7. Mechanical and Eléctriéal Bquipme_m :



1.1 : Severino Pumping Station






CALCULATION SHEET :
SEVERINQ INTAKE GATE /GANTRY CRANE

SEVERINO PUMPING STATION
INTAKE GATE AND GANTRY CRANE

1. Design Conditlon

Type + Steel made fixed-wheel gate
Quantity : Two (2)sels

Clear span 1 6.0m.

Clear height 1 3.0m

Flood water tevel : EL.69.000 m

Sili elevation
Design head :
Sealing method

Maximum deflection
of main horizontal
beams

Corrosion allowance

Type of hoist
Operating speed
Hoisting height
Operating method

2. Hydraulic Load

: EL42.100 m

269 m:

: 4 edges rubber scal at dowsistream face of gate
: 171000 of supporting span

: 1.0 mm for skin plate and main structural mémbers -

(usually asumed in air on the dogging device)

: Flectrically driven wire rope wound type gantry crane
;1 mfmin, £ 10 % :

: 28.5m
+ Remote control f rom cabine

EL.70.000 _

N7 _EL.69.000

cp——
-

23,8000
| j 26.900
o . 160
/L : 3,000 3,100

| /. _
: %‘ EL42.100 ™~
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Py :%X(sz -Ha");x:B'*"?w N

where, -
Pt : Hydraulic load (if)
"Hy : Designhead al gate top 23,800 m
Ha Dcsigli head at gate bottom . 26.900 m
B :. Sealing span | . 3.100m
Gy Spcciﬁc gravily of water 1.000 tf/m3
Thus, : ,
Pr = 0.5x(26.92-2382)x3.1x 1.0

it

243.61410

3. Main Horizontal Beains

(1) Arrangement of main horizontal beams
Six numbers of main horizontal beams are arvanged as follows :

PTI=2380 Affn2) A

| |
h1=740
PT2:24.54 . B
! 1
g h2=700
32524 |, C B
_ |— 3,100
| - h3=680
PT4=25.92 = b__ {
| h4=660
Prs=2658 |, B |
_ | }
/ PT6=2690 ' h5=320
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{2) Charging load on each beam
Charging load acting on each beam is calculated by the following equations :

Beam A= (—%&'—gfﬂ)- X h,

Beam B = L&————'. +62P7:2_—) X h + EP—”——————NJ i) x b,

(2P + Pry)

'(P,‘,+.2P”) Lxhy

Beam C = e X I+

Beam D = + Eﬁip )

TS
—Lxh,

{Prs +62 Prs) %y

B"“’"E""'(—Pﬂigz—&’lxhﬁwxh

3
L

Thus, calculation result is as follows :

BeamA BeamB BeamC & BeamD  BeamE
8.897 17.659  17.411 17362  17.256
) a {ffm)

(3) Bending moment and shearing force
a. Bending moment
Maxinium bending moment is calculated by the following equation :

254 Sealing span 6,200 4250

T

. Supporting span 6,700
S .*3' :
Mma:.:FVX(Z;L?. ")‘ B
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~where, - . _
Mmax, ¢ Maximum bending moment (tf-m) : %ﬂ
W . Design load acting on cach beam ~ (1f) .
L . Supporling span 6.7m

B : Sealingspan . 62m

b. Maximum shearing force is calculated by the following equaliori :

Smu :}E.
2
where,
Smax. : Maximum shearing force ' ‘()]

W . Design load acting on each beam  {tf)

c. Calcutation result
The calculation result is as follows.

BeamA  BeamB

W 55.163 109.487 @
Mmax. (1f-m) - 49.647 ~.98.538
Smax, (tf} 27.582 - 54.744
As maximum charging toad is on Beam C, bending moment
and shearing force are calculated only on Beam C
(4) Bending stress and shearing stress - o .
a. Bending stress and shearing stress are calculated by the following equations:
M_,. x10°
Cpar. & — LT s
VA
Smax, x 103 .
Toe. = 2
A,
where, _ )
Omax, ¢ Maximum bending siress (kgf/cm?) - _ %g

Mmax. : Maximum bending moment (if-'m)‘

-4 -
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yA : Modulus of section “em3):
Tmax, @ Maximum shearing stress  (kgffem?)

Smax. : Maximumshearing force  (tf)
Aw  : Arcaof webat both ends ~ (em?)

b. Sectional property of beams

Sectional dimension

Beam A
N is N
{14 ]
200
(199)
32 736, 536 32
an " (31,530 31)
800, 600
(799, 599)
&
Beam B
o288 T
21| 350
| R )
32 736, 536 312
31 {137, 53N {31)
800, 600
(799, 599)
* Beam A Beam B
| Momentofinertia I (cmd) 228,734 409,310
%' ~ Modulus of section 7 (cm?) 5,725 10,246
:  Arca of web Ay (cm?) 75.18 144,99



.- (Aw : Reduced to 600 at both ends)

¢. Calculation result

The catculation result is as follows

CALCULATION SHEET
SEVERIN O INTAKE GATE /GANTRY CRA\ E

Beam A - Beam B .
Omax (kgf/cm?2) 867 962
Ga (kgffcm?) 1,200 . -
. (kgfem?) 367 378
Ta ~ (kgffcin?) | 700

G, ¢ Allowable bending stress = 0.5 cy = 1,200 kgf{cm2
T, : Allowable shearing stress = 0.3 Oy # 700 Kgf/em?

(5} Deflection

- Maxinmum deﬂecuon of each beams is calculated by 1he following equation.

14

gt g
5mal: Ls_'LxB +£—
© 48 x El .2 3

where,
Smax., ¢ Maximum deflection of each beam (cm)
W . Design load on each beam (kgh
L : Supporting span 670 cm
B : Sealing span . 620 cin
E . Elastic modulus of stee? 2.1 x 106 kgffcm?
i . Moment of inertia {cm?)
Thus,
8, =2.0018x lr—
Beam A Bean B
W (kgh 55,163 - 109,487
I {em?) 228,734 409,310
o — (cm) 0.483 0.535
Smax. /L < 1/1,388 171,251

Allowable deflection :

171,000




§. End Beam

(1) Arrangement of main wheels

CALCULATIONSHEET
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Thiree main wheels are provided in each end beam of gate leaf and their
arrangement is as follows :

690 720 730 . 760
Ps pa P3 L |p2 Pl
20851 HIIR6A6F | 1136640  |113.39610 56,6701
4 4 3 2 o |
SEARSPARSCA N AR
EL DL &4 clL B.L. Al
200] 490 | 200 | 520 | 230 | s00 | s60 | 200
53 R B2
M 690 750 | 1060 L1
14 i3 %
Rd Re - Rb Ra

(2) Bending moment

Lox M, +2x{L, + L) x My + LyxM, =
fé‘—xa4><(L,z—a‘2)

L,

Ly My + 2% (Ly+ L)X My + Ly X M, =

P P
—23-xa3 x(Ly -a)) —21

i -

x b, x(L,} - b))
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P .
M =—--tx
1T L
2
Thus, ST
M| = - 5.667 (f-m
M; = - 03101fm
M3 = - 4319tfm X
Mg = - 8985i-m
{(3) Rcaclion: force
R P @ P M oM
2L 2 Lo
szfl.xﬂl+_fl.xﬂ.+M.’3-"M2 _l_Ml—M:'
2L L, L L
R=£ix-‘li+f§-x5+M‘_M3+M’;M’
T2 2L L, L,
R :.’,),i+£ix_L+M3,"._414
1T 2L, L,

Thus, distributed load on each main wheel

R, = 607181
Ry = §7.5461f
R = 57190 tf
Rg = 68.1591tf
(4) Shearing force

Sl = 28.3351¢f

§2 =-32.3831tf

S3= 243151

S4==-332311f

$5= 23.600tf

§6 =-33.5001f

S7= 23233«

S8 =-449261(

(5) Secctional property of end beam
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28 (27)
] .
B
200
(199)
a5 11 ss0s52) 25
D | 600(599) (24)
1 = 120,339 cm?
Z. = _' 24,018_ cm?
Ay = 130.80cm?
(6) Bending and‘shee‘lring slresses
Bending stress
M 8,985x10°
= o, & =224 kef [em’
YA 4,013 gf(rm
Shearing stress
e Smy 44.926 x10°

i = 343 kef fem?
A, 1308 o/ -

5. Vertical Girders

(1) Bending moment and shearing force
Bending moment and shearing force are calculated by the following formula.
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m

{a) L>m '
\ p.m
Li| Li>m : 2} | Lm J w2
. : N L. il
12| L2=m |
“GT L ‘b”‘"“‘ - [
Copm|
m m ]
| ‘ _

{c) L<m

=
A5
e

(a}L>m
Bending moment

Pemn
24

M= (3L2 - nf)

Shearing force

Pom m
S= l——
2 ( 2)

(b)L=m
Bending moment ‘
VAL L
12

Shearing force

Pemel,
S=—
4

(¢} L<m

<10 -

B



CALCULATION SHEET
SEVERINO INTAKE GATE /GANTRY CRANE

- Bending moment
M- Pel}
12
Shearing force
AL
"4
where, 2
M ' Maximum bending monient - (kgf-cm)
P : Mean waler pressure (kgffcm?)
m  : Pitchof vertical girder 45¢m -
L : Distance between horizontal beams  (cm)
S : Maximum shearing force” (kgh
Potion . m L P M S
(cm) (cm) (kgffem?) (kgf-cm) (kgf)
i 50 76 2.418 -74,696 3,083
2 50 73 2.493 70,034 2,991
3 50 72 2.565 69,7147 3,014
4 56 - 69 2.636 64,696 2,899
5

50 20 2.680 - 4,467 268
{2) Sectional property

JIS G 3192 hot rolled steel section [ 150 x 75 x 6.5/10 and following sections
are used at upper and bottom part of gate leaf.

PRI
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10 @
790 | 800 1
150
i H ]
l | ’ 10 '
100 4
Upper part Bottom part
. (Portion { to 4) - (Portion 5)
(A) Hot rotled section .
© . Moment of inertia I =861 cmd -
Modulusof section  Z . =115 cm3
Area of web A, =845cm?
(B) Plate girder steel section
< Upper part>
Moment of inertia |  =56,888cm?
Modulus of section Z = 1,422 cm3 %‘;«
Area of web Ay = T9cm?
< Bottom part > ‘
Momentofinetia -~ 1 =113cm4
Modulus of section Z = 15em3
Area of web Ay = 6 cm?

{3) Bending and shearing stresses

As the value of girder of { seclion is a minor than those of the plate girdér -

sectional in all respects of its sectional properties, the calculation is limited to

the | section.

o=M|Z

where,
¢ : Maximum beading stress
M Maximuin bending moment
Z Minor modulus of section

{Z=15 c¢m3 for Portion 5)

S 12 -

{kgficm?)
(kgf-cm)
1S cnd



T:=8/A,
where,
T : Maximum shearing stress
S : Maximum shearing forcce
Aw @ Minor modulus of section
(Aw=6 cm3 for Portion 5)
Resull of calcutation
61 = 650 kgffem? T =
o2 = 609 kgffem? T =
03 = 606 kgflcom? 13 =
04 = 563 kgffom? Ty =
os = 298 kgfiem? 15 =

6. Skin Plate

CALCULATION SHEET
SEVERINO INTAKE GATE JGANTRY CRANE

(kgf/cunz)

(kgh

8.45 cm?
365 kgffem?
354  kgffom?
357  kgffom?
343 "kgf!'cm2

45 kgfiom?

~ Bending stress of skin plate is calculated in accordance with following

Timoshenko's formul.a.

o= Kxa*xP
100x(t - £)"

where,

o~ D e = Q

: Bending stress
. Coefficient by "bfa"
: Short span of plate

Long span of plate

-1 Mean design pressure

;- Thickness of plate
: Corrosion allowance

213 -

(kgffem?)

(cm)
(cm)
(kgffem?)
(cm)i _
0.1em
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T 200
P1::2.418 kgffcm? 485
P2=2.493kgfem2 [~ 30

' ’ - | 350
P3=2,565 kgffem?2 R :375_ |
T — | 3%0
| P4=2.636 kgffem2 | 340 |
: — - 350
P5=2.680 kgf/cm?2 - 95
$2@500=6,000

No. 1 No. 2 No. 3 No. 4 No. 5

a{cm) 48.5 380 370 340 2.5

b (cm) 500 500 500 500 - 500 ¢
bfa 1.03  1.32 135 147 20.00

K 320 420 428 450 500
Pkgffem?)  2.418 2493 2565 2636  2.680

t (cm) L4 1.4 1.4 1.4 .4
okglom?) 1,007 894 889 3l s

7. Main Wheels

Main wheels are of point contact type, and their strength is calculated by the.
following Hertz's formula, | o '

i 14-
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p=0.418x [T XE
B xR

. PXR
C=152 f '
3 x B, xXE

Z=0.18%C
where; | o
- p  :. Herz's contact stress (kgffem?)
p Working loaded one wheel 82,000 kegf
E  :. Modulus of elasticity of wheel 2.1 x 106 kgffem?
R : Radiusofroller 30 cm
| Bo : Widihof roller 20c¢m
C Contact width (cm)
Z  : Depth where maxinmum shearing stress accurs {€m)
Thus,

p = 7,081 kgffcm?
i Z.=0.29 cm

~ Allowable contact stress

LI
XV
where,
V : Safly factor 1.3
Hpg : Brinell hardness of roller 190 kgffcm?
JiS SCMn2B
Thus,

04 = 7,308 kgffem? >

Thickness of track rail +:T=4x7Z
T = 12mm .

% 8. Strength of Concrete

-15 -
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4R\

500
- ' . 500

~ L=1,000 J

(1) Bearing stress

o.=Pi(LxB,)

where, S
P : Working loaded one wheel 82,000 kef
B, : Widthof roller 20 cn

Thus, :
0. = 6.8 kgffem? < 60 kgffem?

- {2) Shearing stress

T.=PJA
where, :
P : Workingloaded one wheel 82,000 kgf
Ac : Shearing area of concrete . 10,656 cm?
(50+40x 1.434)x 100 - -
Thus,

Te="T.7kegffom? < 8 kgffémz
9. Operation Load

(1) Weight of gate leaf Wg = 161

- 16 -
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(2) Friction force due to main wheel

. Fw =Px(2x, + 1, xd){D

where,
P : Designload 243.614(f
r1 : Rolling frictional coefficicnt tomainroller 0.3
Rz @ Rolling frictional coefficient to roller bearing  0.02
d¢ : Mean diameter of rolier shaft 20 cm
D : Diameter of main toller : 60 cm
Thus,
Fy =2.441f

(3) Friction due to rubber seal

F =pux{g+Pxb)xZl

where,
‘' Friction coefficient of rubber seal
atstarting - 1.5
-at sliding 0.7
1} Initial compression load on rubberseal ~ 0.05 1f/m
P . Meandesignpressure 25.4 tffm?
b + Comact width of rubber seal 0.04 my
%1 : Total sliding length of rubber seal 62 m
Thus,
a) at Raising
Fir =9.914 ¢
b) at Lowering

Fr, =6.6261f

(4) Buoyancy

17
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Wg' : Weight of gate leaf caeif.
vy & Specific weight of steel 7.85 thimd

Thus, : . _

Fp = 2.0381(f

(5) Total operation load

Raising - Lowering
. toad (tf) . load (1)
Gate weight (wg) 16 16

Friction force due to

main wheel (Fw) 2.44 - 244
Friction duc to o
rubber seal (Fr) 9.914 - 6.626 :
Buoyancy (Fb) I_ 2038
Total 28.354 4,896
Thus,
Operating toad at
Raising : 29 1f (including allowance)

Loweiing i: 4.91f
10. Wire Rope

{1) Tensile force

— P‘
Nxn

r

where,
Tr  : Tensile force (1f)
F  :Total hoisting toad 294
N :Numbers of wireropc 4
n  :Total efficiency of sheave 0.95

Thus,

18-
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29

= =7.63
" 4%0.95 /
{(2) Setection of wire rope
Type 1 JIS G3525  6x 37 Galvanized  Grade A
| Diameter : 35.5 mm@
Breaking strength 16294

Safty factor

S = Breaking strengih _ 62.9

= =824 > 8
Tensile force 7.63

11, Wire Drum and Sheave .
Each diameter of drum and sheave is ca!c_ulaled as foltows ¢

D2TxD,

where,
1% D :Diameler {(mm)
T  :Coefficient
Dy, :Diaméterofwirerope 35.5 mm

Thus, - .
Drum Sheave
T 19 17
Dy {mm) 35.5 355
D (mm} 675 — 800 . 604 — 6350

12, Qutput of Heisting Motor

- fFxv
6.12%xn

where,
_ P : Output of hoisting motor (kw)
% S ~ F  :Hoistingload  291f
' - Y - :Hoisting speed 1 m/min.

T
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n  :Efficiency of rake -
M4 X Ns X Ty X Ng2 X g3 = 041

1|4 Efficiency of drum 0.95
ns : Efficiency of sheave S 095
Ngi : Efficiency of worm reducer 0.5
112 : Efficiency of spur gear 095
Ng3: Efficiency of spur gear 0.95' .
Thus,
22X _tis6 kw
6.12x0.41

= 15 kw, 6 pole motor is used.

13. Required Number of Reduction

N

.
m
i

TV, [(nxD,)

where,
Vo :Operating speed | m/min.
Dy : Diameter of drum 0.8 m
Np : Revolution per minute of motor 1,160 r.p.m

Thus,
- iR=2914

- 20 -
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14. Arrangement of Hoisting Unit

Worn reducer

4

gl 5
g2 Auxiliary hoist motor
L v [ F
Hoist drum | Auxiliary drum Z— Hoist drum
o
/— Main hoist motor

15. Travelling Unit

(1) Friction force due to wheel

Fop=(W, +W)XQ@xu, +i,xd)/ D

where, :
Wr : Dead weighi of gantry crane: 3510
Wc : Hoisting load e 174
11 = Rolling friction cocfficient 0.1
Nz : Bearing friction coefficient 0.02
d :  Diameter of whee) shaft 12 em
D : Diameter of wheel 50cm
Thus,
Fw=040u

(2) Motor output

__ Ryxv
TU6I2X M X ), XN

_ _ where, -
@ o “Fy @ Operation force (including allowance) ~ 0.54f
' ' V @ Travelling speed 10 /min

.21 -



M Efficiency of chain sprocket
m E_fﬁtiency of worm reducer
n Number of motor
Thus, :
i : Pw = (.86

1.5 ku?, 6 pole motor is used,

16. Traversing Unit

(1)Friction force due to wheel

Foo=(W +WIx@xu, +i,xd)/ D

where,
Wr Dead weight of trolley
Wc : Hoisting load
171 Rolling friction coeflicient
%) Bearing friction coefficient
d Diameter of whee! shafl
D . : Diameter of wheel
Thus,
Fw =074 1

(2) Molor output

- FexV

m

where,
Fy
V
LI}
n2
n
Thus,

B 62X X, X

Efficiency of worm reducer

: -Number of motor

-22 -
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095
0.5
2

201tf
171
0.1
0.02
S¢m
25cm

. Operation force (including allowance) = 0.8 1f
: Travelling speed
Efficiency of chain sprocket

- 10 m/min
0.95
0.5
2
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Pw = l.38

1.5 kw, 6 pole motor is used.

-23 -
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SEVERINO PUMPING STATION
INTAKE FIXED TRASHRACKS

1.Design Conditions

Type

Quantity

Clear span
Vertical height - i

Gradient

‘Bar pitch
Design head
Maximun deflection of
supporiing beams '
Corrosion altowance

2.Arrangement of Trashrack

: Vertical type fixed trashrack
: Gset

©16.0m
175m :

' (Deck EL.49.500 m - Sill EL.42.000 m)
1 1:0(0290"~ 0~ 0" ?
+ 75 mm (center to center)

: Water head of 3.0 m
. 1/600 of supporting span

+ 2.0 mm for bar clements and supporting beams

100

& A s
2,500

L

2,500

%—-——- H

2,500

1,500

11 49.4LH}

3

7,300

EL42.100 V

\ A &

wl
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3.Bar Elements
{1) Bending moment and stress
75
, g ——— P
w=2.25 kgffem : : o
VAW A A AV. 7.7 7

12 '3 125
(10} Hg (123)

2,500 . |
& Lol
a. Bending moment

_wxl’

M
8

where,
M : Bending moment (kgf-cm)
W : Unit load on a bar
0.3 keffem? x 7.5 cm = 2.25 kgflem
L : Maximum distance of center to center of supporting beam
250 cm

Thus,

= 17,578 kgf —cm

2
M= 2.25:;250

b. Bending stress

5. = M
bz
where,

o, : Bending stress (kgffem?) o @)
M : Bending moment - 17,578 kgf-cm

22 .
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7. : Modulus of section
FB 125x 12 25.2 cm3
(123x 10)

Thus, _

o, = ';'5128 = 698 kef / cm®

(2) Critical stress considering horizontal buckling

C, =0.6%Y x(1.23~0.0153x L/T) -

where,
C, : Critical stress (kgf/cm?)
Y : Yield strength of material 2,400 kgffem?
L : Laterally unsupporting length  30cm
T : Thickness of bar 1.0cm
Thus,
C; = 0.6 x 2,400 x (1.23 - 0.0153 x 30/ 1.0)
= 1,110 kgf/cm?

op = 698 kgffem? < C; = 1,110 kgf/om?

4. Iatermediate Supporting Beams
{1)Water pressure load
Water pressure load acted on each beam is as follows:

3,000 kgf/m?2

2,500

NN\
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W_=LxhXB

where,
W, : Water pressure load (kgh)
L : Distance of center to center of supporting beams 2,500 m

h : Design head 3,000 kgfm?2
B :Clear span o 60m
Thus, : L
W, = 2,500 x 3,000 x 6.0
= 45,000 kgf
(2) Bending moment and shearing force due to water load-

| |//// 7 //l
150__y B= 6,000
L=6,300

a. Bending moment

A

150

M, =W, x(2L-B) /8

where,
My : Bending moment dug o waler load (kgl-cm)
W, : Water pressure load | 45,000 kef
L :Supporting span (B+30) 630 cm
B :Clearspan - 600cm
Thus,

M, = 45,000 x (2 x 630 - 600 )/ 8
= 3,712,500 kg-cm

b. Shearing force

S, =W, /2

@
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where, _ _ _
S : Shearing force due to water load  (kgf)
Wyt Water pressure foad | 45,000 kef
Thus, L
Sy =45000/2
= 22,500 kgf

(3) Bending moment and shearing force due to own weight
“The force due o own weight is distributed as foltows :

Wi

Wi{=FcosH
W2=Fsin0

where, . :
W1,W2 : Unit load of each direction (kgffem)
F : Unit load due to own weight - L5110 kgffem
0 : Angle between "F" and "W1" 90" ~0' ~ 0"

- Thus,
W1 = 1.510 x cos 90° ~ 0"~ 0"
=0 kgffem
W2 =1.510 x sin 90° ~ 0’ ~ 0"
=1.510 kgffem

‘& Bending moment

M, =W, XL2_18
M, =W,xI?/8
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where,
M1,M2 : Bending imoment of each direction (kgf-cm)
W1,W?2 : Unit load of each direction (kgf/cim)
W1 =0kgffem
W2 = 1.510 kgffem
L :Supporting span 630cm
Thus,
M1 =0x 63028
=0 kgf-cm
M2 = 1.510 x 6302 /8
= 74,915 kgi-cm
b. Shearing force
S, =W, xL[2
where, : -
S1 : Shearing force due to own weight (kgf)
Wi,L : Same as the above
Thus,
St=0x630/2
=Qkgf

{(4) Bending and shearing stresses
Section properties IR

20 | (18)
— 3 [
Zepild— G| o
| , o
I& 300_&l | 20?(13)
(208)



JIS G 3192 H-600 x 300 x 12/20 is used.

Mdm’cnt of inertia
“Ix = 118,000 em*
Iy= 9,020 cm*

Modutus of section

7x = 4,020 cm3

Zy= 601 cm3 :
Arcaof web  Aw =56 cm?

a. Bending stress

o, =(M, +M)[Z,+M, |Z,

where,
Op : Bending stress (kgffem3d)
‘Mx : Bending moment due to water load
MI : Beading moment du¢ to own weight
Zx : Modulus of seclion
M2 : Bending moment due 10 own weight
Zy : Modulus of section

Thus,

CALCULATION SHEET
SEVERINOTRASHRACK

3,712,500 kgf-cm
Okgf-om
4, 020 cm3
74,915 kgf-cm
601 cm?

op = 3,712,500 + 0) / 4,020 + 74,915 / 601
= 1,048 kgffem? < Oba = 1,200 kgfjom?

Oba : Allowable bénding stress

b. Shearing stress
' rc =(Sx +Si)wa

where,
1. : Shearing stress (kgf/cm?)
Sx : Shearing force due to water pressure
S1: Shearing force due to own weight
Aw : Area of web

22,500 kgf
0 kgf
56 cm?



CALCULATION SHEET

SEVERINO TRASHRACK
Thus,
17.=(22500+0)/56 o @
= 402 kgffem? <& Tea= 700 kgffom?
Tca : Allowable shearing stress
(5) Deflection
(W, +W, xB) '
6=(——“—-ﬂ~i-—— D-LxB[2+B%/8
48x Ex, ( / / )
whére, _
8 : Deflection of beam (cm)
Wy @ Water pressure load 45,600 kgf
W1 : Uiit toad duc to own weight Okgffem
B :Clear span - 600 cm
L : Supporting span - 630 cm
E : Young's modulus 2.1 x 106 kgffem?
. Ix : Moment of inertia 118,000 cm?
Thus, @
(45,000 + 0 % 600)

T 38x2.1%10° x 118,000
= 0.619 cm

(630° - 630x.600° /2 + 600° /8)

SL=0619/630=1/1018 <  1/600

®



CALCULATION SHEET
SEVERINOTRASHRACK

S. Strength of Concrete

Ww .

660

300

45,

\ 424

(1) Bearing stress of concrete

o, =W, [(2xA4)

% where,
: o¢ : Bearing stress of concrete (kgficm?)

W+ Water pressure load 45,000 kgf

Al : Bearing area of concrete 30 x 30 = 900 cin?

" Thus,
G, =45,000/(2x900)
= 25 kgffem? < 60 kgffcm?
( Allowable concrete bearing stress )

(2) Shearing stress of concrete

7, =W, [(2%x4,)

where,
t¢ : Shearing stress of concrete (kgf/em? )
W,y : Water pressure load 45,000 kel
%@ - A2:Shearing area of concrete 4,344 cm?
60x30+(30+90)/2x424

:9 .



‘CALCULATION SHEET |
SEVERINO TRASHRACK

Thus, -
10=45,000/(2 x4,344) |
= 5.18 kgffem? < 8 kgffem? : gs
( Allowable concrele shearing stress )

&

.10 -



CALCULATION SHEET
SEVERINO TOTAL HEAD

SEVERINO PUMPING STATION
PUMP TOTAL HEAD

1. Design Condition

(1) Design flow 9.6 m3/s per lane (3.2 m3/s per unit)
(2) Pipe diameter | | |

Suction side 1,500 - 1,200 - 1,100 mm |

Discharge side 800 - 1,000 - 1,500 - 2,000 -2,400 mm
(3) Pipe length

Suction side 93 m

Discharge side 179.3 m
(4) Water level

Suction pit EL. 58.50m

Head 1ank - EL. 11402 m

2. Catculation

(1) Pipe Friction Loss Head

B A. Suction Pipe Friction Loss Head
A.1 Friction loss of channel inlet
S
hal =Ja X }i
28
where,
fa1 @ Friction coefficient - 0.25
Vi : Velocity ‘ (.033 my/s
V, = 0, /(1 x B) = 3.2/(16.4 % 6) = 0.033
g : Gravitational acceleration 9.8 m/s?
Thus, -

hy1 = 0.00001 m

A.2 TFriction loss of channel ‘

e | o .Hjn’XV]’

h, = XL
al rh‘!ﬂ ‘al



A3

Ad

AS

where, . :
n : Coefficient of roughness

o HxB  164%6
" 2H+B 2X16.4+6
La2 : Channel length

.. th

Thus,
h32 = 0.00000 m

Hydraulic loss of trash rack

hgy = 0.3 m
Loss of culvert inlet

v!
h = x._.2_
al fai 23
where,
fag : Friciion factor
" Vo @ Velocity

CALCULATION SHEET
SEVERINO TOTAL {IEAD

10015
2.54m
4.0 m

0.5 .
0.071m/s

V, = O, /(H x B)=3.2/(7.5x6) = 0.071

Thus,
hyg = 0.00013 m

Friction loss of culvert

: mxve
a$ rhﬁ] (2]

where,
n : Coefficient of roughness

HxB . 1.5x6

h

Las @ Channellength

Thus,

Ix(H+B) 2x(1.5+6)

0.014

1.67m

: 0.5m |



has = 0.00000 m -

% A.6  Loss of culvert outlet

AT

A8

2

: Vv
ha6=faex"§;

where, _
fag : Friction coefficient

Thus,
hag = 0.C0031 m

Loss of culvert inlet

V H
I I
!a? fa? 28

where, _ _
f;7 : Friction coefficient
V3 Velocity

CALCULATION SHEET
SEVERINO TOTAL HEAD

1.2

0.5
0.178 my/s

V,=Q/{(H xB)=32/(3x6)=0.178

Thus,
"ha7 = 0.00081 m

Convergent loss of culvert

VZ__v!
haﬁ':faﬂx 4233

where,
fag : Friciion coefficient
Vs @ Velocity

0.3
0.213 m/s

V, =0, /(1 x B)=3.2/(2.5%6) = 0.213

Thus, _
hag = 0.00021 m



CALCULATION SHEET

SEVERINO TOTAL HEAD
A.9 Fiction loss of culvert
' BRTK
n xV,
ha‘} = FTEE— X La‘)
where,
n : Coefficient of roughness 0.014
3125
—=X6 _
HxB
rh = — =0943m
2x(H+ B) 2x(3+2.5+6)
2
Lao : Channellength ~1.0m
Thus, : o
hy = 0.00000 m
A.10 Loss of suction pipe inlet {Dia. 1,500)
v 2
h. = w5
all f.alo 28
where, . o
faj0 @ Friction coefficient _ 0.5
Vg : Velocity L8 mys
¥ S S 2N
vo=0 /| axP)=32/[31ax 2 = st
: 4 4
Thus,

haig = 0.08365 m
Adl Conve'rgenl toss of suclion pipe (.D'ia. i.S'OO - 1,200}

V.2 -V

h,, = X
= fan 2

where,



CALCULARON SHEET

SEVERINO TOTAL HEAD
fy1 + Friction coefficient 0.1
V7 & Velocily : 2.829 m/s

? ' 2
Vv, = Ql/(:rx%w) - 3.2/(3.14 xbi—) =2.829

Thus,
haty = 0.02431 m’

A.12 Bend .loss of suction pipe (Dia;= 1,200)

;2
7

By =far X7
all fai2 28

where, _
“farz ¢ Friction coefficiént - 0.248
fur =(0131+1.847 x(D, /2R)"}x(6/90)°*
D, :12m
R :1.32m
. g 9
Thus,

ha1z = 0.24795 m

A.13  Convergent loss of suction pipe (Dia. 1,200 - 1,100)

V 2 _ V 2

By = fan X —8“2‘“'7—
g
whese,
fa13 ¢ Friction coefficient 0.15
Vg @ Velocity 3.367 mfs
' 2 ; 2
v, =0,/ nxPo)=22/{31ax L ) =3367
4 4

Thus, '

ha13 = 0.0255! m
A.14 Friction loss of suction pipe (Dia. 1,200)

-5 -



CALCULATION SHEET
SEVERINO TOTAL HEAD

O A 2
.hahl = farg X ?5;"5‘1;7
where,
faj4 : Friction coefficient 0029
fus ={0.0144+9. 5/(10mxﬁ)}x: 5
Lais : Suction pipe length 93m
Thus,

_ hatg = 0.14183 m
A.15 Tatal suction loss head

hy = hay + ha2 + Na3 + hag + has + hag + a7 + hag + hao + hajo + haj1 +
hat2 + Ra13 + hal4

= 0.00001 + 0.00000 + 0.3 + 0.00013 + 0.00000 + 0.00031 +
0.00081 + 0.00021 + 0.00000 +0.08365 + 0.02411 +0.24795 +
0.02551 + 0.14183

=0.82452 m

B. Discharge Pipe Friction Loss Head
B.1 Friction toss (Dia. 800)

L. V 2
} ¥ —BL bl
by = fu D, 23
where, o o
fbr : Friction coefficient . . 0.027
fo= {0.0144+9.5/(1000xJV;)}x1 5
Lyy : Discharge pipe length 3.80m
Vo 1 Velocity o 6.366 /s

ol e



B.2

B.3

B.4

CALCULATION SHEET
~ SEVERINOTOTAL HEAD

Thus,

hpy = 0.28484 m

Enlargement loss of discharge pipe (Dia. 800 - 1,000)

)
V-V
“ﬁ!?z‘ = f#z ® ( ? 2_3 IO_)__
\izhere,
fny : Friction coefficient 0.121
Vio : Velocity 4.074 m/s
D 2 12
Ve=0/] nx73-|=3.2/|314x— | =4.0M4
4 4 .
Thus,

hp2 = 00325t m

Friction loss of non-return vaive (Dia. 1,000)

V 2
hyy =fb3x'2m
£

wh_ere, . _ ‘ .
fp3 : Friction coefficient 0.9

Thus,
hps = 076213 m

Friction toss of butterfly valve (Dia. 1,000)

B 1 2
By = foq X -2
b4 fN 23
where,
4 : Friction cocfficient 0.3

Thus, ‘
:f.:_.hb4 = (,25404 m



CALCULATION SHEET
SEVERINO TOTAL HEAD

B.5 Bend toss of discharge pipe (Dia. 1,000)

S V.2 S — - '
h.= f x —0- ‘ B . o : : @,
bS5 b5 28 | .
where,
“fys : Friction coefficient : - 0132

fos = (0.1 31+1.847 (D /2 R)3'_’] X (9/90)"'5 -

Dps ¢ LOm
R :20m
6 :90°

Thus,
hps = 0.11203 m

B.6 Friction loss (Dia. 1,000)

hye = f be X -LDL: X %;
where,
fps : Friction coefficient 0.030
fs={0.0144.+9.5/(1000 xyVio)} x1.5
Lys : Discharge pipe length 16 m
Thus,

hps = 0.40654 m

B.7 Entargement loss of discharge pipe {Dia. 1,000 - 1,500)

Vo~ Vi)
hb] =f51x( l02 H)
g
where, .
fp7 : Friction coefficient 0.281 .
vy Velocity S 18I €D



CALCULATION SHEET
. SEVERINOTOTAL HEAD

' N 4ol :
v,,=Q,/(nx9$~):3.2/(3.14x'—'§—)=l.su
| 4 4
Thus,

hyy = 0.07351 m

'B.8 Friction loss (Dia. 1,500) -

_ _ V2
by zfa.a X%f’x"g‘;—
where, _ .
fbg : Friction coefficient 003
fus ={0.0144+9.5/(1000% V7, }} x 1.5
Lyg : Discharge pipe length 12m.
Viz + Velocity : 3.622 my/s
2 2
V, = Qz/(rrx —QL) =_6.4/(3.14 xﬁ] =3.622
4 4
Thus,

hpg = 0.16061 m

B.9 Enlargement loss of discharge pipe (Dia. I;SOO - 2,000)

(V;z - Vu)z'

Hyg = fro % 22
where, | ?

fro : Friction coefficient 0.281

Vi Velocity 2.037 m/s

D) ‘ 2.0°
Vi =@/ | ix—1|=6.4f| 3.14 x —— |=2.037
‘ 4 4

Thus,

hpo = 0.03602 m



CALCULATION SHEET

- SEVERINO TOTAL HEAD
B.10 Bend loss of discharge pipe (Dia. 2,000 : LP.1)
_ V.2
Biyze = Saro X“‘?‘i“
where, . :
" fpio @ Friction coefficient . 0.!45
fuo = [0.131+1.847x(D,/2R)*} x(0/90)"°
D;  :20m : '
R :40m
0 : 90°
Vi4 @ Velocity ; 3.056 m/s
v R
Vi :Q,/ [n x DT’) - 9.6/ (3.14 x %’—): 3,056
- Thus;

fislo = 0.06929 m

B.11 Bend loss of discharge pipe (Dia. 2,000 ; LP.2)

V 2
By = foy X
51 bil 28
where, _
fp13 @ Friction coefficient " 0.096
fun =(0.13141.847 x (Dy/2R) " )% (6/90)"°
D; 20m
R 40m
o 138 227"
Thus,

hpyr = 0.04554 m
B.12 Bend loss of discharge pipe (Dia. 2;000 :1.P.3)

| Vuz
Iy = Jon X 3
b4

210 -



- CALCULATION SHEET
SEVERINO TOTAL HEAD

| whére. :
8 for2 : Friction coefficient 0.085
fup ={0131+ 1.847 (D, /2R)*) x(0/90)°*
Dy +2.0m
R :4.0m
6 :30°2829"
Thus,

hpi2 = 0.04032 m

B.13 Bend loss of discharge pipe (Dia. 2,000 : 1P.4)

V 2
Fyyy 5= fypy X -2
513 &13 23
where,
fb13 : Friction coefficient o .0.049
Sy = (013141847 x(D, J2R)" ) (6/90)"
By :20m
R +4.0m
0 1 10° 4' 56"
Thus,

hp13 = 0.02320 m
B.14 Enlargement loss of discharge pipe (Dia. 2,000 - 2,400)

: 2
By = fae X _(V__ _ Vl_'S)

2g
where, .
fo14 : Friction coefficient . - 0.191
Vis @ Velocity : 2122 mfs

-11-
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ot

Thus, .. .
hpig = 0.00851 m
" B.15 Velocity head loss of discharge pipe (Dia. 2,400 )

V.5
hys = fus X

where, _ o L
fors @ Friciton coefficient - 1.0

Thus,
hp1s = 0.22975 m

B.16 Friction loss (Dia. 2,000) .

h f % !Ifﬂé. »® _‘34_1.
b16 — J b6 D-, 23
where, : : :
" fy1e ¢ Friction coefficient 0.03
fue ={0.0144 49, s/(moox«[ )}x: 5
Lpig : Discharge pipe tength 156 m
Thus,

hpie = 1.11481 m

B.17 Total discharge pipe loss head

hp = hp1 + ho2 + hp3 + bp + hos + hog + o7 + hpg + by + oo
+hppy +hp12 + o3 +ho1a +hp1s '

= 0.28484 + 0.03251 + 0.76213 + 0.25404 + 0.11203 + 0.40654 +

-12-



CALCULATION SHEET
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0.07351 + 0.16061 + 0.03602 + 0.06929 + 0.04554 + 0.04032 +
0.02320 + 0.00851 + 0.22975 + 1.11481

= 3.65365 m

C. Total Loss Head

=(.82452 + 3.65365
=447817m = 448 m

(2) Actual Head o

A. Weighted averaged Water Level at suction side EL. 358.50 m

B. High Water level at Head Tank EL. 114.02 m
@ C. Actual head

ha = EL. 114.02 - EL. 58.50
= 5552 m

(3) Pump Total Head

Hr=h + ba
= 4,48 + 55.52
C =60.0m
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CALCULATION SHEET
SEVERINO WATER HAMMER

SEVERINO PENSTOCK
WATER HAMMER

i. Design Condition

(1) Design discharge 480 m¥min (160 m3/min per unit)
(2) Water tevel
Suction pit (L.W.L) EL. 47.00m
Head tank _(H.W.L) . EL. 114,02 m
(3) Actual head : 67.02 m
@ Numbet of pumps int operation 3 units

(5) Discharge pipetine

Dia. (mm) 800 | 800- | 1000 | 1000- | 1500 | 1500- | 2000
1000 | |scof | 2000
Length (m) 22 | 16 | 1530 2.0 | 60| 2.0 | 1503
Material IS G 3106 SM 400
(ASTM A516 Grade 60/70)
Shell thickness (mm) 9 9 9 9 9 10 | 92-10

2. Basle Da!a

(1) P'ump Type Vertical Shaft Single Suction Volute Pump
Bore 800 mm
Discharge 160 m3/min
Speed 600 spm
Efficiency 86 %
Total head - 698 m
{2) Motor Type Three-phaseWound - Rotor Type
Induction Motor
Outpul 2,400 kw
Speed 600 rpm
Frequency 60 Hz
Voltage 4,160 kv



3. Calculation

(n Pump shaft power

P=9.8xnyxf%-l |

where,
¥ @ Specific weight of water *
Q : Pump discharge
H : Total head
1 . Pumpefficiency
' Thus, |
P= ‘2,1‘23._’? kw

{2) Pump torque
M=914xl/,

Where,
- N Speed

Thus, _ .
- M=3,447kg-m

(3) Flywheel effect (GD?)

Motor : 3,500 kg-m?2
Pump 740 kg-m?
Total 4,240 kg-m?

) Coefficient of pumpinerﬁh_ _

_ 315X M
GD*x N

whese,
M Pumptorque

CALCULATION SHEET

SEVERINO WATER HAMMER

.0

267

698 m
. 0.86 ¢

600 }pni

3,447 kg-m

GD? ; Total fiywheel effect 4,240 kg-m?
N : Speed | © 600 rpm

@



CALCULATION SHEET

SEVERTNO WATER HAMMER
- Thus,
' K =051
(5) Average velocily in discharge pipeline
y =2
f_D?
4
Pipe dia. (m) 0.8 1.0 .5 | 20
Pipe length (m) { 3.0 17.1 8.0 151.8
Flow (m?/s) 3.2 3.2 6.4 9.6
Velocity (m/s) - 6.4 41 3.6 3.1
Thus,
V=33m/s

(6) Propagation velocity of pressure wave

® 1,425

a= .
' ;]HLX—D—
E ¢

where, :
K/E : IncaseofSteel  0.0]
D @ Inside diameter of discharge pipe
t :  Shell thickness of discharge pipe
Pipe dia. D (m) 0.8 i.0 1.5 2.0
Shell thicknesst (mm){ 9 9 9 9-10
Thus,

a=3841.7T m/s

(7) Coefficient of penstock

_axV
P gxH




where,

g : Gravitational acceleration -

Thus, _
2p =40

(8) Reciproc’ating time of pressuré wave

2xL
3

where,

'L : Pipeline length

Thus,
1t = 0.43 sec

(9) Ratio of penstock loss head

x 100

RZH-—Ha
H

where,
H : Tolal head
Ha : Actual head

Thus,
R=40%

69.8 m
6G7.0m

CALCULATION SHEET
SEVERINO WATER HAMMER

9.8 mys?

1804 m

&

@



CALCULATION SHEET
SEVERINO WATER HAMMER

4. Water Head Diagram
(1) Value of pressure variation
: The values are obtained from the J.Parmakian's chart.

Position Min. press. Max. press.
Pump 23 % 175 %
: 16.1 m 1222 m
L2 55 % 144 %
38.4m 100.5 m
3L/4 74 % 126 %
51.7Tm 879 m







CALCULATION SHEET
SEVERINO SHELL THICKNESS

SEVERINO PENSTOCK
SHELL THICKNESS

1. Exposed pipeline

(1) Shell thickness due 1o internal pressure

H ¢ Desighhead (cm)
H=Hy+H;
Hj : Static head (cm)
H; : Waler hammer (cm)

D : Penstock inside diameter (¢cm)
o : Allowable tensile stress 1300 kgffem?

Nw + Welding efficiency 0.9
£ : Corrosion allowance 0.2 cm
Malterials t : Thickness S (kgficm?)
5S 400 <40 mm 1300
1S G 3101 > 40 mm 1200
SM 400 <40 mm 1300
HS G 31006 > 40 mm 1200
SM 490 <40mm 1750
JIS G 3106 > 40 mm _ 1650

Location D(m) Hy{em) Hp (cin} t{em) gy {em)

1 100 67,500 36,000 0.8 0.8

2 150 67,500 34,500 0.8 0.8

3 2000 67,500 32,500 1.0 0.9
4 200 17,500 16,000 0.9 0.9

5 200 7,000 0 0.9 0.9

tm ° Minimum thickness

=D+800

=300



CALCULATION SHEET

SEVERINO SHELL THICKNESS

 {2) Bending siress

A ATATTTR

(=9 ]LJ=]] l _ ‘[ .. 1
14000 ) tagoo | 14000 | 14,000 |
1 N

1,000
- Continucus beant in 3-span, dia. 2.0 m, t =9 mm
W= Wi+ Wy : W =044 tlm
=3.58 t/m _ Wy = nd2/4 = 3.14 t/m

Max = - 0.1WL2
- 0.1 x3.58 x 142
- 7017 t-m

m

o=M/Z

=M/ (ntm?)
- 10107 X lﬂsl(ﬂx09 X 100452)
- 246 kgf/cm2 < G,

.1|

ll-

- Max. allowable span, restricting due to max. allowable deflection of 1/350

S _ SWL
L 334El
where, .
W= 3.58¢m
S/ = 1350
E = 2.1x 108 kgffem?
1 = mfedx (Do - D1%) = 2,393,533 em®
Thus,

L=313m > 4.0m



CALCULATION SHEETY
SEVERINO SHELL THICKNESS

(3) Stress at half-filled condition

Smax = 445.2 x 1,3t = 445.2 x 100.453/(0.9-0,15)2 = 802 kgfjem?

(4) Critical buckling pressure due to external pressure of 2.0 m
(Pressure difference at inside and outside pipeline)

‘ 3
P, - 2E-2 ot xl
1-v D, n

where,
E : 2.1x106{&kglfcm?)
v : Poisson's number 0.3
n : SF, 2 for exposed

Thus,

Pe=0.12 kgffem? < 0.2 kgffem?

(% 2., Embedded pipeline
* (1} Condition
' - dia. 2,0 m, t = 10 mm concrete-filled
- Exlernal pressure
EL70-ELA46=24m

2) Pipelinc having dia. 2.0 my, t = 10 mm without slifféncr rings, material in
a=1,300 kgffcm? class, is withstood against external pressure up to 60 m by
calculation of E. Amstulz formula. The design is therefore accepted.






CALCULATION SHEET

SEVERINO SURGE TANK
SEVERINO PENSTOCK
ONE-WAY SURGE TANK
1. .Design Condition
(1) Design flow 1 9.6 mlfsec ,
S - ' (one penstock under operation of three pump units}
{2} Penstock inside dia. c10-1.5-20m
(3} Penstock length 11804 m
{4y Water level _
Suction pit : EL. 58.5
Head tank : EL.114.02
Surge tank : EL.101.0
2. Calcutation
(1) Effective volume of surge tank
. |
v =@yl h g
2g VA xXH, AxH,
where,
z% Q : Designilow 9.6 m3/sec
Ly : Penstock length 105.6 m
between pump and surge tank
12 : Penstock length 74.8 m
between surge tank and head tank
A2 Sectional area of penstock 3.14 m?
Hy : Actual head between water level 425 m
in suction pit and surge tank
H2 : Actual head between water level  13.02 m
in surge tank and head tank _
o : Safety factor 3
Thus,

CVe=l46md = 15 m3






SAG COMPUTATION OF ACSR ORIOLE
AND
- 0.H, EARTHWIRE 55 $Q.MM

8

A. POWER CONDUCTOR

" A-1. Particulars of Power Conductor

Type of Conductor . ACSR Oriole (ASTM B-232-78)
Stranding ~t Aluminium @ 30/2.69mm + St: 7/2.69mm
Sectional Area ¢ Aluminium @ Ay = 170.5mm?,.

Steel: Ag= 39.8mm?,
Total : A =210.3mm?

Diameter of Conductor : D = 18.83mm
Unit Weight of Conductor L w = 0.737kg/m
~ Ultimate Tensile Strength : Ty =7,590kg -
Young's Modulus , : Aluminium : E, = 6,300kg/mm?
S . Steel : Eg = 21,000kg/mn?
Linear Expansion Coefficient : Aluminium aa =23 x 10°9°C
Steel as = 1.5 x 10-6°C
Equivalent Span Length ! Se =350m
Wind Pressure : - wp = 3%g/m?
Minimum Factor of Safety to Tu : 2.5 for Max. Working Tension

: 4.0 for Every Day stress
Conductor Temperature : Maximum 60°C, Minimum 5°C,
" Every Day 25°C

A-2. Composite Young's Modulus {E) of ACSR

m = AafAs = 170.5/39.8 = 4.284
E={(mx E; + Eg)/(m + 1) = (4.284 x 6,300 + 21,000)/(4.284 + 1) = 9.082 (kg/mm?2)

A-3. Composite Expansion Coefficient («t) of ACSR

o ={mxEax o+ o x E)(m x Bz +Eg)
= (4._284 X 23 x 106 x 6,300 + 1.5 x 106 x 21,000)/(4.284 x 6,300 + 21,000)
=13.59 x 10:6/°C - ‘



. Wind Pressurg and Weight‘of Equivalent Spans

(a) Equwa!cnl Span (Se) = 350m- _
(b) Wind Press. Wy (350) =S¢ xDx 39 x 10-3kg =350% 1883 x IO 3% 39 =257kg ] g
W, (400) = 400 x 18.83 X 39 x 10-3 = 294kg
(c) Weight W (350) =S x y kg =350x 0.737 =258kg * -
W, (400) = 400 x 0,737 = 295kg |

. Loading Coefhclent

{for maximum wind pressure at minimum temperature}

Se=350m: q=(Wy?+ W2/ W =257+ 2s32)if2 1258 =1 4
S, = 400m:’ (2942 + 2952)!f2 /295 = 1.41

. Conductor Unit Weight per Section

= wiA = 0.737/2103 = 3,50 x 103 (kg/mmm?) |

. Maximum Working_']‘ensidn of Power Conductor (based on EDS)

EDS of the power conductor is less than 25% of the ultimate tensile strength of the
power c"c'_)nd'uclor (Ty), i.., factor of safety of EDS is niore than 4.0 to the T, é
fi = 0.25 x TW/A = 0.25 x 7,590/ 210.3 = 9.022 (kg/mm?)

o.E.t = 13.59 x 10:6 x9.082 x 107 x (18-25) = - 0.864

cqp = ].00, 4 = 1.4

K- -fg-(Chﬁ)z Se'l ER4 . 2 ' L
=9,022 - (1.00 x 3.50)2 x 106 x 9.082 x 101){362124)(90222
= 9,022 - 0.0569 x 10-2.8e?
Se = 350m K=9022-697=205"
Se = 400m K =9.022 - 9.104 = - 0,032

M = (qp.8)2. E.Se2 /24 = (141 x 3.50)% x 106 x 9.082 x 103 . Se2 /24
=922x 103, Se?
Se=350m M= 1,129
Se=400m M= 1475

Maximum working stress and tension of power conduclors

f,2{f; - (K-o.E.)} =




Se=350m ~ ;2{1;-(2.05+0.864)] = 1,129
: 2(f,-2.914) = 1,120
fy = 11,48 (kg/mm?) Max.work.Tension: T = f2.A = 2,414kg

Se=400m  £2{f>-(-0.08240.864)} = 1,475
fy = 11.65 (kg/mm?)} Max.Work.Tension: T = f2.A = 2,450kg

Maximum working tension of the power conductor is st at 2,400kg. Factor of safety
of the maximum working tension against its ultimate tensile strength is 7,590/2,400 =
3.10, i.c., more than 2.5 required. |

A-8. Maximum Sag and Minimum Sag of Power Conductor

fy = 2,400 / 210.3 = 11.41 (kg/mm?), q = 141, q2=1.0,
o.E.t max = 13.59 x 106 x 9.082 x 103 x (60-18) = 5.184
oE.t min= 13.59 x 106 x 9.082 x 103 x (5-18) = -1.604

K = f] - ((;]].8)2.[5.3%32 /24 X flz
= 11.41- 1.412 x 3.502 x 106 x 9.082 x 103.8e2 /24 x 11.412
= 11.41 - 0.071 x 10-3.Se2
Se=350m K =11.41-870=2.71
Se=400m K= 1141-1136 =0.05

M =(q.8)2.E.8e? /24 = 3.502 x 10:6 x 9.082 x 103.8¢2 /24 = 4.636 x 10-3.Se2
Se = 350m M = 467.91
Se =400m M = 741,76

Conductor stress for maximunt sag

Se = 350m f22{fy - (2.71 - 5.184)} = 567.91 fy = 7.533 (kg/mm?)
Se=400m  £?{f; - (0.05-5.184)} = 741.76 fy = 7.623 (kg/mm?)

Conductor stress for minimum sag

Se =350m 62{f; - (2.7t + 1.604)} = 567.91 f; = 9.995 {kg/mm?)
Se = 400m f22{fs - (0.05 + 1.604)} = 741.76 f; = 9.635 (kg/mm?)



A-9. Maximuwm and minimum sags of power conductor

‘Maximum sags | |
D3som = 8.02.5¢2/ 8 x f = 3.50 x 10-3.8.2 / 8 x 7.533 = 0.0581 x 102 x Se?
Dyoom = 3.50 x 10°3.8.2 /8 x 7.623 = 00574 x 103x 82

© Minimuin sags

Dysom = 3.50 X 103.8:2 / 8 x 9.995 = 0.0438 x 103 x S¢2.
Daoom = 3.50 x 103.5:2 /8 x 9.635 = 0.0454 x 103 x S



Maximum Sag (133) Minimum Sag (m)

Equivalent Span ([_n) Equivalent Span (m)
350m 400m 350m 400m
" 50m 0.15 0.14 0.11 0.11
100m 0.58 0.57 0.44 0.45
150m 1.31 1129 0.99 1.02
200m 2.32 2.30 1.75 182
"250m 3.63 3.59 2.74 2.84
300m 5.23 5.17 3.94 4.09
350m 7.12 7.03 5.37 5.56
- 400m 19.30 9.18 7.0t 7.26
450m 177 11.62 887 9.19
500m 14.59 14.35 10.95 11.35
550m 17.57 17.36 13.25 13.73
600m 20.92 20.66 1577 16.34
650m 24.55 24.25 £8.51 19.18
700m 28.47 28.13 21.46 22.25
800m 37.18 36.74 28.03 29.06
- 900m 47.06 : 46.49 3548 36.77
1,000m 58.10 57.40 43.80 45.40
1,100m - 70.30. 69.45 53.00 54.93
1,200m 83.66 82.66 63.07 65.38
1,500m 130.73 129.15 98.55 102.15
2,000m 232.40 229.60 175200 181.6
2.sbom 363.13 158,75 273.75 28374

" A-S



B'ln

" OVERHEAD EARTHWIRE

Conditions for Sag _Compl.nt'a_t'i‘ohi

. Sag of O.H. earthwire is computed so that its sag in the 6quiva!enl span of 350m at

B-2.

5°C, still air condmon is 80% of sag of the power conductor in the same condition,

- Sag of the power conductor in the ¢quivalent span of 350mis 5.37m at 5°C and still air.
“The sag of O.H. earthwire at the condmon should be around 5.37 X 0 8 = 4, 30m.

Particulars of 0verhead'Earthwire (Galvanized Steel Stranded Wire)

Ultimate Tensile Strenglh
Young's Modulus

Linear Expansion Coefficient
Wind Pressure

Minimum Safety of Factor
Earthwire Temperature

Stranding © St. 7/3.2mm

Sectional Area : A = 56.20mm?,
- Diameter of Wire : D =9.60mm

Unit Weight of Wire : w = 0.446kg/m

: Ta = 4,660kg

: Eg = 21,000kg/mm?
:os = L3x 106°C
1 wp = 3%kg/m?

: 2.5 for against Ty

¢ Maximum: 40°C,

Minimum: 5°C,
Everyday: 25°C

Wind Pressure of Wire, Loading Coefficient and Unit Weight per

Section
Wind pressu're'
Loading Coefficient

Unit Weight per Section

W, =Dx 103 x 39=0.374 (kg/in) -
4= (Wa2 + W2 /W = 1305

§=w/A=7923x103 (kgjm.mmz): '

Stress of Wire at the Condition of 5°C and Still Air

f==8.92.5:.2/8xd;

where,

d; =4.30m (80% of the power conductor's sag)

f=7923x 103 x 1.0x3502/8 x4.30 = 28 214 (Lg/mm?)




B-5. Maximum Working Ténsion of Earlhwire

§, oEt=15x106x 21 x 103 x (18-5) = 0.410
K=f- ((?||.8)2.E.Se'2 124 x 12,
M = (q2.8)2.E.Se2 /24 |
K=28214-{1%x7.923x 103)2x 21 x 103 x 3502 /24 x 28.2142 = 19.76
M = 1.3052 x 7.9232 x 106 x 21 x 103 x 3502/ 24 = 11,459
2 {f-(K-a.ED} =M
£52 (f; - 19.35) = 11,459
fy = 31,155 (kg/mm?2),

accordingly, maximum working tension: T = f2.A = 1,754 (kg)

Factor of safety of the maximum working tension against its ultimate tensile strength is
- more than 2.5 (4,660/1,754 = 2.66).







CALCULATION SHEET
CONGUILLOLOSS HEAD

CONGUILLO INLET
PIPE LOSS HEAD

1. Design Condition

(1) Design flow 18 m’fs 9 m’fs per unit)
(2) Pipeline inside dia 1,200 - 1,400 mm
(3) Pipe length STm-26m

2. Calculation
(1) Hydraulic loss of trash rack

h=03m

(2) Lossof pipeinlet

2

} = 1

where,
fo :  Friction coefficient 0.15
{Bellmouth)
(B A Ve!ocig:y. 7.96 mfs
V= —577 =796
xx1.2* /4
Thus,
| h, = 048491 m

{3) Butterfiy valve loss

v2
n=f, 3¢
where,
f. : Friction cocfficient 0.2
Thus,
‘hy = 0.64618m

(4) Friction loss of pipe

72
h‘l 2f‘x..L,iX.!..l__.
D 28



&)

(6}

CALCULATION SHEET

CONGUILLOLOSS HEAD
whe_re,r : T .
' f, : Frictioncoefficient - 0.027
fl'={0.0144+2;5/(I,OOO_XIJ-VT)}X‘I.S_ o
L, : Pipelength 57m
D; : Pipcinside diameter L2m

. ' . 2
g : Gravitational acceleration 9.8 m/s

Thus,
hy = 041436 m

Enlargement pipe loss

vi-v.) f

he =
1 28
where,
fo : Frictioncoefficient 0.33
9
V, = ——5-= 5.8
1 oax14%fa
Thus,
hy = 007513 m
Bend pipe loss
V 2
h, = f, %%
(7 28
where, _
f, @ Friction coefficient - 0.083
£, ={0031+1.847x(D,/2R)*} x (8/90)"°
D, . ldm
R = 35m
0 = 33°1'20”
Thus,




CALCULATION SHEET
CONGUILLO LOSS HEAD

hg = 014537 m -

- (7) Bend pipe loss

h, = 0.14537

(8) Butterfly vatve toss

_ b2
hy=f, Xk
28
wheze,
f. : Friction coefficient 0.2
Thus,
“hy = 0.34879 m

(9) Butterfly valve loss

hg = 0.34879

(10) Friction loss of pipe

Vv 2
b = 1. % j—;— XS
2 g
| where,
fe ¢  Friction coefficient 0.027
£, ={0.0144+9.5/(1,000 ¥ }} x 1.5
L, : Pipelength © m
D, :  Pipeinside diameter 1.4 m
Thus,

th = 1.1099] (3]
(11) Friction loss of pipe

hy=h o+l byt by Y ho b b+l B+l iy,

-3



CALCULATION SHEET |
(’(_)NGU!LLOI.OSS HEAD
= 0.3 + 0.48491 + 0.64618 +:0.41436 + 0.07513 + 0.14537 +
0.14537 + 0.34879 + 0,34879 + 1. 10991
= 39437 m —-  40m ' @




ARREGLO DE LA BOCA DE ENTRADA A CONGUILLO
ARRANGEMENT OF CONGUILLO INLET

Valuvula Mariposa Dia.1.400 mm
Butterfly Valve '

valuvula Mariposa Dia.1.200 m
Butterfly Valve

.qlq

Rejilla
Trashrack

o
e, 33+ 01" 26" / | .

i o i O
Valvula de Camisa Conica Dia. 1.4(
Sieeve Valve

Longuitud de Tuberia J

2 1200 mm, B 1400 mm.
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Pipe Length

5700 33.000
® "
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CALCULATION SHEET
. POZA HONDA TRASHRACK

POZA HONDA INLET
INTAKE FIXED TRASHRACK

1.Pesign Conditions

Type
Quantity

* Clear span
Vertical height

Gradient

Slant length

Bar pitch

Design head

Maximum deflection of
supporiing beams
Corrosion allowance

2. Arrangement of Trashrack

. Slant type fixed trashrack
: 1set
: 40m
t41lm

(Deck EL.95.500 m - Sill EL.91.400 m)

: 1:03 (=73~ 18" ~3")

: 4280 m

: 75 mm (center to center)

: Water head difference of 3.0 m
. 1/600 of supporting span

: 2.0 mm for bar elements and supporting beams

(usually submerged in water condition)

500
A
1,800
¥ 4.100
a
1800




CALCULATIONSHEET
POZA HONDA TRASHRACK

3.Bar Elements -

(1) Bending moment and stress

| | . 75 _ |
- w=225kgflem 5 ' -
777 7777
o b 110 ;
S ‘ S (8 (108)

4_ 1,879 &

a. Bending momenl

2
M :_WXL
8

where,
M : Bending moment (kgf-cm)
W : Unit load on a bar S
0.3 kgffem? x 7.5 em = 2,25 kgffem
£, : Maximum distance of center to center of supporting beam
1879 cm ' '

Thus,

: ' :
p = 22X 5 930 kgf —om

b. Bending stress

M
g, = '-E'
where,

Op : Bending stress (kgffem?)
M : Bending moment 9,930 kgf-cm
Z : Modulus of section

2.



CALCULATION SHEET

POZA HONDA TRASHRACK
FB 110X 10 | 15.5 cm3
(108x §)
Thus,
o, = 91 3350 =641 Lgf fem?

(2) Critical stress considerinig horizontat buckling

C,=0.6xYx(1.23--0.0153x LJT) .

where,
C, : Critical stress (kgf/cm?)
Y : Yield strength of matedial 2,400 kgffem?2
L. : Laterally unsupporting length 35 cm
T : Thickness of bar 0.8 ¢em
Thus,
C,=0.6x2400x (1.23 - 00153)(35!08)
= 807 kgffcm?

oy, = 641 kgffem? < C, = 807 kgflfem?

4, Intermediate Supporting Beams

(1)Water pressure load
Water pressure load acted on each beam is as foliows

3.000 kgfim2




CALCULATION SHEET
POZA HONDA TRASHRACK

W, =LxhXB

where, : : _
W, : Water pressure load (kgh) -
1. : Distance of center to center of supponing beams 1.879 m
h - : Design head 3,000 kgf/m?
B :Clear span 4.0m
Thus, . :
W, = 1.879 x 3,000 x 4.0

= 22,548 kgf
(2) Bending moment and shearing force due to water load

77777

A | A
150 > B= 4,000 4 150

L=4,300

a. Bending moment

M, =W, x(2L-B) /8

wiere,
My : Bending monent due to water load (kgf-cm)
W, 1 Water pressure load 22,548 kgf
L : Supporting span (B+30) 430cm
B :Clear span - 400 cem -

Thus, B
My = 22,548 X (2% 430-400)/8

= 1,296,510 kg-cm
b. Shearing force o _
S, =W, /2 |



@

CALCULATION SHEET

POZA HONDA TRASHRACK
where,
- 8x '+ Shearing force due to water load © (kgf)
Wit Walter pressure toad 22,548 kef
Thus,

Sy =22,548/2
= 11,274 kgf

(3) Bending moment and shearing force due to own weight
The force due to own weight is distributed as follows :

Wl
F
Wl =Fcos0
W2 =Fsin0
where, _
"W1,W2 : Unit load of each direction (kgf/cm)
F : Unit load due to own weight 0.897 kgffem
6 : Angle between "F" and "W1" 73"~ 18" ~ 3"
Thus, _
W1 =0.897xcos 73° ~ 18'~ 3"
= 0,258 kgffem
‘W2 :=0.897 xsin73° ~ 18 ~3"
= 0.859 kgffem

a. Bending moment

M, =W, xI? /8
My =W, x 1?8



.. CALCULATION SHEET

POZA HONDA TRASHRACK
where,
M1,M2 : Bending moment of cach direction (kgf-crm)
W1,W2 : Unit toad of cach ditection (kgffem) :§:
Wi = 0.258 kgfjcm
W2 =0.859 kgffem
L. :Supporting span 430 cm
Thus, _
MI = 0.258 x 4302 /8 -
- =5,963 kgf-cm
M?2 = 0.859 x 4302 /8
= 19,853 kgf-cm
b. Shearing force
S, =W, xL /2
where, : o
S1 : Shearing force due to own weight (kgf)
W1,L : Sane as the above ‘ e
Thus,

S1=0.258 x 430 /2
=55 kef

(4) Bending and shearing stresses
Section properties

1(%(14)

| I 1 |

10 ___ gl l— 468 | s00

(8) . (4703 (493)

= ] 1 A 4
200 5 | ‘ 16?(14)
(198)




JIS G 3192 H-500 x 200 x 10/16 is used.

Moment of inertia
Ix = 47,800 cm?
ly= 2,140 cmd

Modulus of section

Zx = 1,910 cm3

Zy= 214 cm3
Arcaofweb  Aw=38cm?

a. Bending siress

g, =(M, + M) ]2, +M, |Z,

where,
op : Beading stress (kgffem?3)

Mx : Bending moment due to water load

M1 : Bending moment due to own weight
Zx : Modulus of section
M2 : Bending moment due to own weight
Zy : Modulus of section

Thus,

CALCULATION SHEET
POZA HONDA TRASHRACK

1,296,510 kgf-cm
5,963 kgf-cm
1,910 cm3
19,853 kgf-cm

214 cm?

op = ( 1,296,510+ 5,963 )/ 1,910 + 19,853 / 214
=775 kgffem? < Gha = 0.5 Oy = 1,200 kgf/em?

Gba ; Allowable bending stress

b. Shearing stress
7. =(S, +5,) /A,

where,
1. : Shearing stress (kgffem?)
Sx : Shearing force due to water pressure
S1 : Shearing force duc to own weight
Aw : Area of web

11,274 kgl
55 kgf
38 em?



© CALCULATION SHEET

POZA HONDA TRASHRACK
Thus,
Te=( 11274 +55)/38 Coa e : @
=208 kgffem? < . Tea=0.3 1y # 700 kglfem?
104 ¢ Allowable shearing stress
(5) Deflection
+W, xB
PUALALIR I
48x E X, :
where, :
& ; Deflection of beam {cm)
Wy : Water pressure load 22,548 kgf
W1 : Unit load due to own weight 0.258 kgffcm
B :Clear span 400 cm
L : Supporting span _ 430 cm
E :Young's modulus . ~ 2.1 x 106 kgffem?2
Ix : Moment of inertia 47,800 cm?
Thus, . . , %
(22,548+0.258X400) ;23 oo oo .
= 430° — 430 x400° /2 + 400" /3]
' 48x2.1x10‘x4‘7,800( _ / , )
=0.250 em |

SL=0250/430=1/1720 <  1/600




CALCULATION SHEET
POZA HONDA TRASHRACK

5. Strength of Concrete

Ww

v

A k. P

45,

\ 424

S

(1) Bearing stress of concrete

o, =W, [(2x4)

where,

O : Bearing stress of concrete (kgffem?)

W, ¢ Water pressure load 22,548 kgf

Al : Bearing areaof concrete 30 x 20 = 600 cm?
Thus,

Ce.=22,548/(2x600)
= 18.79 kgffem? < 60 kgf/cm?
( Allowable concrete bearing stress )

(2) Shearing stress of concrele

7, =W, [(2% 4)

where,
1. : Shearing stress of concrete (kgf/fcm? )
W, : Waler pressure load 22,548 kgl
A2 : Shearing arca of concrete 2,646 cm?
(20+104.8)/2x 424

.9.



Thus,

Te=22.548 /(2 X 2,646)
=43 kgllem? <

CALCULATION SHEET
POZA HONDA TRASHRACK

- 8kgffem?
{ Allowable concrete shearing stress )

-10-
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CALCULATIONSHFET
FOZA HONDA LOSS HEAD

POZA HONDA INLET
" PIPE LOSS HEAD

1. Design Condition

(1) Design flow smfs 2m'fs perunit) .
(2) Culvert size 25x4.0m
(3) Culvert length 39.3m
' (4) Pipeline inside dia 900 mm
(5) Pipe length 15.9 m

2. Calculation
(1) Hydraulic loss of trash rack

h=03m

(2) Loss of culvert inlet

v}
= W e
b= 1%
where,
@ f. : Friction coefficient 0.2
- _ (Bellmouth)
Vy ¢ Velocily 0.4 mfs
VI = 4 =
2.5x4
Thus, ‘
h2' = 000163 m

(3) Friction loss of culvert

2 2
hy = n—ﬂ?—}é— XL
where,
n : Roughness coefficient - - 0.015
V, :  Velocily 0.4 m/s
Ly : Culvertlength 5.8m
rth : Hydraulic radius 0.77m

2.5%x4
he 22X 0,77
T {25+ 4)




Thus, A
h; = 0.00030 m

(4) ‘Transition culvert loss

Vi-v?

h,=f, %
4 f! 23

wheré.

fo Friction coefficient

Vy : Velocity

4

x5  ax2 /2]

Thus,

hy 0.00019 m

(5) Friction loss of culvert

2 2
ntxVv
hy = ——=x 1L,

rh'?

where,

n :  Roughness coefficient

V, :  Velocity
Lz : Culvertlengih
rh ¢ Hydraulic radius

Thus,
hy = 0.00159 m

(6) Lossof pipe inlet

V’!
'6 fc 28

= =l.07
AX2+2%x2.5+4 _

 CALCULATION SHEET
FOZA HONDA LOSS HEAD

0.05

=0.48

0.015
0.48 m/s

- 33.5m
107 m



CALCULATION SHEET
POZA HONDA LOSS HEAD

where,
fo ¢ Friction coefficient 0.15
' {Belimouth) _ .
V3 @ Velocity : 314 mfs
2
Vy=———— =314
T 1x0.9%/4
Thus, ‘
he = 0.07564 m
(7) Bend pipeloss .
VZ
=[x
h=fx3 "
where,
fo :  Friction coefficient 0.078
£, ={0.131+ 1847 x(Df2R) "} (0/90)°*
D . - 09m
R = 225m
0 = 28°48 38.34"
Thus,
h, = 0.03926 m

{8) Bend pipe loss
hg = 0.03926

(9) Butterfly valve loss

b= f,x 0>
= 4)(—-———
2g
where,
f. - Friction coefficient 0.2
Thus,
hg = 0.10085 m



CALCULATIONSHEET
POZA HONDA LOSS HEAD

(10) Friction loss of pipe

L V]
— X_,_x._j_
h’lO fc D 23
where,
f : Friction coeflicient 0.030
£, ={0.0144+9.5/(1,000x ¥, )} x 1.5
L Pipelengih 159m
D : Pipeinside diameter 0.9 m
Thus,

hyg = 026726 m
(11) Friction loss of:pipe

ho=h+h b +h ththothy tiy+hyti, _
= 0.3 + 0.00163 + 0.00030 + 0.00019 + 0.00159+ 0.07564 + &)

0.03926 + 0.03926 + Q. 10085 + 0. 26726
= 00826 m - 0.85 m



ARREGRO DE LA BOCA DE ENTRADA A POZA HONDA
ARRANGEMENT OF POZA HONDA INLET

chilla : | Valuvula Mariposa Dia.900 mm
Trashrack ' Butterfly Valve
%A

HE 28°48' 3684" )

Longuitud de Tuberia—
Pipe Length D
| 15.900 |

Valvula de Camisa Conica Dia. 900 n
Sleeve Valve

2.500
2500
!
Ll
500

|..4.000 | j4.000 |
Seccion A - A Seccion B-B

SECTION A-A SECTION B-8
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