SHEET ______4 l OF

155 IEhoHERER

BHEER, BoRCEDOY N, EERBRIN-BEEDY nD, 4. Sia >

) — b OBFBRIEHETFREIEET,

1) SFFOFEHTICHE O ca
gba = 1800 kg/cmz'

) HBREFEHE  Ore
gca = 70 kg/ome

%) HACAMISHE e

Tablg 8. The allowable shearing stress ta

Cléssification L Te (ke/em?)

No considered for the Beam . 4.25

diagonal tension bars .
' : Slab . 8.5

~ Considered for the As working force is
diagonal tension bars | the shearing force 13.0

1.only

In this design case the design structure is .considerd for the slab structure,

so the allowable shearing stress is_determinéd»-ra= 8.5 kg/cr?.
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Fig.23 The load diagran

a) The bending moment

i) at the support

1 1
Hpo = — ——q- 82 = — — X 13.5 X 5% = -~ 33.
b 10 q- 9 o 5 33.8 t/m

i) at the middle pdint of bean

- The maximum bending moment at the middle of beam is occured at both end
spans, then the bending moment is calculated as below.

3 8
9 = ——— X 13.5 X 52 = 27.0 t/r
100 q 100 13.5 5 0 t/n

Hom =

Mbe= - 33.6 tm

Mpm= 270 t.m

Fig. 24 The bending moment diagram
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h) The shearing stress
The shearing stress is equal to the reqction force at the support.

L. m12~ % 13.5 X 5.0 = 33.8 ¢
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Fiz.25 The shearing force diagran
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a) The load diagran (Normal)
Workihg load to end Wall is the same load as the channel, then the uniformly
distributed loéd_of end wall is transformed to the uniformly varying load
that is shown in Fig Z3.
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b) The calculation of the sectional force
i) the .bending noment,
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Fig 28. The bending momept diagram
My = (00425 X 0.5 4+ 0.0085 X 12.5) X 102 = 1 ten
Hxe = ( 0.0287 X 0.5 + 10.0118 X 12.5) X 102 = 16.2%vm -
M3 = (—0.0836-x 0.5 — 0.0156 X 12.5 } X 10° = ~23.7 t'n
Mo = (—0.0563 X 0.5 — 0.0238 X 12.5 ) X 10% = =32.7 ¢t'n
Mer = (—0.0523 X 0.5 — 0.029 X 12.5) X 10 = —38.9 t-n
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i) the shearing force

Sxy

Sxz

. SXa

f

" Accodinig to

. are shown in the following tables and the general arrangement of reinforcing
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Fig 29. The reéction force diagran

( 0.656 X 0.5 + 0.057 X 12.5) X 10.0 = 10.4 ¢

(0.414 X 0.5 + 0.194 X 12.5) X 10.0 = 26.3 ¢

{0.406 X 0.5 + 0.286 X 12.5) X 10.0 = 37.6 ¢

the above calculation, the results of the stress calculations

bars is shown in Fig 30.
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The bulk density of soil above the ground water r

LB

Boring data around the constructicn area is shewn in Fig 1.
Now the average N—value above the foundation level is calculated as follows.

AX{(0+8) X 2.0+ (9+11) X 2.0+ (10-+13) X 2.0+ (13+30) X 2.0+ (30-+25) X2.0)

- 10.0

According to the above calculation, the angle of the internal friction is

assumed by the fellowing equation.

¢= (JI5-N + 15)° = (J/15x15 + 15)° = 30°

1.9 t/n®

The bulk density of soil under the ground water ro= 1.0 t/m®

Otﬁer design condition data are descriptéd'in. “Givil Design Condition”
(vid.Fo EWC—1001).
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WEST WHARF THERMAL
SITE : POUER STATION,
: ) KARACHY.
CLIENT :XARACHI ELECTRIC SIBRL'Y CORPORRTION, BORE CHART OF BORING No.2
.b“__. - - Depth e . o Penalration Tert Blow Mo,
gé}; %gg_ Meters géé STRATAENCOUNTERED EE 20 40 50 100
A-RE 0.00 "E‘S,E a5 l ] l ]
- EL+4.846m
o l T =19
b ——
1:00]+3846 . :
- (m) 9 blows € 2m,
Y'el0 ) .
g . 5.70 | Brown -loose silty fine SAND.
( L 7= 10 blows @ 4m.
_-D.854] 570 o
5"g e T R T
L . ) ; «13 blows € 6m.
) T-=1'O_ 1.80° | Grey medium silty fine SAND. "
5 4l 7.50 ' o -
S B B8 arcunery pr — e - _
= i R 3 - "30 blovs @ Bm.
e .
) .
o~ -
s | Grey medium to dense 'silty -fine /F'ourzﬁ[tlon L&\'el
Tf"_1'0 4.50 "1 SAND with small perce tage of f_/ 25 hlavs @
v coarse sand.- / .
1 -7.154) 12:00 | 22 b1ows @ 12m.
O . \ S
Py : Brown medium teo dense silty
@© - . B Iim
~ va.0 | 4:00 “fine to medium SAND. 32 blous m
< : .
=
(3] .
4 11.154 16.05 mmmmmmmmmmmm .36 blous @ lbm
° 210 ctonk. on sheet 2.
) " Remarks ' -GROUNDWATER TABLE AT-1.00 METER
Date :- 24/12/87
Fig 1. The so0il column diagran
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Outline of Pump Pit is shown in Fig 2, 3.
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1.3 HEHEE

The structure of Pump Pit is devided into three blocks as shown in Fig 1 and 2.
In the design of Pump Pit, the design calculation is executed individually for
each block. . '

The sunmary of the design sections are as £ollows and the typical design

sections are shown in Fig 3, 4 and 5.

1) Block [

Block 1 is Screen Roon. + Total length Is 14.0n

2) Block 1
Block 1T is Connected Culvert. Total length L: = 22.0m
- 3) Block M

Block I is Pump Roon. Total length’ Lz = 8§.0m

N
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1.4

1.4.

Zows 1 (RHV-—-VE) OB
1 BEHE

Stability calculation is executed at the lphgitUdinal diréction? .
1);% (-

aj Base slab

o1 = 12X16.3X1.0X2.45= 479 ¢

b) Side wall

Moo = (9.0X(3X1.0X14.0-4X0.45X0.25—8X0.05X0.3+3X —— X

X0.52) +4X0.3%0.3X15.5+3X1.0X2.3X2.8—-2X0.5X0.5X1.0
—~3X0.8X0.5X1.0) X2.45 = 965 t

c) Middle slab

Il

Hea {2x&5x(&3k&¢+mxOJH%@Xé&xOBxBJ}x2A5
=35t
d) Curtain wall
Wea = 2x¢5x(&5x53+—%—-xﬁ>m¢?)x245::s3t

e) Back wall

1

s = 2X4.5X ( —— X0.5X0.5+0.5X5.0+ —4— X X0.5X0.5) X2.45

fi

= 62 t

FOAM 0%

SR
S

J
R

JEE

;-“‘""\\
'u_/j



)

i

f) The upper slab

oo = {2X8.5%0.6%1.0+4X (0.5%0.5— _}f % 7 X0.52) X0.6X2.45

o= 140t
Yor = 2X(1.8X3.5+0.8X1.0) X0.6X2.45 = 2] ¢
Yo = 2XA.5%(0.8X3.7—2X0.5%X0.5—0.8X0.5)X2.45 = 45 ¢

Yoo = 2X{0.7X2.5X4.5—-1.0%X1.0X0.7) X2.45 = 35 ¢

Hero= (2X4.5X(2.3X0.5+ —F- X0.3X0.3)~2X 5 X0.35 X0.7) X2.45

=725t
g) Wash Pump Pit
Yerr= 2X5.6X{(1.3X1.3— . X0.352)%2.45 = 36 ¢
h) Screens’ weights

i) The weights of bar screen s

o1

Ii

26 t/lset X 2 set = 52 t {at the vpside)

f

Beo 14 t/1set X 2 set = 28 ¢t {at the downside)
it} The weights of traveling screen %

W = 21 t/lset X 2 set = 42 t (at the upside)

Yoz = 6 t/lset X 2 set = 12 t (at the downside)
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i) The surcharge weights due to machineries Wao

A unit surcharge weight is 0.5 t/mi, therefore total surcharge uweight Wno is

calcylated as below.
Yoo = 0.5x{12.0x14.0-—2><(1.0><1.0{1.0x4.5+2x0.45x6.25)
X (2.0%4.542X0.05%0.3) ~2X0.5X11.0-0.8 X 12.0)
= 50 ¢ |
J) The internal water weight Y.

Yater weight W. is calculated at the lowest low uwater level considered for
the water head loss due to Intake Tunnel(vid. 1.b,P3,No. EHC—1004).

(H.H. %L1 EL. — 0.43n — 0.45n = EL.—- 0.8 m

dccording to the above calculation, water weizht is calculated as below.
¥, = 2X4,5(3.12%16.3—2.8x0.38) = 448 ¢
k) Soil weight ¥s

Soil weight ¥Ys is calculated-as the back—fill of back wall, and this weight

is including the ground water weight.
s = (2.3X12"2>;1.3X1.3)Xk1.0X1.9+4.3X?.0) = 254 t
1) The weight of Wash Pump % |
¥, = 5.0t
) Buoyancy Us

Up = 12.0X16.3X3.12 = 610 t

FORM 04
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2) R ¥ H

a) The water pressure Py

As the water pressure Pu is working to the front face of side wall, P. is
calculated as below.

P, = 3><-ﬁ%fx1.0x3.122><1.0 = 14.6 ¢

b) The earth pressures Ps;

As the earth pressures P.; are working to the back face of back wall, Ps:
are calculated as follous.

12 ¢ -

Por = —§-X(0.5+1.45) X1.0x12.0

Poe= —5X (1.45+3.6) X1.0X12.0 = 30 ¢
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Accordingly the calculation results of the external forces are shown in Fig 6.

/¥ 65
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Fig 6. The calculation results of external forces
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a) The calculation of the eccentric distance

The eccentric distance is determined by the external moﬁent calculations,

then the summarized table of the external noments is shown in Table 1.

Table 1. The summarized table of the external woments

: Vertical force Arm Homent | Horizontal Arnm Honent
Species Vi el Xilnd | Milten) | force WifLl| Yilml Hiltond

He 179 8.15| 3 904

Yoo 955 7.18] "6 978

Hos 35 7.65 268

Hoa 63 0.25 16

Hos 62 13.75 853

Yes 14 0.5 -7

Wor 21 2.96 62

Hes 45 7.6 3472

Hes 35 12.75 448

Hero 25 15.15 379

o 38 14.65 577

W 5 14.65 73

Hao 50 7.0 350

W1 52 4.8 250

Woo 28 - 3.85 108

L% 42 10.5 441

Wiz 12 10.5 126

Ws 254 15.8 4013

o 448 7.387 3308

Pe ' -12 9.3 —-112
. Pe2 ~30 .42 | —193 -

P, - 15 3.34 50

Ub —610 8.15| —4 972
TOTAL 2 081 17 428 —27 ~ 755

S

N :

N FORM 04
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dccording to Table 1, the eccentric distance e is calculated as follows.

D T 17 428 — 955 16.3
=V, 7 2 061 9
= 8.33 ~ 8.15
| L 16.3
= 0.18p € — = 22 = 272
n 6 8 n

Therefore working point of the composite force at the basement is within the
npiddle—third.

b} The calculation of the ground reaction gmax, 9ain

Qnax =Y Be
= 2L (1=
Qmin } B-L ( L )
2 061 £x0.18
= LT (1)
12.0%186.3 18.3
— { Gmax — 11.2 v/
dmin = 9.8 t/m

) EEHoRE

a} The ultimate bearing capacity qu

The ultipate bearing capacity qu is calculated as follous.

1
Qu — GKCNC + Kqu + "_5_‘ I ﬁBx\Er
whare " .I cohesion C=20

g% - the surcharge load

g = 1.9X1.0+1.0%8.8 = 10.7 ¢/nf

FORM 04
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T the bulk density of the bearing soil
rn = 1.0 t/n®
B~ the effective width considered for the cccentric
distance
T ' Bf'éZ_lﬁ.O M
- _ a, B the coefficient of the basic forn
(7 . o= 140.3 {—— = 140.3% 3%"521%?6_
= 1.23
3.2 L~O4*~%;=:1MOAX —EEE%%%EHBﬁ
= 0.70
K: the exﬁfa coefficient for the embedded effect
K= 1.0
chﬂq,ﬂﬁi the bearing coefficients considered for the load

.'/.\\\.
R

inclination, and these coefficients are adopted

from graphs are shouwn as follows.

Ne

30 (from Fig 7.)
Noe = 18 {from Fig &.)

N = 14 (from Fig 9.)
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Yhere tan‘ g.
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vertical force at the foundation
V=200t
horizental force at the fouﬁﬂation
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Accordingly the ultimate bearing capacity qu is calculated as follows.

G = LOXl&?Xl&%—~%-XLOXOXOXlLOXl%ﬂ = Dl

- b) The allowable bearing capacity gqa :

The allowable bearing capacity s is calculated by the following equation.

qa = !  q where Fs! the factor of safety at normal
= | condition
= = x %1 R =3
3 .

i

83 t/]‘[’f > Gmax — 11.2 t/]’ﬁ
0K

dccordingly the spread foundation is adopted for the foundation of

Screen Roomn.

FORM 04

£

()

s 7



0

gL

1o
o

SHEET

__ _OF__

FORM 04

5) LYok

The calculation of floating is executed at Nermal and at Constuction,
so this calculation is as follous.

a) Total vertical force
i) at u\'oh'nal. (L.VL.‘:Y'.L)
Y, = 20614610-50 = 2621 t
i1} at Construcktion (Empty)
Vo = 2 061+610-448-50 = 2173 ¢t
b) Up lift U
Up Lift U is calculabed as belos.
U = rhod = 1.0XB.8X12.0X16.3 = 1 721 t
¢} Checking on the séfety factor of fleating Fu
The safety factor of fleating is checked by the folloxing two cases.
i) at Normal

V26
Fu= o = o = Lo

it) at Construction

V. 2173
- - = 1.78 1.0
Fre= = {721 @
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The following three cases are considered for the structural design cases.

Table 2. The summary of the design cases

stress

Case i 2 3 ]

Condition at Normal at Construction | at Inspection
Period Long tern Short term Short tern
The internal water condition| L.L.W.L Empty Empty (oneside)
he di ibuted harge o
The distribubed surcharge 1.0 £/ 1.0 6/ 1.0 t/58
load
The incremental of o
coefficient of the allowable 1.0 1.25 1.25

—_—

&

Now considering for the seismic load case, total horizontal force at earthquake

is less thap total horizonatl force at normal in consideration of the

incrimental coefficient for the allowable stress (= 1.5), so the seismic load

case is excluded from the structural design cases.
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Frame of the design structure 1s shown in Fig 10.
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Fig 10. Frane of the design structure

Considering for manholes and other opening areas, the converted thickness of

nembers are calculated as follows.

a) The upper slab

_ Considering the effects of the setting areas for screens and manholes, now

the converted thickness of tﬁe upper slab is calculated as follous.

b = {2X0.6X1.0XA.5+2X0.6X (3.5X1.84+0.8X1.0) +2X (3.7%4.5%0.8

—2%0.5%0.5%4.5—0.8X0.5%X4.5) +2X0.7X(2.5X4.5—1.0X1.0))

+(9.0

0.36

X14.0}

n

FORAM G4



SHEET __24 oF

b) The middle slab

ds the converted thickness tn is setted up the sane value with the moment of

inertia, te is calculated as below.

BIX08 | 15xu
12 12
Lo :_,-:.-_ 0-26 41
2) WEHE (per 1 m unit length)

a) The ground reaction

qmax+Qmin __ 133'5"{23 C Y

g = —"—‘[———* = Ty = 12.8 ind
b) Self weight
i) a side wall and a partition wall
Yor = 1.0X2.45 = 2.45 t/if
it ) the upper slab
Yoo = 0.37X2.45 = 0.891 t/md

i} the middle slab

s = 0.26%2.45 = 0.64't/if

i

~iv) the base slab

Yea = 1.0%X2.45 = 2.45 v/nd

o
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c) The weight of screen
i) the upper slab
Us1 = (52+42)+{2><(4.5x14:0—1.8><3._5—1.0x0.8-2.0><4.5—1.0><1.0)}
= 1.02 t/m
i} the base slab
.L'l's2. = (28+1‘2)+(12.QX15'.5) = 0.22 t/mt
d} The ueigﬁt of machineries
bo = 0.5 t/mi
e) Hater weight
W = 1.0%3.12 = 3.12 t/m
f) Up l.ift
@ = 1.0x8.8 = 8.3 t/m
g) The water pressure
i ) Outside
Pus = 1.0X(3.8+1.5) = 8.3 t/nf
i) Tnside

P = 1.0X3.12 = 3.12 t/mt
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Fig 11. The results of the load calculations

hned OF
h) The earth pressure
The ground surface surcharge load is considered for q = 1.0 t/m*.
Pes = 0.5%(1.04+1.9%0.2) = 0.69 t/nf (at EL. + 4.8 m)
Pey = 0.5X(1.0+1.9%1.0) = 1.45 t/m . {at EL. + 3.8 m)
Pes = 0.5%(1.0+1.9X1.0+1.0%8.3) = 5.6 t/f (at FL. —~ 4.5 n)
According to the above caleulations, the results of the load calculations are
shown in Fig 11.
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The load diagran is shown in Fig 12.
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The sectional forces are calculated by computer, so input data for the

4) Wit ity 5 Ah7 %

sectional dimensions are summarized in Table 3.

Table 3. The sectional dipensions (per 1 m unit length)

Henmber’s The section | The geometrical

area moment of inertia Remarks

number é End] I [a*]

(1)—1{4) 1.0 0.0833 Side wall
(5) - (6) 0.36 0.0039 Upper slab
(M) - (10) 1.0 0.0833 Side wall
an-~QA2 1.0 0;0833 Base slab
(13) - (14) 0.% 0.0015 Hiddle slab
(15) - (16) 1.0 0.0833 Partition wall

5) BRI X BAHEHE

The computer calculation results are the bending noment, the shearing force

and the axial force, so they are shoun in the following figures and Table
(Fig 13—15, Table 4).
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1.4.4 BedEEREtEtEr— 22 (ETE)
1)%%%%%®%%

Frame of the design structure is the same structure as that of Case—1

excluding a point that the internal water condition is empty.
2) HEIHE

The load calculations are the same calculations as those of Case—1 excluﬂing

a point that the internal water pressures are 0.
3) # E M

The load diagram is shown in Fig 16.
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Fig 16. The load diagram
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Input data for the sectional dimensions are summarized in Table 5.

Table 5. The sectional dimensions (Per 1 m unit length)

Member’s The section | The geometrical
area monent of inertia Remarks
nunber 4 [nil I [w']

(1)—<3) 1.0 0.0833 Side wall
(4)—(5) 0.36 0.0039 Upper slab
(6)— (8 1.0 0.0833 Side wall
(9)—(10) 1.0 0.0833 Base slah |
(1) —(12) 0.26 0.0015 Hiddle slab
(13- (14) 1.0 0.0833 Partition wall’

B) BEIC LB FERR

The computer calculation results are shown in the following figures and Table

(Fig 17—Fig 19, Table 6).
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SHEET 4 1 OF

1.4.5 BEEREEIE Y — 23 (RiRb)
1) BEHESOEE

Frame of the design structure is the same structure as that of Case—l

excluding a point that the internal water condition is enmpty at oneside.
7) WEIHE

The load calculations are the same calculations as those of Case—1 excluding

a point that the internal water pressure and water weight are 0 at oneside.

) 3 WEH

The load diagram is shown in Fig 20.
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Fig 20. The load diagram
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1) Wild#mDIC R B AHT -2
Input data for the sectional dimenslons are summarized in Table 7.

Table 7. The sectional dimensions (Per 1 m unit length)

=
Yember’s The section | The geometrical

area noment of imertia Remarks

nusber 4 [ml I [m*]

(1) - (4) 1.0 0.0833 Side wall
(5)— (8) 0.36 0.0039 | Upper slab
(7)— (8 1.0 0.0833 Side wall
(@11 1.0 0.0833 Base slab
(12y—-{13) 0.26 0‘0015 Hiddle slab
(14) - (18) 1.0 0.0833 | Partition wall

5) WEIC kB EEE

The computer calculation resulis are shovn in the following figures énd Table
(Fig 21—Fig 23, Table 7).
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Table 7. The calculalion results of the sectional forces
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Before calculating the stress, the sectional force for the structural design

is determined by selecting one case among three design cases from a view point
of the safety design, and the stress calculations are executed, after that the
‘stress calculation results are indicated in Table 8 and the arrangement of the

‘reinforcing bars is shown in Fig 24.

1) R DB LI 54 1AV 3 A

The " re1nforcenent of opening portion at the middle slab considering for the

reinforcenent of the openig portion of the middle slab, the opening portion
shall be dealt hlth a leed beam, so “the bendlng moment Mv and the shearing

force S are calculated as follows, then a distributed load ¥ t/m is the sane

value as the axial force to the middle slab N = 24 t/n at normal.

g = - W12 = o X24X5.3% = 56.2 ter
=T 12 > "
1 ax5.3 -

5 = jl o= 2220 — 638t
7 2

Accordingly the stress calculatioh results are shoun in Table 9.
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1) BEItE (per L m unit length)
a) The sﬁrcharge Joad
K = 1.0 t/uf
b) The earth pressure

Pos = 0.5X1.0 = 0.5°t/nf

il

B, o= 0.5%(1.041.9X1.0) = 1.5 £/

i

'Pe?
¢) The water pressure
P = 4.3 t/m

Accordingly the load diagram is shown in .Fig 5.

0.5%(1.0+1.9X1.0+1.0X4.3) =_3.6 t/nt

0%
& _E_L.'?'S.O/O.S (2 . o
A R A A A W 7t W
N NPYTIVI S
G Lt 25 s « ~EL. 4384 =
L3 . \(_\ ) T
-_‘ 7!\9, WM me L:r“_
Q )
% W
03
e .
N o /\’/-9%1\(\&_—05‘1 :
o~
<

. : ~EL-LZA.

Fig 2.5. The load diagram
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2) HEREHHE

The design structure of the back wall is considered for the plate with four

sides fixed, so the bending moments and the shearing forces are calculated as
follows.

a) the moments
M = 0.0231 X0.98X4.82 —0.0115%6.92X4.82 = —1.31 t'n

He = —0.0513%0.88X4.8°—0.0334X6.92%X4.82 = —8.48 vn

s = -—0.0513><0.98>(!‘J:.8é--0.0179><8.92><:A‘§k.82 = —4.01 t'n
Ha = —0.0513x0.98%x4.8°—0.0257X6.92%X4.8° = —5.26 t-n
b) the shearing forces
[ RV ><592x48)><.45=137t
YT g TUTTRUTTE ‘

1 1 7

S = -'7 X (—T xX0.98x4d.8+ "-2'6" X6.92X4.8)X4.5 = 1.87 ¢
i 1 3

Sz = — X (T X0.98 X4.8+ o0 XB.92%4.8) x4.5 = 16.50 t

Accordingly the moment diagram is shown in Fig 28 and the shearing force -
diagran is shown in Fig 27.
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Fig 27. The shearing force diagram
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¢) The stress caleulation

The stress calculation resulté are shown in Table 10.
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1.4.8 @3y 7B oikE
1) PER Y S EOFE

Plan of wash Pump Pit is shown in Fig 28, then the opening area is transformed
to be the two dots chain line for the structural design.

J‘j‘ ﬂ»bmhwdhﬁgmthWM
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Fig 28. Plan of Wash Pump Pit
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D) WEEE
a) The surcharge load
= 1.0 t/m
b) The earth pressure
Poo = 0.5X1.0 = 0.5 t/nd

0.5%(1.041.8X1.0) = 1.45 t/nf.

Pet
Pee = 0.5X(1.0+1.9X1.0+1.0X4.3) = 3.6 -
c) The water pressure

Py =_4.3 t/m - |

Accordingly the load diagram is shown in Fig 29.
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Fiz 29. The load diagram _
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The design structure of Wash Pump.Pit is considered for the tuo dimensional
plate with three sides fixed and one side free, so the structural design
calculation is ex_ecuted as follows.
a) The bending noments
Hix = 0.0454X0.5%0.72+0.0065X7.4X0.7% = 0.04 t°n

Yo = 0.0402X0.5%0.72+40.0191X7.4%0.77 = 0.03 t'm

0.0118 X0.5X0.72 +0.0075X7.4X0.72 = 0.03 tn

i

Hay
‘o

ax = —0.0842X0.5X0.72 20.0087X7.4X0.7 = ~0.05 t’n

1i

Hax ~0.0755%0.5X%0.72 —0.0364%7.4%x0.72 = —0.15 t'm

—0.12 t'n

il

Hey = —0.0418%0.5X0.72—0.0291X7.4X0.7?
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b} The shearing; forces
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S1x = 0.527X0.5X0.7-0.006X7.4%0.7 = 0.15 ¢

Sax = 0.491X0.5X0.7+0.245X7.4X0.7 = 1.44 ¢

Ssy = 0.373%0.5%0.7+0.311X7.4X0.7 = 1.74 ¢

Accordingly the moment diagram is shown in Fig 30 and the shearing force is

shown in Fig 31.
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Fig 30. The noment diagranm

© ¢) The stress caleulation
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Fig 31. The shearing force diagram

 The _str_esé calculation results are shoun in Table 11.
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1.5.1 ZREE
Stability calculation is exectueﬁ_aﬁéhé.iéngitudinal dircqgionl
D s ®Eh
a) Base slab
Yoo = 11.7X17.4%1.0x2.45 = 499 ¢
b} Side wall
%z=:(3X&?X3AX114+4XQ3XOBX1?4)XZAS
= 320. ¢
c¢) Upper slab
Hes = 11.7X17.4X0.7X2.45 = 340 ¢
d) ¥ater weight
i) Yater weight at the inside of Culverts ¥,;

Hater is filled up Culverts, so water weight at the inside of Culverts %

is calculated as below.
Yo = 2X4.8X3.4%17.4—4X0.3X0.3X17.4 = 56Z t
i) Water weight at the outside of Culverts
The weight of water included in the soil is calculated as follows.

oo =1.0X4.3%X11.7X17.4+ »—12— % (1.0+16.4) X1.2X11.7

=997 ¢t
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e) Soil weight
Soil weight is including the sur;harge load ¢ = 1.0 t/m and divi.dec!. between
the gpside of Culvert and the underside of Culvert, so the calculations of
soil weights are as follows.. ) '
i) the upside of Culvert
Boy = (1.0+1.9%1.0+1.0X4.3) X11.7X17.4 = 1 466 ¢
i) the underside of Culvert
ber = 1.OX—-X (1.0-+16.4) X1.2X11.7 = 122 ¢
) Buoyancy
Buoyancy Us is calculated as follous.
b = 11.7 X 17.4 X 10.0 = 2 036 ¢
dccordingly f:he calculation results of the external forces at Block II are
shown in Fig 32.
YARRE S O3
Horizontal forces are equilibriumed at both sides, so it is dealt with 0.
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Fig 32.

The calculation results of the external forces
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a) The calculation of the eccentric distance

The eccentric distance is determined'by‘the external monent calculations,
then the summarized table of the external moments is shown in Table 1Z.

Table 12. The summarized table of the external moments

Vertical forces Arn Homent

Species ¥, [t] % [nl Wi Ctemd
Y 198 8.7 4 341
Hee 320 8.25 2 840
Hes 349 8.7 - 3 036
Yo 562 8.25 4 637
Hom 875 8.7 | 7613
Huae 122 . 5.49 870
¥s1 1 486 8.7 12 754
Ysp 122 5.49 670
Uo ~7 (38 8.7 —-17 713
TOTAL 2218 ¢ 18 648

According Lo the above Table, the eccentric distance e is calculated

as follows.
L o=w 14 18 643
T2 T Ew T2 2 279

= 8.7-— 8.183

L 17.4 .
= 0.52 n < —ﬁé’ =75 = 2.9n

t
P

Therefore working point of the composite force at the basement is within the
piddle—third.

FQRAM Q2

PRy



N
R

N

SHEET OF
b) The calculation of the ground reaction gmax, Gmia
Qmnax 2 "l."i 83
==, 4 —
Oein } Bl ( 1— L )
2279 - B6X0.52
= (& )
11.7%X17.4 17.4
B {q.‘nax = 13-2 t/ﬂf
- Qnin — - 9.2 t/m
§) ZRHOHE
a) The ultipate bearing capacity qu
The ultimate bearing capacity qu is calculated as follows.
g = akOlo + Ralg + —5= ri BB N
vhere G . cohesion c=20
q . the surcharge load
g = 1.9%1.04+1.0x9.4 = 11.3 t/ni
ri - the bulk density of the bearing s0il
' ri = 1.0 t/n3
B™: the effective width B = 11.7n
a, B . the coefficient of the basic -forn
G T YT 174 2%0.308
= 1.721
: B~ 11.7
B o= 1m0t e = X 030
= (.72

K‘ FORM Q4
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K ¢ the extra coefficient for the enmbedded effect
K=1.0

No,NasNe o the bearing coefficients considered for the load

inclination
Ne = 30
Ne = 18
Ne = 14

fccordingly the ultinate bearing capacity qu is calculated as follows.

=

@ = 1.0><11.3x18+—;—x1.0><0.72><14
= 262 ¢
b) The allowable bearing capacity g

The allowable bearing capacity qa is calculqted as follous.

Qa = t oy wﬁere F. . the factor of.safety at normal
s o
Fe = 3
= ——l— X 262
3

= §7.3 t/md > quex = 13.2 t/mi
0.K

. Accordingly the spread foundation is adopted for the foundation of the

connecked culvert.
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5) B oikE

Checking against the floating is executed at Normal and at Construction, so

‘checking. is as follous.
a) Total vertical force

i) at normal .

Vi = 2279 + 2036 = 4316 ¢

ii) at construction {(empty)

Vo = 4 315 — 582 =_3 753 ¢

b} Up lift U

U = r-ilu-d = 1.0X10.0X11.7X17.4 =_2 036 ¢ .

¢} Checking 611 the safety factor of fleating Fi

The safety factor of floating is ch_ecked by.the following two cases.

i) at normal

Vi 4 315

U 2 038

" ii) at construction

Ve 3 753

Fia = =

y 2 036

t

2.1 EKLI

1.8 0
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The following three cases are considered for the structural design cases.

Table 13. The summary of the design cases

— e e

Case 1 YA 3
Condition at Normal at Construction | at Inspection

Period Long tern Short term Short tern
The internal water condition | L.L.%.L Empty Empty {oneside)
The distributed surchar

e e 8110 t/n 1.0 t/nt 1.0 £/
ioad
The iperemental of :
cggf%ggigﬁ%no% tge allouable 1.0 1.25 o 1.75
stress
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1) BEHESYOFE
Frame of Lhe design structure is shown in Fig 33.
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Fig 33. Frame of the design structure

411 connections of this structure are considered for the rigid connection.
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as follows.

4, = 1.0+1.9%1.0+1.0x4.3 = 7.2 t/nf

SHEET or
9) WEIHE (RBTERY In H9)
a) The ground reaction
qr': Guoxtamia _ 13.249.2 o
Z A
b) Self weight
i) base slab
Her = 1.0X2.45 = 2.45 t/m
'ii’ a side wall and a partition wall
Yoo = 0.7X2.45 = 1.72 t/m
iit) upper slab
.ﬂﬁ = &7X?45::1j2thﬁ
c) Hater weight
i) water weight at the upside of Culvert Y.
Hoo = 1.0%X4.3 = 4.3 t/nd
i?) water weight at the inside of Culvert Hui
Woi = 1.0%4.0 = 4.0 t/m
_ ,d)ASO?l weigh?
Soil weight Ys is calculated by including the surcharge léaa .q = 1.0 t/m
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e) Up 1ift
Pp = 1.0X10.0 = 10.0 t/nd
f) The water pressure
i) the outside of Cul;'ert
Pusi= 1.0X4.65 = 4.65 t/m
Pusz= 1.0%9.5 = 9.5 t/ml
ii) the inside of Culvert
Poi = 1.0X4.0 = 4.0 t/nd
g) The earth pressure

Pe1

[l

0.5%(1.0+1.9%1.0+1.0%4.85) = 3.18 t/md

Pz = 0.5X(1.041.9X1.0+1.0X8.0) = 5.85 t/nd
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According to the above calculations, the load calculation results are shoun
in Fig 34.
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Fig 34. The load calculaticn results
3 W EHR
The load diagram is shown in Fig 35.
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The sectional forces are calculated by computer, so input data for the

sectional dimensions are summarized in Table 14.

Tab]e 14. The sectional dimensions (per 1 m unit length)

Hember’s The section The geometrical
area noment of inertia Remarks
nunber A [nt) I [=']
e |

(1) 0.7 0.0288 Side wall

(2)—(3) 0.7 0.0286 Upper slab
(4) 0.7 0.0286 Side wall

(5) — (6} 1.0 0.0833 Base slab
o 0.7 0.0286 Partition vall

5) mEc b5 EHEELE

The computer calculation results are the Eending noment, the shearing force

and the axial force, so they are shoun in the following figures and Table

(Fig 36—38, Table 15).
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1.5.4 fEsHetEr—22 (BT

1) BEHEEOEH

Frame of the design sktructure is the same structure as that of design case—1.

9) EEIE (MUMTIRY In ¥Y)

L.oad calculatlons are Lhe same calculations as those of case—1 excludlng a

part that the internal water loads are no considered{=0).
3 HE R

The load diagram is shown in Fig 39.
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Fiz 39. The load diagram
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4) BRHEGWR Y 3 AN - &

Input data for the sectional dimensions are the same values as those of design
case—1.

5) BEIW X BEEER

The computer calculation results are shown-in the following figures and Table
(Fig 40—42, Table 18).
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1) REHEEM o
Frame of the desizn structure is th.e same structure as that of design case—1.
2) WEHE (-‘%ﬁiﬁﬁ%ﬁ# In ¥9)

Load calculationSare the same calculations as those_ of case—1 excluding a

part that the internal water loads are no considered{=0).
D EHRE

The load diagram is shown in Fig 43.
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Fig 43. The load diagram
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4) WimEGCRY 3 ANF—%

Input data for the sectional dimensions are the sane values as those of design

case;l.
5) BHII X3 EHE

The conputer calculation results are shoun in the following figures and Table
(Fig 44—486, Table 17). -
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Before calculating the stress, the sectional force for the structural design
is determined by selecting one case among three design cases from a view point
of the safety design, and the stress calculations are executed, so the stress
calculation results are indicated in Table 18 and the arrangement of the

reinforcing bars is shouwn in Fig 47.
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Fig 47. The arrangement of reinforcing hars
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1.6.1 ZFHE
© The stébility calculation is exectuted at the longitudinal direction.
s E B
a) Base slab
Yor = 7.8X12.0X1.0X2.45 = 220 ¢
b) Side wall (Included 2 partition wall)
Heo = (3X:‘S.SXIO.EXI.0+4_X0.3X0.3'X7.0——1.8><1.0><1.0-E_~2>%0.2.5X.Q.3

XB.2+3%2.5%6.2X0.54+2X0.3X0.3X5.54+3X2.3%5.7X1.0) Xx2.45

li

570 t
o) Middle slab
%3ﬁrZx(18x45+5ﬁ5xi5mZOxiﬁ—%ﬁGJ?)XZAS
=147 ¢
d) The front wall for Pump Roon
Hea = 2x¢5x05x55x?A5=Q61t
e} The back wall for Punp Room

s = 2%(4.5%5.5— % X0.852) X0.5%2.45

=54 ¢
£) The back wall for ¥alve Roon
o = 2X(5.0%5.5— = X0.95%) X0.5%2.45 = 6l ¢t
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g) The back wall for Pump Suction Room

Hor = (2X(0.8X4.0%4.540.3X0.3X4.5) +—}-X0.8X0.8%12.0) X 2.45

= 82t
h) ¥an hole
Weg = Z2X{{2.34+2X1.0)X0.3%5.5+0.1x1.0X1.0)xX2.45 = 35 t

i) The protective wall against the vortex

oo = 2>’<{o.4xo.3><4.0_—%-x(2.5+2.6)xo.q'xo.g}x2.45 -1t

J) ¥ater weight
i) the internal water weight_of Punp Suction Room
Wo1 = 2X4.5X4.0X6.6X1.0 = 238 t
.ii) the ground water weight on the middle slab at the upstream§ide
wg=:(23X1&0~2X23X13)X&3==95t
k) Seil weight

Soil weight is considered for including the surcharge load q = 1.0 t/ni

and working on the middle slab at the upstreamside.

Ho = (2.3%X12.0-2X2.3X1.3)X{1.0+1.9%X1.0+1.0%X4.5) = 155 t

R -1) The weight of Pump included water weight

W =40t

n) The weight of Motor

Vo = 60 ¢

FORM 04




2

i

SHEEY 3 oF
n) The weight of Stop Valve
¥, =8 X 2 = 16¢
; o) The weight of outlet pipe for Pump included water weight
Usp = (0.5x4.0+nx0.9?x4.6)xé = 24t
p} Buoyancy
Buoyancy is working to concrete structure under the ground water level.
Uh = 7.8 X 12.0 X 10.0 = 336 ¢
) KFEH
a) The water pressure
Py = %X(4.3+10.0)X12.0X5.7 = 489 ¢ {the exte:rn.ﬂ water pressure)

Pue = w—%—XfI.OXZXll.SX{LO = T2 t (the internal water ﬁress‘ure)
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b) The earth pressure

i) at the

Pey =

Pea -

i} at the

Pez =

upstreanside
—X{0.5X1.0+0.5X (1.0-+1.9X1.0)) X12.0X1.0 = 12 t
H%—X{O.Sx(l.OH.Qxl.O)+0.5?<(1.0+1.9x1.0+1.0><4.3)}

x12.0X4.3 = 130 ¢
downstreanside

——12-x0.5><1.9x1.0><12.0><1.0 =Bt

~b-X{0.5X1.9X1.0+0.5X (1.9X1.0+1.0X10.0)) X12.0X10.0

417 ¢
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Accordingly the calculation results of the external forces are shoun

in Fig 48.

1095

Ut

. 85

Fig 48. The calculai:,ion results of the external forces
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a) The calculation of the eccentric diétance

The eccentric distance is determined by the external noment calculations,
then the summarized table of the external moments is shown in Table 19.

Table 19. The summarized table of the external moments

Vertical Arn Homent Horizontal Arn Monment
Species | force Viltl| Xi Un] Wi [t-nl | force Hilt]| Yi [ml i [t-n)
Yo 229 3.9 893 N
Yoo 570 5.18 2 953
Yes 147 5.71 839
Hea 61 2.55 156
Hes 54 7.55 108
Hee 61 10.05 - B13
Her 83 7.4 807
Hes 35 1.45 5l
Heo 1 6.8 7 ]
Yot 238 3.3 785 ]
Yoo 93 1.02 - 95
Ys 155 1.02 158
o 40 5.05 202
Ha 60 5.05 303
N 16 8.8 141
Uso 24 8.25 198
Up - 936 3.90 —3 851
Pu1 ' - 489 2.47 —1 208
Py 72 2.33 168
Per 12 10.42 125 |
~ Pas . -6 10.33 -B62
Pos —412 378 | —1 557
TOTAL 931 4 758 —693 -1 554
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According to Table 19, the eccentric distance “e” is calculated as follows.

B =H 7.8 4758 — 1 554
e o= —— — rrrp——— putiord et —_— —e e ———
2 AR 2 ] 931
= 3.9 — 3.4 |
) oL 7.8 ‘
= 046 n < & T i 1.3 m

b) The calculation of the ground reaction dmax,Qnia

Qnax . ZV _@_(_3_

= (]
ain | gy (LE )
031 6%0.48
= —— X (] * )
12.0%7.8 T8

Qnin = 6.4 t/rrf

1) TIRDOBRE

a) The ultimate bearing capacity gy is calculated as follows.

@ = aktNe + Ko No + J{ ri BB N
where ¢ . cohesicn C=20
q : the surcharge load
T = 1.0+1.9X1.{)+1.0X'.10A.0 =-12.9 t;,/m2
ri ¢ the bulk density of the bearing soil
?; = 1.0 t/n®
B the effective ;idth considered for the eccentrié diétance

B = 7.8-2X0.46 = 6.88 n
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K ! the extra coefficient for the embedded effect

. _ 0
K = 1+0.3 — M1+0'3X%%3*
= 1.48
where D" 1 the embedded length’
= 11.0 n
No,Ne @ Ng = 3 N =0

Accordingly the ultimate bearing capacity qu 1s calculated as follous.
q :1.48X12,9X3:57t
b) The allowable bearing capaciby

The allowable bearing capacity ga is calculated by the following equation.

Qa = * Qu where Fs ¢ the factor of safety at Normal conditioin
Fs = 3

= L X 57
3

= 19 t/m > Qnax 13.5 &/
0.%

Acéordingly the spread foundation is adopted for the foundation of Purp Roonm.
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The Calculation of floakting is esecuted at normal and at construction, so this
calculation is as follows.

a) Total vertical force
i) at normal
Wo=1 085+936—(40+60+18.+24) = 1861t
i) at construction {empty)
Vo =V — %o = 1861-238 = 1623 ¢
b) Up 1life U
U =10.0 x 7.8 X 12 = 936 ¢
c) 'Checking'i{i the safety factor of floating Fy
The safety factor of floating is checked by.the followigg t#o cases.
i) ab AOrmal

Vi 1 8561
iy = b = S0 198 > 1.0
H y 936 0K

ii ¥ at construction

V. 1623
U 936 U0
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1.6.2 BEHr—2R

The follouing three cases are considered for the structural design cases.

Table 20. The summary of the design cases

of the allouable stress

1.0

T
Case 1 2 3
. Condition at Normal at Construction | at Inspectien
Period Long tern Short tern short tern
The internal water condition | L.L.Y.L Enpty Empty (oneside)
™ ;
The distributed surcharge
' 1.0 v/ 1 1.0 t/1 1.0 t/m
load
The incremental fficient
e increne coefficie 195 195

Foam 04 -
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1.6.3 #s@etitEsr— 1
1) FRERRE OB

Frame of the design structure is shown in Fig 49.

: ,—_-EL.+‘:’-.3_) ~EL+5.0— }—EL.+5.0~—\ REL.'H;G -\
: ) //,(\\,‘ff
£EL o LELLEIS
Q)
e
%
N 1
N
~
: EL. 055
oy =085 51 i o
:l:: : |~EL.—f2 S N Q
58
- :g i o
W pd
a3 , 03
EL."S.z L] . =
\' 5 <l )) g SEL-EL / ]
I L rEL |57 - 9
rEL 6.2 -
/.0 725 10 z5 /0
2.2 J Mot

Fig 49. Frame of the design structure

Considering the impacts to the middle slab occured by the opening areas for

setting Punps and Hanholes, the converted thickness of the middle slab is
- talculated as follus. '

o (7.8%12.0-2% (2.0X1.0+ = X1.22) +2.5X11.5) X0.7
"o 7.8X12.0+2.5X11.5

= (.62 n
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2) WEE (BAUBTsRXY1In H9)
a} The ground reaction
dnax = 19.4 t/md
b) Self weight
i) A side wall.and a partition wall
Hor = 1.0X2.45+0.3X0.3X2.45+11.0 = 2.47 t/m
ii) Middle slab
Wez = 0.62X2:45+ (35+61+54+61+155+93+40+30+16+24)
+(7.8X124+2.5X11.5-2X = X1.22-2X2.0X1.0)
= 6.8 t/m
iii) Base slab
Hes. = 1.0X2.45+83-+(7.8X12) = 3.4 tf;rrf
iv) ¥ater weight
¥, = 1.0X4.0= 4.0 t/md

v} The weight of Pump

The weight of Pump is working to the side walls and a partition wall

as the concentrated load.

{at a side wall}

Pp} = 7.5t

FORM 34
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(at a partition wall)

Poo = 2X7.5t = 15.0 ¢

¢) The water pressure

(at Inside)

Poi == 1.0%4.0 = 4,0 ¢/nd
(at outside)
Puo = 1.0X8.5 = 8.5 t/mi

d4) The earth pressure

Pen 0.5%1.0 = 0.5 t/ni

il

i

Pes 0.5%(1.04+1.8X1.0) = 1.45 t/m
Pos = 0.5X{1.0+1.9%X1.041.0x10.0)= 6.45 t/mi
e) Up lift

Py = rechy = 1.0%10.0 = 10.0 t/md

According to the above calculations, the results of the load calculations

are shouwn in Fig 50.
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5.5 S8
' e.o% =17, Pre= 15 et = 75
PEL +48 ) 7oe A Fassadit ~Ey H4E
G¥ . 2 i
[EL1IS 5 ’ _ Wer 2%, = et e L $285

b
%
W

k‘i‘“‘%a

37 84 pEL -0y

4y
O %)
N ;ng”” = % ¥
— 3 H
AEL-E" g P AN 7 =X Fetian | A Bel#rpl -57
I’w;-—f"g}w
TN Frer = 135250
i
r“‘\___/_' PM_ = /O.Qf/)-,‘,e
Hnit 1 -
/O
Fig 50. The results of the load calculations
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3 H E
The load diagranm is shown in Fig bl.
&S $3
EL 478 bt S
£ BT © ) //,w[/\EL' 207
CELISY o |~ ~ L EL Iy
i
N 1)
w! 2]
R W Lf)_l
g I55 — ,L!/ : ?
PEL-0S57 ) o | T V \ i i )\‘@-“%f 1 ,EL-085
7 (r} S| - ) 7
. . 7\ B
3 &
" ' i) Fll, (o Pt " ®
L 5
//- s, S ]’m ) .
EL -8577 oot d IR PNEL~574
) :/Lr (@} /0
. i .
| o
ZL,«,,(’,t R ¥
/e

" Pig 51. The load diagram
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Input data for the sectional dinensions are summarized in Table 21.
Table Z1. The sectional dimensip_ns {per 1m unit length)
Hember’s The section The geometrical
area moment of inertia Remarks
nunber 4 [nf] I =]
(1)—(@) 1.0 0.0833 Side wall
{4) 0.62 0.0199 Hiddle slab
(5} 1.0 0.0833 Partition wall
(8) 0.62 0.0.199 Hiddle slab
(M= 1.0 0.0833 Side wall
(10) - (11) 1.0 0.0833 Base slab
(12) 1.0 0.0633 Partition wall
é)%ﬁwg%ﬁﬁﬁ%
The coﬁputer calculation results are shown in F;_ig‘52~5'1 and Table 22,
FoR 07
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1) HtinEHoBE

2) WEREHE

1.6.4 BRERHEEr -2 (fETH)

Frame of the design structure is the same structure as that of case—1

excluding a part that the internal water éondition is enpty.

The Load calculation are the same calculations as thosé of‘casefﬂl
excluding a part that the internal water loads (pressure and weight)

are no considered{=0).

HWEH
" The load diagram is shown in Fig 55.
R &8
o5, 75t '
PEL_+$<?3 S 237442 NEL 985
PEL 38 o] /"'*%%“"(/ PP EL 4385
o T
v\ L
2 , 2
£FEL =055 27 o nll I . 1 ) l Sl EL-p¥S2
: _ e @) Q
a 1y &r't'f R(IZ“
7 Y- i . 7
FEL-87 [ RGP, EL.-877
f
] R
/4.0 Unit | 7L

Fig 55.. The load diagram
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Input data for the secticnal dimensions are all the same as those of case—1.

5 B LBEEAR

The computer calculation results are shouwn in Fig 56—58 and Table 23.
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1.8.5 BRgREitE sy — 23 (Gtuk)
1) SRS OER
Frame of the design structure is the same structure as that of case~1
‘excluding a part that the internal water condition is empty at one side.
?) HEEHE
"The Load calculations are the same calculations as those of case—1
excluding a part that the irnternal water loads are no considered(=0).
3) M OE
The load diagram is shoun in Fig 59. .
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Fig 59. The load diagram
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Input data for the sectional dimensions are all the same as those of case—1.
5) BEL kaHEEE

The computer calculation resulﬁs are shown in Fig 60062 and Table 24.
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1.6.6 FSORTE

" Before calculating Lhe stress, the sectional force for the structrual design
is determined by selecting one case among three design cases from a view point
" of the safety design, so the stress calculations are executed, so the stress

calculation results are indicated in Table 20 and the arrangement of the

reinforcing bars is shown in Fig 63.
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