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1.6.7 A FREREORE
l)ﬁﬁﬁﬁiﬁﬁﬁﬁ%ﬁélm%@)
aj Thfust load
Thrust load is P = 45t
Thrust load is considered for the concentrated load per Im unit width at

the setting area of steel pipe, so this concentrated load Pt is calculated

as follows.

45
pp = — = —W = 23.7t/n
b) The load diagran

The load diégram is shown in Fig 64.

o/

55,

2 F?=23ﬁ77g¢,

N
~

_ 3
VAV ayAYaY

Fig 84f The load diagran
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2) RpEREEE
The design structure of the back wall is corsidered for’ the beam with the
upper end hinged and the lower end fixed, so the bending noments and the

shearing forces are calculated as follows.

a) the bending moments

Yoo = 0 t'm
23.7%x1.4
= T w({9X5.52—4.1X5.5-4.12) x4,
Moz T%E 63 {(2X5.5 1x5.5-4.12)yx4.1
= +8.7 tn
73.7X1.4
Moz = **_mLi~X(ZX&5&~¢1X55"4JJ2X&SH?&?XlA
2x5.5°% : .
= —71.6 t'n
//\/ N”:'/L o Ayt
3
~
T
5
3
-__/Hli'-'(?.7t'm»’
J Z .
‘?: NR {\/H.?z':-t?/_‘gé-fv

¢
77 77

The bending monent diagran
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sreeT__ 13D o

b} The shearing stress.

45%1.4

Sy P ¥ {2%5,52-4.1x5.5~4.1)¢
= 91t

g = AOXAL o e axE.541.4x4

3 %5 5 5. . - 4x4.1)
= —91.8 t

£

== 284
.’,—A‘/
Vv VA A

The shearing fbrce diagrém

3) SIEHE

The stress calculation results are shown in Table 26, then the allowable

stress is increased by 25 percent as the load case during short term.

- 'FORM 04
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1.6.8 Ry 7THAA T REOKS

1) WEHE (BURITERS 1n YY)

The load calculation is executed at construction, so the internal water of

Punp
a) The
P
sz

b) The
Pa1

Pe?

Suction Reom is.considered for empty.

vater pressure (at the outside)

= 1.0 X 5.0 = 5.0 t/nd

= 1.0 X 9.0 = 9.0 t/mi

earth pressure

= 0.5X(1.0+1.9%1.0+1.0X5.0) = 3.95 t/m
=_&SX(LO+1BX10+I£X9Q)== 5.95 t/ni

The load diagranm is shown in Fig B5.

T '-_*—4 '}
?fl : _ _ Pt Per= 875 442 EL /2y
o5 \
S
@ |08 ’ A\
\ | | \ 2
ofzv‘ ) \ '
e | \\
%l 7 f\‘Psvz'f'Pcz = 4 Bes.s ﬂEL,"B.z@.?

0S4

Fig 65. The load diagram
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2) BRIt E

The design structure of the back wall of Pump Suction Room is considered
for the two dimensional plate with four sides fixed, so the structural
design calculation is executed as follows.

a) The bending woments

Hep = —~0.0598 X 3.95 X 4.0° ~ 0.0366 X 6.0 X 4.0?
= —~12.0 t'n
M = —0.0547 X 8.95 X 4.0° — 0.0264 X 6.0 X 4.02

= ~10.3 tn

heo = 0.0273 X 8.95 X 4.07 + 0.0132 X 6.0 X .07
= 5.2 ton

o = 0.0230 X 8.5 X 4.0° + 0.0112 X 6.0 % 1.0

= 4.4 tm

'MZI = “/D‘.‘?-\‘,-/ru

The bending monent diagram

OF

FORM 04

27

{)



)

sweev_ 130

b) The shearing forces

8.05X 4.0 7 '
§ = ot - X 6.0 X 4.0 = —
1 . 7 6.0 X 4.0 96.3 ¢
: 8.95%4.0. 3
Se= o b o X 6.0 X 40 = 25

S = 0.075 X 6.0 X 4.0 = 0.6t

8.95%4. :
S4 = =+ -‘i = +-20.1 ¢
4
1.95x4.5 Y
35 = % Eﬁ—-g—*kﬁ- = + 78.9¢
14:95%4. '
oo WISKLS g,

The shearing force diagram

3 mhEHE

© The stresé caleulation results are shoﬁn in Table 2?,-then_the allouéble

stress is increased by 25 percent as the load case during short time.

\ .
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1.6.9 23 b ObRE

1) HEHE (B{RTsERY 1n 4Y)

“a) The water pressure

P = 1.0 X 4.3 = 4.3 t/n%.

b) Tﬁe earth pressure
'Pea:: 0.5 X 1.0 = 0.5 t/nf
Pos .0 53 (1.0+1.9%1.0) = 1 45t/
Pee = 0.5><(1.0+1.9x1.0+1.0><4.3j = 3.6 t/ud

. The load diagram is shoun in Fig 68.

0._10:-\.’
B 48,0 o0 %eﬁn- NELES,
W (§ Va4 }
B ] Y-8 13959 P“-"‘/ﬁf//z%_
. f 2 BB
g - -I'}l&&w,mu{ fwa.w.,,&m&—'\f/ ,&
Ly
4 4 A\ \ %
)
W
/4
J/ﬁ)fPe,:: 77%\9

Bl =~ 255

Pig 66. The load diagran
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2) WEHH A
The design structure of man hole is considered for the two dimensional
plate with three sides fixed and one side fre'e, so the structural design
calculation is executed as follous.

a} The bending moments

Moo = 0.0454 X 0.5 X 2.02 + 0.0065 X 7.4 X 2.0¢

It

0.3 tn

0.0402 X 0.5 X 2.0 + 0.0181 X 7.4 X 2.0°

i

My
= 0.7 t'n

Moo = 0.0118 X 0.5 X 2.02 + 0.0075 X 7.4 X 2.08
= 0.3 t'n

Mxs = —0.0842 X 0.5 X 2.02 - 0.0087 % 74 X 2.0
= —0.5 tn

Moo = —0.0755 X 0.5 X 2.08 — 0.0364 X 7.4 X 2.0?

= 1.3 tn

it

Hye —0.0418 X 0.5 X 2.0 — 0.0281 X 7.4 X 2.0?

= —1.0 t'm

"' FORM D4
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__The bending moment diagram

b) The shearing forces
SSx1 = 0.527%X0.5%2.0-0.006X7.4X2.0
=0.5¢
Sxe = 0.491)(0.5><2.0+0.245X7.4X2.0_
= 4.6t
S0 = 0.373%X0.5%2.0+0.311X7.4X2.0

=50¢

FOAM 04
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The stress.calculation results are shown in Table Z3.

SHEET

145

< OF __

Sxe= %8¢

The shearing force diagram
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a) Concrete

Standard design strength

ock = 350 kg en?

Allowable bending compressive stress

=(Ordinary)

135 ke cn?-

ogca =
(Introductioﬁ of bréssiréss)' geca’ = 170.kg//;m2
Allo#able.bending:tensilé stress |
{Ordinary) oba = b kg%/cme
‘(Introduction of presstress) - i}ba’-=:: 18 ke om?

b} P.C steel bar TYPE B, Na 1, ¢ 32

Tensile strength

Yield point strength

c) Dinensien of stop log

o pu Zlmk@%f

opy = 95 ke/mt

Dimension of stop log shall be as

{(¥idth) (Depth)

(Length)

© 400 n/m X 1-250 w/m X 4780 w/n. * Then,

Sectional area - A =

Sectibn nodulus Z =

bt = 125 X 40 = 5000 cn®

i
;t = 1256 %9"* =33 333 cm?

FORAM Q4
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The inertia moment

w

125402
= = 667 cm?
T : 17 566 cm
?) WEHHHE '

Yaker pressure at H.H.W.L.

E.L + 3 230 shall be considered.

__4r__
g HHWL EL33230
\'S_;L;;oiog N o
w5
™ Q
Ay
<
o
Fr = .74 f/nﬁ_
- b
‘212455/#;2 El-LooD T

Pi = wh = 1.03 X 5.98 = 6.16 t/n?

Po = 1.03 X 7.23 = 7.45 t/n?

3) KEC kBE— Ay bt

b 1 =

T(Pl 'f'Pz)

= %(8.16 + 7.45 )

= §.81 t/n2

Hh -—.fS—HX‘&H X-bXIQ

" ;— X 6.8 X 1.25 X 4.782

= 24.3 t*m

. FORAM 04 -
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4) VAN VARE
a) Bending Stress

N 243 X 10°

ge = —— = ————— = 72.9 kg/en?

Z 33 333

b) Arrange of prestress steel bar

Prestress steel bars are arranged as follouws.

1 1 £ T 1 E

l

240

<00

178 S @ )80 = 200

7 2850

| SO

725

e

¢ 32 X G, Eccentric distance is 4.0 cm.
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5) IARE
a) Prestress ipmediately after the introduction of force.

o' pa << 0.7 opu = 0.70 X 110 ke /o

77.0 kg/ma?
6 pa < 0.85 opy = 0.85 X 05 kg/mﬂ = 80.8 kg/m’

Tensile stress of P.C bar | opt = minl {o" pa, o” pa)
gpt = 7 700 ke/mm®

Sectional are of P.C bar (¢ 32)
Ap = 8.042 cm?®

Zhp = 8.042 X 6 = 48.3 cn?

li

Tensile force is

PtY = Ap Pt = 48.3 em X 7 700 kg/em = 371 910 kg

Therefore
v o= BE = Ple _ 3700k - 371 910 kg X 4.0 cn
oct =N o4+ 77 7 T 5000 e® + 33 333 en®
- 29.8 ke/cn
118.0 kg/em?®

b) Prestress of design condition .

0.60 X 110 kg /mn®

i

o’ pa < 0.60 opu 66.0 kg/mn?

Y

o pa < 075 opy = 0.75 X 95 kg/m® = T1.3 kg/mn?

ogpt = min {o’ pa, ¢” pa}

Tensile stress .of P.C bar

opt = 6 600 kg/mn?

FORM 04 .
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Tensile force is

P’ = SAp opt = 48.3 cn? X 6 600 kg/cn® = 318 780 kg

et = PL = P _ _ 318780 ke — 318780 keX4.0 on
o+ I 5000 e+ 33333 e
= 25.5 ke/cm?® '
11020 ke/en®

By GRT LA LR
a) Prestress immediately after the introduction of for(ié

Bending moment by dead weight

¥ = thue = 0.40 X 1.25 X 2.45 = 1.23 t/a
1 1 |
Hed = e H1? = 5 ¥ 1.23 X 4.787 = 3.5] t/m

Bending stress

3.51 X 10°

= = T = 10.5 ke/ont

oe 33 333 ke/ o
) 8.8 0. 40.3 kg/en? < oca’ = 170 ke/en? 0K
e = + 10.5 = :
119.0 108.5 ke/em® > obt! = —18 kg/em® Q.K

b) Prestress at design condition
25.5 *08.4 kg/om® < gea = .135 ke/cm® 0.
oge = + y) = .

> gbt = 0 ke/em® 0K

1022~ 2.1 ke/en?
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TR
Boring data around the construction area is shown in Fig 1.

Now the average N—value above the foundation level ‘is caluculated as
follous.

" (15 28) + (20 +5) -+ (5-+23) -+ (234 13) & (13 -+ 4) + (445) + (5+17))
7% 7

=12

hecording to_the above calculation, the angle of the internzl friction is
calculated by the following equation. ' .- :

6 = (JiI5N +15)° = (M5 x 12+ 15)° 28
the bulk density of seil above the ground water r . ¢ = 1.9 t/
the bulk density of soil under the ground water r @ r’ ¥='1;b £/

Other basic condition data are descripted in “ Civil Design
Condition ” (vid.Na EWC—1001).
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The design section of Discharge Tunnel is shown in Fig Z.
This design structure is considered for the rigid frame structure.
EL.+48
o) Q9
~ ~
£e) b
AD ',j
23 e 28 -

v EL. ¥ 000 o

W w !

Q;_m . AN

' //Tigl \\\ i / ~
2] -
o VRN
3N N -5
o3 '
I \] . N aeczee S
¥ VT
<3 R
07‘1 z.< CL? dJ’ z.< | % -
3 - t 5.8 Unpie s m
Fiz 2. The design section of PBischarge Tunnel
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1) $HEH (BAEBITERY 1n 249)
a) Base slab
Ye1 = 5.6 X 0.4 X_2.45 =55¢
b) Side wall (both sides)

Moo = 2X(2.2%0.440.3%0.3) X2.45 = 4.8 t

Il

" ¢} Partition wall
Hes = (2.2X0.44+2X0.3X0.3)X2.45 = 2.6t
d) Upper slab
Yoo = 5.6 X 0.4 X 2,85 = 5.5 ¢
e) Soil weight
be = 5.6X(1.9X1.0+1.0x3.8) = 31.9 ¢
f) Yater weight

Yater seigth is calculated by dividing between the inside and the outside

of Discharge Tunnel.
i) at the inside
Hur = 2><(2.2x2.2hﬁx0.3x0.3}x1.0 = 8.3 ¢
ii}-at,thg outside
oo = 3.8 X 1.0 X 5.6 = 21.3 ¢
£) Bu;yancy. _

Vo = 1.0X5.6X86.8 = 38.1¢

. FORM 04
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Accordingly the vertical forces are summarized as shown in Table 1.
Tablel. The sumpary of vertical forces
Species Vertical forces | Remarks
[t]

We s 5.5 Base slab_
Woz 4.8 Side wall
Wos 2.6 Partition wall
Wea 5.5 Upper slab
Hs 31.8 Soil weight
Wu 9.3 | Water weight (inside)
Yoo 21.3 Water weight (outside)
L' -358.1 Buoyancy

TOTAL V== 42.8 ¢

2) ﬁﬁ&b adr
¥ be . s
ar =:-];IT~ (1 x 8 ) where e . the eccentric distance
_ e = {

= 42.8
- 5.6X1.0

= 7.6 t/id
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The ultinate bearing cgpatity is calculated by the following equation.
w = o KNe + KaNg + —%—_ ™ BB
where C* soil cohesion = 0 t/rf
q . the surcharge load
o = 1.9X1.041.0%6.8 = 8.7 t/nf
ri: the bulk density of the bearing soil (t//m?)
rn = 1.0 t/m
'(f1 is the bulk density under the ground water.)
B : the.effective*width coﬁsidered for the eccentric
distance
B = 5.6n
a, B tﬁe coefficieht'of.basic form o = # = 1.0
K s thg extra coefficient for the enbedded effect
K= 1.0.
Na, Nr i fhe Béaring'céeffiéients éré'adopfed from.theA
followirg graphs.
Na ;; 15
Ne = 11
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Fig 3. Graph of the bearing coefficient Ne

- B

where tan. 0 1 tan § = —y— = 0

Because the horizontal forces are equilibriuned

at both sides.

é : the angle of the internal friction ¢ = 28

300 — - —
AN —]
133 \

L8 AN

'WX\ \\

20 N ™ \~\\ .
@L Ay \L{\’:ﬁ‘
- g <. s oY
AN : IR A
' SRS IS TN
3= AN PN N N <
2l 5 ~ \f; : Y I, hY

1 ) o
iy i Y 5 ‘\\ ‘3 X > B "
. . - v ar

o5 PRI A W i
AN AN .74

03—\ \\;Wﬁ%ﬂv' oL
. 0 \ fﬂ. Nr =02‘:'i"6

.2 ; -

|7 i

0.1 \ i r

0 o1 02 03 04 05 O 07 08 09 L0-11 L2
- e tand = O

Fig 4. Graph of the bearing coefficient Ne

pRm—

FORM 04

pEy



-
i
e

(‘“‘“\
U

NG

SHEET ,____9 OF

A ~d3 , : . s : : .
accordingly the ultinmate bearing caracity g, is calculated as below.

gy = 1.0X8.7x15+ %ﬂ* X 1.0X5.6X11 = 161 ¢

1) HAXED a.

The allowable bearing capacity'is calculated as below.

93 :f“‘qu:"‘é“ﬁX161‘3—753t/l‘ﬁ0%{ g = 7.6 L./ 1

- where ~ Fs ! the factor of safety Fe =3

Therefore the spread foundation is adopted for the foundation 6f Discharge
Tunnel. '
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5) BLEYoks

this calculation is as follows.
a) Total vertical force

i) at normal

ii) at construction ({The internal water is no considered.)
V2 = ‘a'csr+ Hez + Wes + ‘ﬁ'cal + 'P'i's.'jt.“' Quz = T.6t
b).Up lift U
Up 1ift U is calcplated as_below.
U = 1.0 X 8.8 X 5.8 = 38.1 t

¢) Checking on the factor of safety of floating F

i) at normal

Vi 80.9
U 38.1 - 07K

ii) at construction

A 7.6
= - = = N 1-0
e U 38.1 18 0%

Vo = Wy o Wes 4 Wes & Yoa 4+ Mo + Wor o+ Waz = 80.9 ¢

The calculation of fleating is executed a% normal and at. construction, so

The factor of safety of floating is checked by the following two cases.
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The follouing three cases ave considered for the structural design cases.

Table 2. Summary of the design cases

allowable stress

CASE 1 2 3
CONDITION at Normal at Construction | at Inspection
The internal water
) Full Enpty Empty(at oneside)

copditions
The surcharge load 1.0 e/ m 1.9 ¢/ m 1.0 t/m
The period Long tern Short kern Short tern
The incremental
coefficient of the 1.0 1.25 1.25
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Frame of the design structure is shouwn in Fig 5.

MAEL 448
S :

20
[ O

o /EL.138 A

L

Fig 5. Franme of the design structure
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2) WEAH (MUBITERY 1n 49)
a) The surcharge load at the ground surface g q = 1.0 v/ ™
b)Sdf#dgM
i) Base slab
Wer = 0.4 X 2.45 = 0.98 t/mi
i) Side wall {at one side)

o Ve = (0.4X2.240.3%0.3)X2.45+2.2 = 1.08 t/mi

Pt

fii) Partition wall
Wez = (0.4X2.24+2X0.3X0.3)X2.45+2.2 = 1.18 t/nd
iv} Upper slab
Woa = 0.4 X 2.45 = 0.98 t/nf
v) Soil weight
¥s = 1.9 X 1.0 + 1.0 X 3.8 = 5.7 t/mi
{r§; | | vi) Water weight.

{at outside)

Wog = 1.0 X 3.8 = 3.8 t/m
(at inside)
Vo = 1.0 X 2.2 = 2.2 t/m

g- " . FoRM o4
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¢} The earth pressure

i

Pey = 0.5X(1.0+1.9%X1.0+1.0%X4.0) = 3.45 t/ni

fl

Pez = 0.5X(1.0+41.9X1.0+1.0%6.6) = 4.75 t/rd
d} The water pressure
i) at inside
Poi = 1.0 X 2.2 = 2.2 t/ni
ii) at outside
Poy = 1.0 X 4.0 = 4.0 /4
Poz = 1.0 X 6.6 = 6.6 t/mi
i) Up lift
Po = 1.0 X 6.8 = 6.8 t/nf
e) The grou-d reaction
qr = 7.6 t/m

According to the above calculations, the resulis of load calculations

are shoun in Fig 6.
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The load diagran is shown in Fig 7.
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Fig 7. The load diagram
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The sectional forces are calculated by computer, so input data for the
sectional dimensions are indicated in Table 3.

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

Henber’s Section area | Geometrical moment T
nunber & [nf] of inertia I (m*] Remarks
(1 0.4 (.0053 Side wall
(2);(3) 0.4 0.0053 Upper slab
(4). 0.4 (.0053 Side wall
{(5),(6) 0.4 0.0053 Base slab
(N 0.4 0.0053 Partition wall

5) SEEIC 1B IR

The computer calculation results are shoun in the follwing figures and

table (Fig & — 10 and Table 4).
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1.5.2 WEr—22 (FEILF)

1) BEtsoER

_ Frame of the design structure is the sane structure as that of Case—1
excluding a part that the internal water condition is enpty.

2) WEEHE

- The load calculations are the sane c'alcﬁlatlions as thbée of Case—1

excluding 2 part that the internal water loads are nothing.

3 HEE

The load diagram is shown.in Fig 11.
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TFig 117 The load diagram
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Input data for the sectional dimensions are all the same values as those
of Case—1 (vid.Table 3, P17).

5) BEIC X3 EKGR

The computer calculation results are shoun in the following figures and
table (Fig 12—14 and Table 5).
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1.5.3 WBr—23 (S
1) BEHEE OIS

Frame of the design structufa is the same strﬂpturé as that of Case—1

9 ﬁﬁ%ﬁ_

The load calculations are the same calculations as those of Case=1

eicluding a part that the internal water loads are nothing at oneside.
3) HEM

The lead diégraﬁ is shown in Fig 15.

excluding a part that the internal water condition is empty at oneside.
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Fig 15.7 The load diagram
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Input data for the sectional dimensions are all the sane values as those
of Case—1 (vid.Table 3, P17).
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The computer caleculation results are shown in the following figures and
table (Fig 16—18 and Table B8).
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1.5.4 WHEHE

Before calculating the stress, the sectional force for the structiral
design is deternined by selecting one case anong three design cases from
a viewpoint of the safety design, and after the stress é;élculations
executed, the stress calculation results are indicated in Table 7 and the
arrangement of the reinforcing bars is shown in Fig 19.
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Fig 19. The arrangenent of the reinforcing bars
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a) The water pressure
Po = 1.0 X 2.37 = 2.4 t/ni

b) Th_e earth pressure
Pea = 0.5 X 1.0 = 0.5 t/ni
Por = 0.5X(1.0-+1.9X1.0) =71.45 t-/n'f
Poz = 0.5%X(1.04+1.9X1.0+1.0X2.37) = 2.84 v/

The load diagram is shown in Fig 20.
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Fig 20.  The load diagram
FORM 04

PSS

()



sAE

SHEET 39

OF __
-
2) BREEEE
The design structure of the wall of Open Pit is considered for the tuo
dinensional plate with three sides fixed and one side free, so the
structural design calculation is ewecuted as follows.
a) The bending moments
Mei = 0.0086 X 5.04 X 4.82 = 1.1 tu
He = 0.0118 X 5.04 X 4.82 = 1.4 ¢-n
Herv = 0.009 X 5.04 X 4.8% = 1.1 tn
Hxs = —0.0156 X 5.04 X 4.8% = —1.8 tm
Moo = —0.0230 X 5.04 X 4.82 = —2.8 t-n
Hya = —0.028 X 5.04 X 4.8 = —3.4 t'n
Hxa=1% .0 [”"’“*'“’"” Hrs= /& (.
PELFESK (?é, f [;/ ~ELIESGN
2;3 Hare-z8 .« f‘fﬂc*Z,‘?t.n%():
w w
MEL HL™ES
The bending moment diagram
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b} The shearing forces
Sx1 = 0.057 x 5.0 X 4.8 = 1.4t
Swo = 0.190 X 5.0¢ X 4.8 = 4.7 ¢

Ses = 0.286 x 5.0* X 4.8 = 6.9°¢
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_The shearing force diagram

3) mARTE.

The stress calculation results are shown in Tablé_&.
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1.1 EEF#H

THEREFDOF—Y Y7 F -2, M- 1 OMLtHs,
PHINE, RO CEEEND,

IX1.0X{(0+18) + (18+5) + (5+11) + (11+11) + (11+5) + (5+6) +0.5X (6+10)}

- 6.5

LoEIC LY, BEERARRORIC I - THEIND,

$p = (,J 150 + 15)° = (J 15%8 + 15)° = 26°
The bulk density of soil above the ground water r = 1.9 t/m®

The bulk density of soil above the ground water r' = 1.0 t/n®

ZLT, BORHREF 213 TRk BRI I0RXNT WS,
(vid.ENGINEERING SHEET Na EWC-1001)
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1.2 BRI ogs

Plan of Outlet is shown in Fig 2, the design sections are Fig 3, Fig 4 and
Fig 5.
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Fig 2. Plan_ of Outlet
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Fig 3. Section 1 — 1
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Accordingly Section 1 is adopted for the design section of the structural
 design calculation of Outlet.
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1.3 #REE

LEFEE . WA RWTTRbhs,
1) & E 7

a) T K MR

) .
Yoy = Ty XA{5.64+21.2)%00.0%0.4x2.45 = 525 ¢

Wep = wx(&2x4&75x&4+&3x&3x4&7$+wzzx4&0x04+zx&3x03
XA0.0) + 2% (2.2%35.9%0.44+2%0.3x0.3X35.9) + 4% (2.2X18.5%0.4

+2x0.3%0.3%18.5)} x2.45

= 676 t
c) kIR
Yoz = % X {56 + 21.2) X 40.0 X 0.4 X 2.@5:: 525 t
d) K =E

er
=
I

Hater welght is .considered for the ground water weight and internal water

weight.

i) the ground water weight

t o
Co My = o X (5.6.+21.2) X 40.0 X 3.8 = 2037 ¢

i1) ther internal water weight

How = ~;— X (5.8 4+ 21.2) X 40 X 2.2 — ( 76 + 2.45)

= 903 t
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Soil weight ¥ is calculated for including the surcharage leoad ¢ = 1.0 t/wi.

Y = —-ém X(5.6+21.2) X40.0X (1.0+1.9%1.0+1.0%3.8)
= 3 50] ¢ |
Ng N
18 :—;-x (5.6 + 21.2) X 0.0 X 6.8 = 3 645 ¢
2) K EH
a) AKIE P

As the external water pressure P, is working to both side walls, seo the water
pressure Pu is calculated as followus.

P =

i

b) &

Pe =

Accordingly the calculabion results of the esternal forces arae shown in

Fig 6.

m;_ X 1.0 X 6.8 X (21.2 — 5.6)
361 L

Pe -

—%? X{(0.5+1.45) X 1.0 (1.45+4.85) X6.8) X (71.2—5.6)

349 ¢

S5El

. FOAM 04
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Fig 6. The calculation results of external forces
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3) WMBKHoiE

a) RSO

The eccenkric distance is determined by the external moment calculations, then
the supmarized table of the external moments is shown in Table 1.

Table 1. The sumnarized table of the external moments
Vertical Arn Homent Horizontal Arn Honent
Species | force Vilt]l|] Xi [m] | Mi [t+m] |force Hilt]| Yi [m] | ¥i [t-nm]
Uy 525 73.88 12 537
Hee 876 23.62 15 867
Yes 575 23.88 12 537
B 2 037 23.88 48 644
Wz 903 13.88 21 564
s 3591 23.88 85 753
Yo ~3 645 3.771 —86 b4z
Pe 349 2.98 1 044
Py 361 2.27 8§20
TOTAL 4 612 110 360 710 1 864

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

e = 20 _ 9388
2V

110 360 + 1 864

—~. 23.88
4 812
= 94.33 — 923.83
' L 40 .
= 0.45 S = 22 = 66T g
0.45 m < 6 5 n

Therefore working point pf the composite force at the basement is within the

middle—third. .-

- FORM 04
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b) JREH (anax, anin) OHE

Qinax ZV.- Be
= 2N (e
Omia B‘L ( L )
_ 4 612 6x0.45
= (1 & 25220
A X (5.6+21.2) x40 49
_ { Qnax == 10.34 v/t
dwin = 9.04 £/

4) HHOWE

a) fEIRCH
The ultimate bearing capacity qu is calculated as followus.

@ = akOhe + KN + -5 i BB N

vhere C : cohesion =190

g : the surcharge Joad
q = 1.9X1.041.0X6.8 = &7 t/m

ri + the bulk density of the bearing soil_
ri = 1.0 t/ni

B’ : the effective width considered for .the eccentric

distance.
B = 5.6n

w, B . the coefficient of the basic form

' B’ 5.8
= 140.3X% = ]+0.3X ————
¢ = 1 03‘ o 1+0.3% 1-2x0.23
= 1.04
B 4 : 5.6
B = 1-0.4% oS 1-0.4X %05

= (.94

FORM 04
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K ! the extra coefficient for the embedded effect
K = 1.0
Na» Ne I the bearing coelficients considered for the load
inclination, and these coefficients are adopted from
the following graphs.
Ne = 8.3 {from Fig 7.)
"Nr = 4.3 {from Fig 8.)
200
‘100 =
80 =
=l
<
40 \QQE.
i B _%‘_;\
20
= .-h‘ . ,‘9.35\"15 \\ -
l 10\&%“:‘: “-C‘?O-'_h\). \\. -\\‘
B B *";.;&
Pt : A : AN hY
sp— f-.\jo;\”k\ ~ AN N1 .
4 0 ,.r—-—-——'—acr
2 td5 ™ \ \ B SO a7
N A T . e I
Sisieees
5. - e 20"
P = = A
N ] W g Y 10
el RS sl
0.8 : 1 £
I e I S
&50'01'§z 03 04 05 06 07 08 09 10 11 12
a! ——tanf =}
Fig 7. Graph of the bearing coefficient Ng

where

tan 0 : t 9—'—H L = 0.15
anr_. an - _'V _’1612 T .

¥ : total vertical force at the basement
vV =4612¢

H ! total horizontal force
H= T70¢

¢ . the angle of the internal friction
¢ = 5 '
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SIS e
6 - . Y—f
= 5 Lt'(_' \\ AN AN
AT N N M RN
3 A
IS X RN
R < X, X

- iy
. ; c
0,8 TN, S \u_fgilﬁﬁ%;aaitmf —

_ﬁ\"ﬁd“ 4 prag )_-'j“a—{ .
i .

i .

0.1 o :
¢ 01%02 03 04 05 06 07 08 09 10 Ll 12

—tan8 = 2 ~ ’

Fig 8. Graph of the bearing coeffi§ient Ne

Accordingly the ultinate bearing capacity qs is calculated as follows.

a = 1.0X8.7x8.3+ -;— x1.0X0.94X5.6X4.3 "

= 83 t/m
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by FAIEN

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

w1

& Fs o
=1 s
T3

it

21 6/ > gquax = 10.34 £/0d
0.X B

- Therefore the spread foundation is adopted for the foundation of Outlet.

FOAM 04
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5) 1#.L v oifsd

The calculation of floating is executed at Normal and at Construction, 50 this
calculation is as follows.

a) Total vertical force
i) at normal (L.L.W.L)
Vi = H¥erb Yoo + Woz + Wy + Hoe + W = 8 207 ¢
i) at construction {Empty)
Yo = ¥o1+ Hez +‘ Wez + Huy + Hs = 7354 ¢t
b) Up lift ¥

Up 1ift U is calculated as below.

U = ri-hed = 1.0X 6.8X%——X(5.6+21.2)X40.0

i

3645 t
c) Checking on the safety factor of Floating Fi

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

i} at normal
v, 8 257
_ - =2.21 > 1.1
i U 3 645 0k

i1} at construction

1
Fiz = Ve = 7354 = 2.02 0>K_1.0

U 3 645

FOAM 04
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8) Y Ok

The calculation of sliding is executed in the longitudinal direction at normal

and at earthquake, so this calculation is as follows
a) Total vertical force
i) a§ normél
Vo' =V — U = 8207 — 3645 =48612¢

ii ) at earthquake

V' =W o= 4612 ¢

b} Total horizontal force

i) at normal
H = EVHi. = 710 ¢
i) at earthquake
() the water pressure

(the static water pressure)

P, = 36l ¢




m

SHEET ]

@ the active earth pressure

At first the coefficient of the seisnic active earth pre’ss'uré is calculated

as helow.

‘KEB =

where

Accordingly

Kea

cos? (¢ — Bp—8)

cos Bgrcos? 8cos( B+ Bat &) {l+ J;in(¢+3)°sin(_¢"'a—_ fo)

2

cos( @+ Bs+ 8) cos{0—a)

the angle of the internal friction = 26°

the angle between the pround surface and the horizontal

plane a = (°

the angle between the back wall surface and the vertical
plane g = 0 '

the angle of the ua_il surface friction.
5 = 15

0o . the conmposite angle of earthquake

fa = tan! kn = tan”! 0.1 & 5.7°

Ccos?({ 26° —~ 5.7° — 0°)

c0s5.7° Xc0s20" Xcos(5.7" 4157 ) X

2
1+Jsin(25°+ 15°)Xsin(26°-5.7°)}
cos{H.7° +15° ) Xcosd®

FORK 04
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Therefore the seisnic active earth pressure is caleulated as follows.

Pea

Il

1 .

{~2—-—><0.426><(1'.0+1.0+1.9)><1.O+-—§-« X 0.426
X(.0+1.9+1.04+1.94+1.0X6.8) X6.8)
X(21.2-5.8)

298 t

il

® the force of inertia .
Hi = Kn-Vo = 0.1X(Z2X525+676+3 591) = 532 ¢
- Accordingly total horizon£31 force at earthquake He is calculated as below.
He = Pu + Pew + Pea + I
= 3&1 + 42 4+ 253 + 5§32
= 1 233 t

¢) Checking on the safety factor of sliding Fs

i) at normal
P _ Vi’ tan¢ _ 4 812 X tan26®
T T
_2ug
T T
= 3.17 > 1.5
0.K

i) at Earthquake

vy’ -tané 2 249 .
ep = 1P o = 1.82 1.2
Fez Ho 1733 0?{

The source : * Specification for Highway Bridges ”

: FORM D4
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each design section.

Table 2. The summary of the design cases

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

Case 1 2 3

Condition at Rornal at Construction | at Inspection
Period Long tern Short tern Short term
Water Content. Full - " Empty - Empty{oneside)
Self weight _Considered | Considered Considered
The distributed surcharge load | 1.0 t/nf 1.0 t/md W0t
The incremental coefficient 1.0 125 1,95
for the allouahle stress

FORM 04
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1.5 HRSREtsts (wm 1)
1.5.1 Case—1 (at Normal)
1) RSO BR

Frame of the design structure is shown in Fig 9.

,wﬂﬁa a%ww" /umﬂar,b ¥ vEL + 438

R T T T [
N The ‘tlz/m'.-np walen g:ﬂ‘ﬂﬂj_c_&fy | _E_EL- +3.9 -
()
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"
k3 30 oF 30 0.7 2
' 23
/ﬂn A&JRLC"\' Finel
& EL.— 020 EL.£00
Sk r 1 A ) 4._;%‘&._\&
o
N
N
<
() e

Fig 9. Franme of the desipgn structure

N S
W]
R% _FoAM 04 -




o7
SHEET __ &N/

._OF

?) WEIHE (BTXRY 1n H9)

a) The ground reaction qr

35.9

T == . +
q 9.04 10

X (14.58 — 13.60) = 8.9 t/nf
b} Concrete weight
i} base slab
Her = 0.4 X 2.45 = 0.98 (Vg
ii) a side wall
Mo = (0.4 X 2.2 4 0.3 X 0.3) X 2.45 + 2.2 = 1.08 t/ni
i) a partition wall
'.‘ﬂ‘c3 = (0;4 X 2.2+ 2 X 0.3 X 0.3) X i.45 2.2 = 1.18 ©./m
iv) Upper slab
Hea = 0.4 X 2.45 = 0.88 t/nf
¢) Soil weight
W = 1.8 X 1.0 + 1.0 X 3.8 = 5.7 £/ nt
d) Water weight
i) the ground water welght
Wi = 1.0 X 3.3 = 3.8 t/ﬁ’f
it} the internal water weight

Woe = 1.0 X 2.2 = 2.2 t/nd

FOAM 04
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SHEET %) oF
e} Up lift
I =1.0xX6.8= 6.8¢t/nd
£) The water pressure
i) ab outside
Paor = 1.0 X 4.0 = 4.0 t/nf
Puge = 1.0 X 6.6 = 6.8 t/m
it) at inside
P = 1.0 X 2.2 = 2.2 10
g) The earth pressure
The ground surface surcharge load is considered for @ = 1.0 t/nof
Per =05 X (1.0 4+ 1.9 X 1.0+ 1.0 X 4.0) = 3.45 ¢t/ uif
e = 0.6 % (104 1.9 1;9 + 1.0 X 6.6) = 4.75 t,/nf

According to the above calculations, the results of the load calculations
are shown in Fig 10.

FORKM 04
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Fig 10. - The results of the load calculations
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3) o E

The load diagram is shown in Fig 11.
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Fig 11,

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

sectional dinmensions are supmmarized in Table 3.

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

Hember’s The sectibn afea The geomentrical moﬁent
number A [ni] of inertia I [n?] Remarks
(1 0.4 0.0053 Side vall
(2) - (3) 0.4 0.0053 Upper slab
— .
(1) 0.4 0.0053 Side wall
(5) — (8) 0.4 0.0053 Base slab
(7 0.4 0.0053 Partition wall

0) EEIC X AIEER.

The computer calculation results are shoun in the following figures and table

(Fig 12—14 and Table 4).
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Table 4. The calcuylation results of the rectional forces

SKEFT _ 28 OF

T ELEMENTAL FURCES %% T o om e M -
ELEM  I-gND S AXIAL ___SEEAP_ MOMENT  J~EMD _AXIaL SHEAR __ MOMENT
i i TITESEYAT TN TIEIGERSY T T essiE Ry T Y 1.8211¢g v FOA995E807 TR TASREYIG
2 7 L.8211E+)} _T.2936E+00 ] 1.7509E+9] 1.56&5E+00 1.3444E4+30
3 F] 1.75C98+31 L. 5855F 40T g L.5807E+01 =%, 6904500 ““2‘.0“-",‘9'75‘350"
4% 9 1.58076+)1 -3.4% 2 151055401 -8.67105+90 6.0821E+1D
5 3 H.6710E+1) ive1? f 12 ABTIJE+TT 1. E9BHE+0 SAUE2EGED
T : SN ¥ LBaSTIDERYY 7419555400 -2.32398+0 1 (B.5T712E+37 =1L TLLAE+T0 ~£.1552E+00
7 Il TELBTICESNT T SIVIVIAEETHET T —e 15528 T T T T T ARTINE T T TSI RETGE R T TIRIIRESES T
g 12 B.6712E+3) —1 LARIGEIN] -G.1455E-21 A.4712E+3) ~1.9527E+01 LYsiB9BESD]
g 3 B.6TLCE+TY . LORZFEVAT T UTTUTIVTEGAE ML T TOTEVETITERIRT T T ABV9ERAT T 3
10 13 8.5710E413 nslcﬂf‘l -5,14455=-31 " 14 8,47125430 1.TEL4E+0 —6.1552E+00
11 S BL5T710E+0) 1_ FlTeE+an T IEVYSS2ERYT T i TRLGATIAEYT ST I8 e Ty T SATRZ3GE 0T
12 15 8.6 710E+M) ~7.196¢E ~3,82395+30 4 B.&710842) ~1. 61058401 6.07T91E+30
13 A ITE108E+31  B.GTLREESET T TEUNISIE3T T8 1 AARNTEFAT TURYAEEY0G T TTEIARE TR
L4 L6 1.6827E401  3.53ME40 2, METEEND 17 1. 7509F+)1] -1.5b45E+700 1.3384E+90
””” s 17 1.75CE+0T  TRILREEEREAIE T TTLUARLLETYY TS PP TR E NS S B - 17.Y 2 T R W i1 Tl
16 1% 1.6211E+21 STUYPIEEHCLE - 4.1629542) - - 5 1.8F13E4TL -1, 2909E¢2) 1.0628E+01
T T TR T T 12909840 TR IIVRIEEAY T T T RAINES T T T T YT IVeeRIE AT T I ZIoIE RN TG RETSEGOT
g 19 1.268068491 1.23316+08  =5.4475E+ 22 1.29M9E +71 ~3.0119E400 -1.04345E401
B - T T S W T- 111} I Wt I T T S N V- ST I B T LTl TS T GRS TS i T3 WS W 31 VX5 T
29 21 1.2939E+71 ~L.Rel1E2n]" ~1. 3zda=+ﬂ 5 1.29095401 -~3.381564+0] 2 .0863E+N1
2 I 1.29C9E+01 3.35905E+0 7 e 2909 +3T 1. 8513691 =1, 22BAEIH
2z 22 1.2906E+01 ~  1.9612£+0] -1, 3233 +'n 22 1.290GE ¥0 1 3.011NE+20. ~1.0424E+9]
Y 23 . 23 L. 2909E+0L- EIRO BT O T P T | 24 T1.2909€+91 =1.Z391E+97 b A4 T5E+TD
24 2% 1.2908E+21 ~1.2390E401  -5.6475547) 1 __1.2973E4D1 -2.7792E401 1.06231E40)
25 2 390558 +41 2939 E-15 #5 3.9822E+01 S T296E-15  5.6963E-14
26 25 _2.9822£01 5:9363E-18 26 5.7589E4D1  5.729&E~15 ~3,1646E-15
27 2& L 5BGE+ L BN TN 27 13555 +01 5.7296E-15 ~6.8E89E~15
23 27 212568421 _-5.9839€-15 5 4:2123E+)1 5:7288E-15 | -3.0813E-1%
F AN . - U e e - e - - et s e s

SP77

()



o

-
o

)
%

SHEET OF

'r

1.5.2 =22 (J5TH)

1) BEESYoBR gn structure

Frame of the design structure is the same structure as that of Case—1
excluding a part that the internal water condition is empty.

2) EitE

The load calculations are the same calculations as those of case—1 excluding
a part that the internal water loads are no considered (=0).

P HER

The lead diagram is shown in Fig 15.
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Fig 15. The load diagran
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4) EHETEOANT &

Input data for the sectional dimensions are all the sane values as those of
Case—1. '

5) W|EIC X DR

T-he computer calculation results are shown in the following figures and table
(Fig 16~18, Table 5)
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1)

2)

3)

1.5.3 23 (Jilhe)

RS OB

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

“excluding a part that the internal water condition is empty at oneside.

THEE

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

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

W oH

The leoad diagram is shown in Fig 19.
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Fig 19. The load diagran
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Input data for the sectional dimensions are the all same values as those of
Case—1.

6) WElC kAR

The computer calculation results are shown in the following figures and table
(Fig 20—22, Table 6)
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1.5.4 The stress caiculaﬁion

Before calculatlng the stress, the sectlonal force for the structural design is
determlned hy-selecting one case among three de31gn cases from a view point of
the safety deslgn, and the stress calculation results are 1nd1cated in Table 7
and the arrangement of re1nforc1ng bars is shown in Fig 23. -

As the arrangements of reinforcing bars for other sections (Section 2 and 3)
are applied to that of Section 1 and that of Discharge Tunnel, these are shown
in Pig 24 and 25.
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Fig 23. The arrangement of reinforcing bars at Section 1
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1. MAERORIHE

The side view of Revetment is shown in Fig 1 and Plan of Revebment is shown in

Fig 2.
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2. BEORH

i) The
Pen
Pal

PeE

Paa

ii) The
Pul

PN2

1) WHESHE (BT ImHy)

earth pressure
= 0.5 X 1.0 t/n® = 0.5 t/n?
= 0.6 X (1.0 + 1.9 + 1.0) = 1.45 t/n®

= 0.0 X (1.0 + 1.9 X 1.0 + 1.0 X 3.8)
= 3.35 t/m®

= 0.6 X (1.0 + 1.9 X 1.0 + 1.0 X 5.8)
= 4.35 v/ »®

water pressure
= 1.0 X 3.8 = 3.8 t/n°"

= 1.0 X 4.73 = 4.93 t/ue

2) The load:diagfam

(at, the surface)

(at EL. 3.8 m)

{at EL.2% 0 m)

(at BL.—2.0 n)

{at EL. % Om)

(at EL.—0.43n)

Fig 3. The load diagram
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3) WEER

i} at the niddle span

The structure of vertieal wall is considered for the continuous bean at the
niddle span, so the calculation is as follous.

w12 (3.35 + 3.8) X #

10 | 0 11.5 tem

i}

i
I

My

, . . X '
5 = wzl _ (335+238) 1 e

f

ii) at the end span

The structure of vertical wall is considered for a fixed bean at the end

span, so the calculation is as follows.

.12 . r- - | 2

o= 2 gy = BRI XL 5 = 126
12 Y -

S = mél + 5 = (4:35 + 4'223) Lz 14.3 = 19.5 ¢

i} the stress calculation -

The stress calculation resutlts are indicated in Table 1.
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3. B2 5 7 okt
1) ﬁﬁ%*rﬁ (BATHAT L m¥ D)
_i) The soil weight Ws
o= 1.0+ 1.9 X 1.0+ 1.0 X 6.8 = 9.7 e
i} The water weight ¥.
He = 1.0 X 6.8 = 6.8 t/n?
i ) Thé conci‘ét;e. weight |
Ve = 1.0 X 2.05 = 2.5 L/u
) p life

P = 1.0 X 6.8 = 6.8 t/n?

Accordingly working load W to the base slab is caleulated as followé.

W= Ws + W + Y — Py
= 9.7 + 6.8 + 2.5 — 6.8
= 12.2 t/w?
2) iRt

The Structure of base slab is considered for a fixed beam, so the calculation

is as follows.

T W-lp® 12,2 X fi.’l‘i . where 1im .
T - 12

= 16.3 ton
Sy = Ja‘__z im _ 12.2 ; 4.0 = 2.4 ¢

3) %

The stress calculation results are indicated in T‘able 1.

the maximum Espan
length In = 4.0 n
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4. WEDOKH
The design struclure of bultress is considered for T-formed beam thalt lhave

vertical wall as a flange and buttress as a web, so the design caleculation is as
follous.

1) WERH

=k :
A
! f
tl ©
E K |
] E 3« A
1 \ ozt '?R
. ! 3 K}
{1y -, o A
T25L5Q93mﬂLML7%‘ B4 N O SO B (VA ~ CNN
(i ) 1 B e
- RN A Al %[
N B 2O clesginge | )4 | Rt S )
i Ty santd peet o] . o The aeatenr fraggsind.
N [ = P o o

5.7 AR

. @,-;{ML"’( §:_> = #2fF ’

2o STy pon KX 0. /5 248 Yt o e
__§°

Fig 4. The load diagram

The earth pressure Py: working to the interval of buttressed wall and the
working points are as follows.

Puy = —%— X (0.98 + 1.45) X 0.5 X 4.0 = 2.43 ¢
1 2 X 0.98 + 1.45 3
o= X T X 0.5 + 5.8 = 6.03 n
Py = —%m X (1.45 + 4.35) X 5.8 X 4.0 = 67.3 ¢
1 2 X 1.45 + 4.35
= 4 - _— - X 5.8 = 2.
li 3 1.45 + 4.35 5.8 = .4z m
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Pvs = “%"— x 4.23 % 4.23 X 4.0 = 35.8 t
s = ——%— X 4.23 + 1.57 = 2.98 n
Pud = 423 X 157 X 4.0 = 6.6 ¢
1
Hy = T X 1.57 = 0.79 n

2) iR
The bending moment My and the shearing force S are as follous.

My = Pui-lli + PHo-llz + Plia-ls + Plla-li

it

2.43 X 6.03 + 67.3 X 2.42 + 35.8 X 2.98 + 26.6 X 0.79

= 305.2 t'm

= Puy -+ Pz + PHs + Pll

e
|

132.1 ¢

il

Accordingly the required gectional area Ase for the tension bars is calculated

as follous.

K 30520000

— - 2
el 1600 x 417.8 45.66 cn

ASO =
Now using the reiﬁfofcing bars DZ5(A = 5.067 cm®) 10 picces,

As = 5.0687 X 10 = 50.67 cn® > Aso = 45.66 cn?
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The effective width be of Fflan
as follows.

Calculating the distance X to

ge {vertical wall) at the end span is calculated

_ 1 be  the width of web
be—bo+(bs+—-—~r~8 : be = 0.6 1
2.4 bs © the width of flange
= 0.6 + 0.3 +
0.6 0.3 8 bs = 0.3 m
=1.2n<4.0n _ 1 : the span length of
reflection

1=06X4=24p

Therefore b = be = 1.2 m = 120 cn

the neutral axis,

(b= bo) + 0k ¥ (b ~ bo) + Zn-he-d

x:_t_(b:)bo)+n-ﬁs JR/-,

bo bo

60X (120 — 60) -+ 15 X 50.67

60
60X {120 — 60) +15 X

50.67 . [60°X (120-00) +2X15X 50.67X457.3

60
= —T2.67 + 143.06

= 70.3% cm > 60 cn

Outline of T-formed beam {at

b ':/ZC?MN

W TE0

the end span) in shous in Fig b.

(9

NS
-]

5’3‘2‘3{4-—
w7 P

~l
3
Q —
f bopdOd
Fig 5.

bJJO(W

W}
IR
iy ?

1

Qutline of T-formed bar
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The inertia moment I related with the neutral axis

1z<§—~ Mo — (b = bo) (x = 1) 3) + ndss (@ — x) 2
1

3 % {120 X 70.39% — (120 — 60) X (70.38 ~-60) 3} -+ 15 X 50.87
X (457.3 — 70.39) *

= 12.77L % 10T emt

Accordingly
i 305.2 X 10° -

L= g m St T ST % 70.39

0 T Tk o <
= 16.8 kg cn® <i8 ca = 70 kg en?
0

5w WH_ gy o 15 % 305.2 X 105 X (457.3 — 70.39)

° T X 12,771 X107 T

= 1387 kg/en® <850 = 1600 ke on’
O

I T 1 [ . \

CE ST T @ox ans oS ke e = 85 keson

And the required sectional area of the connecting bars at buttress is
calculated as follows.

(at the connecting portion with vertical wall)

S; 19500

= = jZ. 2
§ 5o 1600 2.2 e

(D16 @ 150 —» A" 1 = 13.3 cn?)

hey =

{(at the connecting portion with base slab)

5 20000 - - .
Aoz = 2 = = 15.3 en?

3 sa - 1600 (D19 @ 150 = 4’ » = 18.1 en?)
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5. AHIHAN DK
3.1 ADEtE

1) EEfRE .
a) The Coefficient of the active earth pressure
ar

2fr

Kar = tan? (45" - Yy =20.333 [EL.-6.dm ~ EL.-3.0 mn ]

i

tan? (45° -

Kas = 6 Y= 0,390 [ EL.-8.5m ~ FL.-6.4 n ]
39° . . .
Kas = tan?{45®° - — ) = 0.228 [ below EL.-8.5 n ]

b) The coefficient pf the passive earth pressure
Lan® (45° + ég)
tan? (15° + ?’3 )

1
il

Kea 2.561 [ EL.-8.5m ~ EL.-6.4 n ]

H

Ko 4.395 [ helow BL.-8.5 w ]

I
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a) The horizontal forces

Table 1. The summary of horizontal forces

The Calculation Remarks
0.333 X_11.0 = 3.66 t/mi _ 7 1 The active
P1 % This surcharge loacl_is taken for adding the earth pressure
ground reaction of Qutlet and concrete weight
P | 0.333 X (11,0 + 1.0 X 3.4)- = 4.8 t/n? DITT0
Ps | 0.300 X (11.0 + 1.0 X 3.4) = 5.62 t/n? DITTO
Pa | 0.380 X (11.0 + 1.0 X 4.0) = 5.85 t/w’ DITTO
Ps | 0.300 X (11.0 + 1.0 X 5.5) = 6.44 t/n? DITTO
Pe | 0.228 X (11.0 4 1.0 X 5.5) = 3.76 t/n® DITTO
Pq 0,228 X {11.0 + 1.0 X (4.0 + D) } = (0.228D + 3.42) DITTO
‘ t/m? :
Pe 2.561 x 1.5 = 3.84 t/n? The passive
: ' earth pressure
Pe 4.395 X 1.5 = 6.59 t/n? PITTO
Pio| 4.385 X D = 4.395D t/m? DITTO
Pri| 1.0 X 4.23 = 4.23 t/n? The water
pressure
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3) ANE—A VL

Table 2. The Summary of the external noments

The Forces Arns Homents

No Si(L/n?) fii (m) Hi{t.m/m)
3.66+4.8 2%4.8+3.68 3.4 _

1_ — X3.4=14.38 m Y =1, 777 25.54

| 5.62+5.85_ . 2X5.85+5.62 0.6 ,

A X0.6:3.4 | "ot X g+ 3.3, 02 12.73
5.85+6.447 . 2X6.44+5.85 L 5 | |

31 ><1.5h9.2n2_ s mEroal X g +1.0=4.762 43.91

4 g-g%,ggg}egp 0.5% (D—1.5) +5.520.50+4.75 | = 1 g 15000

O e IR A (et FO R S R

5 g'ﬁmw o0 IW) £ 8.55515%.5_ . Y700ei-"1 45h

610.5x3.84%1.5 = 2.88 | 0.667X1.5+4.0 = 5.0 ° o144

7| & 808500l 48 0.5 (D=1.5) +5.50.50+4.75 3: Jiofs i 26-360

N A R SR R s o
> 8.5930+4.9 , )

g| 4P Pis%Y 0.5X (D+4.0) = 0.5D+2.0 L 41R, 1692

Acecordingly the turning moment M: and the resistant moment Mr are calculated
as followus.

i) The turning moment

Hi 4+ Ho + Ma + Mo + Hs -+ Mo

25.54 + 12,73 + 43.91 + 1.8802 + 15.04D — 26.79
4+ 0.076D® + 0.785D% — 1.368D + 1.157 + 2.115D2
+ 16.920 + 33.84 _

0.076D% + 4.28D% + 30.592D + 00.387

Hy

i

i

1

ii) The resistant moment

Hr

I}

He + Hv + Hs : s
14 4 + 3.295D% —~ 26.360 — 46.954 + 1.466D° + 5. 49302
— 26.371D + 22.248

1.466D% + 8.788D% — 52.731D -~ 10.306

"
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5.2 WRBPANEOIH

The embedded length is calculated by making the balance of the turning monment
and the resistant moment. This calculation is as followus.

4 = Fs - iy wvhere I's : the [actor of safetly = 1.5

i

1.5% (0.076D%+4.28D7 +30.532D-90.387)
0

1.466D% 4 8.786D2 —52.731D—10. 306
1._352[33 + 2.368D% —6.843D—145.887

AccordinglijOlving the above egquation
b= 4.6m
Therefore all length of a front sheet pile is calculated as follouws.
L= 4.4+ 46=0.0n
According to.Lhe above calculation, all length of a front sheet pile shall

be determnined L= 9.0 n in consideration of making use of a

temporary sheet pile of the colfferdan.
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1) XA

2)

The Reactions at the supports are calculated for a simple beam that has the
upper end as reinforced concrete placed and the lower end as the sea bottom,
and the formal equation is as follows.

( at the lower end )

R = Ho - where o ¢ Lhe toLal external e t [t m/m}
Jo ¢ . t e span_lengt % Q H
o . the total horizontal force

( at the upper end )
Ru:So“‘Rl
Accordingly this calculétion is as follows. -

72.1 t-n

Mo = 25.54 + 12.73 + 33.84 =
So = 14.38 + 3.44 + 16.92 =34.8 ¢
Cheos b o980 b

Ru = g& g — 18.0 = 16.8 t/n

BAMYE—-2X v}

The formal equatien for the bendiﬁg noment is as fellows.

He = Ri*X — 7 PyXe -+ r (XKX)%* {t-n/m]
Sx = Ry — X + %" Kx? [t/m]
~Py 03 B E - 5By = 10uft v
there K= T Vi Bz hedbn g af5 1083 2 10580, 1o

(L]

Provided that S« = 0

X = : - [m]

Accordingly the real calculation is as feollows.

10.08 — '1.89
K= 1.0 . = 0.5475
10.08 —/ T 082 =" 2% 5475 X180
k= 0.5475
= 1.882 m )

FOAM 04
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Therefore Muax is calculated as follows.

1 1
Hoax = 18.0X1.882— -— X10.08x1.8822+ — X (0.5475x1.882) x1.8822
2 6

1§

16.7 tm/m

Fig 7. The load diaﬁram.

3) HERKWIHORE

Now using the sheet pile type SP-1V(the se¢tion modulus: Z = 2270 cn®/nm, -
the material: 5Y-30), the stress calculations are as fcllows.

ob = rox 1670 000 = 736 kglemd < vbs = 1800 kg/cn®

D.K
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4) EHESEN O AESHEOMH
(betueen the front sheet piles and the base glab of Qutlet)

The required sectional area of the connecting bars As are calculated as

follous.
_ S 1000 oo
As = P Toa5 18.05 cm

[ Double alignment of D18 @ 300 - 19.1 en? ]
Hhere 0sat the allowable shearing stress for the field fillet
weld
osa = 0.9 X 1 050 = 845 kg/cn®

The arrangement of reinforcing bars is shown in Fig 8.
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Fig 8. The general arrangement of reinforcing bars
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6. Fm (SRR okt

The design structure of seawall is the sheet pile counterforted by anchoring

sheet piles.
6.1 ARt

1) EEHEK
a) The Coefficient of
Kar=tan? (45° -

Kaz=tan? (45° —

b) The Coefficient of
Koy =tan® (45° -+

Keo=tan? (45° +

Kps=tan® (45° +

the active earth pressure
26° '
21

) =0.390 [BL.- 8.5 n ~ BL.+ 3.8 n ]

39
2

- =0.298 [ below EL.- 8.5 m ]

the passive earth pressure

y=3.0 [EL.-6.4m~ EL.- 2.6 n ]

A
1]

5 2.561 [ EbL.- 8.5 ~ EL.- 6.4 n ]
39°

—— ) = 4.395 [ below EL.- 8.5 n]

. ,
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a) The horizontal forces

Table 3. The Summary ef the horizental forces

No. The Calculations Remarks
Pi 0.39 X 3.0 = 1.17 t/m? The active earth
pressure
Pz 0.39% (3.0+1.0X1.3) = 1.68 t/n? DITTO
Ps | 0.39X (3.0-+6.4) = 3.67 t/w® DITTO
Pa 0.39% (3.04+1.0%12.3) = 5.97 t/n DITTO
Pa|  0.228x (3.0+1.0X12.3) =.3.49 t/n’ DITTO
Ps 3.49+0.228X (D—5.9) = (0.2280—2.145) t/n? DITTO
Ps 3.0%x3.8 = 11.4 t/nf The passive earth
. pressure
Lm .
P’s 2.561X3.8 = 9.73 t/m DITTO
Pr 2.561X5.9 = 15:11 t/n? DITTO
P’y 4.395%5.9 = 26.93 t/n? DITTO
Ps 4.395D t/mR PITIO
Py o 1‘3_t/m21 Thé water pressure
Pra 1,93 b/ BITTO

FOAM 04
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Table 4. The Summary of the externai moments
The Forces Arms Noments
No Si (t/m) Ai (m) Hi (G.m/m)
1.17+1.68 | mpamles ., 1.3 R
1 R 2 X1-3-—1-80 ( 1.17+1.68 ) . 3 - 00611 ] 1-13
1.68+3.67 ) 2x3.67+1.88 5.1
2] $5.113.01 | e kg 2.866 39.09
3.67+5.07 9%5.9743.87 5.9
3 U 608 | ek T 5.1 = 8.285 235.63
’ - TALDR
1| 2596005, 591 1.0+ 5 x50 050 + .05 | HE Moy
2 -165.
e . 2 3. r'd
5 90??9465§§534§ﬁ§§.953 1.0 + %— x(0-5,9)= 0667 + 7.067 | “67658p: 287012
8 9'§1fsé1'4 x 3.8 5.1 + %— x 3.8 = 7.633 165.33
0. 3415.11) 215114973 21 |
AA?_ 0.5 5 (0,734} R aTX 5 = 1002 261.48
8 2522?9§D(9'15§;8§7 1.0 + %— %(D-5.9)= 0.5D + 8.05 %213259332
| — | .
99ﬁ%%wﬂﬁmm1un§wmmﬁ&wmww7g%%ﬁm”
1010.5x 1.3x 1.3 = 0.85 | - ( %— x 1.3) = - 0.433 - 0.37
0.5x(1.3+4.23)x2.93 | 2x4.23¢1.3 293 _
i | 4 W S 1.724 13.964
2
IR i AR 0.5 x (D + 2.17) = 0.5 + 1.085 %’é?gggn

Accordingly the turning noment My and the resistant moment M. are calculated as
follous.

i) The Lurning moment

Mt

1

H1+M2+Ha+]'ia+ﬁs+ﬂn+ﬁlz
-1.13 + 39.09 + 235.83 + 1.745D2 + 17 799D - 165 758 + 0.076D%
-0.001D2 - 6.858D + 28.042 + 13.064 + 2.115D% + 9.179D + 8.958 - 0.37
0.076D% + 3.769D2 + 20.12D + 158.427
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i1) The resistant moment

"

o + Me + Mo + Mo T

165.33 + 261.48 + 12.965D% + 132.243p - 1231.545 + 1.466D3
- 1.763D% - 132.232D + 540.58

1.466D% + 11.20202 - 264,145

He

H
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6.2 WEMBAREOFH

The embedded length is calculated by making the balance of the turning‘moment -
and the resistant moment, so this calculation is-as follows.

M= Bs ¢ M wheré Fa: I the factor'of safety = 1.5
1.466D%+11.202D2-264.145 = 1.5x(0.076D%+3.76902+20.12D+159.427)
1.352D%+ 5.549D2-30.18D-503.286 = 0

‘Accordingly solving the above equation

D=97.0n

Therefore the required length L’of steel sheet piles for seawall is colculated

as follows.
.L' =6.4+7.0=13.4n

Now the length L of steel sheet piles for seawall is determined in accordance
with the point level of the front sheet piles(= EL.- 11.6 m), so this
calculation is as follows.

L=6.4+9.0=15.4n— 16.0n>L"=13.4m

FOAM 04
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6.3 $HEHOFzS

1) XD -
The reaction at the support is calculated for a sinple beam that have
the upper end as Tie'Rod sctting up and the lo er end as the sea botton,
so the calculations are as followus.

-1.13 + 38.09 - 0.37 + 13.961 + 4.23 x 2.17 x (0.5 x 2.17 + 2.93)

Mo :.
= 88.41 t'n . :
Se = 1.85 + 13.64 + 0.85 + 8.1 + 4.23 x 2.17 = 33.682 ¢
HO . 88- 1
R = i; i 1 - 17.34 t/m
Re =S - R = 33.62 - 17.34 = 16.28 t/n

2) BAMYE—2 Y

The calculations for the mazimum bending moment are as follous.

 Pr - P 10,07 - 2.98
A iV T 1
K 10 5-1

. - ' . 2 " T T -
Y = 10.07 1/10£O§9 Zx 1,39 x 17.34 - 1.997 n

g \
~
M \
[I
o L
= . Po—K+ X
X
TLF,J-F-AJ—«—&.’CN
) JL___ i’. o r/

YPy=-10,07 vz

Fig 10. The load diagran
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Therefore Hanax is calculated as follous.

it

i

16.4 ¢

Now using the
, the material

Haax

Z

gy =

17.34 x 1.997- K 10.07 x 1.997% «+ 5 K 1.39 x 1.9973

n/n

sheet pile type SP-Vi(the section modulus: Z = 2270 cn’/n
: SY-30), the stress calculation is as follows.

1640 000
“_§,______ o= 723 kgdenf <. ove = 1800 kglen?
2270 )
0.

.
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7. 2 ofERORE

1

2)

y4ny FORit .
Setting the span length of tie rod is 1 = 1.25 m, the tension T of tie
rod is as follous.

T=R x1=16.28x1.25=20.85 ¢

Then setting up tie rod processed hy the following material and size,

the stress calculation is as follows.

T 20 350
2 — = —— =z 37 2 < s = ?
ot A - 1068 - 1 037 kg/enm gt 1800 kg/cm
o.k
where the material : high tension steel 45(g ,=45kg/nn?)

the diameter © ¢ = 50 mp

the seckion area © A = 18.63 cnf

L oRs

Calculating the maximum bending moment working to wale assumed to be a

.sinmple bean,

. - . 90,95 % 1.
My = ? 2 LY ?“ 2_1 ?5 = 3,18 ten

Now using the two ch;ﬁel type stéels( the size: [- 250 x 90 x 9 x 13,
the section modulus: Z = 335cm®,the material $5-41) as wale, the stress ca

Yeulation Tor wale 1;'35 follows.

Mo 318 000
¢t = —o— F B

— = 475 k 2« a = 1400 kg/cn?
5 7 % 335 475 g(cm ote | g/cn

0.k
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8. JXBER OB
1) BAGRKWEORE the size of anchor sheet piles
The process of this calculation is applied to the design of a vertical
anchor pile, so the calculation is as follous.
Tension of tie rod ¢ Rv = 16.28 L/n
The ground reaction coefficient K is caleulated as follows.

K - '-Eo R Bfﬂ.TS . y-G.S .

0.2 x 168 x 100-2-75 x 1.079-°
1.06 kegfew® = 1.06 x 10° t/n®

where.  Eo  the transformed coefficient of the ground
| e kelomR)
Eo = 28N = 28 x 6 = 168 kg/cw?
o . the coefficient applied Lo Eo = 0.2
D ¢ the unit width of sheet piles = 100 cm= 1 m

y ¢ the basic displacement = 1.0 cn
Now using SP-I type shest piles( the_se@piohfmbdﬁlusﬁ i=1 3&0 cn?/n),
the bending stiffness and the maxinum bending moment is calculated as
. follows.
EI = 21 000 000 x 0.000168 = 3 528 t-u?

- Therefore calculating the specific value.of sheet piles( per 1 m unit
width),

KD : 4/ T06 = 1000 x 1207
4F1 4 x 3 528

= 0.524 m°!
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r
Hnax = ?; exp {- — ) *sin —1%—
1628
0'332 *0.52
= 10.0_t-p/n

Accordingly the-stress calculation for shest piles is as follows.

_ Maax 1000 000
oy = T

= 747 kglen® < 0ga = 1800 kg/en®
ok

) A - 17340 -

Then calculatlng,;he dgsplagement § at the top of sheeet piles,

R o 16 280

§ = = =1.5 cn

2E1 B3 2 x 3 528 x 107 x (0.00524)"3

And calculating the length of sheet piles

™ - 70
L=z -— +0.5= -—— +0.5=06.495 > 7. n
8 0.524

According to the previous calculations, the size of an anchor sheet pile
is determined as follows.

Type & SP-10
The length @ L= 70n

% The length pf the anchor sheet piles will be determiﬁédlﬁjfthe ground
~ surface elevation at the site.

| 2) RAWRBALE O

The angle of the active failure and the angle of the paéSivé”failure

orlo

are shown in Table 5.
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Table 5. The summary of the aﬁgle of failure

Ttems ' ' The Angle
The angle of the avtive failurezxu 53°
The angle of the passive failure . . .| 22°

According to the above table,- the distance L’ between Seéwail and :the

anchor sheet piles is calculated as follous.
¥ o % Heo
L’ =51 x cot 53° + —— & cot 22
, .3

=8.8nm

Therefore the distance between seawall and the anchor sheel piles is

determined as flollus.

L= 10.0n "
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