4.1.3
Pumping Station




CALCULATION FOR INTERMEDIATE PUMPING STATION

I.MATERIAL PROPERTIES AND 50IL CONMDTION

Ground water level CGWL = +0.2
Concrete: Grade 250, Bn= 70 kgfem®
Reiforcement type 115: k= 3.4 l{[!."-cl'ﬂ1

Ra = 1&00 kgfom®
Backfill sand: v = 1.BOT/m’
Coeficient of earth prossure at rest K, = 0.5
Imgernal friction angle 200

2. 5EFT LOAD
2.1 Slab at elevation -+ 2.3m

As = [(20.6x 17.2) % (20.6+ 24.4)/2x3.5+( 2.1 24.4) =  &55.11m’
Ws = [{2008x 17.2)+ {2006+ 2440/ 2%3.5+( 2. 1x 24.4) - 7&]x
0.3x 2.5 = 434337

[n control roam: Thickness of sinder concrowe is 0.2m

Wi = G0 8.2x 2.35x 0.2 = FI53T
2.2 5lab at elevation -5.7m
Thickness of reinforced concrene s 0.3m
Thickness of sinder concrece 1s O.4m in electrical room
Ws =434.33+ (2.35x 04 1912 12.3) = 855.16T
2.3 Slab ar elevation = 10m
Ws = [655.101- (1 1.55+ 172 2.5)]x 0. 3x 2.5 = 450. 79T
2.4 Botom slab
Wh = [655.1 1+ (2064 24.4)/ % (4.6- 3.5)] x 1.2x 2.5 Z0308ET
2.5 Beams
Beam at elevation + 2.3m
Wh = [{6.6+ 6.4+ 6.7+ &1 44+ 6.7+ 6.1 2 0.4x 0.7 ar.eT
O.4x 0.4% 18x 3.5x% 2.5 = 22T
Beam at elevation - 10.0m
Oodx 075 & 1% 2,54 5 = 21357
Beam at level -3, 7m = 113.34T
2.0 Columns
O O {5+ 5.3)x 1 7% 2.5 = [57.5¢T
082 042 {5+ 5.3)x 5x 2.5 = S1.8T
2.7 Walls
Wall at elevation -17m
Dby T &.7x 52 2.5 = 5175 T
Wall at elevation -14m
Oubx 105 3.7 Jx 2.5 = I748T
Wall thickness = 0.5m
Jx0.5x 3x 15.8x 2.5 = 17775 T
Wall thickness = 0.4m
138 22 0.6x 3.7x 2.5 = 15308 T
13.2x 15.5x 0.6x 2.5 = J0&9T
S (674 3.0V 2080 2 2.5 = 32,4887
Total weight = 5310.93T

3. LOADING AND CACULATION SCHEME
3.1 Loading to sfab af elevation +2.5m
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Thickness of reinforced concrete slab is 0. 3m
We=03x 25
Live load
In control room
Reintorced concrete slab
Thickness of sinder concrete is 0.2m : 0.2x2 35
Live load + welght of equipment
Total weight
3.2 Laading fo slab at elevation -3.7m
Total
In electrical
Taotal
3.3 Loading to slab at elevation -10m
Total
3.4 Loading to botfom slab
Grround water pressure up to botoom slabs GWL = +0,2m
AL elevation <18, 2m
Pw= (1824 0.2 1
At elevation - 15, 2m
Pw = [152+0D0.21x 1
3.5 Loading due o building
1.6 Loading due o eguipment
3. 7Chocking vplift that due fo ground water
In case ground water level 3t +0.20
Pugsn = Pepi +Pypa+Pypy
2061691 5.4+ (206 + 2440/ 23 Sx( 184+ 15.4)/7 +
P Ax24 4x18.4
Tatal: wﬂfnlulum+wc|fb|.ll+ W, diapgm

nmu

mman

0.75 T/m*
0.5 T/m*

0.75 T/m*
0.47T/m?

2.0 T/im®
3.32 T/m*
1.25 T/m?®
3.6%9 Tim®

1.25 T/m*

18.4 T/m®
15.4 T/m®

4757
35625 T

1077777

532093+ 475+ 36.5x1.50{2.5-1)x10. 14492,97.54T > Puplift= 107 7 7.7T

The perimeter of diaphragm is 105, %m
Length of diaphragm is 36.5m
4. GRIT CHAMBER
4.1 Solf foad
Wall 1
[L&5x 0 15+ O.dx .55+ (0.9 015+ O.dx 355
1.5+ 0.5x 221x 24.4x 2.5
290 4x 3.6x 22x 2.5
Slab [4.2x (22425402 + 2.5x 224 42 22]x 03¢ 2.5
Wall 2 {4.274 1.52%) "4 x 2% 0.4x 2.9x 2.5
Odx?. 552, 9x5x2.5
Bortom [(22+ 25402 x4 24 22¢ 254 4x 22]x 0.5x 2.5
Total
Load of water inside at elevation 0.8 1m
BOB. 7 Im
Load of equipment
P1Tw 2
Live load to slab =0.5T/m?
0.5 1 .3x 242 .54

d.2 Loading and calculation scheme
4.2 7 Veficle load
Horirontal vehicle load from both side of the gric chamber
| T/m® % 0.5

mmiu

[}

I

114537 T
2297 T
18127

252 T
36.25T
261.92T
1881.04T
18175 T
42T

I57.45T

0.5 Trm®




4.2 2 So Ipad
In case of water level = +0.2m

Ps = (1,8x 1.8x 0.5) (18- 1)x 1.95x 0.5 = 24 Tim'
Pw=1T/m’ 2 =  20T/m?
Pressure of pround water to battom slab
Pr=1T/m%?2 = 20T/m
4.3 Checking pressune fo base sof
Total pressure to base soil
Ps = (1881.04-+ 1617.54 42+ 157.65)/ 808.77 = 4.57 T/m*
d.4Checking upfiff that due to ground walar
For the most dangerous case, ground water is up o level +0.2m and
the grit chamber is empty, without considering load of equipments
Puplift =( 0.2+ 1.9)x | = 2.1 Trm?
Pself = 1881.047 BOB.77 = 2.33 T/m*

Pself = Puplift

5 CALCULATION
[n case no water outside
In case ground water level +0.2m
Refer to actached result sheet for calculation value of streer, steel area
for sheet, beam and column elements
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Calculation for Intermediate pumping statation
{The caloulation based on Japanese standard)

1 -parameters for calculation:

Concrete: Grade 250, kn = 70
RS= 3.6
Reinforcement type 115: Ra= 1500
Back fill sand: y,= ; Coefficient of earth pressure at rest K,= 0.5
Internal friction = 20"

2-Load calculation {Base on Japanese standard):
ICalculation for bar arrangement:
Base on attached results of shell forces analised by SAPZ000, choosing the most dangerous
forces for caloulation:
A, = M/R bh1

h,= {Element thickness-Cover thickness)

bi: Width of calculated areafcmy)
Fequired area of reinforcement:

Fa= MSRaho
Beams
AREA Walues Ao T Fa ' arrangement
m2 (T.m) Myie ) fem®} | dlmm) | quantity
b=0.50 =A9.010 0.1287 0931 41,00 30 &
h=1.20 -Lo.9%0 0.1118 0241 35.25 30 &
39,780 0.0742 0,951 22.8%9 28 4
37.980 0.0708 0,963 21.81 28 4
b=0.40 -29.210 0.1206 0,934 20.98 28 ]
h=1.00 -25.000 0.1032 0.945 17.77 28 ]
19950 0.0824 0.957F 14.01 25 3
12.100 0.0500 0974 B.35 25 3
b=0.40 -1 EB.000 0. 1620 0211 17,40 25 4
h=0.70 -12.820 01154 0,739 13.55 25 -
10,070 .00 0,752 10, 4% 22 3
2.550 .05 0.%55 ood 2z 3
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Calculation for Intermediate pumping station
{The calculatdon based on Japanese standard)

1-paramiters for calculation:

Concrete: Grade 250, = 70
BS= 3.6
Reinforcement type 115:  Ras 15600
Back fill sand: y,= 1.80T/m3 ; Coefficient of carth pressure at rest K,= 0.5
Invermal friction 20deg

Z=Load calculation {Base on Japanese standard):
3-Calcolation for bar arrangement:
Base o attached results of shell forces analised by SAP2000, choosing the mast danperous
forces for calculation:
A, = M/R,bh,’ Where, M: Maximum bending moment{T.m)
hy: Effective depth of bearing areafem)
h,= (Element thickness-Cover thickness)

b: Width of calculaced area{cm)
Required area of reinforcement:

Fa= M/rRaho Where: y = 0.5 4 [{ 1-24a)V2)/2
SLAB
AREA LOCATION Values Ao T F.l_ liar arrangement
m2 L {T.[’I’I] I:'l'.'lh'i:l d{mimy} a
BOTTOM | 52970 | D.064% | 0.966 30.32 75 125 |
h=1.20 SLAD 50990 | 0.0625 | 0.948 29.14 25 125
JA.660 | O044Y | 0977 20.75 25 250
12.710 | 0.0241 0.9848 11.04 25 250
1.770 | 0.0478 | 0.974 4,93 14 250
h=0.30 | 5SLAB LEVEL | 1.540 | 0.0443 | 0977 4.56 14 250
2.3 1.450 | 0.0392 | 0.980 4.02 14 250
1.750 | 0.0347 | 0.981 3.77 14 250
SLABLEVEL | 4160 | 0.1123 | 0.940 12.02 14 125
h=0.30 3.7 3.740 0. 1010 0.947 10.74 14 125
2,100 | 0.0567 | 0.971 5.88 14 125
1.930 | 0.0521 0.973 5.39 14 125
SLAB LEVEL | 29460 | 00799 | O.958 8.19 14 125
h=0.3 -10 2,780 | 0.0751 0.941 7.86 14 125
2,040 | 0.0551 0972 | 51 4 250
1.880 | 0.0508 | 0.974 5.25 14 250
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GRITCHAMBER

Calculation for bar arrangement for gricchamber

Basa on attached resules of shell forces analised by SAP2000, choosing tee most dangerous
forces for caloulation:

A, = MIRBRT Where, M: Maximum bending moment{T.m})
hy: Effective depth of bearing area{om)
hy= {Element thickness-Cover thickness)

b: Width of calculated area{cm)
RFequired area of reinforcement:

Fa= MsyRaho Where: y = 0.5 + ({ 1-2Z40)' 22

Beams and Slabs

HWAME OF Walues Ao ¥ Fa Bar arrangement
ELEMENT {T.m) {em®) | p{mm) | quantity
b=0.40 6,960 0.0307 | 0.984 391 70 3
he=1.00 1.740 0.0072 0.904 1.17 20 3
Beam 40x 100 e
b=0.40 5.4840 Q0720 0.943 6.93 20 3
h=0.40 2.880 Q0364 Q.28 344 20 3
Beam 40xs0
h=1.00 2.970 0.0802 0258 B.42 14 B
h=0.30 3.520 0.0951 0950 10.07 14 B
Slab thickness 0.3m
b= 1.00 12.430 0. 1230 0.934 21.88 22 B
h=0.50 1.950 00527 0.273 545 12 4
Bottom Slab 59
b=1.00 12.430 0.1631 0210 2584 22 B
h=10140 3520 00951 0.250 [0.07 14 8
Waal thickness 0.4m
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Caleulation of shear connecior

1. Botlom Slab
Shearing Force 200t { from strueture caleulalion )
(1} Calculation of anchor har

qa =[5 = a
Here 2 @ Effective Area of Bolt { em?, Reinforcement Bar )
Fsa :  Allowable Shearing Stress of Bolt
{ B00 kgfem2, Reinforcement Bar )
A i ik

. =

-

2 bars for 1 plate
Mecessary Boll area { em2 )
Arvec = 200000kg / 800 kg = 25.0 em2
Use D30 { A=7.07cm2)
250em2 /707 em2 =35 —  usc?plates/ 1m

(2} Necessary arca of plate
Allowable shearing stress of plaie OO ke £ em2 (85300)
Mooessary arsa
Aree = 20,000k / 800 kg = 25.0 cm?

Use L=230cm, t=1.0cm

{3) Mecessary welding length
Allowable shearing stress of welding spat - 720 kg / cm2 (S5400)

Thickness of welding a2 { 4mm xboth side = & mm { 0_8cm })
L=20M0kg/ (720« 08cm) = 347cm  usc3icm
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(1= roymu]

oo ik

N

i

=

e

300 D3

=

I i

A

/290

4
- @ Vet

Fa

Py
AL

2 B2 Slab [ - 1004 m

)

shearing force

20t Including slab weixht )
Anchor Bar { Shear Bar } D 14 space 230mm { A = 1.54 cm2/1har )
L34 em2 = BO0 kg/m2 = 4 = 4,98 t'm > 2.0 U'm

Py

| DI@.240
S E
\ Mechamicald Joint

3. B Slab (- 3.70m)

(1) Beam and slub
(1= 1 Electric room part

Beam shearing force |
D28 { A=6.16cm2 )

G.16 cm2 = 8 kg/m2 x 4= 19.7] t/m > 15.88 t/m

SRR
n=44

d.
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Slab shearing foree 50010
DlefA=201emd)  space 250
200 em2 = 800 kp/m2 = 4 = .43 UV'm > 5.00 t/'m

(1) - 2 Other part
Beam shearing force 1075t
DXR2{A=380cm2) n=4
380 em2 = B0 kgim2 = 4= 1216 t'm = 10.75 t'm
Slab shearing force 2.0M t
I4{A=201cm2)  space 250
134 em2 = 8 kp/m?2 = 4 =498 t!'m = 2.00 t'm

4 1F Blah (+2.30m )

(1} Beam
Beam shearing force 10,13 ¢
D22(A=380cm2) n=4
F80 cm2 « 800 kp'm2 x4 = 12,16 t'm = 10,13 'm
(2} Beam
Slabr shearing force 2,000t
D1d{A=201cm2) space 250
1.5d cm2 = 8O0 kgfm2 x4 =498 ¢/m > 2.00 U'm
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4.1.4
Spread Foundation
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Spread Foundation Caleulation

{a) Condition of soil of [WPS site
Typical soil condition of IWPS site 15 shown in bellow,

[FSP-01
1At Existing (5]
OH Layer rw = 1.40 tm3 SOl 2 m W
(Upper Layer)
= 2 10 {Aserape)
OH Laver rw = 200 Vm3
{Lower Layer) C =0 t'm2 (asuming)

M =73 [Average)

Assuming of internal friction angle
Equation in Japan

= 15+ square root(15 = N ) =236
Eguation of Peck

p=03=xN+27= 285

Equation of Dunham

=13 +squarc root(12 = N )=22.7

Usecp=20"

—710m

rw = 2,00 t'm3

CL Layer C= 0 t'm2 {assuming)
(Claver Sand)
i = [0 (Base slab depth)

Assuming of internal [tiction angle
Equation in Tapan

& =13 +squarc root{ 15 = N =272
Equaticn of Peck
§=03=MN+27T= 300

Equation of Dunham

o= 13 F sguare root{ 12 = N )= 26,0

Useh=25"
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() Allowable Bearing Capaciry caleulation

= Pumping Well Part

* Calculation Condition

Pumping Well 4
Excavation Depth Excavation Depth 2a6m
GL =170 m GL-200m
¥
L 1710 m P"" 12 10 rew .__

* Allowahle Bearing Capacity of Soil

qe = U3 [ aXCxNe +PXrlXBHNr + r2ZXDIfxNg )

Rectangular foundation case |
24.6m

12.0m

Casze 2
4.0 m

170 m

Case |

= 10+F03 % 12024 6= 115 [F=05-0.1 % 120240=043
C=0tm2, rl=09tm3 1R2=10¢m3, DIi=200m
h=25" then MNe=99, Nr=33,Ng=78

B=1240m

ga = L3 { 1LIS5X0X09 4045 <00 120x33 + LO0OX20xT7.6)
= 527¢m2
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Case 2

2=1.0+03 % 17.0246=121, p=053-01X 1T0246=043

C=0tm2, rl=09vm3  r2=1.0tm3,

Di=17.0m

h=25" then MNWe=49.9, Nr=33, Ng=7.6

H=I17.0m

ga = U3 { 121X0X99 +045X0.9X 17033 + 1OXITXTE )

= 506 Umd = L1700 Um2 QK

= (it Chamber Part

Calewlation Condition

Grid Chamber

Excavation Depth
GL-34m

12.00m

L 16 5 41 J

Allowable Bearing Capacity of Soil

ga = U3 { wXCXNe +EXrl=BXNr

+ rZXDiXNg )

Fectangular foundation

laim

=10+03 X 1206.5=1.10, [=035-0.1 % 12.0/36.5=047

C=0um2, rl=101m3, 12=0741m3,

Df=34m

f=20" then HNe=T79% Nr=20, Ng=359

B=220m

gr = 13 ( LIOXKO0XTS + Q4ATXI0XI[2.0%20 + 0.74x34x59 )

270 ¢'m2 > 456 vm2 Ok
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4.1.5
Grit Chamber Over Flow Weir
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Culculation of Gnt Chamber Weir

(a) Design Flow Rate (Hourly Maxirmum)
Desien bourly meximum fow rate 15 shown o bellow,

Phase 1 191,621 m¥day (2218 m3fs)
Phase 2 639,800 m3/day (7405 mlfs)

Fimal phase 98,018 mifday  (3.086 m3/s)

(b} Result of Calculaton of Weir Length
Weir length is caleulated as submerged werr,

\\ I H1
H
H2

s, ST L

L = Q / L8(HI+Ld X H2) X30RT HI

() Besult of ealeulation

* Phase 1
+ 6 11m
e ™ T
04m
0.35m
=0l h 4 k4
F Y
[.1lm
—11 S} h J
MNecessary Weir Length L=1L2m
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= Phase 2
s Im
bz LS fm $ 0osm
0.7 hm
0.65m
{1.0%m b 4 -
F 1
0. Im
=L 5Mm ¥
Mecessary Weir Length L=1%1m
= Final Phase
+H1 &1in i TR S P C
+01 S * O.05m
(_80m
0.75m
—_1%m k J
Y
0.71m
—(LtHhm k J
Mecessary Weir Lengih =183 m

{c) Caleulation of Weir Length

= Plusse 1
H=040m, H1 = 0.05m

L=2218(m3/s) 18(005+ 1.4 ¥ 035) X SQRT0.05=10.2m
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= Phase 2
I~ 0.70m, Hl = 0.05m

L="7405 (mi/s) LE{ 005+ 1.4 % 0.65) % SORTO.05=191m

+ Fimal Phase
[1 = 080m, HI =0.05m

L=8.086 mXMs)/1B(005+14 ¥ 075) X SQRTO05=183m
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4.1.6
Slope Sliding




Slope stability analvais

slope stability analysis s used to examine a stabilily of soil slope of open cul method or to
examing a stability of soil slope of filling of soil.
[t 15 ealeulated as a slope sliding of sol,
The result of caleulation i checked by comparison of sliding force (moment) and resistance
torce (moment), Safety factor (SF) is a ratio of shiding moement and resistance moment,
MNecessary safety factor is

For permanent siraclure Fs=12

For temporary strocture Fsz 1.0

The typical caleulation section is shown belaw

Center of coordinales (X, ¥}

Ladius of are)

Slops pitch
Sliding ::mf*nl: S N

Sljding foree (S0 {10}

The caleulation is done to meel a minimum safety fetor in condition of assumed coordinates X,
Y and radius of are (m). Also each soil condition is eonsidered.
Resull of caleulation for Grid chamber parl 15 shown in next page.

Caleunlatien condiions are

Existing Crround Lewvel + .40 m
Excavalion Level -3 m
Slope Pitch 1 : 1.0

S5F = 1L.01 (For temporary structure O K)
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Lilevamediate Pu#t?r'mg Station
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Fump-1lperl

_.E"rr (e-dvba i) s 1. 01 ¢ Min mum 511_1_-&1:#_ -filﬂtﬂf}
CE N X (m) 200 | (Cordinate of the center)
M AL o 45 p i W lml 4. in |:_ ’ jl
POk == i =R TTY E ':’Rﬂi?s..'blfﬂ 'j")ﬁ' IllT'I::I
_h.k Fn SR 4. &1 { EESTSth.E -ﬁ:-‘.-“r:E)
EHE— %} MR{ED - m) 28, 51l ( Reeistance momenT)
oo Shicl} 4. 81 -"rSP]Eiing 'j:{.l'l"E'E )
Bih® — 3k MDCET - 28, G2 (Sﬁr'iiimj. mumﬁﬂ't}
b o | e | (11} 0.0l {: DF{-“TT-E-“'E]
B Fooow#H el w™ | Colefd m* | kl{efS m?) s f )
I {Eag&ﬂ 1. 40 . &0 i, 0 0.0
2 | os ﬂpﬁET} 200 2. 20 0. 00 0. 00
3| s {E@E_F‘_TJ 2. 00 0, 00 0. o a0, 00
?: ] 1 I'k"l’ll
x e ’ | T YT
1. B L 11§ iz 1]
& N H
% {1fitte 7
B A S D L i
5. 1 o
: [ St i 0
5.t 1 1 I. i:l
T e el v +
a E g Y
[N I R e 15 .r.jl-:ﬁ:t;l
: A :
¥ =2 L
2
1

4-1-172




P Y ol —— | (R}

E Eﬁl_} 005a- _x___ _” | sl ff+ﬂ@ B F

o :ﬁ__

¢ ARE|ErEEE = L___m@m@m@@

Had]

@My @rEcck @mbEn OES by ﬂ.._.ﬁ__fa
| S2 RO LSEMTINE — 5192028 (0 <

4-1.173




W] =2 ﬂﬂuﬁ, e 0 el 1 M n__
_@ _ﬂ@q__&czmm.. £= L ﬂ.:ﬂ@ﬁ.@@mmm__

iy QrEcLE @amwsy OEE OLY @
dISENOLLY LSDNIDINND — 518305 (EH <5

4-1.1M




=g

TE3

...................... AR 't

........... St e e L ””””_ L Eged

................ =

................. L EEE

.......... oo

B

R R e R A e S e e :
SIS - L R L T B B 0 e e B BEREE BB BAEE '

e

fw

_E. 05Za- _y 0300 ____ =

5 [l =3 ffvu@ g i O RESE] | _...._-—H_
¢ matEiiEd rY s sEnangd|

oty (@ERLE  (HiBiE Qut DL @iikde
HSENOLLY LSENIdWNG — 35| B2 25 GEE <

4-1-175




ENGINEERING GEOLOGY CROSS SECTION A-A
Intermediate Sewage Pumping Station Site
SCALE: Vertical 1/300
Horizontal 1,500
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