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1.1

Seil Conditien

Boring data around the construction area is shown in Fig 1.
Nouw the average N-—value above the foundation level is calculated as follows.

—%x {(049) X 2.0+ {04+11) X 2.0+ {104+13) X 2.0+ (13+30) X 2.0+ (30+25) X 2.0}

= |

N 10.0

(40

=1

According to the above calculation, the angle of the internal friction is
assumed by the following eguatien.

p= (fI5F + 15)° = (yIXE + 15)° = 30°
The bulk density of soil above the ground ﬁater r = 1.9.t/n° .

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

Other design condition data are dgscripted_in “Givil Design Condition” .-

(vid.No EHC-1001).
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1.2 Outline of Pump Pit
futline of Pump Pit is shown in Fig 2, 3.
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1.3 The Design Structure

The structure of Pump P1t is devided into three blocks as shown dn Fig 1 and 2.
In the design of Pump Pit, the de31gn calculatlon is executed 1nd1v1dually for
" each block s

The sunmary of the design sectlons ‘are as follous and the typlcal demgn
sections are shown in Fig 3 4 and 5.

1) Block .'I

Block -I- is Screen Room.‘ Total length Li = 14.0nm
2) Block Il

Block I is Connet‘;ted Culvert. Total length Lo = 22.0m
3) Block HI

Block HI is Punp Room. Total length Ls = 8.0n
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1.4

Study of block I {8creen Room)

§.4.1 Stability Calculation

' Stability calculation is executed at the lpngitudinal direction. .

1) Vertical forces
a) Base slab
Wop = 12X16.3X1.0X2.45= 479 t

b)" Side wéll

[l

Wez = {9.0X{3X1.0X14.0—-4X0.45%0.25~8%0.05X0.3+3X

X0.52) +4%0.3%0,3X15.5+3%1.0X2.3X2.8—2X0.5%0.5%1.0
—3%0.8%0.5%1.0) X2.45 = 985 t
<) ‘Hiddle slab

33

4os = {IXA.5X (3.3X0.44 7 X0.22) +4X0.3X0.3%X3. 7} X2.45

I

Ikt

d) Curtaip wall

Moo = 2XA.5X(0.5X5.3% —-— Xz X0.52)X2.45 = 63 ¢

e) Back wall

Yoy = 2X4.5X( -«—%— %0.5%0.5+0.5X5.0+ %— X 7 X0.5X0.5) X2.45

H|

62 ¢

—-— X%
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f} The upper slab

Hoo. = {2X4.5X0.6X1.0+4X (0.5X0.5~ —~ X = X0.52) X0.6X 2.45
=1t |

Yor = 2X(1.8X3.5+0.8X1.0) X0.6X2.45 = 21 ¢

Yes = 2X4.5X(0.8X3.7~2X0.5X0.5—0.8X0.5)X2.45 = 45 ¢

Moo = 2X(0.7XZ.5XA.5~1.0X1.0X0.7) X2.45 = 35 ¢

Nero= (2X4.5X(2.3X0.5+ —1 X0.3X0.3)—2X 7 X0.35 X0.7) X2.45

o =me

g) Mash Punp Pit:
CWen = 2X5.6%(1.3X1.3— = X0.35%) X-2.45. =36t
h} Screens’ weights
i) The weights of bar screen ¥
' ub_'t_.__ = 26 t/1set X 2 set = 52t (at the upside)
He = 14 t/1set X‘ 2 set = 28t tat t;he d;)'e;i-lsidE)
it) The ';!g.i.,‘ghts of travél.ing._sc-;reen th
Wir = 21 t/lset X 2 set = 142 t (at the upside)

12 t {at the downside)

il

e = B t/lset X 2 set

FORM Q4 - . - = o oo
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i) The surcharge weights due to machineries Wao

A unit surcharge weight is 0.5 t/nf, therefore total surcharge weight Wne is

calculated as below.
oo = 0.5X{12.0%14.0-2X(1.0X1.0+1.0%4.54+2x0.45X0.25)
~4X%(2.0X4.542X0.05%0.3) —2x0.5X11.0—0.8X12.0)

o0 t

il

J) The internal water weight W

Water weight Y 1is calculated at the lowest low water level considered for
the water head loss due to Intake Tunnel{vid. 1.b,P3,No EUC—1004).

[H.H.¥.L] FL. — 0.43nmn — 0.45m = EL.— 0.8 n -
Accordingrto the above calculation; water weight is calculated as below.
Ho = 2X4.5(3.12X16.3—2.8X0.38) = 448 t

k) Soil weight ¥s

Soil weight ¥s is calculated as the back~fill of back wall, and this weight

is including the ground water weight.
Hs = (2.3X12—2X1.3X1.3)X(_1.0X1.9+4.3XZ.0) =254t |
1) The weight of Wash Pump ¥ " ..
Wo = 5.0¢ |
m) Buoyancy Us

Ub = 12.0X16.3X3.12 = 610 t
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2) Horizontal forces .
a) The vwater pressure P,

As the water.preséﬁre Ps is working to the frbnt face of side wall, Pu is
calculated as below,

P, = 3x——%——x1.0x3.12??x1.0 = 14.6¢

b) The earth pressures Par

As the earth pressures Pe. are worklng to the back face of back wall, Pei
are calculated as follows :

Per= X (0.5+1.45) X1.0X12.0 = 12 ¢

1

Pee= —-X(1.45+3.6)X1.0X12.0 = 30t
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dccordingly the calculation results of the external forces are shown in Fig 6.
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3) The calculation of the ground reaétion-'

a) The calculation of the eccentric distance

The  eccentric distance is determined by the external moment calculations,

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

. Table 1. The summarized table of the external nopents

' -Vertigal-forde :

_ Arm- | Moment | Horizontal- | Arm Honent
Species Vi [t] Xin] | M:lt-n] | force MiCt]| Yiln] o PR
Yo 479 8.15] 3904 |
T 965 7.181 6929
Fos 35 7.65 268
Wos 63 0.5 . 16
Hos 62 - 13.75 853
Hos 14 - 0.5 S
Wor 21 S 2.96( o 62 |
Wes 45 18 342
oo - 35 12.75 446
Worn 5 15.15 379
Hers 36 14.85 527
¥y 5 14.65] 7
Yo 50 - 7.0 350 |0
Wo1 52 4.3 250 -
_Wbe 28 385 - 108:',_ ., :
Wi 42 10.5 441
W2 12 10.5 126
Vs 251 15.8 | 4013 [
W 448 7.38| 3 308 _ .
Per = R SRRV 9.3 | -112
Pe2’ ~30 8.42 | —193
Pi T 15 3.34 50
U -610 8.151 ~4 972 '
)17 428 ~ 955

97

TOTAL -

-2 081

EQHM G4




According to Table 1, the eccentric distance e is calculated’as follows.

CoBM L 7B =35 183
v, 2 2 061 2
= 833 - 8.15 N
= 0.18 n < _E_._ - _IEE = 2.72n

6

Therefore working point of the_composite force at the basement is within the
~middle--third. Co ' :

b} The calculation of the ground-rééétion'qﬂax, Gnin

Qmax ) - zV \ '68‘

= = 1+ —
Onin B_‘L ( L ) 7
2 01 ©BX0.18 -
_ 61 (1% 0.18 3

12.0x18.3 T 07 168.3

‘Qn;ax = 11-2 t/lﬁ

= L = 0.8 v/

4) Study of the bearing capacity
a) The ultinate bearing capacity qu

The ultinate bearing capacity 4u- is calculated as follows.

qu = O KCN: + Kqu T+ T T BBNI‘
 uhere C: - cohesion tC=190

q . the surchargehload

q = 1.9X1.04+1.0X8.8 = 10.7 t/m

FORA 04
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the effective width considered for the eccentric’

BT =120n

 the coefficient of the basic forn

o o 12.0
= 140.3 = BX
@ = 140.3 == = 1H03X e T
= 1.23
L B” 12,0
= 1-0.4 = =04 X e
B = 1=04 — = = 1=04X o 00

the extra coefficient for the embedded effect

“inclination, and these coefficients are adopted

Ne = 30 (from Fig 7.) ’

the bulk density of the bearing soil

ri = 1.0 t/8*

distance

-

= 0.70

K=1.0
the bearing coefficienis considered for the load

from graphs are shoun as follous.

Ne = 18 (from Fig 8.)

N

o

14 (fron Fig 9.)
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Where‘ tan B° tan = g = 22';81 = (.013
| V. ver.t.ical force .at the .fo.i.mdation
Y= 208t
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Accordingly the ultimate bearing capacity qu is calculated as follows.

@ = 1.0X10.7X18+ 4;%><1;0xo',70>_<12.0'><'14.0 = 251 t

" b) The allowable bearing capacity @

The allowable bearing capagity ga is calculated by:the following equation.

1

Fs .

1

3.

v gy © - vhere Fs: the factor of safety at normal
) o 6ondition '
7/ o Re=3

&3 t/m > Anax = 11.2 t/Hf

0K

Accordingly the spread foundation is ado?téd fof the_féundation of

Screen Room.
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5) Study of floating

The calculation of floating is executed at Normal and at Constuction,

so this calculation is as follows..
a) Total ve;tic31 fofce
P) it ﬁ§rmal (L_;-L;G.L) .
h =2 051461050 = 2 62
ii)-lat. ;‘;on'stru_ction {(Empty) |
l“'fz = 961;8i§~448ﬂ50 = 2173 -
b) Up 1ife |

Up 1i££ Uis calculatéd'as below.

b= rhecA = 1:0X8.8X12.0x18:3 = 172 ¢

¢) Checking on the safety factor of floating ¥

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

i) at Normal

LA 2 621 _
Fn—- 0T 1 = 1.52 >0K1.1

i1) at Comstruction

Ve. . 218 _ 1.6 g 1.0
U 1721 K

: Fl..2=

FORM 04
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1.4.2 The structural Design Case

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

Table 2. The summary of the design cases

. 3

stress

Case 1 -2
Condition at Normal at Construction | at Inspection

Period Long tern Short term Short tern
The internal water condition{ L.L.H.L Empty Empty {oneside)
The distributed h - ‘ _

e glsirinuteg surcnarge 1'0 t/nf 1.0 t/n'{" 1.0 t/]'na
load .
The incremental of '
coef%ggient of the allowable 1.0 1.25 1.25

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

R

is less than 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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1.4.3 The Structural Design Calculation of Case—1

1) Frane of the design structure

Frame of the design structure is shown in Fig 10.

EL+4 8y ' EL $50 : :
i - AEL t4.87 " ' oA
: S .
SLELS 385 d ™ 4 N el 438y
A 6.5 :
L : w
Q Q. ¥
3 15 |
Y pN "EL'-O'ZOEEL./OfO-'\\L EL 020 A -8 o
e P—i' e ‘:)ﬂ LY (:n_.guu—. N, ¥ P-EL;.- 0.883
~ B g
W ¥ K
jord a3
sl EL = 4,600 1 ,EL. =400 |/
CEL= 350 o9 N
cEL =500~ —
19 RS lze] A 49
zo ) marm!

Fig 10. Frame of the 'desi.f':n' '-'strtlcthre"

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

members are calculated as follows.

a) The upper slab

Considering the effects of the setting areas for s;_creen'_s_ and manholes, now
the converted thickness of the upper slab is calculated as follous.

te = (2X0.6X1.0X4.5+2X0.6X (3.5X1.8+0.8X1.0)+2X (3.7X4.5%0.8
~2X0.5X0.5X4.5-0.8X0.5%4.5) +2X0.7X(2.5X4.5~1.0X1.0))
+(9.0%14.0)

5 0360

LFORM 04 < oo




scer_ 24 o

b) The niddle slab

As the converted thickness ta is setted up the same value with the moment of
inertia, tm is calculated as below.

3.7%0.4° 13.5% ta?
12 o

ta 2 0.26m
2) Load calculation (per 1 m unit length)
a) The ground reaction

qmax"‘qmin 13.3+12-3 A A a
g = e = ——— = 2.8 U/mt

2 2

b) Self weight : o '- | i -
i) a side wall and 2 partit.io'n wall - |
Wor = 1.0X2.45 = 2.45 t/m
ii) the upper slab
We2 = 0.37%2.45 = 0.91 t/rd

iii} the middle slab

il

Woa = 0.26X2.45 = 0.64't/nf
iv) the base slab

Wee = 1.0X2.45 = 2.45 t/mi

FORM 04

"

sAP



O

i

2

sHEET__ 02 o

c) The weighfz of screen
i) the upper slab
oy = (52425 (2X (8.5 X14,0-1.8X3.5=1.0X0.8-2.0%4.5-1.0x1.0)
| = .1.0_.2 t/mf o |
1) the bese sla

e = (28412)+ (12.0X15.5) = 0.22 t/nt

d) 'fhe weight of machineries

Yo = 0.5 t/m
e) Water weight

W = 1.0X3.12 = 3.12 t/nd

f) Up ift

9 = 1.0x8.8 - 8.8 t/nd
g). Tﬁe _éati,e:j preséuré’ o |
i) ﬁutside_'

Péa = 1-.05((3.8.'-!;'4-.5) .-=' 83 t'/'n'f.;:'_
ii) Inside |

CPei = 1.0%3.12 = 3.12 t/nd
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h) The earth pressure

The ground surface surcharge load is considered for q = 1.0 v/nd.

Poo = 0.5X(1.0+1.9X0.2) = 0.69 t/ndi {at EL. + 4.6 m)

li

Pay = 0.5X(1.0+1.8%1.0) = 1.45 t/nf (at EL. + 3.8 )

Por = 0.5%(1.04+1.9%X1.0+1.0%X8.3) = 5.6 t/mi (at EL. — 4.5 m)

ﬁcé'ording to the sbove calculations, the results of the load calculations are

shown in Rig 11.
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Fig 11. The results of the load calculations
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3} The load diagranm

The load diagram is shown in Fig 12.
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4) Input data for the sectional dimensions

The sectional forces are calculated by computer, so input data for the

sectional dimensions are summarized in Table 3.

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

Hember's The section | The geometrical |
area moment of inertia Remarks
~nupber | A [nd] I [n']
(1).:—(4) 1.0 0.0833 Side wall
G-® 0.36 0.0039 Upper slab
(7~ (10) 1.0 0.0833 Side vall
(1n-02) 1.0 | 0.0833 Base slab
(13)-(14) 0.26 ©0.0015 Middle slab
(15)—(18) 1.0 0.0833 Partition wall

5) The computer calculation results

The computer calculation results are the bending moment, the shearing force
and the axial force, so they are shown in the following figures and Table

(Fig 13—15, Table 4).
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" 1.4.4 Structural Desi:gn Analysis Qf Case:z--Zi (al; construction) -
1) Frame of the d:esi%gn étructl;re

‘Frame of the d__esitn stricture is the same structure as that of Case—1
" excluding a point that the internal katér condition is émpty.'

2) The Yoad calculation

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

a point that the internal water pressurés are:O.
3) The load diagram

The ioaﬂ diagram js shown in Fig 18.
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4) Input data for the sectional dimensions
Input data for the sectional dimensions are summarized in Table 5.

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

Meiber’s The sectionk. The geometrical .
area i moment of inertia Remarks:
number 4 [ndl . I [mf]

'(1)~¥(3) Lo 0.0833 Side wall *

) (@) ~(5) 0.36 - 0.0039 Upper slabfl

(6)~(8) 1.0 ; o 0.0833 ¢ Side wall

(9)“j(10) 1.0 ;: | 0.0833 Base slab ;

an-an | 0.26 3 0005 | idde slab
(13) - (14) 1.0 0.0853 Partition vall

5) The computer calculation results

The computer calculation résults are shown in the following figﬁfes and Table

(Rig 17—Fig 19, Table 6). .
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1.4.5 Structural design analysis of Case—3 (at Inspection)

1) Prame of the design structure -

Frane of the design struéture. is the same structure as that of Case—1
excluding a point that the internal water condition is empty at oneside.

2). The load calculation

'The-load'calculatioﬁs 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) The load diégram

The load diagram is shown in Fig 20.
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Fig 20. _The load diagram
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4) Tnpput data for the sectional dimensions
Input data for the sectional dimensions are summarized in Table 7.

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

Member's The section | The geometrical
area moment of inertia ‘Remarks
npumber A [nf] I [»']

(0 -'(-'4) 1.0 0.0833 sﬁe vall

{5) —(6) 0.36 0.0039 Upper_ slab -

(N —(8) 1.0 0.083_3' Side wall -
(9)~ (11 1.0 0.0833 Base slab

(12) - (13) 0.26 00015 Middle slab
av-@e) | 1o 0.0833 | Partition vall

5} The computer calculation results

‘The computer calculation results are shown in the foilbwing figures and Table
(Fig 21—Fig 23, Table 7).
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Table 7. The calculatinn fesults of the seectignal iorcgg
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1.4.6 The étress éaléulatidﬁ

JfBefore calculatlng the stress, the sectional force for the structural de51gn
ig determlned by selecting one case among three design cases from a view point
of the safety dealgn, and the stress calculations ‘are executed after that the

.-stress calculatlon results -are 1nd10ated in Table 8. and the arrangement of the
relnfcrc1ng bars is shown in Fig 24

1) The réiafprceﬁeﬁtféf opéning_pOrtioﬁ at thermiddle-slab

The relnforcement of openlng portlon at the mlddle slab cons1der1ng for the
N relnforcement “of “the openig portlon ‘'of ‘the niddle slah, the oPenlng portlon
- shall be dealt w1th a flhEd beam, 80 the bendlng noment Ho and the shearlng
force S are calculated as follows, then a dlstrlbuted load ¥ t/n is the samg
value as the axial forcé to the niddle slab N = 24 t/m at normal

M = —— W? = == X %¥5.92 = 56.7 t-

o= g WP s g XHXER = St
o f f S Xi.: i_“' =

PR L

2 o 2

Accbrdinglf the stress calculation resilts are shown in Table 9.
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1.4.7 Study of. the back wall of Screen Room

1) The load caleulation (per ! m unit length)
a) The éurcharge load

@ =10 _tl/yf_. | |
b) The earth pressure

0.5X1.0 = _0.5 t/nd

i

_ PeB

I

Pe1 0.5X(1.04+1.9x1.0) = _1.45 v/

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

¢) The water pressure

Aécordingly the load diagfam is shown in Fiz 25.

o5
~ pEUIRO 08, S
; ~EL Sy
¥ $—\ -li oW s o
1 - -
E_E et o el 336, >

poR)

SRS W arALTA \pEL-as‘\

N " 7The asnntd  peswe S

73

N : SEL-1Z4

Fig 25. The load diagram
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2) Structural design calculation

The design structure of the back wall is considered for the plate with four
sides fixed, so the bending moments andrthe shearing forces are calculated as -
follous. '

a) the moments _
M= 0._0231><0.98>U1.'8f“-—.0.0115><.I3.92)(4.82 = —1.31 t'u

Mo = —0.0513X0.98X4.82—0.0334X6.02X4.82 = —~6.48 tn

~4.01 ton

A

Mo = —0.0513X0.98%4.82—0.0179X6.92X4.82
Ma = —0.0513X0.98X 4.8 ~0.0257X6.92X4.8° = —5.26 t'm

b) the shearing forces

1 1 |
§ = —= X ( — X5.92X4.8)X4.0 = 1.8¢.
| = g X (o X5.92XABXA5 = 1.8 ¢
' 1 1 7 |
S = —= X (5= X0.98X4.8+. - XE.9IXLE XA = 1.87 ¢
1 RO SRS
S = — X (o= X0.88X4.8+ o X6.9IXLE)X15 = 16.50 ¢

Accordingly the momenf diagram is shoun in Fig'ﬁﬁ and the shearing force

diagram is shown in Fig 27.
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Fig 26. The bending moment diagram
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Fig 27. The shearing force diagram
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S e) T_'he"st'réss ca'lcul'atio.n. :

* The stress calculation results are shown in Table 1.
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1.4.8 Study of Wash Pump Pit
1) Plan of Wash Pump Pif

Plan of wash Punp Pit is sbéwn in Fig 28,:then_t£e opening area is transformed
to be the two dots chain line for the struétural'désign. '

The »fmdv. ’]An'»w v& Bineen Fown

o9

.j‘g‘)n.

Fig 28. Plan of Wash Pump Pit

- 2) The load caléulation-
a) The sqrcharge léad
q'= 1.0 t/nf
b) The earth pressure
f’es = 0.5%X1.0 = 0.5 t/if

Por = 0.56%(1.0+1.90%1.0) = -1.45 t/nf

fi

Pz = 0.5%(1.041.9X1.0+1.0%4.3) = 3.8 t/nf

c¢) The water pressure

Pyo-=_4.3 t/nf

Accordingly the load diagrém.ﬁs-éhbﬁn in Fig 29.
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Fig 29. The load diagram

3) The structural design calculation

The design structure of Yash Pump Pit is considered for the two dimensional

plate with three sides fixed and one side free, so the structural design

calculation is executed as follous.

a) The bending moments

04 t-m

Mix = 0.0454%0.5%0.72+0.0085X7.4X0.72 = 0.
Hox = 0.0402%0.5%0,72+0.0191 x7.4X0.7? = Q.08 t-m
Mo, = 0.0118%0.5X0.72+0.0075X7.4X0.72 = 0.

Max = —0.0842%X0.5X0.72—0.0087X7.4X0.7° =

—~0.0755%0.5%0.72 —0.0364 X 7.4 X0.72 =

i

Hax

~0.0418X0.5X0.72—0.0291 X7.4X0.72 =

]

Mﬁy

03 tem
~0.05 t'm°
-3.15 t'n

.-0.12 Eem
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b) The shearing forces -

Six = 0.527X0:5%0.7—0.006X7.4X0.7

Sex = 0.491X0.5X0.7+0.245X7.4X0.7

Sex = 0.373%0.5X0.7+0.311 X7.4X0.7

Accordingly the moment diagram:is.shown_
shown 'in Fig 31.. '

Ms:f:-g‘;ﬁ.."{,,.,L . f’_':.xlto.‘#i-w S
- oM - 008 2 om

1 f: .nlx;op‘g

I

-

o

.H1}= 0.:93# :

Max=~0L4m J 1. '
R B ( Her=hosS om

'."\ﬂsy:s'a- Ol f.m

in

0.15 t
1.44 ¢
1.74 ¢

Fig 30,énd the shearing force is

' Fig 31, The shearing féfcewdiaﬁram

~¢) The stress éalduiation

. 3'The‘st§éss éalculatioh;iesﬁlts are shown in Table 11.
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1.5 Study of Block II

1.5.1 Stability caleculaticn

_Stabilityréalculation'is éxectﬁe& at ﬁhe-l?ngitudinal dirgc;ion;
1) Vertical forces
a) Base glab
Yor = 11.7X17.4X1.0X2.45 = 498 ¢
b) Side wall

ch

Il

(3%0.7%3.4%17.44+4%0.3X0.3X17.4) X2.45

320 ©

1l

¢} Upper slab

Moz = 11.7%17.4%X0,7X2.45 = 340 ¢
d4) Yater weight
i) %ater'weight at the inside of Culverts Y.

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

is calculated as belou.
s = 2X4.8X3.4X17.4-4%X0.3X0.3%17.4 = 562 ¢
i) Water weight at the out#idé of Culgerts
_ .lThe ueight of Qater iﬁcluded in the soil is caléulated as follous.

hoo =1.OXA.3X1LTXI7:4+ — X(1.0+16.4) X1.2X11.7

=997t

-FORM 04
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e} Soil weight

Soil weight is including the surcharge load q = 1.0 t/nf and divided between

" the upside of Culvert and the underside of Culvert, so the calculations of
soil weights are as follows.. -

i) the upside of Culvert
Hey = (1.0+1.9%X1.041.0x4.3) x11.7X17.4 = 1 4668 t -

) the underside of Culvert

Yo = 1.0X~+—%—-x(1.0+16.11)><1.2><11.7 =122t

f) Buoyancy _

Buoyancy Ub is calculated as follows.
U = 11.7 X 17.4 X 10.0 = 2036 ¢t

Accordingly the calculation results of the external forces at Block @ are
shown in Fig 32.

2} Horizomtal forces

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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3) The calculation of the ground reaction
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 12.

Table 12. The summarized table of the external ronents

_ Vertical forces Arm - Moment - -
Species v [t] i Im} |- Hiltenl
Yer - 443 - 8.7 4 341
Yoz 320 8.25 2 840
Yes 349 - 8.7 3 036
Wi 562 8.25 4 637
R 875 . 8.7 7 613
Waaz 122 5.49 - 670
s 1 466 8.7 12 754
Ws2 _ 122 5.49 - 6870
Us -2 036 8.7 —-17 13
TOTAL 2279 ¢ 18648

dccording to the above Table, the eccentric distance e is calculated

as follows.
L3 174 18648
T 72 T zw T2 2 279
= 8.7-— §.183
, Lo 174
=052 8 < = = o =290

Therefore working point of the composite force at the basement is within the
niddle—third.
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b) The calculation of the ground reaction qmax, 9min

Qmax =W : fe
= . + —
Qmin } L B-L . ( 1— L )
_ 2 279 (1 6Xx0.52 )
11.7%17.4 T

_ {Qmax = 13.2 t/md
Qnin = 8.2 t/md

4) Study of the bearing capacity
a) The_ultimate‘bgaring capacity qu
The ultimaté bearing capaéity Qu is calculated as follows.
g = cKCN. + KqNg + m%— Fi ﬁB‘ Ne
where . C . cohesion =10

q . the surcharge load
q = 1.9X1.04+1.0X9.4 = 11.3 ¢/

ri ¢ the bulk density of the bearing soil
S = 1.0 /e '

B~ the effective width B~ = 11.7n

o, B ¢ the coefficient of the basic form

e 140.3 D 403X el
T T T T 17.4-2%0.308
=12
BT 1.7
fo=1-04 = B 104X 0 %0.308
= 0.72

FORM 04
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K t the extra coefficient for the embedded effect
K = 1.0

Ne ,NgoMr ¢ the bearing coefficienté considered for the load

inelination
No = 30
Ne = 18
o= 14

Accordingly the ultimate bearing capacity qu is calculated as follous.

Qu = L0X1L3X1&+M%TXLOXOJ2X14

o= 262 ¢
b) The allowable bearing capacity ge

The allovable bearing capacity ga is calculated as follous.

ga = * gy where Fs & the factor of safety at normal
Fe *
Fs = 3
1 ,
= —— X 262
3

il

7.3 tfﬂf > Anax — 13.2 b/t
0.X

Accordingly the spread foundation is adopted for the foundation of the

connected culvert,
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5) Study of floating

Checking against the floating is executed.at Normal and at Construction, so
checking. is as follous.

a) Total vertical force
_.fj at nornal

\h =2 275.3:+ 2.038 2_4_3,1;5“5
sii)_at_conétruction (empty)f

B =4 3i5 — 562. =_3_’£>§_t
b),UE lift'ﬁ
- U= rfd = 1.0x10.0x11.7%X17.4 =2 036 ¢ .
¢} Checking on the safety factor of floating F

The séfety factor of-floating ié checked by the following two cases.
i} at normal
o a3

F11 = — =

e = 7.1 > 1.1
U 2 038 E?K

1) at construction

H

- Ve 3% .
Fre = - T2 08 = I'SO?E 1.0

ORI Oh e
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1.5.2 Design Case

 The following three cases are considered for the structural ‘design cases.

The supmary of the design cases

Table 13.
Case 1 2 -3
Condition at Normal at Construction| at Inspection
Period long tern | ‘Short term - = | Short term
The internal water cendition ] L.L.%.L "Empty Enpty {oneside)
distri d ch '

The distributed surcharge 10t/ ] 1.0t 10 L0
load .
The 3 mentgl of
coetficient of the allovable | 1.0 1.25 1.25
stress
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1.5.3 The Structural Design Calculation of fase—]

1) Frapme of the design structure

Prame of the design structure is shown in Fig 33.

Fig 33. Frame of the_design'strugture L

411 connectiens of this structure are considered for the rigid connection.

£l + 4.8 ' qraun .
o +8 — r-The ground Amn£¢6¢-j _Eﬂwﬁj_u,m
~EL. 1384 < [ The gmwd watel, aunface: ) =
. ™,
1"z - | 9
0.7 X8 07 28 a7
3 AEL=0510
3 = - ~ELL -85 i = el %
SEL. -8 ~EL.~/ : -
4 N TN
b TS U T aheleton Bine
| Rl with et ST e\ §
NS — W
| W ' M Y
\,} W™ 03 —- o3 A !
H 1'31-{“EL.-5.Z/\ S _
Y l X NELAS. 7 Q.
¥, - ~J
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?2) Load calculation (per 1m unit length) -

a) The ground reaction

ma in 248, C ;
4 = ";q“‘ = 132292 = 11.2 t/nf

b) Self ueight
i) basé slab

Wer = 1.0X2.45 = 2.45 t/md

i

ii) a side wall and a partj.tion wall
- = 0._7)(2.-45 = 1.72 t/nt
iii) upper :slab
Wes = 0.7X2.45 = 1.72 t/mi
é) Hater weight
i) water weight at the upside of Culvert Y.
Hou = 1.0X4.3 - 4.3 t/nf
i) water weight at the inside of Culvert W.;
Yoi = 1.0X4.0 = 4.0 t/m
d) Soil w’eight

Soil weight ¥s is calculated by including the surcharge load g = 1.0 t/nd

as follous.

¥, = 1.0+1L.9X1.0+41.0X4.3 = 7.2 t/nf
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e) Up lift
Po = 1.0%10.0 = 10.0 t/m

f) The wa.t;er pr;:ssui‘é

. i) thé outside of_. Cul.vert. :
Puss = L.OXA65 = .65 b/nd
Euae# 1.0:><9.5 —-:__ 9;5 t/n
1) the inside of C-uIVert;

Pui = LOX.0 = 4.0 e/l

g) The earth pressure

i

Por = 0.5X(1.04+1.9X1.0+1.0X4.65) = 3.7 t/rd

Poz 0.5%{1.041.9%X1.0+1.0X9.0) = 5.95 ¢/m

)

.

\! ‘FORM 04 - -
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fccording to the above calculations, the load calculation results are shown

in Fig 34.
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Fig 34.

3} The load diagram

The Ioad diagram is shown in Flg 35.

EL.+ 484

The load calculation results

o The w.& ,,MMA
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4) Input data for the sectional dimensions

ThE'sectionaI forces are calculated by computer, so input data for the

sectional dimensions are summarized in Table 14.

Taﬁle 14. The sectional dimensions {per

1 ﬁ_unit length)

Member’s The section The geometrical
area moment of inertla Renarks
nunber & [nf] I [']
(1) 0.7 0.0286 " Side wall
@-@ | 07 0.0286  Yppor slab
OF 0.7 0.0286  Side vall
(5)~ (6) 1.0 0.0833 Base slab
(7 0.7 0.0286 Partition wall

5} The computer calculation results

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

and the axial force, so they are shown in the following figures and Table
(Fig 36—38; Table 15). |
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1.5.4 The Structural Design Calculation of Case—2 (at Construction)

1) Frame of the design structure

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

2) Load calculation (per 1 m umit 1ength)

Load calculations are the same calculatlons as those of case— 1 excludmg a

part that the 1nternal uater loads are no con51dered( 0)

3) The load diagran

The load diagram is shown in Fig 39.
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Fig 39. The load diagram 
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4} Input data for the sectional dimensions

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

5) The computer calculation results

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

(Fig 40—42, Table 16) .
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1.5.5 The Structural Design Calculation of Case-*3 (at-Inspectioh).

1) Frane of the design structure

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

9) Load calculation {per Im unit length) '

Load calculationSarglthe sane calculations as those of case—1 excluding a

part that the internal water loads are no considered(=0).

3) The load diagram

The load diagran is shown in Fig 43.
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Fig 43. The load diagran
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Qj}Input data for the sectional dimensions
Inppt data for the sectional dimensions are the same values as those of desipgn
case— 1 _'

5) The copu£ér.calculation results

The'computer'calculatjon results are shoun in the fbllowing figures and Table
(Fig 44—48, Table 17).
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1.5.6 The Stress Calculation

Before calculating the stress, the sectional foréelfor the structural design
is deternined by selecting one case among three déSign cases from a view point
“of the safety d351gn, and the stress calculatlons are executed .50 the stress
calculation results are 1nd1cated in Table 18 and the arrangement of the
relnforclng bars is shown in Fig 4?
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Fig 47. The arrangement of reinforeing bars
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