.L. 130.000 + Wave Helght() $ m)

© EL.115.000 .

EL.115.900

2000m

1400 m

1.650m

]:Iecmcally Dnven 1 - Motor, 2 Drum W:re
B Rope Hoist and Llftmg beam C R
0 210% o |
M Balance (water level L. W L 136. 000 W L

- 131.000) - o

'..Local Control L
i 380V SOHZ 3¢4W '

: \'ormal? om

3 Mamlenance 67 0 m

k=016 |

: One face 1 0 mm (always used fresh water)

Tension, Conip.res:sirori 1125 - oyl2as a basic - .

shear 1,125 - cs_y/?/ \6 N
?

Béérilig 60 kgffcm i

Shearmg 4.0 l\gflcmz R

. -Bond o 70 Lgf/cm




15800 m

nd I

- (2)  Design hydraulic pressure load

(a) Hydrostatic Pressure Load, Ps

-l11_+h

ps = T2 h B X W,

where,
hy, hy, by, ¢ Shown in ﬁgu_re be!oﬁ.r '
B - : Sealspan=2.300m

“‘YO : Unit weight of water = _1._0_lf/_m3

WAVE.HE.'GHT ‘
= 08 m

v 130.800

VWAL 130.000 -

m

Coml o= 144900

© 3

ps = 1&9_‘1_0_5‘1.5_&9_9 X 1627 % 2300 x 1.0

_"57-.4‘42 TR

Il



15,800 m

(b)

Hydro - Pressure Load in Seismic Period

(i)

Hydrostatic Pressure, Ps’

Water level shall be added the wave hc;ght duc to earthqual\e ‘

| 1 ‘
Ps' = J—'——;-]—z—\:thx\\’o

- 12333;'6"29 x 1.627 x 2.300 x 1.0

= 58.803 (‘f) 3
(' =i+ he = 15, 800+ 0.329 = 16.129 m, by = h,+he': 14.900 +
0329 = 15229 m)

" Wave he'iglit of eénhqua'ke he

he _=  LS} \ng

 where,

N ‘.’aler deplh from W, L 130.0 to the foundahon ground le\'el :

: k . Sc:smlc intensity for de5|gn =0.16
T R SCISI}]!C period = 1.0 (s)

g _ oy Graw{y acceleral[on = 9 ] (mlsec)

~EL.1130 =17.0(m) -

' then,

‘he = 0_126"10 J98x1 0 = 0329(m)

WEVE RIGLRT DD T £ARI-E&E s [3EE -

WE. 131250

ne =

B o® 14900 m

._T:\ .

WAVE MHEIGHT
' =008 m

Wi 130000

EL. 1159

EL NS0 .

[L 1130

; D :;




LS

(i)

Hydrodynamic Pressure Load, Pd

" Pd

where,

L Cmx Wy xHxk ‘p_,i'_x(?_‘_ll,:]; ,ﬁLx[z_'l'—]

Pdy

" Pd,

H

P h;"

- Pd| =

Pdy

Gy

o hy"
i '_;'Wo S

0375%1 0xl70x016 1'4'| Sy flaa 14.1 :

2~ + x| 2 .

2 170 17.0) {170 17.0 )
0998 i’ | |

o 037:>x] 0xl70x0|6 150 150 fis.0 15.0)

: 2- + X2

o |7o 170) Y170 17.0
1009 thn® o o |

_Pdr 2 0. 99.3xl 009

then,

* Pd is calculation by fo!lowing Zanger’s formula,
_ Pd; +Pdy

xhxB

2 : H H
. 3 D N

C . [ " { " .u . "
. CmxWyxHxk <lll_..x 2_i12 s hz_x 2_|12
2 . H__\ H H H

. Cm s

;._Coeftimenl due to mcluntlon of oate leaf 0 375

Honzonlai seismic coelncrcnt = 0 ]6

: Water dcpth from W. L 130.0 to the foundatton ground Ievel

EL 1130 —WL 1300 EL1130 = 170m

"-‘WL 130.0-B.L. 1159 = Mdm o

W.L. 1300 EL 115.0 = 150m

Umt welﬂht of\vater = 1 0 lt/m

x1 627x23

'3:.’}56 u‘ o

Total Hydrauhc Prcssurc Load in Se:smlc Perlod

Z-P.s +_Pd' = 58, 80) + 3756 - 62559 tf



| (¢)  Design Hydropressure Load

Allowable stresses in seismic period are allowed to 1.5 times of the normal

casc.

Ps'+Pd _ 62.559

: = 1.089 < 1.5
Ps 57.442

Ther.cfore, design _hydrdpre_ssu_rc load is determined as Ps.
' (3)' | Structilral Ar.rahge'ment of Gaté Leaf
(a) ‘ :_ Maiﬁ Girdcr.s '

ln case of hrgh pressure oate al] mam glrders c\cept top and boltom girders

sustam a!most 1he same amount of‘ pressure Ioad even lhough W ere arrange in

Ihe same mtervals

lhe noht F igure shows general arrangement of

.'775‘-'

1630
L
fI_- .

. lmm 0|rders

- They are prowded in Ihe same pttch of 775 mm.

775

100 | -

Pressurc Ioads whlch acts on each main glrder can be calculatcd as follows

i '?x ',' ', _ R o \Vn = qn x B :
HESPRAIE 'E] ‘49 , " : S __ ; y
[E1° 1irg ~T-u:{——li_‘_l . G = 1/2 }L(pn+pn+|) ‘( h
g E by = ip“ +2xp“*_’ l ot ]"” (n“ ~3)
? T £ pn"-p""2 . 3 -
15 by
TRz, "_3*"4 =y
A I P3+P4 3
)4 M Box eL- B) X Wn
p57158 t/n2 ' 7 VX Wn S

o
li

L o2g34



~ where,

Wn Pressure Ib'ad (v .
Qi Unlt of pressure Ioad (tf/m)
' Mn 3 Bendmg moment at span center (tl’m)
Qn _Sllgaring force at span end (tf)
B - : Sealspan = 2.300 (m)
' L | :. Suppérl span = 2.500 (m)

Calenlation resulls are shown in the foIIowmg table with pressure Ioads,

bending moments and shearan forces.

. Pressure Load Shearmg Force Bending Moment
No. of Girder W (th Q(th e M%tf'.m)
1 S 13.045 S 6,522 | 4,403
N 2 - 13.086 - 6.543 4416
3 - 156230 | 7812 527
4 15.688 - 7.844 0 - | 05295

_As used in the scctron for main g:rders \!o l - No 4 just only about No.4

girder whlch sus{aln the largesl Ioad anong others may be consrdered
(i ‘Ser:t_ion Properties_ e

* Sections of main glrders are ChOsell from thc series of c shaped rolfed
. section. (JlS G 3101) ' : :

- C‘ 300 X 90 X 'I,s steel quahl) SS400

. ‘Ef'teclwc scctlon properlres shall bc calculatcd by excludmg the corrosion
o allowance 1.0 mm (one facc) :

- Flgure. below shows the mam glrder sectlon The ﬁgures in parenlhesrs '

. denote lhe rolled srzed : L e

R 9 jr.maw' : I - 6806..(cm4)
/ _ W/ ///7 E | 2 = 461 _._.(cm’)
e g/lg R % i CZc = 449 ' (em’)
NS = S _—_:. 52.52 (eny
e T %A S A = 270 (em?)
4of e 210268 L] v I e
aey | T A R B (16) L ‘



(i) Stress

Bcndmo lensﬂc stress

M 529465x105
of . = — = —
T a6
* Bending compressive stress
oo = M o 3AESXI0T a0 opemd
ST Ze 449 |

~ Shearing stress ... .

L= 1149 (kgffem?)

Qo IBUXIO gy (kgflemd)
A\\ , _ 210 . - R

o "Allm\able sircss

T = 2. = T

7 Bendmg tenslle slrégs e

' ota = 1 125 x cryiz = |, 125 X 2400/2 1350 (kgf/cm )
: Bendmg compressn\'e s{ress ‘_ R '

' qca “1]?5\03'/2—120(\5 9)_'.’

1125 x 2400/2 - 12 x (2024 % -‘9)

1265 (kgffcm) A o
Where oy : Yield stressofSS400 = 2400 (kgffem’) . -

K B /3+ Aw
V7 2 Ac

Aw gross sectional area of web plate = 27 0 (cm )

Ac : gross sectional area of compresswe flange = 12.32 (cm2) '

- distance between fixed pomts of compressne ﬂange
7= 025 (cm) - R : -
~b wndth of compresswe ﬂange - 8. 8 (cm)

Shearmgstress - . RPN P
w o= ilzsmymﬁ =1, 125:\2400121'\/_
I ’ 779 (kgflcm ) ;

E - (iii) Deﬂecllon ofMam Glrder : :

E W

L 4B T 2 8L :
'wherc, , E Youngsmodulus of steel 2] X 10‘5 (I\gf/cm)
o 3 2. 3-"‘
8 _ 15688x10 . x(250’ 230 230 ) _
Lo 48x20x10%x6806 . 2 s 250

RS NP |
1037 800 '

273




;r‘!ﬂuﬁl tin]

~(b)

Qma‘ S

. Vertical Sub-beam

Vertical Sub-beam shall be provided as shown in figure next page. These
beams shalt be analyzed in a manner simplc beams supporie_d at the web of

main girders.

Load shall be computed from the average présétlré of the span. Maximum

shearing force and maximum bending moment will be obtained by following

formula,

prm o om
B

gy e
i

M = 2wy

where, -

- -.p LR A\:crége; p.réssit'ré= 15.5 (tf/m’)

om0 ~ Vertical sub-be;am interval = 0.7 {m)

PR _Slipporis[iéll'= 0.775 (m) .

l .

RTVE-RI

£15.7

T p

r_____—___;!___ R

sy e o0 ] eoe |
I U iU SuPsDRT SPAN = 2600 ,
S f - e T T e s e e e



All sub-beams have the same span, so the one, which locates at the botmm part, shall be

checkcd '
Q = 15_'—5-2"0'7 X (0.775 - 9:‘21) = 2306 (tf)
M= ]—5'5220’7 x (3 x 0.7757-0.7) = 0.499 (tf.m)

() f Section P'roperties o
BT 300 X 75 x 12 (SS400) shall be used for vcmcal sub- beams.
Efficient section properties shall be calculated by excluding the corroston -

a![owance ] 0 mm (one face). -

' I‘loure below shows thc \eallcal sub- beams secuon

B /‘( : ‘[, '_ =__ '2_3_37 (em?)
ozt =134 (em)
" B _. ZC = -_18'7:__ (cml}) __
@M T A = 2521 (emd)
Aw = 2(.}.'5‘1 __(011_12) .

77 ' @
STURIRN IS B [ '
]< (10) 7

(i) Stress

M 0.49931'05

Bending tensile stre 't"=—~=ﬁ— 372 (ke
en. lgf.:nslresr.s.s - .0.._.. Zt_- _]34 (gcm)
Bending compressive stress oc = -;1 = M%%ﬂ— = 267 (l\gffcm )

-8l t o : =—-———-|12kf/
- S]_ean.n.gs ress AR t._ CAw 205] - ( g cm)
AI_Io\i.'able é't}es.s o o ' o

- Bending tensile stress - ota

o

1. '25 X 05'/2' 1125 X 2400/2 ST %
}350 (kgflcm) : R

n'

' Bendin.g'.c.ompfc's_s_li\rzé Srtréiés_rcuc.q l 125 X csy/2 - 12 x(K:\ -f-—9)

-'Ji_.

By 125 X 2400/2 12 x(2 270 x 76735 Z9y

I 148 (kgf/cm )

H



" where,

oy : Yield stress of SS400 = 2400 (kgffem’)

K : J3+ Aw
S 27!\0

Aw @ gross sectional area of web plate
=20.51 (cmz)

Ac : gross sccl:onal area of compressive flange
' =476 (cm” )

¢ : distance betweén fixed points of
_ compressive flange = 77.5 (cm)
b : width of compressive flange = 6.8 (cm)

Shearing stress . R I25x0yl2l\/_

' - ' o =1.125 \2400!2!~f 779(k0f/cm)
Skin Platé

-'_Hat plates wh]ch 1rc sub_]ect to bcndmg slress shall be computed in

accordance wnth Dl\' 19701 clause 6 5 2 2

N '-az -
o - Loy
100 ¢
where, _
6 Bending stress in l\cvffcm
p - Water pressure relative thc plale centcrm k0f/cm
K . : Non dlmensmnal factor as shown in lablc
ab o Suppmt length ofplate pane. a<bm om.
ot o ‘Efﬁcicm thtancss of skin phtc :n em

' (lﬂ(cludc corrosion allowance) -

“fo3a = N

: ' R ccoblas gy oy oy © Oy

CL00 309 0 137 137 309

G o]0 125 403 0188 - 13,5 339

S 1030y o 150 455 220 122 343

_osL_ 4T ags 484 239 108 343

- - b b 200 499 0 2470095 343
G2 O | 250 500 250 8.0 343

e [ e 30000500 0,250 ¢ 7.5 343
w500 250 - 75 343

. \ S «l\“. R :

P a



According fo the figure, the skin plate panel dimension are 59.7 cm x 70.0

cm. Thus, the part panel has to be checked.

— s T
: 1 i - v
. |
i | |5
i : i N
: o o A
i e i 23 X
. S g
A LN S
. . | K C | . &‘88
- =
b 700 =117
a 597
Ky = -336 \(E] + 1132 x (E) 487 (10 Eé l.S) :
. : ‘\a SRRIE S a

I

336 x‘i.'i"}3’%"113”2 x :1'173 -‘48.7 = 37.9 -

2
= Lxa79 x 27 xl. 523 1054 (kgffcm)
100~ (]6 02)

- Skm plate shall be used plate thlcl\ness 16 mm (quallly SS400)

“U_a_ = 71.125 X csylZ I 125 x 2400/2 1350 (kgf/cm)

. (d) flrrBéaring P}dté_ '

. The beanng plate has two funcnons F;rstly, sustams lhe water ioad and _
e ) _transfers it to embedded gmde frame Secondly makes the movement of gate o

: Ieaf smooth in aperauon

C2740



wisien
[

Leaded tin bronze castmg LBC—3 (JIS H-5115) shall be used for bearmg plate

materlal
- Bearing stress (Gate Leal)

p-Ls
2-Le

ob =
there,
- oo E Bearmo Strcss (k0f/cm )

P o Desron hydro pressure at lhe gate leaf boltom

LS Le
_ = 1.58 (kgf/cm) L= =5
- l s : - Seal span = 230 (cm) o o & |
Le : . Width ofbearmg plate = 5.0 (cm) L ' S
ob = L2$x230 =‘“634 (E\Oﬂ‘cm) I e AJ
g 2% 5.0 _ &--—-—_._-y-—-—_'

o Allowable bearmg stress
g "cba “, 180 (kgf/em) (statte)

' Bendmg siress (Gu:de Flamelconcrele)

2-_LB

~ where, ‘

' K 1 Bearing stress ofconcretc (kgflcm) _
p ' Design hydro pressure at the gate teaf bottom

o l.58 (kgf/(_:m )
Ls : . Seal sparl =.230 (cm)
- - Ls e Widlh ofpressure recewed ll 8(cm)
Coyg . bsxao 15.4 (l\crflcm)
L ‘ 2 1.8 -

Allowable bendmg stress ofconcrete

o Kq 7'_= 60 (kgflcm)

- Shearing stress of concrete - 1



¢ where,

tc  : Shearing stress of concrele (kgflem?)

p : Désign hydro-pressure at the gate leaf bottom

= 1.58 (keffem?)

Ls : Sealspan = 230 (cm)

¢ Flowing the figure

S =400 (cm)
1.58-230

e = 25 =30 (keflemd)

2:-:«.65(40 -

‘Allowable shearing stress of concrete

_ ._ .Tca_ = 4.0 (kgf/cn:lz) -

(@) ~ hoisting ldad (for liftingbeani) : S

' Gate Lealweight: WG = 1850 (1f)

Wop

- Woy

|  ,= 1.85 x éo’s Ian"'(-l—) R
S “\14 ST

= 1,505 (t.f.)

= Wg x _Sin_B RN

= 185 x sin {tén"}(LJ}?f ST
S R

= 'l'._'o'ﬁs '_(;f) -




Friction due to bearing plate
Fb = Wy x ub

where, g friction coefficient between bcarmg plate = 0.4

Fo = 1505 x 0.5 = 0.753 tf

Friction due to seel rubber

Fro = mrxq -x L

‘ where, _' : .
oo Frlctlon CO"“frCIelll rubber on a stam!ess steel 0.7
q Precompress:on force of rubber = 0.03 tf/m

L :E' Seal rubberlengih =1.65x2+23 =56m '
Fr 07\:003*(56 0[18tf

(@) Sumof Honslmg Load

S

. ltems - Raising - lowering -~ Notes

Wov ! s L rors
Fb - 30753 10753
Fr 1 21 ols T 0.118
- Sum ] 4182 (m ¢ 0.332 (tf) -

Thus the de31gn ho:snna load is 2. 0 tf, and thc oate can be fully Iowered by its

' own weloht
(5) Lifting Bééim
(a) Liﬂing Beam

+ Lifting beam is regarded as a simply supported beam as shown in the figure.

o 14p 'T Ot Seue
O R _ITTN

* "!\"D .
e
|
A
I
i

w
Fap
I
e

T
S o
g R
2
Frqt— .
»

L I/BNNGH 172 W GH




(b)

()

@

, P_oi[.]t;)fhél'lger_. cat

L.oad

Lifting beam is added to the gate raising load.
Gate Raising Load W =

Bending Moment and Shearing force

20 f

Lifting Beam Proi:érties :

g

R 777

=

200
182
RENSN TSNS
L i .
|
?

S TR

T

!

A

1
2

Aw =

- BW.a
“where,

Horizontal _QaigLeéf 'We.ight |
Wy = 1017 1f

3 i %X (25-14)=055m

Y x 2.0 x 055 .

= 0.550 thm
=%w o
= % x20°

LOtf

2383
- 238
- 4896

32.76

S e

o em

”-C}]_l .

e




_ Point of Supporting

T 1. = 3553 cm'
_%7/// 1270727 '

% Z = 353 o’

A = 6l56cm’

AT v Aw = 3276 cm?

i)
ﬁ\x‘\\\\\m\\\ik\\\mm.
]

. 3

77///////////////// AL

L 169
Bending Stress and Shearing Stress

_ I_\i OSSXIO _ 23] kgffcnlz

c = T e T
Z -+ 233
T 4 S Loxlo 31 keffem’
AW 3276 '

Allowable stress _ . . _
1125 x oy/z = . 125 X 2400/? = 1350 keflem?
1.125 x oyIZ N3 = 779 kof/cm

_'oa

@
o (e). Deﬂei::hon of[_,lﬂlng Beam

lowea
24El

8,“3_; = .\'. ] R .(cemg-r)j
E \&'h&ﬂ:, Lo o
' .VWI . " Gate Rﬁsiné; Load = 2.0 tf
a i :'__755 cm S i T
E o ‘Young smodu|us ofstecl = 2l X 106 kgf/cm
; I E : Inertia ofMoment = 3553 em'
. L.‘ a Support Span 250 em
B s x2000x55 E \'(3'x 25{):'_;, < sshy
SRS 24x21x106x3553 o

0054 cm c

0054 IR

Coaas



(6) Hoist

(a) ' Hoisting Load

" Gate éélf-wciglﬁ
. We = 1.850ton

Wov = Wg x cos0

~ = 1.850 x cos {tai]"(-‘-]}
" lia

1.505 ton

i

“(GHV = \V(;. xsin @

= LAS0 x si {tan_l(é)} o |

1075 ton 5

I

.

Lifting Beam se!f-Weith ‘
Wy o= 06ton
Wiy = WL x cosd -

= 0.6 x cos tan._.l(i R R e s . &
- 0488t - o o | SR

| \VLH: = WL\ siné | | .
' —;—._ 0.6 \ sin {la.n__'(—l—)} B |
R Y
= 0349 on
wr;,;eﬁnppe weight (JIS 6 s:; 37- A Type, 416) =
W =09 xETO 2
' = 015 L_t‘op o
: B.endli.n.gj pléteufrictit)n_ B

Fs = px Wy -



where, #i: Bending plate resistance = 0.4

4

Fg 0.5 x 1.505

it

=
C Seél rl.lb‘bi;l‘. -ﬁ'iction; (l;nde.r \Qater) :
| i...Fr _ = q x:L ‘( ;:; :
where, q :l Prccc.)n\lp'r:c-ssicm.l;or'ce Q.t"'ruzbb‘n;r = (.03 :tf/m.
L : ‘_Le_ngth ofSea! rubber = 2 x 1.65 + 2.3 = 5.6 m
Mo [-_‘ric'lion'coel"l‘u_:ient rubber on.stain!ess _steel = 0.7
T x s6ko01
- onse
‘Sea.rl rrul‘}bc_'r fr_ictionr (in" the air) |
Fr' = QX L xplo
' '\Iv‘here, - | i’ VFricli.o'h' pd'e't;ﬁpient‘rtlbbef on .st:-ain_les";.s steel = 1.2
o= 0'.03: X 5.6 iz | |
o 0_.262 .
| W.heel flr‘i;:tibn (Llﬂmg _B-ea.:m.)' | f

' Fw XV _
N7

where, '_;l. . _R_(:leling rés:islanc'_eﬁ 0.:l
o fo _Fric'li'oﬁ_ coeflicient on \\jhcél axle _:_;élf;rub_ricating.oils
e 'V_bush_ing=_0.2- : - |
D : __Whet_aidiaméte'r?g.s cm

- d Whee! axle diameter = 2.8 ¢m E

ot foreozx2s) oo
v Fw = ———22x0488
. 9_3[2 ATRERREN

= 0038 4



(b) ° SumofLoad

.@

ltem Under Water in the air .
Raising Lowering "Raising_ | Lowering
Wen 1.075 4 1.0754 - 1.0754 10754
Win 0.349 4 - 0.349 4 03494 | 03401
CWe 01504 0.150 4 01504 |- 0150l

-~ Fs 0.753 4 07537 - 0.753 4 037
Fr/Ee 0.118 4 01187 | 0202¢ | 02027
Fw o o 0038d ) 0.0387 0038 ] 003871

- Sum ©24834 10 06654 . | 25664 05824

~_own weight.

Mechanical Ef_ﬁéi_cﬁcy -

Mechanical efficiency of each device is listed below. . .~

Drum
N =
N . =

Schematic arrangement of hoist is shown below

) RC‘(!l.!CIiD!I gear .. 08 ~094 |

- Drum 'ge'ar-and pinion 0.95

095

08 x 095 x 9.5

il

0.94 x 095 x 9.5

072 (o)

3 0;8_4_'3 (driyc) '

PN : . " erpucTion cEAR . -

_ Thus, th'e'design hoisting load is 2.6 tf, a_ﬁd the gétg can be fully Iowcredj\by its '_ - ”




(d) Hoisting Speed
Hoisting speed for gate is calculated as follows.
\ ='MAIXiR$iGN HIGQ (in@;n)

where, 7
My ¢ Revolution number of nlofdf (50 Hz 6 poles),

Co= N0, p v (under Ieadcd condutlon)

'iR. : Reductlon ratio of reducer = 00

R p1n|o A AR
FG 4 ,\Iumber ofteelh on Drum gear /98 o

D Diameter ofdr_um = 086 m

N R Numbér OI‘ wiré ropes suspcn_dlng the gétc leaf at each side = 1

.\’..;1930‘/00 /s WO%

1.077 "'/m,n -

Motor output ; s
R : WxV ;
- g l X e
'P[“- /6 | 1 N S

 where, W - Hoisting'lbad;z.é W
v o Hoisti'ng spéed = Vl 077 m/'“"“. L

ks ‘r] o Mechamcal eff'(:lency 0722 ' '
26)('077 o l
:. ) P = - 1
e /6‘2 0722
0634 kW

"I heref‘or 0. 75 !~.W mductton motor shou[d be used
o ( ) [‘orque GFEach Shaﬁ o ' ;

lorque moments wluch shal] be lransferred through each shaft are computed

toocin IW()cascs N R
W At Rated Motor Torque

" Motor output torque

C2749



(ii) |

™ = 27400 b 075 = 78.5 kgfem
: 930

‘Reducer output shaft

T, = 185 x %)9 X 094 X /2 = 18458.9 kgfem

~ Drum gear

Ty = 184589 x %? X 0.95 = 81834.3 kgfem

At Maximum Motor Torquq

Mammum motor torquc shali be 300% of rated motor torquc l:ach lorque

o value is 3.0 tlmes as calcu!ated 6.1.
. oy
iy |

TRy

= 235 5 Lgf o -
=. 55376.6 kgfcm

245503 (} l\gf cm

-0 :. Slrength Wiré Rope e

0

' Applled \Vlre Rope :

JIS (3525, 6 x 37 ciassA\wrc rope .

B '_ Dlameter - :_'d_: 16 mm .

(i)

:Safet)' factor is

-

Breakmg strengih : T _13_900 _kgf. : .

Safety Factor

' Safety féétof (o breaking st'ren'gt'h calculated from hoisting load and from
~ maximum motor torque shall be at least 8 and l 7 respectwely ere rope '
' tensmn per one rope for honsimg Ioad is : _—

- 2.6

Fo= 26 0 a0

*39003 oz
13x10%

ere rope tensxon per one rope for ma:\lmum motor torque is

' 2x’)45503x0 95

R = = 54239|f
o S 86 -
s"ew—zss 1.7*1.' SR

: 54239 -



(g)

Strength of Gear

Strength of gear shall be etamihed as regards béndinﬂr and bearing. Bcndinb
strength safety factor to ullnmatc tensile strength calculated from rated motor

torque shall be more than s. And be less than 90% of yleld slrenoth for the

maximum motor torque. Bearing slrength shall be more ihan the actual bearln'J

load c&lculatcd from rated motor torque.

_ Calculation result are sumumarized in table.

P<Pa

..Pl <} Pat

- for pinion and drum gear . =



CALCULATION TABLE FOR STRENGTH OF TEETH

¢ Pinion 0 | Drum Gear
Modulem (= B T N T
Ntll.ll.l)ef.of;téeillz T 98
Width of teeth b | () 150 EE 160
Pitch circle dia PCD=mz ) 336 . 1568
. Material e SCM440 -} -+ SCM 435

Ultimate ag / Yield oy (kef/mm) 90/ 70 » 15755
Allowable j oa = opfs 18 - ‘ 15
stress ' ca' =090y 63 Sl 4958
Revolutionn ~ ~ -~ . - G 9 . - 0407
Pitch line velocily : Lo N
V=21 D/1000 () 2.006 o 2.006
Coefficient of\'elbcil}' o ~ L .
fv = 3.05/(3.05 +v) - 0.603 . - 0.603
Coei’ﬁcientoftoolh.proﬁjley : S 034 : 0.464 :
Cocfficient of bearing stress K. - R X 1 [ S _
D Rated T 184589 | 81343
Torque — : . _ : —

co _ Maximum T* 553766 : - 245503.0
Actual load | Rated 1098.7 0438
TorT’ kef - - s — - :
D72 & © | Maximum 3296.2 s 31314
Allowable load in -~ Rated Pa 104251 | 10839.8
bending kgf . S : e — .
mxbxfvx yx(caoroa’) | Maximum Pa’ - 364878 . - 357712 - -

- * Allowable Ioad in be_éringﬁg_- | | ) | '

fexKxD2xb x - 22, 14646

“Pba (kef) -

~ D2 : Pitch cirele of pinion * -
- bl : Teeth width of pinion .

Zy :“Pi;niolr'i L 5 7
Zy :DrumGear ...
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2.1.3  Trash Rack for Bulkheéul Gate

(1) Design Data

Type - i Steel Made
Quantity ot | set
. Elevation - o

Top of Trash Rack  ~ :  E.L.152.200
Bottom of Trash Rack E.L._BO.UOO

Breadih o o 2.0m
r.lnclmatlon Angle N | 114
~ Bar E!ement _ ' _ SR :
' . Thickness . - . : 12 mm(Include corrosion allowance)
" B.readthr'r S o 100mm ' L

Clear Spacmg beiween Bar:. - 88 mm (Include corrosion allowancc)
' Destgn Preasure LRI : 0 2 kgf/cm '
Corroswn Allowance e o : I.O mm {one face)

) Allowable Stress

for Steel S Tens:on CompressmnOS oy asa + basic
_ | . _ SI]CﬁrlI]“OSG)’/\/— _
for Coricrete _ oo Compressson 70.0 ...kof!cm
R ‘Shearing - 40 kglfom®
Bcarlng ; 600 : I-.gflcm2 o
- Bond o 7(} “I'kgf-fé'mz_ T

s :(2) ' Stréltgth of Bér Elemgni_
L Each Trash RacL bar elemcnt is reoardcd snnply supported by supportmg beams and
. supportmg beams ' :
'.(a). . Lmd [‘\erted on Bar Elemcnt :
e = ..*P oo
| ﬁvherc, q : '. Unlform loacl e‘certed on bar element .
:rp ' ; .Deswn pr’cssure = 0 2 kgf/cm B

o b (‘L to ({3_ ofbar e]ementm lOOcm s
- q = 02 x :00 '
| _2.'0 kgﬁf_cm_ '



(b) B.e'ndin‘g Moment and Shearing Force

2

M = q-L
8

. _ Q‘L
Q 2

where, . = Span of bat el_eiﬁent= 150 cm

M = 594% = 5625 kgffem

Q = _2‘0’2"5—0 = 150 kef

- (©) Séctioh Prbperties

Flat bars 12 X 65 (stecl quahly 89400) shaII be used for lrash Rack bar

e elemems

: "7\“# ‘ r S R = ©20.8 cﬁf‘_ :
. A . 7 = . : 6.6 Cnl:;. 5 . N
| K ._:-10 o A - 63 .Cj-nz e .'
bt B2 ““9‘*< un Lotk o : %
A

' Corros:on allowance of 1 O mm (one face) has already been ellmmated for :

these scctlon propemes

) Bend_ing and Shearing Stress .

DM SES e
Z . 6.6
Q 1s0 o
- = 24 ;. kegtlem® . -
A 63 S .g--- S

(e) ".rAllowable Stréss

o Allowable strcss for bendmg shall be calculated by succeedmg formula whlch

con51ders the lateral buck:ng

; 'oa 06 oy (1 123 00153 M)



it

where, oy : Yield sirehglh of bar 2400 kgficm’ (S5400)

i

¢ : Bending bolt pitch 30 cm

t : Thickness of bar 10 em

oa = '06\240(1»;(1 123 - 001>3~<30/1 0)

'[I

= 956
G 7 T = 052(0)"‘[3_

= 0.5x2400/43
D= ‘693‘ k:.gf/k:m2 o

(3)  Flow induced vibration of bar elemient
Trash rack b‘ll’ elements shall he destgn to prevent vubratlon mduced by the ﬂow :

' through the Trash R'tcL The deswn criteria for Ilus prob!cm are e\pressecl as

follows
_[;(1 >2 5
f

whc;é,' B Natural frequency of bar element o

il /7m)x fex l:;cg)'l(\'\-’ 0
._d -Coefﬁment ofbar sﬁpportu;.o cond.llion |
Slmple support -_ . = 987 _ |
V_Fned suppori ; a =. .’22.7 -
E Younu s modulus of“stccl. 2 1 x !0 I\Of/cm

L l_nertla of_moment

. ]m&_‘. — l B ..: ].0)(6.37 =20-3 C]ﬁ“ Lt
53 SR ST ;:;'lm[rf :tIZB :l 0 X63 "05250“’[

- g D G.ra'vi[.')_"iicc‘eieréti'on = 930 cnifs2 o
W We]ght of bar per wirit Ienoth and added W elt-ht of water per unit

_ Iencrth

7 = v*{(r+b\rf/t)



\l

:t-B- f
Thickness of bar element = 1.0 cm
* Width of bar e_len.1enl =06.3 cm
'Su;;eorting distance of bar clement = 27.5 em
Wcighl ofbar.unil = 0.007é§kgffcm3
Weight of water uﬁit .=..0;(}-0.1 .kgflcmj
'Cleal spacing bch\ een bar e!ements = 9 Ocm
Karman s vortex frequency of bar element o
= Sl xult
: | VStrouhal number = (} 2

Mean ﬂow \reloeily passmg lhrou0h '] ‘rash Raek

= Q = _60m /S ~] 5 m.’s—ISO cm/s
A 20mxlx(WL1360 EL1300)m - .

fo = : 209.6. Hz (Imm 0525 cm)

fn' = 13202 Hz (lm‘ . 20801]\)
f = _30 Mz o

L T

f S

fn 44.0>2.5 o

. (4) Slre{igth of suﬁpor(ing frame R

: @

Loard Exer(ed on Supperling Fr_zinie S

q:

_ where

p- e
q ':_ Umform load e:-.ened in suppomng frame

' .p ‘ Desngn pressure 02 kgf/cm

- IR RE Pltch ofsuppomng frame“ 150 em

o
I

02x ISO

: 30 kgf/c_n_l




 Where, L

c S My =

1
i
=]

il Mc_z

RIS

BETRESS

- () - Section _Properties.

30%200

| (b) -~ Bending Moment and Shearing Force

: Spanlofsupportihg frame = 200 cm
My = - -:"—Oxl%—:— 160000 kgfem
30x200>

I

50000 kgfom

I

2 :

3000 kef

~ H 150 x 150 x 7/10 (steel quality SS400) . -

el

{0

\

5
M

132

- (130}
148
(150)

[ R i 28
IRV BN

sy T

a0

(@ Bending fiild..Si1earing. Stress

SOM L 100000

g o=

QT 3000
Ay 66

S -Z'.(.e) : AIIQ\VaquVStress__'

o 'Gta

It

oca

1200 11 (K - S-9 |

="1257  om'

4 _'—‘..170 em?

i A 30.28 ‘ cm’

Av = 66 = o’

=== =588 - keflem’ -

:'455”'_ !~:gfl§:in2 7 7

- 0.5 oy = 0.5 %2400 = 1200 kgfem?



where,

oca

1T

K : Coecfficient =2

. 3 : Distance between fixed points of compressive flange

il

I

=200 em
b : Width of c_m_nprcsﬁve flange = 14.8 em
1200 11 x2x 22 _g)
-, 148

1002 kgflem’

= 05-7/Y3 =05x2400/ 43 =693 kgflen?

() Deflection of Slt;ﬁpon'lillgl3ralm

"

o

. .q'IJ‘!

O 384:E-

302007
' 384x2.1-10% %1257

0.0474 ey
0.0474 _ 1 _ 1

C200 - 4219 . 800

2758




W

2.7.4  Trash Rack for Emergency Gate

'(l) - Design Data

Type _ 1 Steel Made

Quantity . ;1 set

Elc_:vétion : Top  EL.116.476
- Bottom  EL.115.000

Bréadlh . : 3.0 m

Depth o 206 0m

High : _ 1 254 m

Inclination Angle D B .1.4

_ Bar Element
Th_lckness a9 s mm
"Breath . i 100 mmo oo |
"Cle_ar' spacing bél\lféell Bars : 91 -. mm (Include éorrosioll alloWance)
. Desiodpressure o L0200 l<gf.lcm2 ) _ .
Corrosmn Allowance SRS Wi mm (one face) -

* Allowable Strcss -

 Main Glrde_r | _ o 'l‘elllsicim, C.tr)l].lpl';S‘Sl(;l]. 1125 x Gy/2 N
_ .- S e as'a.basicshear o 1.125 x 6y/2l\l3
BarElement - : 06 oy x (1 2300153 x Elt)
o o -:where ‘ o . 7
o Gy‘ Yield stréss of SSélDO = 2400 kgf/em’ B '
-  £ Bmdmo bold pltch = 33.5 cm
¢ Thickness of bar = 09cm

_ R (lnclude corrosuon zlllowancc)
' . For cdnl:rctc SR . ‘ermg 60 kOIch o
BT : _Be_armg 470_l\gf/cmr_.j L
L -Bearing- 7.0 l(gf/crl'nzr-

) Sl_r-ength“ofbar'elem_t‘:nl
E Lach Bar element is regqrded snmply supported by supportmg f‘nmes and supportmg '

beams

- : As -S‘llld\VllllIl figure, .Ba_r suppm:l diﬁlalllce is 1.925m.

2189



NG | - 600
]
HEH#HH: i—-'lhriﬂ-H—H‘if—

278100=2700 IL
]

. f
e B0 e

|

[ 5

| ; ~4€103 LAV
!
1
I

JtE———y

B e

‘._ﬁ_'_.l__

ibU ll

(@) Lo‘é'ld_rl;‘x'eﬁed on Bar Element -
q = pxb
whéré :
q Umform load e\erted on bar element_
p .. Deslgn pressure < .2 kgf/cm
. b ¢ to ¢_ ofbarelementh 100 em
4= 02100 o
= 2.0 keflem?

' (b) ; Béndinig Moment and Slieari_hg Force
e M o =hxgx1
T Q =%oxqxl

: wheré

.

Lo Span of bar element o
192 5, cm N

S
S

Lo

s x 20 x 19257
% x 20 x 1925

M
Q'

i

. 9.264 kgf cm :
. 1925 kef

. IE
i

(o) - ‘;ccuon propert:es '

. Fiat b_ar9 x 90 (st'cel q'u.'anti.'l)-' SS400) shall be i.lged“fz’o'r-Ba.f éigni_ents. S B S é)

=568 em'
_ ' 129 cm _
] A= 88 'c'm? :

88
(90
Hi

N
t




Corrosion allowance of 1.0 mm (one face) has alréady been eliminated for

these section properties.

(d) Bending and Shéaring Stress

ob = M_2264 o otiem?
Z 129
T = 2_1?25 = 2.|,_9 kgf/cmz_

A 83
(@) "E_-Allo‘;".'ablé Stf.essés' '

: Allowable stress for bcndmo shall be calcu!ated shall by succeedmo f0r|m1la,

wh:ch COI\SIdch the lateral buckling.
-.'.cr.a'=_ 06\0y\(I23 00]53 E/t)
where
| oyﬁ : },Y.etd stress of 400 = 2400 kgfcni’
¢ Bindingboltpitch = 355 em -
ot ": 'fhlckncssofbar =10em . oo

a2 06 x 2400 x (1 23 0.0153 x 73>5 )
"= 089 kgf/cm :

ot = 1123 X GyIQI\/_
C o LIS x 0072743
o= 779 kgf/cm
o (3) ~ Flow iltdlléed vibra_éioh Q.f'ba.feleméht
_-Trash r_éck bar_':c_:'iermenis:sh_all_ be desiguéd_to. preyen_trv'.ibrat'ion=induce_d_ by the flow -
_ thfb_ugh the trash rack. The design criteria for this problem is expressed as fql]oi\fing:
o> 2 5
f =
- where '

an.‘ \Iatural frcquencyofbar e!emenl IRRUD S _‘3,::‘., P

(aerc) X J(Exlxg)/(WxP}) =

2761 v



o :  Coefficient of bar supporting condition
Simple support : - 9.87 .- -
Fixed support @ 22.7

"E : Young’snwduhs of steel = 2.10 x 10° kaffem?
I Inertia of movement SRR
3 3 L : ' : '
I = B}HZM = 398 cm' . . _
12 12 - e
3n 73 o :
b = L0788 0752 em'
12 12 - e
g 'Grawly acceleration = 980 cmls _
LW nght ofbar per unit length and added welght ofwa(er per umt Iength

‘ = vx(1+b\)';lt)
\':‘th .

Ty : Tlnckness ofbar element o Ca= 070 (em) S
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Karman s vortex frequency of bar element -

_ = St xu/t o

St : _ Strouhal number = 02 -_ o 4

u - Mean flow velocity passmglliroilgh trash rack i
: 3w/ R el
=9H—Mw—/‘r—~ = 1071 m/s = 107.] cm/s R

A 20mx] 4m

fn = {937/(2>~'f)}x I{?lx106x0252x980)/{{07x88x355x(000785+93)-:000]/07)}:(3553
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f = 02X 1000707 =306
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Suppomng frames mstalled msude of sohd trash rack are supposed r:g[d rahmen
frames. These frames sustam the un:form daslnbuuon load W commg from trash

rack bar elcments
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(a)  Genera! Formulae for Structural Analysis

Figure shows structural conditions, loading conditions, and diagrams for cach

section froze.

According to the results of analysis, each section force value is expressed as

g fotlows.
)] Structural Conditions
I. P 4 5 | £ = 3. in
e _ . :
: Lﬁr.-.ﬁl_w.. SRR h =062 m
| . ' L,; | [ N W =20 lf/nf_ x 1.54m
| W .= 308 tm
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: e h 062 -
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Case B
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(i) BendingMomems

Case A

My = Mp oo KE3 x\Vxh
122(K +2)

0.243 : : 2

= - —— x 3.08 x 0.62°
12x(02+2) :
= 40.144 if-m

MB = MC V = . K \V X ]l
; T T 2x(K+2)

e 92 308 x 062
| 2x(0242) T

1

—0.009 tf-m

)b. . = K+3 x\\rx],1+'_g_KL5__ \V\h\—h———\—v—x(-‘l :
(y=3) (K2 dx(K+2) 2. _72 2

- 02+3 308*(0622 2x0.2+5 % 3.08 x 06?__._ _308x062
: I2x(02+2) _ . 4x(0.2+2) 2 -8

= 0.0_72 tf-m

_ C2x(R+2) ]2x(02+2) :

. —2.242 tf-m |

Il

= L My = -'——8—_—2242~|458 (- m
Sum of'Bending Moment (case A + casc B)

My=Mp = 0144 + LI21 - 0977 tf..'ll_'

S0

It

Mg =Mc = -0009 + (-2.242) _92 251 (- m L

Hi

My
(=5

1l

= 0072 -0.58 ~0514tfm
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(iii) - Shearing Force

HeQ =K1 cwyn= 220245 308 x062- 1172 0F

4x(K +2) 4x(0.2+2)

_ .-.\‘:\/-Ez __ ‘3.03:-(.3-.12

= = = 5425 l‘f
dx(K+2)xh  4x(0.2+2)x0.62

WD,

Sum of shearing force _
cH = 5425 - LI72 = 4253 1tf

(iv) Axial Force

ase _ R
Ng =Ng=H-= 1172 f TR

SN = N =V o= s 2O Sy

v R_eziction Force

CUH = 5425- 1172 = 425300
V=47 |
: (b) " Stress of Shppbrtiné, Frame
.(i) Section Properties _
© 11200 x 200 x 8/12 (steel quality SS400) is adopted.
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1= 3784 (o)
Uz = ewy
A=)
- Aw : 10.68 (c.mlz)
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Corrosion allowance of 1.0 mm has already been eliminated for these
section properties.

.(ii) Stress _
Stress due 'to_ bending moment and axial force shall be superposed.
Supporting frame member AB and CD yiclds larger stress compared with
others BC. Lo S : :
At the poiﬁt BorC - _ ' B '
. MB NB

= i —_—_

Z A

L 2251x10° 4774x10°
382 5028

= " 684 kgffem® (compression side)

— 494 keffem? (tension side)

Q 4253x10°

Aw . 1068

= 424 kgffen®
Alldﬁvable stress

o=

" Bending stress

- Tension ~ oa = ]:i25 X U)’ 12 = 1350 kgt;l(.;m2
" Compression ca = 1.125 x 05'12— 12 x(K x E ~9)
CAw o les o
ae T odoxgg T 0 <Z
Then,
K = 2 N
S S RN BT R S __:_3.10 e
coa = LI2S x 2400 /2 -12 x(2x Ef? )

. _ = _ 1082 kgf/éi:nz o
g :‘_‘."Sheéring;s{rcss : = i L
R : ]]25 x'oy- /2 \’3 _ o L 7 o ,
1a2sx2400/2/43 0 o e
.77"9. rkgf)’c_m’.__'. UL e _
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