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H Load Term Calculation

S2h o320
o=jje" =10x75=1.103

~13,h 32 1o
B_Il.l -—1.0){2‘9“1.103

Ni=2+0a=2+1.103= 3103
Np=2+p=2+1.103=3.103

_ W12 66.8 x2.92

CAD= 5= 2 =46.816 t-.m'
W12 66.8 x 2.92
CBC=—45 == 13 ——=45358 t-m

2 | 2
CAB= 55 (3P2+ 2P1) = - x (3 % 66.4 + 2 X 63.2) = 55.569 t-m

h2 3.22 : ,
Cpa = gp (2P2 +3P1) = 55 x (2 X 66.4 + 3 X 63.2) = 55.023 t-m

6 N1 (CAB - CAD) - (CeC - CBA)

_3.103 (55.569 - 46.816) - (45.358 - 55.023)

3103 x 3.103 - 1 = 4.268 t-m
g = N2 (CBC - CBA) - (CAR - CAD)
B= NiN2 -1
_3.103 (45.358 - 55.023) - (55.569 - 46.816) _ 4,490 tm

3.103 x3.103 - 1

)] End Moment Calculation

MaB =204 + B - CAB = 2 x 4.268 + (-4.490) - 55.569 = -51.523

MAD = PO + CAD = 1.103 x 4.268 + 46.816 = 51.524

Mpa =20g + B4 + Cpa = 2 X (-4.490) + 4.268 + 55.023 = 50.311
* MBc = 06p - Cpe = 1,103 x (-4.490) - 45.358 = -50.310

IMA = MAR + MAD = -51.523 + 51,524 = 0

£Mp = Mpa + Mpc = 50.311 - 50.310= 0
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3 Catculation of Shear and Maximum Moment

Upper Beam

Wit .64, .
Sp=Sc=t— =164722"290=i93.344:

W12 . 2
= gl MB=§5-33-§’-‘£'—9~-50.311:17.726t-m

Bottom Beam

W
Sa=Sp=t 221_ 66'8;2'90—-:!:96.8601:

w212 8x2.92
=27 ma= 202200 51 593218701 tm

Side Beam
(P2 - ;’1) h MAp+Mpa
h

sa- B

63.2x3.2 3.2x32 -51.523 +50.311 .

Pih (P2-Pj)h Map+Mpa
2 6 h

632x3.2 3.2x3.2 -51.523+50.311
e 3 = 102,448 1

Sp=-

%2 +MaB

P
Mmax=RA'x+ Gh X ‘23'
| 2

—10491'7:»;1599+6 332x15993 6g4x15992+(51 523)

= 32.027 t-m

where,

™~

=7%=1.0

AP P3Py 3
h h

)
[\

_P2-VPy2 24 «Rp_ 66.4- V66.42- 2 % 1.0 x 104.912
= A = 10

=1.599m
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Member Spot
M tm 51.50
Q | | t 78.70
N ' 96.90
b cm 100.00
h cm 96.60
y cm 38.30
d cm 86.60
¢ cm 10.00
4/ | 0.12
‘M=M+Nu tm 8%.61
M'/(b.d.d) kg/em? 182
Qf(b.d) : kefom? 9.09
f=MN+u - am | 01.45
W 1.06
as em? 19.36
As an? 19.36
As'fAs 1.00
! 15.00
np = n.As/(bd) 0,034
¢ 4.36
5 | 6.45
z 1.16
Sigmé c ' kefem?2 $74
Sigmas kg/em? 1,143.6
Tau | kgfem? 10.6
Sigmaca ' kg/cm2 78.0
Sigma sa kgfem2 2,340.0

Taua Kefcm? 5o
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(1) Calculation of Head Loss:

Pipe Dia. Flow Area Flow Velocity V2i2g - Head Loss
(Friction loss)
D (m) A (m?) V{(m/s) hf (m)
1.2 1.131 7.956 3.231 © o 23.620
1.3 1.327 6.780 2.346 15.413
1.4 1.539 , 5.846 1.744 10.381
1.5 1.767 5.093 1.323 7.185
1.6 2.011 4,476 1.022 5.093
1.7 2.270 3.965 0.802 3.686
1.8 2.545 3.537 0.638 2717
1.9 2.835 3.174 0.514 2.036
2.0 3.142 2.965 0.419 '1.549
2
where, hf = f-L‘\zlg_
hy  : Head loss {m)
f . Coefficient {f %ﬁ}

n : 'Roughness coefficient (n = 0.012)
I. . Pipelength (L =520 m)
vV = QA

Q : Discharge (Q =9.0 m3/fs)

(2) Calculation of Enerey 1oss :

Pipe Dia. Head Loss Annuat Energy Annual Loss
D (m) hg (m) Loss (MWh) Amount (US$)
1.3 15.413 2,405 - 168,350
1.5 7.185 1,121 78,470
1.7 3.686 575 . 40,250
1.8 2.717 _ 424 29,680
2.0 1.549 242 16,940
where, Eij=E; }le

E, :Annualenergy loss (MWh)

Et : Average annual total energy (E; = 11,000MWh)
H :Head (H=189.0-118.5=70.5m)

Annual loss amount = E; x US$ 70/MWh
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(3) Calculation of Pipe Cost :

Pipe  Pressure Total Pipe Pipe Pipe Annual
Dia. Rise Pressure  Thickness Wcight Cost Pipe Cost
D(m) Ap(%) P(kglem2) t(ecm)  W(on)  (US$) (US$)
1.5 70 12.16 . 1.09 218 1,057,300 106,639
1.8 60 11.44 .21 260 1,406,500 141,860
2.0 50 10.73 1.25 333 1,615,000 162,894
where,

A
P=(189.0-117.5)x (1 + E%)XO.I
PxD : :

2 X Gax Tl

t= +£

oca : Allowable stress (oa = 1,200 kg/cm?2)

n : Coefficient for joints (1 = 0.85)

£ : Corrosion allowance (e =0.2 cm)

W =-D-tL x 7.85 x 1.04 x 10 (ton)

Pipe cost = W x US$4,850/ton

Annual pipe cost = pipe cost X capital recovery factor
Capital recovery factor = 0.10086

(4) Determination of Economic Diameter :

Annual  cost (1,000 USS$)

150 200
e
e
’/
m ,’ .
s

100

50

Note :
Although economic
diameter is calculated

at 1.45 m,pipe

Pipa cost . .
curve diameter is
wl N | e——— Loss cost determined to be 1.5
< ~
- ~ curve . :
a Y m with some
s ~
o e S allowance.
2 S
E ~.
S ~—
8 R
w
. S '
1.3 1.4 15 16 17 18 1.8 2

Pips dlameter (m)}
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Do To Material oa Pa Pi
Water supply 1500 10 SM41 1300 12.5 9.0
River outlet 1500 10 SM41 1300 12.5 8.0

Corrosion allowance = - 2 {mm)
Welding joint efficiency = 0.9

Do : Intemal diameter (mm)

To : Pipe shell thickness (mm)

ca : Allowable tensile stress (kgf/cm?2)

Pa : Allowable internal pressure (kgf/fcm?)
Pi : Internal pressure (kgffcm?2)

Pa > Pj
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Case - Do - To ca Oy Pe Pk St

Embedded 1500 10 1300 2500 8.0 12.169 1.52

Corrosion allowance = 2 (mm)
Welding joint efficiency= 0.9

Do : Internal diameter (mm)

To. : Pipe shell thickness (mm)

oa : Allowable swess (kgficm?)
oy : Yield point (kgffcm?)
Pe : External pressure (kgf/cm2)

Pk : Critical buckling pressure (kgf/cm2)
Sf : Safety factor = Pk/Pe

S€> 1.3
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Item Size Unit Weight Q'ty  Weight
(mm) (kg) (kg
1 Main horizontal beams '
No.1 gate 506 % 201 x 11 % 19 x 2600 2680 3 804.0
No.2 gate 500 x 250 x 16 x 18 x 2600 3350 3 '1605.0
No.3 gate 550 x 250 x 16 x 22 x 2600 3900 3 1170.0
2 Horizontal beamns
No.1 gate 500 x 100 x 11 x 20 x 2600 1850 2 370.0
No.2 gate 500 x 150 x 12 x 16 x 2600 213.0 2 426.0
No.3 gate 550 x 150 x 12 x 18 x 2600 2360 2 472.0
3 Skin plate
No.] gate 2200 x 2600 5 16 718.0 - 1° 718.0
No.2 gate 2200 x 2600 x 17 7630 1 763.0
No.3 gate 2200 x 2600 x 18 808.0 1 808.0
4 Vertical beams
No.1 gate 125 x 65 x 6 x 8 x 2200 300 4 120.0
No.2 gate 150 x 75 x 6.5 x 10 x 2200 410 4 164.0
No.3 gate 150 X 75 x 9 x 12.5 x 2200 53.0 4 212.0
5 Side beams
No.1 gate 506 x 201 % 11 % 19 x 2200 2270 2 454.0
No.2 gate 500 x 250 x 16 x 18 x 2200 284.0 2 568.0
No.3 gate s50x250x 16x22x2200 3300 2 660.0
6 Roller and roller shaft
No.1 gate D550 x 150, D170 x 200 3150 4 1260.0
No.2 gate D560 x 150, D180 x 200 330.0 4 13200
No.3 gate D640 x 150, D200 x 200 4280 4 1712.0
Total -
No.1 gate 3726.0 (kg)
x12= - 4.5 (ton)
No.2 gate 4246.0 (kg)
xl2= 5.1 (ton)
No.3 gate 5034.0 (kg)
xl2= 6.1 (ton)

Total weight of gate leaf _ 15.7 (ton)
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Tiem Size Uit Weight O'ty  Weight
(mm) (kg) (kg)
Track frame 450x200x32x34x8100 16420 2 3284.0
Lintel beam 300x150x10%2700 95.4 1 95.4
Sill beam 200x150x6x9x3000 91.8 1 9 1 8
Side guide frame 150x75x6.5x10x4600 856 2 171.1
Side sealing frame 150x150x10x2100 495 2 98.9
Rail plawe 200 x 23 x 8100 2925 2 585.0
Sill plate 150 x 10 x 3100 365 1 36.5
Lintel sealing plate 150 x 10 x 2100 247 1 24.7
Side sealing plate 150 x 10 x 2100 247 2 49.5
' 4436.9 (kg)
x12= 5.4 (ton)
~ Total weight of guide frame 54 x 3 = 16.2 (ton)
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Item Size Unit Weight Q'ty Weight
(inm) (kg) (kg)
1 Hoist with motor
(per each gate) 3.7kW 3950 1 395.0
2 Hoisting spindle .
No.1 gate D114.3 x 6 x 66m 1060.0 1 1060.0
No.2 gate D114.3 x 6 x 90m 14400 1 1440.0
No.3 gate D114.3 x 6 x 115m 1840.0 1 1840.0
Total
No.1 gate 1455.0 (kg
o x12= 1.8 (ton)
No.2 gate 1835.0 (kg)
- x12= 2.3 (tom)
- No.J3 gae 2235.0 (kg)
x12= 2.7 (ton)
Total weight of hoist 6.8 (ton)
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(1) Front Trash Rack

Item Size Unit Weight Q'ty  Weight
(mm) _ kg) (kg)

1 Screen bar 100 x 12 x 3200 30.1 39 1175.6

2 Tie bolt Dia 20 x 3000 74 9 66.6

3 Guide frame 100 x 100 x 10 x 3060 47.1 2 04.2

4 Guide frame 150 x 150 x 10 x 3000 70.7 2 141.3
Total (1) 1477.7 (kg)
X12= 1.8 (ton)
xX3= 5.4 (ton)

(2) Top Trash Rack

Item Size Unit Weight Q'ty Weight
(mm) (kg) _(kg)
1 Screen bar 100 x 12 x 1100 104 39 4041
2 Tiebolt Dia 20 x 3000 74 2 1438
3 Guide frame 100 x 100 x 10 x 3100 487 1 487
100x 100x 10x 2100  33.0 1 33.0
4 Guide frame 150 x 150 x 10 x 3100 73.0 1 73.0
150 x 150 x 10 x 2100 495 1 49.5
Total (2) 623.0 (kg) |
x12= 0.8 (ton)
x3= 2.4 {ton)

Total weight of intake trash racks (1) + (2) 7.8 {ton)
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(1) Bulkhead Gate Leaf

Item - , - Size Unit Weight Q'ty  Weight

(mm} (kg) (kg)
1  Main horizontal beam  380x100x13x16.5x2000 1240 4 496.0
2 Skin plate 1700 x 2000 x 18 4804 1 480.4
3 Vertical beam 380 x 6 x 1700 304 2 60.9
4  Side beam 380x100x13x16.5x1700 105.4 2 210.8
Total (1) | 1248.1 (kg)
x12= 1.5 Gon)

(2) BRulkhead Gate Guide Frame

Irem Size Unit Weight Q'ty  Weight
(mm) (kg) (kg)
1 Track frame 200x100x5.5x8x4750 101.2 2 202.4
2 Sealing frame 180x75x7x10.5x1900 407 2 81.3
3 Side sealing frame 150 x 150 x 8 x 1500 283 2 56.5
4 Side guide frame 150x75%6.5%10x2700 502 2 1004
5 Rail plate 100 x 8 x 4750 298 2 59.7
6 Sealing plate 100 % 8 x 1500 94 4 37.7
7 Auxiliary material for - - 2000.0
gate operation _
Total (2) | | . 25380 (kg)
x12= 3.1 (ton)

Total weight of river cutlet inlet bulkhead gate (1) + (2) 4.6 (ton).
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Item Size Unit Weight Q'ty  Weight
{mm) (kg} (kg)

1 Screen bar 100 x 12 x 2600 245 25 6123

100 x 12 x 2500 23.6 100  2355.0

2 Topbeam 200 x 200 x § x 2600 1219 4 4878

'3 Post 200 x 200 x 8 x 3200 1501 4 6003

4 Tiebolt Dia 20 x 2600 6.4 40 2563

5 Gﬁide frame 80 x 10 x 2600 163 8 1306

6 Guide frame 100 x 150 x 10 x 2500 491 4 1963
Total | | 4638.6 (kg)

Total weight of river outlet trash racks x12= 5.6 (ton)
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(1) River Qutlet Conduit

Unit Weight Q'ty  Weiglt
(kg/m) (m) (kg)

Item Size
(mm}
1  Steel conduit 1500 dia x 10 tickness
2 Steel conduit 1000 dia x 8 tickness

372.4 51.8 19289.8

198.9 5.5 1093.8

Totat (1)

(2) River Cutlet Valves

20383.6 (kg)
x12= 24.5 (ton)

" Item Size Unit Weight Q'ty  Weight
{mm) {ton) {ton)
1 Discharge valve 1000 dia 7.0 1 7.0
2  Guard valve 1000 dia 120 1 12,0
19.0 (ton)

Total (2)

Total weight of river outlet facilities (1) + (2)

x1.2= 22.8 (ton)

47.3 (ton)
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(1)  Water Supply Conduit & River Outlet Conduit

Item , ‘ Size
{nim)

Unit Weight Q'ty Weight
~ (kg/m) {m) (ke)

1 Steel conduit 1500 dia x 10 tickness

372.4 2062 767893

2 Steel conduit 400 dia x 6 tickness 60.1 4.0 240.3
.Total (1) 77029.6 (kg)
x12= 92.5 (ton)
(2) Water Supply Valves
Item Size Unit Weight Q'ty Weight
(mm) (ton) (ton)
1 Discharge valve 400 dia 1.5 1 1.5
2 Guard valve 400 dia 25 1 2.5
Total (2) 4.0 (ton)
x12= 4.8 (ton)
97.3 (ton)

Total weight of water supply facilides (1) + (2)
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