CV-6 STRUCTURAL CALCULATION OF DISCHARGE TUNNEL

1.

2.

# Y
§ e

4,

5.

i

. Gontents of this calculation note is shown as below.

SOilJCOHdition a-nﬁnnoolﬁq.auocof-[.(}.c)}-ingo.cco,r-c....:-..

Outline of Discharge Tunnel

The Structural Design Case

'The Structural Design ..

3. Stability Calculation teaaenen

A A R R R I R O N N T PP,

LEC I

Bt s s e ew

c v s s s

L R I T T

+ .

L N R N R R R

2

12



SHEET ___& oF

1.1

Structural Calculation of Discharge Twanel = .
Soil Condition

Boring data around the construction area is shown in Fig 1.
Now the average N—value above the foundation level is ¢aluculated as
follous. '

((15+24) + (24+5) + (5+28) + (23+13)+ (13+) + (4+5) + (5+17)
2 X 7

=]
|

=12

According to the above calculation, the angle of the internal friction is
caleulated by the following egquation.

6 = (JI5N +15)° = (JfiBX1Z+ 1B)Y° = 9ge

the bulk density of seoil abové the ground water ¢ :r = 1.9 t/n°
the bulk density of soil under the ground water r’ I 1 = 1.0 ¢/

Other basic condition data are'descripted in “ Civil Design
Condition ¥ (vid.No EWC—1001).
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1.2 Outline of Discharge Tunnel
The design section of Discharge Tunnel is shown in Fig 2.
_ This design structure is considered for the rigid frame structure.:
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Fig 2. The design section of Discharge Tunnel

FORM 04

LA



)

O

SHEET O or e

/_j‘/_g/" :

- 1.3 Stability Calculatioin.

1) Vertical forées (per im unit lengfh)
a) Base slab
Moy = 5.6 X 0.4 X 2.45 = 5.5 ¢

b) Side wall (both sides)

H

chi: zx(2.2><o.4+:o.3$§0=.3?.x2.45” - 4.8t
c) Partiﬁion wall .
Wes = {2.2x0.4+2>’<"0.-3><6'.3)jxz.'45 = 2.6t
d)_Upperlslab - | | |
Wea = 56x 0.4 X 2.'45' =. 5.5 t. |
e) Soil éegéﬁgiﬁihz o
G = 5.6X(1.OXLOH1.0X3.8) = 31.9 t
. £) Yater: weight |

Hater weigth is caleulated by dividing between the inside and the outside
of Discharge Tunnel.

1) at the i_ns;i&é
Y = 2><(2.z>'<2.2-2><_:o.3><0.3)x1.0 =93¢t
it} at the outside |
Woe = 3.8 X 1.0 X 5.8 = .3 ¢
g) Buogancy_

Vs = 1.0X5.6X8.8 = 38.1t
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Aecordingly the vertical forces are summarized as shown in Table.la_
Tablel. The summary of vertical forces -
Species Vertical forces Renarks
[t]

LY 0.5 Base slab
Wez 4.8 Side wall
Woa 2.6 Partition wall
Woa 5.5 Uppgr slab
Vs 31.8 Séil veight
Yo 9.3 Hater weight (inside)
Wao 21.3 Water weight (outside)
Vb —38.1 Buoyancy

TOTAL V= 7.42.8 t

2) The ground reaction g
y Be . . .
o = 1= S ) vhere e ! the eccentric distance
e = 0

_ 42.8
5.6X1.0

= 7.6 ¢+/ni
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3) Study of the'bearing éapabity QL

The ultinmate bearing'cépacity,is calculated by the following equation.

qu = @ KCNC . + K‘liNq '+7 ‘—%—." Tt ﬁ‘B" Nr
where - C % soil cohesion = 0 t/m

. q % the éurcharge load

q = 1.9X1.0+1.0X6.8 = 8.7 t/ni

rs the bulk:deﬁSity of the bearing soil {t./n®)
ri = 1.0 t./n®

(r1 is the bulk density under the ground water.)

B : the effective width considored for the eccentric
- distance - '
B = 5.6n
a,_B f-tﬁe'cbeffitientfof baSic forﬁ' q = B = 1.0
fK ?ith§ extraIC§effi§ient.féffthe enbedded effect

Nq,Nr-:.the-béaripé coeffigiéﬁféwéfé_adopted from the
_— ffollowing:graphs. ' -

N = 15

Nr : 11

Al
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Fig 3. Graph of the bearing coefficient No

tan 8 & tanﬂ"—-'—%,m:()

Because the horizontal forces are equilibriumed
at both sides.

¢ . the angle of the internal friction ¢ = 28°
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Fig 4. Graph of the bearing coefficient N
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Accordingly the ultimate bearing capacity g is calculated as below.

Cq = 1.0X8.TX15+ sz' X 1.0%5.6X11 = 161 t
4) The allowable bearing capacity s
The allowable bearing capacity is caleulated as belos.
. . , .
Qs T o—— + gy = — X 181 H B t/mM > qi= 1.6t/
. 3 0.K
where B 1 the factor of safety Fs =3

Therefore the spread foundation is adopted for the foundation of Discharge
Tunnel . o
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5) Study of floating

The calculation of fleating is executed at normal and at constructien, so
this calculation is as follous.

a) Total vertical force
i) at normal
Vi = Vor 4 Woo + Wos + Vou b Wo &+ War + Wz = 80.8 ¢
ii) at construction (The internal water is no considered.)
Vo = Woi + Woz + Hes + Wea + ¥ + Wuz = 716 ¢
b) Up Lift U
Up 1lift U is calculated as below.
D = 1.0 X 6.8 X56=238.1¢%
¢) Checking on the factor gf safety of floating Fi
The factor of safety of floating ié checked by the foilowing two cases.

i) at normal

Ryy = — = — = 1.1 ;ﬁ 1.1

il ) at construction

SURDUE (S 1
e = o5 = g = 188 (%10
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" 1.4 The Structural Design Case

Table 2. Summary of the design.cases

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

CASE 1 7 3
CONDITION at Nornal at Construction| at Inspection
The int 1 wat
° ?n‘grga raret - Full Enpty Empty(at oneside)
conditions : .
The surcharge load 1.0_t//nf_ 1.0 £/ 1.0 ./ nd
The peried Long term Short tern Short tern
The incremental _ .
coefficient of the . 1.6 1.25 1.25
allovable siress
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1.5 The Structural Design
1.5.1 Load Case~1 (at Nermal)
1) Frame of the design structure
Frame of the design structure is shown in Fig 5.
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2) Load calculation (per 1m unit length)
a) The surcharge load at the ground s_urface q .q = 1.0 t/ﬁ :
b} Self weight
i) Base slab
W1 = 0.4 X 2..45 = (.98 t/nf
.ii} Side wali' {at one si&e)
oo = (0.4xz.z+o.3'xb.3)xz.45+2.2 = 1.08 t/ni
iii } Partitioﬁ wéll
Wos = (o.4x2;2+2>’<0.3x0;3)_><2_.45~:—2.2 = 118 b/t
iv) Upper slab |
Vou = 0I.4 X 2.45 = 0.98 t/.nf
v) Soil weight
Ws = 1.9 X 1.0 + 1.0 X 3.8 = 5.7 t/
_ vi) Water weight -
{at oﬁtside)
Wor = 1.0 X 3.5 = 3.8 t/nf

~ (at inside)

i

CWe = 1.0 X 2.2 = 2.2 t/nd

W o q L
. \ ) &
. \\*a R
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¢) The earth pressure

i
it

Por = 0.5% (1.0+1.9X1.0+1.0X4.0) = 3.45 t/id "

i

Pez 0.5x% (1-0+1.9X1.0+1.0>é§.6) = 4.75 t/njf_ o
d) The water pressure
i) at inside

Pui = 1.0 x 2.2 = 2.2 t/n'?

ii ) at outside

Poi = 1.0 X 4.0 = 4.0 t/nd
Poe = 1.0 X 6.6 = 6.6 t./ni
i) Up lift
Py = 1.0 X 6.8 = 6.8 t./mi

e) The ground resction
Qr = 7.6 t/nf

According to the above calculations, the results of load calculations
are shown in Fig 6.
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3) The load diagram

~The load diagran is shown in Rig 7.
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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 indicated in Table 3.

Téble 3. Table of the sectional dimensions (perilm unit length)

Hember’s Section area | Geometrical moment': |
number A {rﬁ]. of inertia 1 [n’] 1 Renarks
M 0.4 0.0053 Side wall
(a,@) 0.4 @0%3 lbmrshb
0 0.4 0.005 | Side wall
(5), (6) 0.4 0.0053 Base slab
' (7)' N 0.0053 | Partition wall

5) The computer

calculation results

The computer calculation results are shouwn in the follwing figures and

table (Fig 8 —10 and Table 4).
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1.5.2 Load Casé——Z {at Conéﬁruction)

1) Prané of the design 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) The load caibulation.

The load calculations are the same calculations as those of Case—1
excluding a part that the internal water loads are mothing.

3) The load diagran

The load diagram is shoun in Fig 11.
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Fig 11. The load diagran
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4) Input data for the sectional dinensions

Input data for the sectional dimensions are all the same values as those
of Case=—1 (vid.Table 3, P17).

5) The computer calculataion results

 The coﬁputer'calculation results are shown in the following figures and
table (Fig 1Z—14 and Table 5).
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1.5.3 Load Caso—3 (at Inspection)
1) Frame of the aesigh 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 at oneside.

2) The load calculation

The load galculations are the same caleulations as those of Case~1
excluding a. part that the internal Véter-loads are nothing at oneside.

3) The load diagran
The load diagram is shown in Fig 15,

v EL. 41408
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Fig 15. The load diagfém '
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4) Input data for the sectional dimensions

Input data for the sectional dimensions are all the same values as those
of Case~1 {vid.Table 3, P17). '

5) The computer calculataion results

The computer calculation results are shouwn in the following figures and
table (Fig 16—18 and Table 8). '
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1.5.4 The Stréss Calculation

Before calculating the stress, the sectional force for the structural
design is determined by Selecting,pne case anong threé'design cases fron
a viewpoint of the safety design, and after the stress calculations
executed, the stress calculation results are indicated in Table 7 and the
arrangenent of the reinforcing bars is shown in Fig 18.
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1.5.5 Study of Open Pit
1) The load caleulation (per 1m unit length)
a) The water pressure
P, = 1.0 X 2.37 = 2.4 t/ni
b) The earth pressure
Poo = 0.5 X 1.0 = 0.5 t/ni
P, = 0.5%{1.0+1.9%X1.0) = 1.45 t./md
Poe = 0.5X (1.0+1.8X1.0+1.0X2.37) = 2.64 t/ni
The load diagram is shown in Fig 20.
v EL 158
N R ' Q
| pa a8, Restds Peo = OS ts 1§10 ~
‘3‘ o %5 Per=/ pmz Q,rﬁ-.
9-‘,‘ .+§f3=[' o FAEL#FIS o S
[TX = : : == V‘
& . &~
Y
N * - \ R
Fm‘f’cnio"%—_:‘ ‘ . Pt Pes= 50%44:
EL.+1%313 : NEL 47739
e EL=f/7A
Fig 20. The load diagran
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2) The structural desig

The design structure of the wall of Open Pit is considered for the two
dinensional plate with three sides fixed and one side free, so the

n calculation

structural design calculation is executed as follows.

a} The bending moments

5.0 X 4.8% =

Moo = 0.0098 X 1.1 tn
feo = 0.0118 X 5.00 X 4.82 = 1.4 gon
fe = 0.008 X 5.00 X 4.8 = Lltn
fos = —0.0156 X 5.04 X 4.:82 = ~1.8 t'n
Moo = —0.0239 X 5.04 X 4.8% = ~2.8 t'n
My2 = —0.029 X 5.04 X 4.8 = =3.4 t'n

Hershftom

Hxa==d% o Hyzanf & ¢.an
0EL 35807 B ~ELIESn
) - = - a
bﬁ Har=-28.4" Het= =23 n )
S 5
w
rEL AL F ~ELH L™

Hﬁ-’ —ift —m

The bending moment diagram

AT L
I;.. FoAM 03




sneer__40

OoF

b) The shearing forces

Sxt = 0.057 X 5.0 X 4.8 = 1.3 ¢

it

Sya = 0.194 X 5.0¢ X 4.8-= 4.7t

Sxz = (.286 X 5.0° X 4.8 = 6.9t

S, :A'?é

FEL+5 8,4 T {\EL_{,Ls.G
Rl Sxe= % - i
o~ &~
i ko
W %

S"j‘: &?
LELF [ Fm gy N7 ) 2/ — * Y rEL 4Py
+8 2%

The shearing force diagram

3) The stress calculation

The stress calculation results are shouwn in Table 8.
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CV-7 ‘STRUCTURAL CALCULATION OF OUTLET

Contents of this calculation note is shown as below.

1. Soil Condition Ce e et b e e tedae et a st e sttt e e

2. Outline of OUELLIEL v.uuiiiererunennensoeeennnneenneennnnn..

3. Stability Calculation .........,.;,....;......,........,.{,.,..

4. The Structural Design C8S€ “suiyeuieiinioieaennnneses

*e e s aaw

5. The Structural DeSifN . .eeurievieeienssaessnnneeenionennnnn
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N =

1.1 Seil Condition

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

6.5

I
-

According to the above calculation, the angle of the internal friction is
calculated by the following equation. ‘ '

6= (JI5 N + 15)° = (fi5x8 +15)° = %
The bulk density of soil above the ground water r = 1.9 t/ v’

The bulk density of soil under the ground water 1 = 1.0 t/w®

n

Moreover other design condition data are already indicated in “Civil Condition
(vid.ENGINEERTNG SHEET Ma EWC—1001).

%—xl.ox{(o+18)+(18+5)+(5+115+ (11+11) + (11 45) + (5+6) +0.5% (6+10))
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1.2 Outline of Outlet

Plan of Qutlet 15 shown in Fig 2, the desisn sections are Flg 3,. Fig 4 and

Fig 5. . _ o
_ The W om.ae,f, Ot lise - -
- ' 51 s |
T 21 I
N ,Q\o
w ol
Cwy - = 18 Y
) T L TR e T . .
N o= =T : = %5 N
RO %’#ﬁwm
N |
%5 15¢
‘ '_'r\;gﬁ ,
_ Hnix - m.
The cantn, five of. Resainirg Vatl
Fig 2. Plan of Qutlet
(‘-'ﬂ\z g‘m"wm* Mﬂgac&_‘ﬁ_ JXWEL+46 5
CoThe__gueend _weton sunfoce Ao EL. 438 =
' ' ' 2 30 a% 30 oF 2
0 29 oF 20 oX | S
1 5
EL—-0F ElE0 94 ¥
vl 9
s N
EL. =4, 13O m]l
\31
36 3.6 L
4__ ) 3{/?1'4‘_-'4!: : "ﬁ 1‘/
7. &
Fig 3. Section 1 — 1
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2. 29 0 g% 3% Q¥ ol w
[ ] ! MRS
OEL. -&50’1 : . i
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i % - *
Fig 4. 'Section_ 2 ~ 2
(>~ The Qﬂmwd‘ /wfbﬁacﬁ N\ ~EL +48
N~y _ Q
/‘“J]\J__gg-vuwl watiy vaﬂaoc//l . ~eL +38 2
a'ﬁ (_7? 05[ ZZ’ o‘z z&'gﬂ' =& ﬂ ZZ 0? Z?ﬁﬂ zz ‘?52 zZ ag : Q'v)\
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. CEL.I0.94 K
: ~EL. .~ 079 y L
‘;’ : Q
: ~LEL.z2827 ( ] ‘Lj A L [ ] 1
1 - i _ ¥ K
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A Unit [ DL
Fig 5. Sectiog 3 — 3
Accerdingly,_‘fSeqtioh'1'.ri$ adopted for the design section of the structural
design calculation of Qutlet. '
™~
[
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1.3 Stability Calculation
Stability calculation is ezrecuted at the-longitudinél direction.
1) Vertical forces

a) Base slab

oy = “;— >.<(5.5+21.2.).><40.0><'Q.11x2.45' = 525 t
b) Side wall
Moo = {2X(2.2X40.75X0.4+0.3X0.3%40.75) + (2.2X40.0X0.4+2x0.3X0.3
%40.0) +2X (2.2X35.9X0.4+2X0.3%0.3X35.8) + 4 (2.2X18.5X0.4
+2%0.3%0.3X18.5)) X2.45 |
= 676 t
¢) Upper slab

Hos = —é— X (5.8 + 21.2) X 40.0 X 0.4 X 2.45 = 525 t

d) Yater weight

Yater weight is considered for the ground waber veight and the intersal water
weight.

i) the ground water Height

W = —%— X (5.6 + 21.2) X 40.0 X 3.8 = Z 037 t

ii) ther internal water weight

oo = —%—— X (5.6 + 21.2) X 40 X 2.2~ (678 + 2.457) |

= 903 t

H
)
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e) Soil weight

- Seil weight ¥s:is caleulated for inéiuding the surcharage load q = 1.0 t./ni.

oo = “-%» X (5.6+21.2) X40.0X (1.04+1.9X1.0-1.0X3.8)

I

3501t

f) Buoyancy

b = —-;— X (5.6 + 20.2) X 40.0 X 6.8 = 3 645 ¢

A Hofizbﬁtal forces

a) The external water pressuré' Py .

* As the external water presSure_Pu is working to both side walls, so the water
pressure Py is calculated as follows.

 Pa

i

%x 1.0 X 6.82 X (212 — 5.8 )
= 361 ¢

b) The earth pressure Pe

S X{(0.5+1.45) X1.0+(1.45+4.85) xB.8) X (21.2-5.8)

Pe 7

i

= 349 ¢t

Accordingly the calculation results of the external forces arae shoun in
Fig 6. '

S
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Fig 8. The calculation results of 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 moment calculations, then
the sunmarized table of the external moments is shown in Table 1.

Table 1. The summarized table of the external moments
Vertical Arm. Homént | 'Hbfiioﬁﬁéi“ drm Tﬁément

Species | force Vilt]| Xi [m] | Mi (t-n] [force Hilt] Yi (nl | #i. Ltemd

Hor 55 | m.88| 1257 |

Voo 676 | 23620 15987

Yos 525 23.88 | 12 537

Mot - 2 037 23.88 1 48 644 |

b2 903 13.88] 21 584

¥ 3 591 - 23.88 [ 85753
W ~3 645 23.771 —86 642

Po ' et e - 349 79,99 1 044

Po o - 361 2.27 820
TOTAL 1 612 110 360 710 1 884

According to Table 1, the eccentric distance

e._

o 23. 88
V. oo

110 360 + 1 864

L1} }J

i

li

24.33 — 23.83

045m<'iﬂ

N

4612

. 723.88

40

_ 6

= 8.67n

is calculated as follows.

Therefore worklng po1nt pf the conp951te force at the basement is wlthln the
mlddle“*bhlrd :
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b) The calculation of the ground reaction 9max, Qmin

Gmax =V Be
= e

Qmin ) B-L ( 1 L )
o o 48120 (1 & 6X045 y
o X(5.6+21.2) X40 10 |

{ nax 10.34 t/rﬁ
Onin == 9004 t/nf

4) Study of the bearing capééity
a) The‘uiﬁimate bearing capacity.
The_ultimate Beéring capacity qu is calﬁulaﬁed.as follows.
G = afCNe + Kale + —%— faBB’ Ne
whefe | C : cohesion <=0

q : the suycharge lpad- : o o s
q = 1-_9_>'<1-0+1._0XG.S =87t/

ri . thé'Bﬁlk density.of-the Beéring soil; N
T -"'—1.012/11?. '
B’ : the effective width cohsidered for fhe eccéntric
distance
‘B =5.6n

o, B8 & the coefficient of the basic form

D ¢ 5.8
= j+0.3X = 1+0.34X —m™——
@ = 1+0.3X% o = 403X o o
= 1.04
S -B' . .. ,35;6':
g = 1-0.4X T 1-0.4X%X m

= 0.94
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K : the extra coefficient for the embedded effecf
E = 1.0

Ngs» Ne ¢ the bearing coefficients considered for the load
inclination, and these coefficients are adopted from
the following graphs.

Mo = 8.3 (from Fig 7.)

N = 4.3 (fron Fig 8.)

() 20—
12; o
S
i S T D R < I
W= o 1
20 SR T
R A §
“topde S i U T O
A 6 Cuit X2 e Gl A B S 1Y
: e N R S \ - St : :
H ";.‘s..?a- TN > \ N ~ry 1z » - .
Sge oINS - P s v i
8 F\F‘E&ET \;\\ e i 30 - n=
2—0 N ; =
RR B =T
P = TS
léq 21‘4 [ = 10
e =82 iy ——
o v et e t
Y ] i | -

“50-'m1{§3 %3 04 05 06 07 08
of

08 Lo Ll 12
-.._.—‘mﬂ=0_ /5 .

()

“Rig 7. Graph of the bearing coefficient Ne

h | tan 9§ ¢ tan 8 H o 70 - = 0.15
7 . a = . —_— :...‘_' .
where ahn : ) V 4612

V . total vertical'fofce at the basement
V= 4612t

H  total horizontal force
F= 710t

the angle of the internal friction
¢ = 26"

-
‘e
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— tanf = (. o . :

Fig 8. Graph of the bgaring;cbeffi¢ient Nr

Accordingly the ultimate bearing capacity qu is calculated as follows.

q = 1.0X8.7X8.3+ —-;-— X1.0%0.94X5:6X4.3

83 t./mi

e
—y

b,

ott?
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b) The allowable bearing capacity g

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

— 1 ™
G — F_s Qu
1
= — X 83
3 _

= 27 t/]lf : > nax = 10.34 t/m
0.X -

Therefore the spread foundation is adopted for the foundation of Qutlet.

FOAM 04
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5) Study of floating

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

ai Total vertical force
i) at normal (L.L.W.L)
Vi = Wit Yoo + Woz + W1 + Wuz + Ws =8 257¢
it) at constructi;p (Empty)
V2 | = “cl"l;‘ Weo '+ Woa + Wor + w;: 7 15;54 t
b) Up lift U

Up lift U is calculated as below.

0 =rihd =1.0X 6.8X-;-—><(5.6+21.2)X40.0

3645 ¢
¢) Checking on the safety factor of Floating Fi
The safety factor of floating is checked by the following two casss.

i) at normal

Vi 8 257 _
Fiy = T 2 605 12,27 axl.l

ii } at construction

t!

Vo 7304
] 3 645

Fiz = 2.02 0?!'2 1.0
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8) Study of sliding

© The calculation of sliding is executed in the longitudinal direction at mormal
and at earthquake, so this calculation is as follows.

a) Total vertical force

:f) ét ﬁ&rgal .' '
VW o=V — U=827—3645=4612¢

ii) at earthqﬁake |
Wom w4612t

'b) Total horizontal force

i} at normal
B = ZH -0t

ii) at earthquake

@ the water pressure

{the static water pressure)

NE
ol

FOAMDA - - C o o
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@ the active earth pressure

- At first the coefficient of the seismic active earth pressure is calculated

as below.

cos? (¢ — Bo—6) ,

Kea =

where

Go ¢

Accordingly

LR

: 2
cos Oo-cos? B cos( 0+ 8o+ 3) 31’1—/\/sin(¢.+8)-sin(¢-a—~ﬂa)}

cos{ G+ 0o+ 8)cos(0—«)

the angle of the internal friction = 26°

the angle between the ground surface and the horizontal
plane a = { '

the angle between the back wall surface and the vertical
plane 6 = (r

the angle of the wall surface friction-
& = 15

the composite angle of earthquake

0o = tan™? kn = tan™! 0.1 = 5.7

cos?{ 28° — 5.7 — 0° )

Kea =

c055.7° Xcos20® Xcos(5.7° 415"} X

= 0.426

cos(5.77 +15° ) Xcosl’

; 2
i+ Jsin(ZG" + '15°) Xsin(26—-5.7° )}
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Therefore the seismic éctive earth pressure is calculated as follows.
R = (SXOAZX (LOFLOHLO)XLO+— X 0.026
X(1-0+1.9+1.0+'1.9+1.0Xé.8) X6.8}
x(21.2-5.6)
=,298'.t':-
| @ 'the force of inertia' |
'Hi"'='xh-§1 = 0.1X (2X525+676+3 591) =52t
Acédrdiﬁgl; topai hori‘zogtal force at éai*t};quake He is calculated as be]ow.;
Beo= Pt Pou + Pea + H
= 361 + 12 + 298 + 532

1233 ¢

¢} Checking on the safety factor of sliding Fs

i) at normal

. _ Vi’ +tan¢ _ 4 812 X tan26°
T T
Coaus
T T0
= 3.17 > 1.5
0.X

ii ) at Earthquake

Fso =

h -tang 2249
ke 1233 Mgk 12

‘The source 3 “ Specification for Highway Bridges ”
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1.4 Design Case

The following three cases are considered for_the structural design cases at

each design section.

Table 2. The summary of the ﬁesign cases .

Case 1 2 _ 3
{ondition at Normal at Construction | at Inspection

Period Long term Short term Short term
Water Content Full Empty Empty(oqesidé) oy
Self weight Considered | Considered - Considered
The distributed surcharge load{ 1.0 t,/mi 1.0 t/nf 1.0 £/t
The increnental coefficient

, 1.0 . .
for the allowable stress 125 1.25

FORAM 04
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Fig 9. Frame of the design structure

SHEET _oF
1.5 The Structural Design Calculation (at Section 1)
1.5.1 Case—1 {at Normal)
1) Frame of the design structure
Prame of the design structure is shown in Fig 9.
_____QMMMMWL +48
Z o - Q
OThe grennd watin sanfoser 7 w EL.+3
%
. . %‘
% - 0 . 0% 30 0.7 ‘2
- ¢
Tre shkebeton Bine]
N ' CEL =020+ LEL.2099 ®
e ! Nl©
N i ' - N‘ ,,,.)
H , |
N\ fELrZ® S/ \/‘EL.*Z‘”’}) \
N; L— ————ppte3o & i
df 3.7 37 JP-'z
36 3.6
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2) The load calculation (per 1m unit length)
a) The ground reaction q.

35.9

e = 0.04 +
q 9.04 10

b) Concrete weight
i) base slab
Vor = 0.4 X 2.45 = 0.98 t/1d

ii) a side wall

x ( 14.58 — 13.80 ) = 9.8 t./nd

Weo = (0.4 X 2.2 +03%X03) X 2.4+ 2.2 =1.08t/ni

ili) a partition wall

Hes = (0.4 X 2.2 42 X 0.3 % 03) X 245+ 2.2 = 1.18 t/nf

iv) Upper slab
Weo = 0.4 X 2.05°= 0.98 t/nf
¢) Seil weigﬁt
b =19 % L0+ 1.0 X 3.8 = 5.7 t/xd
d) Water weight
i) the ground wate;:weight"‘
Wm. = 1,0 X 3.8 = 3.8 t/xrf
it} the internal water weight

oz = 1.0 X 2.2 = 2.2 t/l‘i‘f
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e) Up lift
U =1.0 X 6.8 = 6.8 t/m
£) The water éressure
1) at outside

4.0 t/n

Peas = 1.0 X 4.0 =

Proz = 1.0 X 6.6 = 6.6 t/f
ii) at inside

P =10 X 2.2 = 220/0

g) The earth preséufe S

The'grqund.surfacé.sufgharge load is #onsidered for qr = 1.0 t/nt

P = 0.5 X (1.0 + 1.6 X 1.0 + 1.0 X 4:0)

P = 0.5 % (1.0 + 1.9 X 1.0 + 1.0 X 6.6 )

According to the above calculations, the results of the

are shown in Fig 10.

3.45 t/m

4.75 t/nf

load calculations

’ FOAM a8 - .
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T ground  sunface A v EL, +48
U — 7 //M 0
O The gmmmd_lfga_izv Amjﬁ-aw/‘. v EL. 138 h
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Fig 10. The results of the load calculations
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3) The load diagram

The load diagram is shown in Fig 11.

Qreun . ¢

Q M& .-M{ wnfoste s ELARC Q

N T Q'unw! watm‘;&gn_lgacbﬂ v EL 138 - h

2 : : T 3.7+ Q

¥ ¥

) ‘ 7 /_/0__1‘9%2
: e Z z) S (3) =z /\/j e
L o o2

T f 0‘9 |, /6[ %g?ﬁ \ .
3 e o Ra

rE%/_;'éi'n"H / (8} s Ny S 95440
' \ $2 -

B Unit s m
g2

Fig 11. _The load diagran
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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 lm unit length)

Menber’'s The section area | The geoﬁentrical noment: _
nueber 4 [nf] of inertia I [m*] Remarks
(1) 0.4 0.0053 Side vall
(2) - () 0.4 0.0053 Upper slab
(4) 0.4 0,003 Side wall
) - (6) 0.4 0.0053 Base slab
Q) 0.4 0.6053 Partition wall

5) The computer calculation results

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

{Fig 12—14 and Table 4).
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Table 4. The caiculation results of the rectienal
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1.5.2 Cage — 2 (at.Construction)
1) Frame of the design.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} The load calculation

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

3) The load diagram

The load diagram is shown in Fig 15.
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Fig 15, The load diagram
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4) Input data for the sectional dimensions

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

5) The conputer calculation results

The computer calculation results are shown in the following figures and table
(Fig 16~18, Table 5)
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1.5.3 Case — 3 (at Inspection)

1) Frame of the design 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 at oneside.

2) The load caleulation .

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

3) The load diagram

The load diagram is shown in Fig 19.
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Fig 19. The load diagranm
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4) Input data for the sectional dimensions

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

5) The computer calculation results

The computer calculation results are shown in the following figures and table
(Fig 20—22, Table B} '
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1.5.4 The stross caléulation_

Before calculating the stress, the sectional force for the structural design is
deternined by selecting one case among three design cases from a view point of
‘the safety design, and the stress calculation results are 1nd1cated in Table 7
and the arrangement of relnforc1ng bars is shown in Fig 23.

s the artangements of reinforcing bars for other sections (Section ¢ and 3)
are applied to that of Section 1 and that of Dlscharge Tunnel these are shown
‘in F1g 24 and 25.
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. Study of Base Slab

CV-8 STRUCTURAL CALCULATION OF RETAINING WALL

Contents of this calculation note is shown as beloy.
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Outline of REVETMENT

Study of Buttress
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1. Outline of Revetment

The side view of Revetment:'is. shown in Fig 1 and Plah of Revetment is shown in

Fig 2.
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Fig 1. The side view of Revetment
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2. Study of Yertical ¥all

1) The load calculation (per lm unit length)

i) The

Peﬁ

Pol.

Pea

Pe3

\

i) The
Pw !.

Pu?

earth pressure

0.5 X 1.0 t/n2 = 0.5 t/n?

0.5 X (1.0 + 1.9 + 1.0) = 1.45 t/n?

= 0.5 X (1.0 + 1.9 X 1.0 + 1.0 X 3.8)

3.35 t./p?

0.5 X (3.0 + 1.9 X 1.0 + 1.0 X 5.8)
= 4.35 t./n?

water pressure

Il

1l

1.0 X 3.8 = 3.8 t/w

1.0 X 4.23 = 4.23 ¢/o°

2} The load diagranm

E

- (at EL. 3.8 m)

(at EL.#-z.o 0)

{at the surface)

{at EL.% 0 m)

{at EL.+ On)

{at EL.—0.43m)

0.8
&L+ £ 5m Peo= 45 tht
o L
I « ELF 33w 24 s
I
h
p! @
14 %
¢! \
! o
| 1
Y ¢
| EL“"f\/ p&‘z -5."3%;2
S S l ol
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}2}‘ Zﬂulm b : _
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Fig 3. The load diagran
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3) The Structural calculétion

: )

._Hl""

ii)

i)

.at.the middle span

‘middle span, so the calculatlon is as follows.:

The structure of vertical wall is con31dered for the contlnuous beam at the

012 (335 + 3.8) X £
0 10

i
i
i

= ll.Srt%m .
o'l (3.35 + 3.8) x 4

Sl..= 3 = 7 : =_14.3 L

at the end span

The structure of vert1ca1 wall is cons;dered for a flxed beam at the end
span, 50 the calculation is as follows

e, WS AW XLE o
= == = S =
He 12 ¥ HI. _ 12, : e e B

Se = w:rl + § = (4.35 + 4.23) X-1.2 + 14.3 = 19.5 t

2 g T Ee T A
the stress calculation

The stresé calculation results are indicated in Table 1.
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3. Study of Base Slab {at the end span)
1) The load calculation (per lm unit length)
.i) The scil weigh# ¥s
Vs = 1.0+ 1.9 X 1.0 + 1.0 X 6.8 = 9.7 t/n?
i) The water weight Hg
o= 1.0 X 6.8 = 6.8 1/
iii) The concrete weight
¥. = 1.0 X 2.45 = 2.5 t/.m2
iv) Ub-lif£
P o= 1.0°X 6.8 = 6.8 t/n?
rﬁccofdingiﬁ %orking load ¥ ﬁo'tﬁe béée'slab is célculated aé follows.
V=W + b+ W — By

9.7 + 6.8 + 2.5 — 6.8
= 12.2 t/n?

1l

2) The structural calculation .

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

is as follows.

Y- lmer 12,2 X 4.0° ' vhere 1m ! the maximum span

,H3 = 12 7 12 ' length Inm = 4.0 n
= 16.3 tem
Sa = W-la _ 12.2 x_4.0 = 24t

2 2

3) The stress calculation

- The stress calculation results are indicated in Table 1.

@A/
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Study of Buttress

The design structure of buttress is considered for T-formed beam that have
vertical wall as a flange and buttress as a web, so the design calculatlon is as

follous.

1} The load calculation

a8
. o
EL._? _,//}W/ Ra=o08tmi) 1

. P g e -

o |

. t!

| |
g Cl
i ! qBr’ Ruzﬁ,?t
1 i 1 Sl

1 S

1 ! El,,,i P \ L

.%gmmuguuwfff_: RN pms«%ﬁ )
‘< .'r'a_tf _ | Pe=28%s 2
CHE.-2%m ?f_if - - Pz R “.J
—; ______________ ‘ﬂ..r, e nleas ,’\N’.Ml 1
[~ I, ok :
57
- @edel{
Tk 7;.(/,“« sf?*

The earth pressure Pu; working to the interval of buttressed wall and the

Fig 4. The load diagram

working points are as follows.

" Puy = —IE— *® (.0.98' + 1.45) X 0.5 X 4.0 = 2.43 t
1 2 X 0.98 + 145 _ _
H = 3 b4 008 + 1.45 X 0.5+ 5.8 =86.03n
Puz = —12‘— X (1.45 + 4.35). X 5.8 X 4.0 = 67.3 ¢
e = ; x LX 1A+ 435 o 9 4an

1.45 + 4.35
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Pvg = *}2‘“‘ X 4.23 X 4.23 X 4.0 = 35.8 t
Hg = ~:—13-— X 4.23 + 1.57 = 2,98 n

Pud = 4.23 X 1.57 X 4.0 = 26.6 ¢

Ha = -— X 1.57 = 0.7 n
2) The s't;_'u'ctiural calculation

.The bending moment Mo and the shearing force § are as follous.

) Mo = Pur-lh + PR2-Hz + PHa+Hs 4+ PHs-Ha
- : ' : o .
= 2.43 X 6.03 + 67.3 X 2.42 + 35.8 X 2.98 + 26.6 X 0.79
= 305.2 t'n
S = Pur + PHe + PHs. + PHa S
= 132.1 ¢
Accordingly the _reéuired seétiona'l‘area Aso for the tension bars is calculated
as follows.
- K 30520000 ...
O I oo =T T Teoo x aiig e

Now using the réinforcing bars,DZS(!;'—" 5.067 cm?) 10 bieces,

As = 5.087 X 10 = 50.87 ci® > Aso = 45.66 cn?

N
M
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L}

z_t(b"’bo)“"‘n‘}\s

The effective width be of flange {vertical wall) at the end span is calculated

as follows.

be=bo+(bs+""]8';_) bo_.

2.4 bs *
3 .

12n<40n 1

= 0.6 + 0.3 +

Therefore b = be = 1.2 m = 120 cn

Calculating the distance X to the neutral axis,

the width of web

bo = 0.6 n
the width of flange
b3=003m ’

the span length of
reflection
1=0.6X4=2.4n

(b - bo) '+A n‘i’ts + ta

(b — bo) + Zn-As-d

bo _ bo
60x (120 — 80) -+ 15 X 50.87
60

. be

60X (120 — 60) +15 X 50.67 . /602X (120~60) +2X15X 50.67X457.3

60 . W

= —-T72.67 + 143.067

70.39 en > 60 em

80

Outline of T-formed beam (at the end span) in shows in Rig 5.

b =/Zt’)(.pv 2
| 5
' i 5
Y 7i = x
é l bs ”.JO(W
Y < 4
IS
o &
WO
T
| M
:
QZ —
l bagg‘gm-,

Pig 5. Qutline of T-formed bar
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The inertia moment I related with the neutral axis

I = —%—-— {bex® - (b — bo) (x — t) %} + n'As (d - x)?
= _33% % {120 X 70.38° — (120 — 80) X (70.39 — 60) ¥} + 15 X 50.87

x (457.3 — 70.39) 2

= 12.971 X 107 en*

Accordingly
o 352 X 105 |
8o = T4 RT TRN X W07 x 70.39
= 18.8 kg cn? %8 ca = 70 kg/cn?
. 0
5. = n-H C (dx) = 15 X 305.2 % 105 X (457.3 — 70.39)
° T Mmoo 12,71 X107
= 1387 kg/cm"' 0<k553 = 1800 kg/cma
_ S, 132100 . s _ o
¢ = 7 = B0 X 417.8 = 5.3 kg/cm &L_a = 8.0 kg./cn

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

(at the connecting portion with vertical wall)

hsr = R _ 19500 = 12.2 en?

§ s 1600 (D16 @ 150 = A’ 1 = 13.3 en?)

(at the connecting portion with base slab)

hee= =2 = 24409 = 15.3 cu?

§sa MO0 00 150 » A’ 2 = 18.1 en?)

N
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5. Study of the Front Sheet Piles

5.1 The Calculation of The Ezternal Forces.

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

- Kai
Kae

Kas

I

tan® {45° -
tan® {45 -

tan® (45" -

0 ) =0.333 [EL.-6.4n~ EL.-3.0m ]

Zé = 0.390 { EL&'B-S m~ EL.-BA'II] 3

&

- ) = 0.228 [ below EL.-8.5m 1

b} The coefficient of the passive earth pressure

Kt

Ke2

tan® (45° +

tan?(45° +

zg = 2.561 [ BL.-8.5 5 ~ EL.6.4 n ]
§_ ) = 4.395 [ below EL. -8.5mn ]
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2) The load calculation

/‘\{Tkv, m’ml/m_a,ﬁ Lire. ,,f Ofwj.- '/';uf‘f,

aé
| o EL+%29m
N e —T
- __%__ : - Zgl rg_./ 5
L+ 38 mr A NTes g EL + 38
l =
!
l .
{ ®
Wi
i
L st bl n)_,!
@I, L /60 ) i
. !
o | '
~zElmotiall ]l —x
= | . o
i :
T et fing -{, : ,—-\Jl..q/m punch r\:v
\g’*““ woy/| RS EL. ‘ :
R -7 6 f"idro S
B A F . 5 - 7 EL S f\ St
' . L Aot L L B :_J_F’_”v S S O S
Tk A il corote” [T j ]
(6ekr 2Oy /ent, £ F0e3) : e I ; : :
] e L HEREE . it 1 e .
"”""d‘ ”V:j”; 7. ;— E ! Sﬁ:o’ﬁ}" }’{:: {C;
cse-ye, L a0 L T [T
: - {J L =4 j___.El:.ZS_..":_._ R RN [ AR A QO QR N | QA ) N U R S
- . M=H5 ) N
_ E!_ _«204:1 . N I{' .r.f'l-f-_ t?‘?‘i EL_‘:Z_C_@, /;{ - /B,A - L _ ._ .
. 7 e. ./ - &=‘-"?§k L i ) Z&J’/J&z-t 4\»‘«&/!.
£=26° - 3/ 0 - % -1z 0
S HT § (SP-%0, L= 12.9m)
CAEL o @wq‘ :r”&:d :51,}___EL;:(S_S”LHHW_______,____._H_.,, '
£t AN ' '
gf:z .57\?;—/{0, jI‘ = 54 E & 1= P)ﬁ HEA .
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: \Fq=(g2289+z*‘)4/mz' I \ﬁ, = £ 2}%2_

“Rig 8. The load diagram
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a) The horizontal forces

Table 1. The summary of horizontal ferces

The Calculation Remarks
0.333 X 11.0 = 3.66 t/ni The active
Pt $ This surcharge load is taken for adding the earth pressure
ground reaction of Outlet and concrete weight |
Py 0.333 x (11.0 + 1.0 X 3.4) = 4.8 t/a? DITTD
Ps | 0.350 X (11.0 + 1.0 X 3.4) = 5.62 t/n? DITIO
Pa | 0.390 X (11.0 + 1.0 X 4.0) = 5.85 t/n? DITTO *
Ps | 0.390 X (11.0 + 1.0 X 5.5) = 8.44 t/n? BITIO
Ps_ 0.228 ¥ (11.0 + 1.0 X 5.5) = 3.76 t/n?® DITTO
Pr | 0.228 X {11.0 + 1.0 X (4.0 + D) )} = (0.228p + 3.42) DITTO
' b/l
Ps | 2.561 X 1.5 = 3.80 t/n? The passive
reafth pressure |
Ps 4,395 X 1.5 = 6.59 t/n? " DITTO
Pio | 4.395 X D = 4.395D t/n? DITTO
Pro !l 1.0 X 4.23 = 4.23 t/n° The water
pressure .
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3) The external moments -
Table 2. The Summary of the external moments

The Forces. : Arps Moments
No | S {(t/m?) Ai (m) Mi {t.n/n)
3.66+4.8 2X1.8+3.66_ 3.0 ,
1 -—-2——————x3414 8 | TS AL 25.54
5.62+5.85 2X5.85+5.62 0.6 |
2 2 X0.6=3.44 m g—+3 4 3.702 12.73
5.85-+6.44 _ 2X6.44+5.85, 1.5
3| PR X162 | T e 24,024,762 4391
g | 3PP 0.5X (D—1.5)+5.5:0.50+4.75 | L:§lz¢16-04D
27800 0 §Ra0 N als0) +5:5 .e.73+o2 2
B T
6]0.5x3.80X1.5 = 2.88 0.667X1.5+4.0 = 5.0 © 144
| SWBE  osxo-1syess0mrans | BT PP
B | LGl V55 1.4660% + 5.49302
8 z sggngj 4393&83 -§6%¢580 7 | 5@ 3719-:»5% 948.
. 2
9 i 3393939 99) 0.5% (D+4.0) = 0.50+2.0 % §§SB '”6 920

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

i) The turning moment

il

He=H + Hz + M3 4+ Ha + K5 + Mo

95.54 + 12.73 + 43.91 + 1.38D% 4+ 15.04D — 26.79
+ 0.0760° + 0.285D% —~ 1.368D + 1.157 + 2.115D°
+ 16.92D + 33.84

0.076D* + 4.280% + 30.502D + 90.387

i1

ii) The resistant moment
M. He + Mz + He

14.4 + 3.295D% — 26.36D ~ 46.954 + 1. 465;33 + 5.483D°

— 26.371D + 22.248

1.4660° + 8.788D% — 52.7310 — 10.306

i n

" FORM G4
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5.2 The Calculation of The Enbedded Length

The embedded length is calculated by méking the balance of the turning moment
and the resistant moment. This calculation is as follows:

- X =R v M where Fs § the factor of safety = 1.5

1.466D +8.788D* ~52.7310~10.306 = 1.5% (0.076D3-%4.28D2+-30.592D4~90.387):

1.352D% +2.368D% ~6.8430—-145.887 = 0 B
dccordingly soiving the above equation
D=4.6n

Theréfore all length oan.front sheet pile is calculated as_follous.

L= 44+ 4.8 =.9.0 n

According to-the above calculation, éll'lehgth of a front sheet pile shall
be détermined L= 9.0n in consideration of making use of a

i ———r =

temporary sheet pile of the cofferdanm.
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5.3 Design of The Front Sheet Piles

1) The Reactions at the supports
The Reactions at the supports are caleulated for a simple bean that has the
upper end as reinforced concrete placed and the lower end as the sea bottonm,
and the formal equation is as fellows.

{ at the lower end )
Ho

Ri = — where _zo : tEe total extegnal ety [t m/n]
1o o : the span lengi ? g
o « the total horizontal force

{ at the upper end )
Ru:'So""R!
Accordingly this calculation is as follows.-

Mo = 25.54 4 12.73 + 33.84

= 72.1 t*n
So = 14.38 + 3.44 + 16.82 =34.8 ¢
Ry = 21 . 18.0 t/n

R = 31%8 ~ 18.0 = 16.8 t/n
2) The maximun bending méﬁent
The formal equation.for.the bending moment is as follows.
Rt‘X--F . |

Mx P2 + é—' (KX)-x2 [t‘n/n]

= -é-— .
S8 =R — BIX + %2— K2 [t/m] o
- . : — * D o= Pa - = 2
Where K= L. . Py Li Bz Betbr SRR tR A0 K
Provided that S = 0
— = T
i = P Py K-R) £l

K

Accordingly the real calculation is as followus.

10.08 — 7.89
K = ) - = 0.5475
X 10. 08 ~/T0.087 = IX0. 5475 IE ﬂ
- 1.882 n 0. 5475

" FOAM o4
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Therefore Moax is calculated as foliows.
1 1
18.0%1.882—~ — X10.08X1.88224+ — % (0.5475X1.882) X1.8822
2 6 :

Hnax

18.7 tn/n

Fig 7. The load diagranm

3) The Determination for the section of sheet piles

Now using the sheet pile type SP-IV{the section modulus: Z = 2270 cn®/m,
the material: SY-30), the stress calculations are as follows.

1 870 000

oo = —‘E—Z— = o ® T ke/er? O<Km,a = 1800 kg/cn?
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4) The required sectional area of the connecting bars
(between the front sheet piles and the base slab of Cutlet)

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

s . 18000 _ .
v T g5 T 190 en

As =
[ Double alignment of DI9 @ 300 -» 19.1 cm?® ]
Vhere 0sz: the allowable shearing stress for the field fillet
veld 7 L
gse = 0.9 %X 1050 = 945 kg/cm2

The arrangement of reinforcing bars is.shown in Fig 8.
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PFig 8. The general arrangement of reinforcing bars
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6. Study of Seawall

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

sheet piles.
8.1 The Calculation of The External Force

1) The Coefficient of the earth pressure

a) The Coefficient of the active earth pressure

28°

Kar=tan® (45° - 5 ) = 0.390
Kaz=tan® (45° - 39

[ EL.- 8.5 n ~ EL.+ 3.8 n ]

= 0.228 [ below EL.- 8.5 n ]

b) The Coefficient of the passive earth pressure

forstan? (45° + —= ) = 3.0

Kpe=tan® (45° + *%6*) = 2.581
39° ,

Kps=tan® (45° + ““—"“) = 4,395
Z

-

[ EL.- 8.4 m ~ EL.- 2.6 m ]

( EL.- 8.5 n ~ EL.- 6.4 n ]

[ below EL.- 8.5 m 1]
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2) The load calculation

{\./ﬂ..of pvinsd val Cﬂw;:/, Wkl
0% |
\—] e EL+ % : : ‘
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‘ 7 = s =/ 9
EL 438 _E};‘?"- GBS, P T
S

‘HLA.LL/ - I’ Tu.. Root 2 J B
(ZC-zs VM}} BPEL 1250 (High gonnirllh Sﬁ 52{67?4:.)
_ ‘ E=28°
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‘&L&Jl’ cfltﬁimfw. ) ] / S 1 d_:ﬁ#, .
' {SP‘TT,L“'.Q.O-':L) ir T, 4
/f?‘"’l%sﬁ N
o : . T L__.__L._._I-_
g b |
;7!-_-36'9 .}_/4.0'. 1 5 1 1 ek et F.fr..g
: ,5:1.5.’{/. -4 i . 6P ,L= ")
_EL d’&h : L, it adsa | 1| AERIEINERAE
%z/ ] I ”}"P—l: ;-ﬂf%a . .
?5 J‘? F/0 % ga__-l_{n s i kg P 4l%
LFo=2pgy | | T s F‘*“’””"’“@m LA =A%
TLL LM{IL meuxé/ : The %V‘&(M prispins

Pig 9. The load diagran
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a) The horizontal forces

Table 3. The Summary of the horizontal forces

No. The Calculations Remarks

Py 0.39 %X 3.0 = 1.17 t/m? The active earth
. pressure

Pz 0.39X (3.041.0%1.3) = 1.68 t/m? DITTO

Ps 0.39% (3.0+6.4) = 3.67 t/n? DITTO

Ps 0.39X (3.0+1.0X12.3) = 5.97 t/n® DITTO.

Pra|  0.228X (3.0+1.0%12.3) = 3.49 t/n? DITTO

P 3,49+0.228X (D—5.9) = (0.228D—2.145) t/n? DITTO

Ps 3.0%3.8 = 11.4 t/v® The passive earth

pressure

Pg 2.561%3.8 = 9.73 t/m? DITTO

Pr 2.561X5.9 = 15.11 t/n? - DITTO

P’ 1 4.395%X5.8 = 25.93 t/n® DITTIO

Ps 4.395D t/n? DITTO

Po 1.3 v/ The water pressure 1

Pie 4.23 t/n?

DITTO
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3) The external moment calculation

Table 4. The Sunmary of the external moments . .

The Forces | s - Homents
No Si (t/n°) him) _ K (t.n/n)
1174168 . . 117168, 1.3 __ _
1 7 x1.3=1.85 ( 741,68 ) x 5 =-0.811 1.13
1.6813.67 . 733.67+1.68 5.1 _
2| B0 e | e a0 = 28 39.09
3.6745.07 7x5.8743.67 5.0 -
3| P2 wpgernt | TR xS 451 828 235.63
- X 2
1| 49500598 501 11.0 + %~ x(D-5.9)= 0.5D + 8.05 %{éééggg
, N 3.8 nan?.
5| 205K FP% BaBs?. 068 | 1.0 + 2 x(0-5.9)=.0.667 + 7.087 UNLWINGG
ol 9%kl X 38 0 gy %— x 3.8 = 7.633 165.33
0.5 5 (9,738]5.11) 2x15.1149.73 2.1 _ |
7( 931 Opl38k 8.9+ Lotk i = 10,028 261.48
- 2.
5| PoPol® st | 1004 > x0-5.9)= 0.50 + .05 REPRI
: - 4 2
ggfﬁﬁ%ﬁ%%%&ws1Lo+%xm6£k0ﬁmn+1%7fﬁg@ﬂ7w
10]0.5x 1.3 % 1.3 = 0.85 | - %— x1.3) = - 0.433 - 0.37
0.5x(1.314.23)x2.93 | 2x4.23+1.3 _ 2.93 _
TIER AL - SAUS xS s L 13.964
_ —
12| 3 B2 5,347 0.5 % (b + 2.17) = 0.5D + 1.085 %‘5?32 b

Accordingly the turning moment M: and the resistant moment Hr are calculated as
follous. '

i} The turning moment

He + Mo +H3+H4+H5+H11+H12

-1.13 + 39.09 + 235.83 + 1.745p + 17.799D - 165.758 + 0.076D*
-0,001D2 - 6.858D + 28.042 + 13.964 + 2. 11502 + 9.179D + 9.958 -é0-37 :
0.076D% + 3.769D% + 20.12p + 159.427 -

"

K1

143

u

FOAM 047 -
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" 1i) The resistant moment

He ¢ Mo + Ms + Mo ' :

165.33 + 261.48 + 12.96502 + 132.243D - 1231.545 + 1.466D?
- 1.7630% - 132.2320 + 540.59 |
1.466D° + 11.202D2 - 264.145

"Me

[H]

H
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6.2 The Calculation of The Embedded Length -

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

Me = Fs -« My ‘where Fs : the factor of safety = 1. 5
1.466D%+11.202D%-264.145 = 1.5x (0.076D3+3.768D2+20.12D+159. 427)
1.3520%+ 5.549D2730.18D -503.286 = 0

Accordingly solving the above equation
pP=7.0nm

Therefore the required length L’of steel sheet plles for seawall is colculated
as followus.

L’ =8.4+7.0=13.4n
Now the length L of stéel sheet .piles for seawall is détermined in accerdance
with the point level of the front sheet piles(= EL.- 11.6 m), so this

calculation is as follows.

L=64+9.0=1540"> 16.0n>1’=13.4n

. FORM 04



rd
SHEET ﬁb oF

6.3 Design of The Steel Sheet Piles

1) The reaction at the support | :
The reaction at the support is calculated for a sinple bean that have
the upper end as Tie Rod setting up and the lover end as the sea botton,
so the calculations are as follows.

Ho = -1.13 + 39.09 - 0.37 + 13.964 + 4.23 x 2.17 x {0.5 % 2.17 + 2.83)
= 88.41 t+nm _ ' :
So =1.85+ 13.64 + 0.85 + 8.1 + 4.23 x 2.17 = 33.62 t
- Ko 88.41
R: -. I: = "gii —‘17.3é_t/m
Ru =So - R = 33.62 - 17.3¢ = 16.28 t/n

2) The mazimum bending moment

The caleculations for the maximum bending -moment are as follous.

Py - P 10.07 - 2.98

Ke =7, 7 51 - %
(o 1007 - yIOUP IR LW RT3 | oo
1.39 _
___-—R.u_z...b Fu.:" Z,?e{;’;“,,,g

Lo 57 m

o .
UP1=/0.07 ¢/

Fig 10. The load diagram
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Therefore Hma; is caleulated as follows.

Hmax

17.34 x 1.997- b x 10.07 x 1.557% + L. x 1.39 x 1.9973
-2 _ 6
16.4 t'n/m ' : =

Ch

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

Mnax - 1640 000
i 2270

o= = 723 ke/en® < oea = 1800 kglen?

0.k

wfz/
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7. Design of Other Equipments

1)

2}

Design of tie rod

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

T=Rux1=mJ&xL%=2&%t:

Then setting up tie rod processed by the following material and size,
the stress calculation is as follows.

" L e
o1 E o = g = 1 037 kg/cn® < gta = 1800 kg/en?
o.k

where the material . high tension steel 45(¢ ,=45kg/mn?) !
the diameter : ¢ = 50 mm
the section afea . A= 19.63:«:1112

Design of wale _
Caleulating the maximun bending moment working to wale assumed to be a
simple beam, '

b 121 _ mjagL%'=&mtﬁ

Now using the two chanel tyée steels( the size! [- 250 x 90 x 9 x 13,

the section modulus: Z = 335em?,the material §5-41) as wale, the stress ca
flculation-for wale. is as follows.

i 318 400 2
o = = < = 2
ot T 7 395 4?5 kg(cm . ka;; 1400 kg/en
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8. Design of Anchor Sheet Piles

1) The deternination of 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 : R 5.16.2.8.1:/.1:1-
The ground reaction coefficient K is c.aldulated as follows.
B

K= g+ B« D875 cy0.s

0.2 x 168 x 100775 x 1.0-¢:5
= 1.08 kg/en® = 1.06 x 10° t/nd

- where. - - E_oM:__!the_‘_’_;ransf'omed coefficient of the ground
o .. ) (kg/cn?)
Bo = 28N = 28 x 6 = 168 kg/en®
e t_:hekcoeffi-cient applied to Eo = 0.2
MR D :-':'the'; t;nit ﬁ:’idth of sheet piles = 100 cm = 1
y + the basic displacement = 1.0 en
Now using SP-IM EypéL:shleetfipil'és‘(_--the's_'e_ction' modulus: 'Z.=-1-340 cx®/m),
the bending stiffness and the maximum bending moment'is caletilated as
follows. |

EI = 21 000 000 x 0.000168 = 3 528 t-u?

: Thefe_fofe éé_icula_fing_ the spec_:ific:value of sheet pil?s(_ pel.‘_‘ 1 n unit
width),

‘VEF _ “/T.08 x 1000 x 1.0
41 4 % 3528

B = =.0.524 n!

™~ o '
B _
k’. FORM 04 -
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e nd

Hrllax = «6-- . exp (- % _) o sin A._..T.Ed_... B
18.28 e
" O3 0.524 . 1 o
= 10.0 t'n/m .

Accordingly the stress calculation For ‘sheet piles is as follows.

Huax -1 000 00 :
oy = =X = 1——92*~*9 _=~?§?_kg/qmﬁ_§ ;Lka = 1800 kg/cn?

e T : . ; . 3
L Lol . 3

2 1 340 st
Then calculating the disp?acement § at tye top of sheeet piles,
R T1g 280 ¢0 B

. : = 1.6
2LY B3 2 x 3528 x 107 x (0.00524)"° -

And calculating the length of sheet piles
. catiat
1 S
L= — +05= —— +0.5=6405>74n

B - 0.524

According to the preVious’calculations, the size of an anchor sheet pile

is determined as follows.

Type :  SP-H
The length o LZT70n

% The length pf the anchor sheet piles will be deternined by'the ground -

surface clevation at the site.

2) The calculation for the distance between seawall and anchor sheet piles
The angle of the active failure and the angle of the passive failure

are shown in Table 5.
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Table 5. The summary of the angle of'failure

Ttems The Angle
The angle of the avtive failure 53°
The aﬁgle ofAtﬁgApassiye failure 22°

According to the éhcﬁé'ﬁhbie, the distance L’ betuween seawall and the

anchor sheet piles is calculated as follows.
R T o P [

Fig
ISR
g8 1 Lot

L.'

1

5.1 x cot 53°5+ X cot 22°

j =2

Therefore the distance betwden seawall and the anchor sheet piles is
determined as flollus. '

F1=10.0m"

TLE L F B
P
N e
v + T g
LY by - = w7 \
.
[ N >Ny

g ik AR Tk i, YT o W o f AT b Mem ke i fedd s R T e
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