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4.1.1
A
-~ N
I II III v
_>

_>
. R T :
50% ’,/” 1 :
- : :
1 1
! 1

5%
50

4.1.2

42



4.2

4.3

(Performance)

(Performance Level)

(Performance Obj ectives)

(Performance Criteria)
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4.3.1

—475
(Exceedance Probability)
1
PR = l_eoozm .......................................................................... (4. 1)
Pr Peso 50 50
50%( 50%50) 72 ( 75 )
10%50 475
PBEE
(
)
PBEE
( )
(1) Vision 2000 [SEAOC 1995] 42 72 475
970
(2) ATC-40 [1996] (The Serviceability
Earthquake)SE 50%50 75 (The
Design Earthquake) DE 10%50 475
(The Maximum Earthquake)ME 5%350 1000
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(3) FEMA-273 [1997] 50%50( 75 ) 20%50( 225

) 10%50( 475 ) 2%50( 2500 )
(1)
-1(Basic Safety Earthquake) BSE-1 10%50 (
2/3  BSE-2) (ii) -2 (BSE-2) 2%50

MCE(Max. Considered Earthquake)

(4) FEMA-350 [2000] MCE (Max.
Considered Earthquake) 2%50 2500
DE(Design Earthquake)
(Low Seismicity) 750~1250
~ (moderate~high seismicity)
300~600

(5) SEAOC [1999] Appendix
87%50=25 50%350=72
0.12% 0.4%=250 800
0.04% 0.12%=800 2500

(6) IBC [2000]

(General Procedure) (Site
Specific Procedure)
MCE (Max. Considered Earthquake) 1
2/3
MCE (Probabilistic)
(Deterministic) 2%50( 2500 )
1.5 MCE MCE 2/3
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(7) Otani [2000] 2000 (Building

Standard Law) 50 500
(8) [2000]
MOIS-892040 475 (10%50)
2500 (29%50)
9) [2001Db]
MOTC-STAO-90-004
10%350( 475 )
2%50(
2500 )
(10) [1999]
50%50( 75 ) ( )
10%50( 475 )
( S
)
(11)INA [2001]: 50%50( 75
) 10%50( 475 )

(moderate-high seismicity)

(low seismicity)

10%50  2%50 50%50
10%50 50%50
Ichii[2003]
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50

PGA PGV
(
PGA
) ( Bedrock)
(Seismic Hazard Analysis)
[Clough and Penzien 1993]
[McGuire 1995]
PGA PGV
1999
X x ( + )
(
) X
X
A B C D E
( 75 ) (
0.35g 0.25g 0.2g 0.15g 0.1g) 0.15 0.13 0.12
0.11 0.08 (475
) =1.5
(  SHAKE[1972 1991])
PGA PGA/g( PGA<200gal) 1/3(PGA/g)"’(
PGA>200gal)
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0.25
0.25
1 2 3 08 1.0 1.2
(S ) A B C
15 12 1.0 08

475
Kh
T ( 1/B)
( /g) SHAKE[1972
1991] SHAKE
Tg T Tg

PGA/g( PGA<200gal) 1/3(PGA/9)"*( PGA>200gal)

( 1.5 )
u, ( R,)=1.0 A B C
T 1.3 1.6 2.3
n,  1.25+62.5(t/D)
2.5 t (mm) D (mm)
PGA
(

4-8



ATC-40)

Content)

4.3.2

Eurocode 8
450

[13

(Sa)

PGA

10
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(

)

[ATC-40 FEMA-273 SEAOC 1999-Appendix

4.1.1 412

4.3.1
FEMA-273

MCE

DE MCE

FEMA350

]

4.1.1

FEMA-350

(Immediate Occupancy)

(Collapse Prevention)

1999

o 1

o 1
)

Uwabe [1983]

Gazetas et al. [1990]
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(

DE



I

II
Control)

I1I

(Near Collapse)

IV

43 )

4-11

(Serviceable)

(Damage

(Collapse)



[INA 2001
( 4.3.)
C )
921
[INA 2001
(=
(
) (Apron)
(Apron)

Uwabe [1983]

4-12

2001]

43.1]
d/

2000]

H)



4.3.1

( 432)

Ichii [2002]

4.3-1
INA [2001]
4.3.1 ()
(cm) (cm)
0 0 0
1 <25 <25
2 25~70 25~40
3 70~200 40~200
4 >200 >200

Uwabe [1983]
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4-14

432 ()
I 11 111 1\
«C )
<1.5%
0/ __K0 o/ 0 )
d/H d<30cm 1.5%~5% | 5%~10% | >10%
<3° 3°~5° 5°~8° >g°
3cm~10cm
30cm~70cm
(Apron)
<2°~3°
INA [2001]
1 4A
[ 1999]
( 432 [2000]
d 1.6(m)[ 2000 1.68(m)]
d/H=8.3% 4.3.1 4.3.2 3 I
[INA 2001]




223 19.2m

=
R EIE T T TR L

FegE R
4.3.2
[1999]
( 433) RC
( 433) (
) ( Apron -
)
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fitiE A e

4.3.3
INA [2001]
Uwabe [1983] Gazetas et al. [1992]
4. 3. 3
[INA 2001]
( 434
4.3.3 ()
(cm) (cm)

Uwabe [1983] Uwabe [1983] | Gazetas et al. [1992]
0 0 0 <2
1 <30 <10 10
2 30~100 10~60 30
3 100~200 60~120 60
4 >200 >120 120

Uwabe [1983] Gazetas et al. [1992]
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U.S. Naviati eagfFEerritto 1997]

2. ke
10cm
/
/
( 434 (

Apron
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2 i 4

4.3.4

(

)

I

II

I1I

1Y%

d/H

<1.5%
d<30cm

<3°

(Apron)

3cm~10cm

30cm~70cm

<20~30

INA [2001]

ey



\ |/

FfE==" s s = wa

o [ 7 g £
AP A5

434
INA [2001]
[INA 2001]
4.3.2
I 10cm~30cm
20-3° I I
11 (
) IV 11

IDDR(Inelastic Displacement Demand Ratio)[

43.5] 475
R
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RC

h
1 Inelastic Displacement
II’ ﬂ'l
0.3, 0.3z, 0.2, 0.2z
Idcalized =g
Yeimy 17 | e [l | T subiity | Yy
_al g Limit
F:.-"_;i“x
i * Pushover Curve
i
-"'-:l..III = L -] E %
/ gz 3 EIF
.fjlll Jre H ke gg fr :E- = S
3 =8 3 Sl=d = ’ﬁ =1k
f Ej=8 = = H
= fifE
4.3.5 IDDR
1999
(
[INA 2001] RC
921
)

( 1.5 ) B (
R*<I0O A B C n,
1.3 1.6 2.3 [T
1.25+62.5(t/D) 2.5 t (mm) D
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(mm)

RC RC
[Priestley et al. 1996a] INA[2001]
0.004 0.01
0.025  0.008
0.05 0.01

€q =0.004+(14pg fre )/ T >0.005[Priestley et al. 1996b]
f

psh yh
€ g ( 40psi 0.15
60psi  0.12) f 28
f' 1.5 Mander et al. [1988]
7.94 f '
Priestley et al. 1996b f. _[1.254+2.254\/1+ r L 2:.' ch
: 1 e
fi'=K.f f|:§psh><fyh Ke:%
0.95 0.75 [Priestley et al.
1996b] 1999
[Priestley et al. 1996]
INA[2001] 4.3.2 II
e, =044— t
D
RC 1 2
0.04 0.015
1 2 0.008  0.025
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2001]

[ 2001]

1999

4.3.6

122 [ 102

4.3.5

422



4.3.5

-7.5m -7.5m

-7.5m

-7.5m

0~30cm 0~20cm
30~100cm 20~50cm

0~30cm

0~20cm

30~50cm 20~30cm

[1999]
4.3.6
20~30cm
3°~5°
20~30cm
( ) 3~10cm
( ) 30~70cm
3~5% 0%
[1999]
2003]
[Park and Ang 1985]
(Low-cycle
fatigue) Park  Ang
Park and Ang

423




[ 2001]

( ) ( 435 )
4.3.3
( )
43.1 ( 432 )
4.1.2 10%50
1.5%
( )
[ 1999]
(
)
( )
( S ) A
B c " 15 1.2 1.0 0.5
)y 1.5 12 1.0 0.8 1999 ) “
(  43.7)
(

424



437
475 A B C
1999
( 43.9) ( S )
( )
) A B C
B C
A B C
( 435 4.3.6)
( 43.9) 438 43.9 1999
43.10

425



4.3.8 1999
( I ) ( I )
L
evel 1 A B C
(50%50)
Level 2
(10%50)
439 1999
A B C
(Level 1) 1 1.3 1.6 2.3
(Level 2) 1.25+62.5(t/D)
4.3.10 1999
( 1 ) ( I )
Ha Ha
( 439 ( 439
4.3.5 4.3.5
1 13 11.6 2.3 4.3.6 1.25+62.5(t/D)
Level 1 A B |C
B
Level 2
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INA[2001]

S
( 43.11)
I
A
I IT
C
II
IV B
I
III
( ) 43.11
4311
I II III IV
Level 1 S A B C
(50%50)
Level 2
(10%50) > A B ¢
I [Uwabe 1983 Gazetasetal. 1990] 0 1
II [Uwabe 1983 Gazetas et al. 1990] 2
III [Uwabe 1983 Gazetas et al. 1990] 3
v [Uwabe 1983 Gazetas et al. 1990] 4
INA [2001]
INA[2001]
[~TI~ITI~TV
S~A~B~C

427




“ S ) A

1999

2

INA[2001]

Seismicity )

B C ”
475
13 (S ) A B C ”
)
S )
A B C
A B C «
1.2 1.0 0.8
(Low Seismicity ) (Moderate & High

“ (S )A B c

428



INA[2001]

1999
( )
( )
(
) 432
432
475 nm (A
) 111 (B
75
I — 13 16
( )
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14
A
4.4 —
1
4.3.11
I
I 50%350(
)
<25~30cm <3°( 43.1 4.
43.1 )
(Near Collapse)
<10% <200cm
4.3.1 4.3.2)
4.3.1 432
475
II A

4-30

4.3.11 B

( 44.0)

4.3.1
(Serviceable)
<1.5%
3.2)

75
475

10%50(

<8°(



4.4.1 1
| 111
d/H<1.5 1 d/H <10% v
d<25~30cm d<200cm
<30 <80
(50%50) B
(10%50) B

431




5.1

P-A

5.2

1999

1999

5-1

1999]



II 12

(Seismic Coefficient Method)
(Seismic Response Analysis) (Seismic
Deformation Method)

( 521
2
2 ( 522
(Modified Seismic
Coefficient Method) VIII 9.6
(Virtual Fixed Point Method)
( A B C
) (
) 1
(Simplified
Method) (Elasto-Plastic Analysis)
(Dynamic Response Analysis) 1
C ) 2
( 5.2.3)
52.1~ 523 521
> >
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523

1 5.2.3
2
2
2
INA[2001]
Level 1
= X X
\ 4
\ 4
v
521 (Level 1)
[1999]
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Level 2 x x 1.
Y !
2 ‘ =
) " 1 2
! I
v
v
Y
v
2
v
1
522 (Level 2)
[1999]
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5.2.3
[1999]

5-5



5.3 [INA 2001]

INA[2001]
(Simplified Analysis) (Simplified Dynamic
Analysis) (Dynamic Analysis)
53.1
531
A Be v e | 1 ( ) Leyel
C A B C C
A Be v e | 1 ( ) Leyel
C A B C B C
A Be v e | 1 ( ) Leyvel
C A B C A
B C
( c )
( B A S )
B B
«( A S )
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5.3.1

coefficient) K,

K, K., K
1/3(PGA/9)"*( PGA>200gal)

Ichii et al. [2002]

SPT N SPT N

PGA (Seismic

PGA K, F.=1.0
( Ke)

PGA/g ( PGA<200gal)
K, =0.6(PGA/Q)
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( 532) 532
F, 532
d d/H)
d/H
Tai[1998]
( 53.1) d/H
0~5% 5~10% 10~20% 1.5~2.0
d/H 5~10% 10~20% 20~40%
5.3.2
d(cm) |d=-742+982(1/F,) 0.34 130
s(cm) s=-16.5+32.9(1/F,) 0.5 30
d/H (%) d/H=-7.0+109(1/F,) 0.38 13

Uwabe [1983]
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S, T AR
g o
S -

R _ e v

s SowuE |

AN

/// + /// .f.

// // .f.

N N
2N /g

L
s

N ey

N
N
N
[}
l
i

()
INA [2001]
59

531



#1~#3 0.15g
0.15¢ [
2000]  Iai[1998]

d/H 0~5%
5~10% 10~20% 921 0.163[
2000] 1.09 1.5~2.0
[ai[1998] Uwabe[1983]
K
FS:K_; [ 2000]
#1~#3 K,
0.165 0.16 K. ( ) 0.163]
2000] Fs
1.012  0.981 Uwabe[1983] S
l6cm  17.02cm d( d/H ) 72.34cm  78.8cm
1999 #1~#3
K
0.18 0.17 S 13.29cm  15.05cm
d 55.11cm 62.26cm #1~#3
921 ( 5.3.3)
Uwabe[1983]
#1~#3 C

475
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533 921

#1 # 2 #3
(cm) 52~16606 67~149 67~16
(cm) 13~46 10/~48 10~57
[2000]
4.4
50%350
d/H <1.5%( )
d/H=(-7.0+10.9/F )% <1.5% 50%50
F,>1282 K, =K,
Kt
(1) (Sliding Block Analysis)
(sliding block model)

[Richards and Elms 1979]
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P, coso — y, P, sind

el T el [« [ USURUSSN 5.1

& =| Hy W, g (5.1)
Hy Pae
5 W, P
a,
a,
a,
a,
INA[2001] Franklin  Chang [1977] 200
(PGA=a_, =059 PGV =v__=76cm/s)
aT a'max a‘t Z O'Sa‘max
Richards and Elms [1979]
2 2
T (5.2)
a,
Nagao et al. [1995] + 10% a,
Whitman and Liao[1985] 14
(
)
2
d= [mﬂj exp(— 043, j ......................................................... (5.3)
amax a‘max
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&, 1 da,,
= 0.00 ——— I e 5.4
a,. 94 V2 (54)
1994 K, K,
adesign
Qgesign / I
K, = i .................................................................................. (5.5)
K, = 0.5K, ittt ene e (5.6)
r 30(ad%ign /g)(cm)
2 20(adwgn/ g)(cm) 1.5
1.0
#1~#3 a, =0.165(9) [
2000] PGA a,, =0.163(9)
a, =45(gal) [ 2003] TCUO059
( 532
5.33
0 534
64.61
[INA 2001]

[Tai 1998]
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100

o
(<)

5.3.2 TCUO059

(s /wo)

67

5.3.3

(wo)

67

62

534
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2)

Stress)

Ichii et al [2002]

(order-of-magnitude) Iai et al. [1999] Ichii et al. [2002]
FLIP[FLIP]

(effective stress analysis)

W/H Dl

SPT N
(FEM) (FDM) -
- (Base)
) (Equivalent Linear/Total
(Non-linear/Effective Stress) 1999
( 0.5 )

5-15



FLAC[FLAC & FLAC3D]
FLUSH[Lysmer et al.1975] FLIP

1995
FLIP [Iai 1998b]
5.3.2
Uwabe [1983]( 5.3.4)
FS
534
d (cm) d=-1.6+349(1/F,) 0.68 27
s(cm) s=-53+14.7(1/F,) 0.4 20
d/H (%)| d/H =-15+58(1/F,) 0.65 5
Uwabe [1983]
[ai[1998]
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(a)

(b)
(©)

~
NS
~

N

INA [2001]

5-17

.ﬁ. e e e, e .‘.
R

5.35




( 53.5) d/H 0~5%
5~15% 15~25%  25~50%

1.5~2.0
(1) (Sliding Block Analysis)
Seed and Whitman [1970] Kie Kpe
T, k., Kk,
T, Towhata
and Islam [1987]
k, =k, +Ak, =k, + % K, e (5.7)
kpe:kp+Akpe=kp—%kh .......................................................... (5.8)
k —
T = T ettt (5.9
Kk, — K,
K, = atana,, —brtan(f —ag)Ibtana,) (5.10)
I+ctana,,
a:mTSJFPpJrl/z;/W(HWjLDem")z+AUp .................................... (5.11)
Wm
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_1/2y,(H, + Dyyp)’ tang + AU sinar,,
- W,

m

b tANY eveeeeeeeiieeeee e (5.12)

17P
S e LLLL S 7 N A UEY B (5.13)
W, | 8(k, —Kk,) 8k, 12

W, =1/2[ Yr(Hy + D) + e (H—H,)(H +2D_, +H,) } . (5.14)

m=1 m=0 Pp
AU 0
a (

) n=1 N=Va!7o =Vea! Ve = 7)(
2y e Ve
y—1

aae H HW Demb
(2)

density

[McCullough and Dickenson 1998]

INA[2001]
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5.3.3

[INA 2001] (1)

2)
3)
shear key
[m,1=Cy, plV,] C, =1.0 Morison
1995 2002]
( )
inelastic Winkler springs (p-y
springs
(1)
2) @D

( yﬁ )

(equivalent fixity piles) 1/ (cm)

5-20



k,D
4El

p =4 (1/ecm)  k,

k, =1.5N (kgf /cm’)

Winkler
Subgrade Reaction Model

P X

(subgrade reaction)
p X

(1) Reese et al.[1974]
[APT 1987 1993][ 1995]

(2) [Chang 1937]

k, =1.5N (kgf /cm®)

d'y d'y
-0 El +k.Dy=0
dx* ax* " y

El
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1/

[ 2002]
(3) PHRI (Port and Harbor Research
Institute PARI )
D = KXY et et (5.17)
D= K Y e e (5.18)
S SPT-N
( ) c
SPT-N (
) k. k. 1999 \Y
4.3.4
p-y (gapping effect)
(radiation damping) Boulanger et al. [1999]
( )
100%
30% 100%E, +30%E, 100%E, +30%E,
20m
[ 86 7.2.4]

(deck)
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I/ (cm)
k.D : 12El
=4 1/cm 1 | =——— I
P " +1yB) |
(natural
W,
eriod)T, =27 2 W,
P ) 925}<Hi ’
C ) (
) 1999
T, K, k, =1.5N
INA[2001] “N-pier[1999]”
50% (pile head)
[Yokota 1999]
2M
P, =0.82P, = 0.82)  ——T s (5.19)
|+ 1
B
I:)u M pi
i
My =2,0, Z, Oy
(kKNm2) z,  z, =3 - -t)) ot
N
(m) (m) N M pi = M po COS(N—y0 Ej

Ny, 0 N, = o, (271t — t?)
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Direction) SDOF

A=A, \/1 n [0.3[1 n 2oe;°XB .......
LL

At

INA[2001]

Equivalent single mode analysis

(Transverse
shear key
shear key
................................................... (5.20)
eex
(5.20)
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1999
(elasto-plastic)
inelastic Winkler springs

1/
[ Multi-mode spectral analysis
(
) SRSEQC
(MDOF) %,
(5.21)
[MI{X} +[CH{X 4 TKITEX S = MK oo, (5.21)
(5.21) [m] [c] [K]
( [m.]) {
{1} 1 {1 X, =1
( ) ) =1{
{X} (@} ~{D,} (superposition)
{X}=[OHY}=[{D,} {D,} - {D ) {DQyJHY} e (5.22)
{®,}(n=1~M)
o, ( ) T, =% n=1~M
w
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( 5.21)
[MI[P LY} +[CI[PTILY} + [KI[PTLY} = ~[M{IKy v, (5.23)
(5.23)
(@] [MI[P]{Y} + [@]" [C][®T{Y} + [ [KI[D@]{Y} = [@] [M]{1}%, (5.24)
[MI{Y} +[CIY} +[KI{Y} = -LX, (5.25)

M]=[@]"[m][®]  [C]l={®}"[cl{®,}  [K]={®} [K]{®,}
L=[®]'[ml{l} [M] [C] [K] (5.21)
M Y} Y. (n=1~M
) (5.24) (5.25)

(@ T [MH® Y, +{@ }T[CHD, }Y, +{® T [KH{D,}Y, =—{® T [m]{1}%, (5.26)
MY +CY +KY =-L X

M, ={@ ' [ml{®,} C,={@,} [Cl{®,} K,={®} [K{®,}

L, = {®,}" [m]{1}

Yo 4 28,0 Y, 4 @7y = =T K oo (5.28)
(Model Participating Factor)
r - |\5| ............................................................................................ (5.29)
{om o I, ATC-40[1996]
PF, FEMA 273[1997] Co
(5.28)
Y, =T D, ettt (5.30)
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C,=20M, K, =oM

n n n

D, +2£,0,D, + @2 D, = =Ky v (5.31)
én 5%
Chopra [2001] (5.31) (SDOF)
MDOF (5.30)
(5.22) n
X =D, AT D, e eeeee (5.32)
X, =®..D i=1~M n=1~M D,
(@} i MDOF
Xi = iq)nirn Dn
{©,}
fo = [KI{X,} = oa[M{®}T,D,
( ) {@,}
T, & A( g
g )
D, -2 {f,} =@M {@,)T,D, =[M®, 1T, A
{f.}
i SO T A ettt (5.33)
MDOF
SRSS CQC [Clough and

Penzien 1993]
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CQCD  F = [ S F o oottt (5.35)
j=1 n-l
J n
8 ) ) 3/2
. VeienlCn )" i, (5.36)

T (=) 44 (T A+ L)

90% (Participating Mass)
1 2 3 0.9153 0.61 0.5761
Newmark-Hall 0.23¢g ( S,

S,) 53.6 (0.06075 0.29212) (0.04048

0.43832) (0.03823 0.46411)
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SA(g)

0.7
R | S— T3 (0.03823 0.46411)
0. J
1 ,\g ______ T2 (0.04048 0.43832)
0. '/I
. ,7' | T1(0.06075 0.29212)
0.2 ’/I ‘N\‘\‘\
y 4
0. F4 —s
7
0 X
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16
Sd(m)
5.3.6 0.23g Newmark-Hall
SAP2000 1 2 3
E160 D156 535
5.3.6 SRSS E160 D156
(u, u) (4.673 2.808) (3.136 6.747) CQC
E160 D156 (u, u,) (4312 3.103)
(3.689  6.743)
535 E160
Sa An Sd Dn Fxn (Dxn uxn Fyn q)yn uyn
(s) (g) | (cm) (107) | (cm) (10%)| (cm)

1 {09153 | 0.29212 | 6.075 |28.2966 |-0. 8597|-0.148 | 488.834 |-0. 65 | -1.944

2| 0.61 | 043832 | 4.048 |-450.288| -2.55 |4.6481|-130.49 | -1.5 | 0.7923

3105761 | 0.46411 | 3.823 321.3 |-0.3749(-0.461 |-225.865| -2.16 | 1.8651
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Se AylS¢ D, T, Cp | U | Ty | @y | Uy

(s) (8) (cm) (10°) | (cm) (107)| (cm)
0.9153 | 0.29212 | 6.075 [28.2966| 1.05 |0.1805[488.834| 2.27 | 6.7411
0.61 | 043832 | 4.048 [-450.288|-0.39710.7238|-130.49 | -0.33 | 0.1758
0.5761 | 0.46411 | 3.823 321.3 248 13.0463|-225.865|0.266 | -0.23

(Nonlinear Static Pushover Analysis)

P-delta

Newton-Raphson

(incremental-iterative)
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(FEM) (FDM) -

(step-by-step time integration method direct
integration method) (explicit) (implicit)

wave-propagation (medium/high-
frequencies) (high-velocity impact)

(low-frequency)
(long-period)
(implicit algorithm)

(unconditionally stable) Newmark (average
acceleration)
(frequency content) PGA
3~5
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1-3

6.1
75 ) Level 2 475 )
2
6.1
921 1-3
1.
50,000DWT
EL.—13.0m
EL.+6.20m
45t
0.15
3t/m? 1.5t/ m?

6-1

Level 1(



38m |
24m 30m ‘
17.6m |
2m
EL +6.2 94 | 0
R
M.H.W. EL .+4.60 m R ' ) [
- 7! a \ij ia b E
\ * 3
Y \,, 210 kg/em? 1S
o EL.0.0m
100/77 = 1.8
2
s
10cm
EL.-13.0m | L35
S-100 kg 4&
10cm o

o i
40m | 20.8m 2

6.1 1-3



(1)

(2)

3)

HW.L. EL.+4.60m
LW.L. EL.+0.90m

( )¢=30°

( ) 16t/m’

( ) 18t/m’

( ) 20t/m®
( ) 10t/m?

2.5t/m®

tang’ = 0.6
tang’' = 0.5

tang’ = 0.65

Fo 21.0( )

F>1.1( )

6-3



6.2

6.2.2

SAB C 6.2.1
B 4311
6.2.3
6.2.1
1.
2
S
3.
4,
S 14
A
B S A C
INA [2001]
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6.2.2

15
1.2
1.0
0.8
[1997]
6.2.3
( )
( ) ( ) | ( )
Level 1
( B
7 )
Level 2
( B
475 )
INA [2001]
6.3
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D)

LEVEL 1 LEVEL 2
L 2
K
[
LEVEL 1 LEVEL 2

6.3.1

(1) Level 1( 75 )

6.1 [20] 75 0.189 0.143
k, =k, =0.15



0.3~0.45 0.3~0.45
a, =a, ( L j = 0.33- (ﬁj =0.189 ~ 0.143
475 475

(@) (RW.L.)

RW.L. = %(H W.L = LW.L)+ LW.L. coirreiiceeeeeeeceee e (6.2)

= %(4.6 ~0.9)+0.9=2.13m
(b) Qe

0= §+ tanl{— tang’ + tang'(tan ¢’ + cot ¢’ )1+ tan 6cot¢')} ......... 6.3)

1+ tand(tan g’ + cot ¢)
tang’ = 0.65
¢'=33° 5=15° (6.3)
a,, =T4.71°=75°
90° - e, =15°
(©) Peq Ve
6.1 30°
(0 ) 3 ) 6.3.2
(@
(b)
(©) beq
Veq
Peq

6-7



_ 23.716x 30+ 27.7513x 33
23.716+ 27.7513

Peq = 31.62°

Veq

H, )’ Hy, )
R T | T P

2 2
18x| 1= 28 |1 [ 123 =1.30t/n7’
19.6 19.6

Vb (= Vst —;/W) ....................

V wet Y sat

sub



H sur
H sub
(€Y
+6.2m +6.2m
1% -1 8t/m?3
_____________ Zw_L2.13m
Ve =1.30t/m®
Poq =31.6°
7, =1.0t/m’
-13.4m -13.4m
(b) (©)
6.3.2
(@) (b) (©)
(d) P
kh
K

qs.JrH + 17/WEIH52Jr +7wetHSJbHSJr + 17/satH92Jb
k!_ 2 2 k
h = horrrere s

1 1
qer +§}/WetHS|2JI’ +7wetHwwar +§}/bHssz




15x10.6+ - x1.8x 4077 + 1.8x15.53x 4.07 + - x 2.0x 1558

_ 2 2

= 7 7 x 0.15
15x19.6+ x1.8x 4.07% +1.8x15.53x 4.07 + 5 x1.0x15.53%

=0.215
O

Y =tan K, =12.13° e (6.7)

K ae
K- cos’ % v . e (6.8)
cosy cos(y + & ){1+ \/ . n(%;j(l)/lﬂj(;;eq ) ]
~ cos’(31.62° —12.13°)
- 2
cosy c0s(12.13° + 15°){1+ \/ s n(31'62:;51(i2?§o( illgf; —E 130)}
= 0.44
Beq 5=15.0°
Pae

P, = Kaex%(j/eq n quf )HZ ......................................................... (6.9)

= 0.44x1(1.30+£jx19.62 =116.38t/m
2 19.6

15°
116.38t/m
A

P_sin15° = 30.12t/m

A 19.10m
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(f)

P.cos15° =112.42t/m

EL.-13.4m 8.82m(= 0.45H )

Pdw
7
R W = KA
dw 12 hyw w
Yu =1.03t/m*
H =14.3m

P, - % x 0.15x 1.03x 14.32 = 18.43t/m

EL.—13.4m 5.72m(=0.4H )

Pdwzgkhyw H,-h h 0 H,
y=(RC x RC +sand x sand
)/
_ 2.5%x46.24+ 2.0x 270 _ 2.073t/m3
46.24+ 270

[ ] .

[17.6x(6.2— 4.5)|x1.8x0.15 = 8.08t/m

EL.-13.4m 18.75rr(= 45-(-13.4)+ 62— 45)

[ ] x X

[17.6%17.5]x 2.07x 0.15 = 95.78t/m

6-11



EL.—13.4m 9.15rr(: w + o.4j

[ ] x X

[20.6x 0.4]x 2.07x 0.15 = 2.56t/m

EL.-13.4m 0.207'!'{: %)

(9)
[ ]x
e 6.105x 1.8+ 22.695x 2.0 _ 1.957¢/m?
6.105 + 22.695
[1.5x19.2] x1.957 x 0.15 = 8.46t/m
EL.—13.4m 10rr(: w + o.4j
(h)

[ Ix

[17.6x(6.2— 4.5)|x1.8 = 53.86t/m

A 10.30rr(= 1.5+ i;j

[ Ix

x 2.073=108.91t/m

{17_ 6 (2.372+ 3.6)}

6-12



A 9.70m

2x(17.6)

1x(17.6)
3

17.6x(4.5-0.9)x +17.6x(4.5-2.13)x

9.70=1.5+

17.6x((4.5-0.9)+(4.5-2.13))

2.073-1.0)= 274.14t/m

{17_ 6 (13.9+15.13)} «

A 10.42m

2x(17.6)
3

17.6x (09— (~13.0))x = 176)

1042=15+ 17.6x((0.9- ?_ 13.0))+(2.13-(~13.0)))

+17.6x(2.13—(~13.0))x

[ Ix

[20.3x 0.4]% (2.073-1.0) = 8.84t/m

A 10.30rr(= 1.5+ i;j

[ Ix

[1.5x 4.07]x1.8 =10.99t/m

A 19.8577'(: 15+17.6+ 1—25j

[1.5%15.13]x1.0 = 22.70t/m

A 19.8577‘(: 1.5+17.6+ 1—25j

6-13



%(2.13—0.9)2 x1.03=0.78t/m

EL.-13.4m 14.7J.rr(: 2.13-(-13.4)- %(2.13— o.9)j

[0.9-(~13.4)]x(2.13-0.9)x1.03=18.12t/m
EL.-13.4m 7.15n'(= wj

%(2.13— 0.9)x (1.5+17.6+1.5)x1.03=13.05t/m

A 13.73rr(= %x (1.5+17.6+1.5)j

6.3.3
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19.1m N
/l
10.3m 53.86t/m
22.5t/m
S
8.08t/m !
10,99t/m
108.91t/m |
9.70m i \V4
\Y4 R —_—— 22,570t/m _ WES —
— 19.85m 1
19.90m 1! — £
7 < 4 —7n T
| 18.12t/m L_|
9.15m |
18.43t/m 10.42m J :o.lgt/m (i
8.82m : L
5.72m ; i 10m 7.15m
274.14t/ | L]
2.56t/m L
ﬂ; ___________________ v __________ - —II
A .20m 8.84t/m
10.3m
+ 3.05t/m
e L O
L N
s 13.73m 7

()

6.3.3
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(t/m)

(m)

(t-m/m)

30.2 1910 = 575.292
53.86 10.30 = 554.717
) 108.91 9.70 = 1056.427
) 274.14 1042 = 2856.539
8.84 10.30 = 91.052
) 10.99 1985 = 218.132
) 22.70 1985 = 450.496
532.79 5803.461

13.05

496.51
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(t/m) (m) (t-m/m)
11242 x 882 = 991.544
1843 x 572 = 105.420
808 x 1875 = 151.500
9578 x 915 = 876.387
256 x 020 = 0.512
846 x 1000 = 84.600
2250 x 1990 = 452.250
078 x 1471 = 11.474
1812 x 715 = 129.558
13.05 x 1373 = 179.177
227.67 2530.067

k, =0.15

F,, = 5803.461/ 2530.067 = 2.294
F. = 496.51x 0.6/ 277.67 = 1.073 0.6
eex
2530.067 — 30.12x (19.10-10.30) + 108.91x (10.30 — 9.70)
| —274.14x(10.42-10.30)-10.99x (19.85—10.30) — 22.70x (19.85—10.30)
= 496.51
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=3.98m> 206 =

(k) d)~0)

F, <11

k = 0.167

1

2) Leve 2(

475
1

k, = 2(0.33)s = 0.23

s=28.8cm

921

= 162 =0.164
81

K

e

531
s=15.8cm

3.43m

S

...0k
kh kt
F = k 0167 _ 1.1133
k., 0.15
475)
Z=033
Level 2
_k _0167_ 0.7261
k, 023
d=61.0cm
d/H=8.01% 4.3.2
( )
d=22.2cm
d/H=3.70%
d=47.7cm

6-18
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6.4

B C
S A 53.1

(5.1)

W,

g

a, =(ub _Fe COSé_”bPaesn‘S]g —1.41nmys? = 141cny/s? = 141gal

P. (6.8)

Hy (= 0.6)

5 (=15°)

Wg X
W, = [17.6x (6.2 4.5)]x 1.8+ {17.6 x M} % 2.073

+ [17.6 X w} x (2.073-1.0)+[20.3x 0.4]x (2.073-1.0) = 445.8t/m

6-19



6.4.1

921
( 642 162gal
a, =141gal
0.01 6.4.3
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[N
[@:]
<D

0 10 20 30 40 50 60 70 80
t (s)
6.4.2 TCUO059 921 ( )
0. 02
0t
Eoopg6—m———————— ——— — — |- — — — — — — — — —
S0.0006 —
o oleg4— — — — — |-
0o oleo— — — — — |-
0
0 10 20 30 40 50 60 70 80
t (s)
6.4.3
6.5
6.3 1-3
Level 1( 7% )
F, =1.1133 Leve 2( 475 )
F, =0.7261 d=61.0cm
$=28.8cm d/H=8.01%
6.5.1 Level 2( 475 )

6-21
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90



6.5.1

Level 2 .
475 )
FS
K,
A Level 2 475
[ 4.3.2
d/H 1.5% 5.0%
F, 0.908 K, 0.23
K, 0.21
6.4 1~-3
921
a,
0.01

6-22




7.2

31

Level 1 75
II 11
31
B
Level 1

7.3

7-1

7.1
Level 2 475
JAY%
1 6.2.2
B
Level 2

7.1

7.1



L

70 T

1000H x 2500L

EL.+2.40 m
EL.+1.30 m
El

3000 | 200
\

230 150‘ 2510 (150 160 | 100
— 15cm
— 20cm
— 25 cm

EL.+2.70 m

7

735
ELA085m ~ i A A2 L } = ‘L v¥Z | _EL+140 m
. : N -3 g
-~ \_EL.+0.80
S/MLWL. +0.39m EL+080m i T m
EL.-0.50 m i EL.-0.10 m
— ; F-270T j
195 x 195 x 70 TYP i ‘ 10 cm  140kg/cm? PC.
-/ 1
i 10 140kg/cm? PC.
5 25cm — i cm g/em
- i
EL2.50m EL.-7.00 m |
]
i —B L 155m
100 300kg i
1
EL.-11.00 m 1: 10 i
BL.-11.50 m =y | #%
EL-12.70 m i EL.-14.30m
IOJ 240 ‘ 600 i
I I I i
i
i
1
i—A L 30.0m
]
i
i
i
i
i
i
i
i
i
i
1
EL-2870m ||
|

~
|

31




7.1

1
Level 1
B
75
Level 2
475
7.1
31
1.
20,000DWT
EL.-28.70m
EL.-11.50m
EL.+2.4m
70t
3t/m’ 1.5t/m?
2.

HH.W.L. EL.+1.77m

M.H.W.L. EL.+0.96m

7-3



M.W.L. EL.+0.67m
M.L.W.L. EL.+0.39m
L.L.W.L EL.-0.37m

(1)
7.1.1
(2)
§ 15
3)
Fe>1.1
Fo =12

7-4



EL. +2.40 m

EL.+1.40 m > p W32y =18tm’
° R.W.L. +0.77 m
P=32 y' =1.0t/m’ <
EL.-10.17 m
P=30 y' =1.0t/m’ ©
EL.-120m |o EL.-11.67 m
_ T 3
o w=2 =L0tm™ EL.-14.67 m
S P=20 y' =09tm’ O
° c=1.09t/m> EL.-16.17m
. w=32 y' =1.0tm’
o EL.-19.17 m
_ 1 3
g v =30y’ =l0tm" 4 EL.-20.67 m
s P=20 y' =087vm’ &
r=s0—y——Torm— L ym® EL.-22.17m
® o ® EL.-23.67 m
o0 Y=20 y' =09tm’
) =28 ¢m’ EL.-26.67m
ol w=29 y' =1.0tm’
° EL.-29.67 m
_ T 3
) P=20 y' =09tm" EL.-31.17m
° c=2.8 t/m’
7.1.1
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1.2

K
ki
K,
Fo=— K
S ke e
O
A\ 4 Y
LEVEL 1 LEVEL
v
h 4
K
I
Y A
LEVEL 1 LEVEL

721

7-6



Level 1( 75 )

(7.1) [20] 75 0.189 0.143
k. =k, =0.15

T 0.3-0.45
475

7-7

.................. (7.1)
T 0.3~0.45 75 0.3~0.45
ay =a, | — :os&(-j =0.189 ~0.143
475 475
R.W.L.
RW.L=1(M.HW.L—MW.L)+MW.L. ..................... (7.2)
3
=%m96—06ﬂ+067=077m
K
k! 7.2
K = LKy e (7.2)
y—1
W =1A0 7 K cereeeee e (7.3)
W o=1a07 K] e (7.4)
75 Kaei
7.2.1



K = COSZ(¢i _V/)
coswcos(,//+5){1+\/sin(¢i +6)sin(g —l//)}

cos(y +0)
¢ 1
d
7.2.1
khl ¢i Ci 5| l//i Kae|
b 0.150 {320 O |15.0] 853 | 0.380
2 0.300 {320 O |15.0]16.70 | 0.524
3 0.300 {300 O |[15.0]16.70 | 0.563
4 0.300 {320 O |15.0]16.70 | 0.524
5 0.317 {20.0 | 1.09 | 15.0 | 17.57 | 0.908
6 0.300 {320 O |15.0]16.70 | 0.524
%) 0.300 {30.0| O |15.0]16.70 | 0.563
8 0.322 {20.0 {2.19 | 15.0 | 17.87 | 0.929
) 0.300 {300 O |15.0]16.70 | 0.563
KW {0317 20.02.80|15.0|17.57 | 0.908
H 0300290 0 |150]|16.70 | 0.583
Paei
d
7.6
7.2.2

P, =K, X (Z;/i B+ W)X COSS v
w (t/m?)
d

7.1.1 o

7-8



7.2.2

1.2.2

m (t/m*) (t/m®) (t/m) (m)
0.550

1.63 1.80 1.773 +1.45
1.626
2.244

10.94 | *1.00 54.824 -5.71
7.779
8.354

1.50 | *1.00 13.143 ~10.93
9.170
8.538

3.00 | *1.00 27.891 -13.21
10.056
17.429

1.50 | *0.90 27.031 -15.43
18.613
10.739

3.00 | *1.00 34.494 -17.70
12.257
13.164

1.50 | *1.00 20.357 -19.93
13.979
23.095

1.50 | *0.87 35.522 -21.43
24267
14.688

1.50 | *1.00 22.643 -22.93
15.503
25.019

3.00 | *0.90 79.585 ~25.20
28.038
17.597

2.03 | *1.00 36.882 ~27.70
18.740

7-9




K, 7.2
K 7.3 7.4 7%
7.7 7.2.3
cos’ (¢, —v)
KPei = : : 7 seseversevsesense
cos1//cos(t,//+§){l—\/Sm(¢i +0)sin(¢ _W)}
cos(l//+5)
7.2.3
Ky, é, C S, Vi eri
é 0.300 {320 O |150|16.70 | 4.162
5 0317 120.0{1.09]|15.0| 17.57 | 1.803
6 0.300 {32.0] O |15.0|16.70 | 4.162
@ 0.300 {300 O |150/|16.70 | 3.670
8 0.322 120.0(2.19|150 | 17.87 | 1.768
9 0.300 {30.0| O |15.0/|16.70 | 3.670
0.317 [{20.0{2.80|15.0|17.57 | 1.803
ol 0300 {29.0| O |15.0|16.70 | 3.447

ael

7.8
7.2.4

Po =K x( r:h +W)><cos§ ...............................................

7-10



7.1.1 &
2.67
7.2.4
724
m (tm) (t/m?) (t/m) (m)
0
2.67 | *1.00 14.330 -13.78
10.7.4
4.650
1.50 | *0.90 8.737 -15.47
7.000
16.162
3.00 | *1.00 66.576 -17.81
28.222
24.885
1.50 | *1.00 41315 -19.94
30.202
14.547
1.50 | *0.87 23.491 -21.44
16.775
34.828
1.50 | *1.00 56.230 -22.94
40.145
19.712
3.00 | *0.90 66.216 -25.22
24.423
46.699
2.03 | *1.00 101.659 =27.71
53.458




(e)

7
PdW — E kh WH W2 ...................................................................
Pdw
Y 1.03t/m’
HW
7.1
7.2.5
7.25
(t/m) (m)
+1.77 17.089 -6.49
+0.96 15.138 -6.82
+0.67 14.468 -6.93
+0.39 13.853 -7.04
-0.37 12.190 -7.35
7.11

7-12

7.10



P, = 1 P, + Py(Hy, #Dgp) oveerereerereeeeeeieeeeeeieeevee e
P, (t/m?)
Y 1.03t/m’
h,
P
Doy
7.2.6
(t/m)
(m)
+1.77 0 0
+0.96 0 0
+0.67 3.030 -13.99
+0.39 11.460 -14.06
-0.37 33.934 -14.25
722

7-13
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1.773 t/m

0.681 m

—

a > AP v R.W.L.

hw.
/ wi
P.D.H. ——54.824 t/m €
Hw. 4.463 m
4_
Pdw. E——
—— 13.143 t/m Pl
0.738 m
14.330 t/m 4—7— 27.891 t/m a
0.890 m / 1.459 m
_\N
8.737tm —F—P \4——— 27.031 t/m Pl
0.700 m 0.742 m
66.576 tm —F—P 45— 34494 t/m <
1.364 m 1.467 m
41315 tm  —p—P \ <—— 20357 t/m o
0726 m N Y 0742m
23.491 t/m ——pxP \ 35.522 t/m
0.732 m 0.744 m <«
56.230 t/m—x—P / \ 4@22.643 t/m
0.732 m 0.743 m
<_
66.216 t/m > 419.585 t/m
1.447 m
L1'472 m | g—
101.659t/m —
0,992 36.882 t/m
. m
’ 0681m €
7.2.2
AP

7-14



(t/m) (t-m/m)
(m)

8 14.330 X 15.180 217.532
o) 8.737 X 16.870 147.404
6 66.576 X 19.206 1278.652
%) 41.315 X 21.344 881.838
8 23.491 X 22.838 536.480
8 56.230 X 24.338 1368.516
<)) 66.216 X 26.216 1762.896
d 101.659  x 29.108 2959.079

378.554 9152.397

7-15



AP

(t/m) (t-m/m)
(m)

b 1.773 X -0.051 -0.090
2 54.824 X 7.107 389.635
3 13.143 X 12.332 162.074
4 27.891 X 14.611 407.513
o) 27.031 X 16.828 454.887
6 34.494 X 19.103 658.946
3 20.357 X 21.328 434.158
8 35.522 X 22.826 810.827
9 22.643 X 24.327 550.833
<)) 79.585 X 26.598 2116.846
d 36.882 X 29.096 1073.107

378.554 7058.736

7-16



(t/m) (m) (t/m) (m) (t-m/m)
ELA+0.77 17.089 x 7.892 + 0 X 0 134.865
EL.+0.96 15.138 x 8216 + 0 X 0 124.370
EL.+0.67 14468 x 8332 + 3.030 x 15.390 167.180
EL.+0.39 13.835 x 8444 + 11460 x 15.460 293.997
EL.-0.37 12.190 x 8748 + 33934 x 15.648 637.648
k, =0.15
- 9152.397 1,189
7058.736 + 637.648
(2) f
k, K K, =0.1649
Fo= K 01648 ) 903 1
k, 0.5
(2) Level 2( 475 )
475 Z =033

7-17



1

k, = —(0.33)% =0.23 Level 2
FooK 0164851y 5.3.4
k, 0.3
d=47.08cm
s=15.20cm d/H=6.59% 434
C )
7.3
B C
S A 5.3.2
ay
ay
Ki
P, +m-T,+ (U, +AU,, + AU, )-W tan(ar,, — ¢)
kt:W —(U1+AU“+AU51)- Sin¢ ........................... (712)
Cos(aae _¢)
aae
w
PPe
m m=1 m=0

7-18



U
AU,
AU,
(1)
7.1.1
aae
7.14

Qe = Py + tan”

7.13

| —tangg +\/tan¢eq(tan¢eq +cot¢eq)~(1+tan§-cot¢eq

)

1+tan5-(tan¢eq +cot¢eq)

............................................................................

7-19



7.3.1
a /o(1
Q
a,
o} as
¢ /C(4
o] o
@ /GG
g o
CB%__ o
@%_ a9
@0 i a o
o ¢ | .
7.3.2
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0
2
3
4
3
L4
1
I A
M«
[1D
%_ aae
7.3.3
7.3.2
7.3.1 7.3.1 7.14
2.4™ _ 10432587 o o,

0= ST T 330.804

7.13

| —tan30.7 + \/tan 30.7(tan 30.7+ cot30.7)~ (1 +tanl15-cot 30.7)

e =30.7 +tan"~
I+tanl5- (tan 30.7 + cot30.7)

=57.321

7-21



2)

7.3.1

g,
¢
m 1’1’13

b 1.63 32.0 58.177 33.313
2 10.94 32.0 58.177 180.915
3 1.50 30.0 56.860 18.979
4 3.00 32.0 58.177 33.696
5 1.50 20.0 49.518 14.492
6 3.00 32.0 58.177 24.270
@ 1.50 30.0 56.860 10.004
8 1.50 20.0 49.518 8.310
2 1.50 30.0 56.860 6.615
3.00 20.0 49.518 7.920
d 2.03 29.0 56.187 1.380

7.15

7.3.3

W =D M 7 o (7.15)
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7.3.2

7-23

W
Qe M,
t/m’ m’ '
m
th 1.63 *1.80 | 57.321 | 31.666 | 57.000
2 10.94 2.00 57.321 | 168.427 | 336.854
B 1.50 2.00 57.321 | 17.108 | 34.217
& 3.00 2.00 57.321 | 29.886 | 59.773
5 1.50 1.90 57.321 | 12.779 | 24.279
6 3.00 2.00 57.321 | 21.227 | 42.453 | 611.245
@ 1.50 2.00 57.321 | 8.448 | 16.897
8 1.50 1.87 57.321 | 7.005 | 13.099
1.50 2.00 57.321 | 5.562 | 11.123
Ju) 3.00 1.90 57.321 | 6.794 | 12.907
H 2.03 2.00 57.321 | 1.322 | 2.643
*
7.3.2
o




m=0

4)
7.16 7.17
2
u, = ; V;mT;m) .......................................................
Y 1.03t/m’
Hap 29.47m
a. =57.321°

2
U - 1.03-(29.47)

== =531.38 t/m
2-sin(57.321)

X 2
u, =2w FutDaw)” e
2
H, ( ) 11.63m
Do 16.7 m
2
U, =1.03-(11.623+16.7) _ 41333t/m
(5)
(6)

7-24
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(7)

7.12 P..
AU, K 1
6 712k P, AU, k
kt
7 K, 0.1869
k, =0.1869 1 6
7.3.3 k =0.1869
w Pee U, U, AU;,
kt ¢eq aae
t t/m t/m t/m t/m
0.1869 | 30.694 | 57.321 | 611.245 | 325.947 | 531.383 | 413.333 | 15.186
7.12
325.947 +413.333-15.186 — 611.245 - tan(57.321 - 30.694)
K, sin(30.694)

T 611245 |-531.383-
c0s(57.321-30.694)

=0.1869

kK 733 Kk
k, =0.1869

a, =k -g=0.1869x9.81=1.833m/s’ =183.3cm/s’ =183.3 gal

a,=1833gal 921
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921

7.4
7.2
Level 1( 75 )
Level 2(
F, =0.717
d/H=6.59%
C )
I II 111
kt
S
d/H 1.5%
F, 1.933 K,
k, 0.44
921

475 )
d=47.8cm
4.3.4

IV

Level 2
I

534
0.23

921

7-26

31

F, =1.0993

s=15.20cm

475
434



11
8.1

11

8.1

8.2

475

1 6.2.2

8.3.1

11
8.3

8-1

ATC-40



2000

1990
1500

270

220

200

450

460

450

140

150

|
[
2120,

:
|
L 120

£L.+35.20m

EL.+2.10m

HWL. +1.16m
LWL +063m

EL.+1.00m

F00mm 1= 12mm SIS { 2RI )

a

180

500

330

340

260

i
H

X PVCHAKE
/ | et

50

NN 12 SR -

10

£L.+3.20m

(E£6.)

X X X X7

EL.—14.80m

X X X Xy

700mm t=12mm  MENF

8-2

R Z-25 IS ———

EL.~11.00m

#=700mm.t=12mm MW

1

8.1



8.1

8.1.3

(1

2)

€)

11

8.1 8.1.1
50 20
70 1.2
8.1.4

55,000DWT
EL.-13.0m
EL.+3.2m

100T

M.H.WL. EL.+4.42m

M.W.L. EL.+2.72m
M.L.W.L. EL.+0.88m

N=11

4 (t/m®)

8-3
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2 (t/m?)

4)
Kh=0.115
Kh=0.230
Kh=0.115
(5)
2.45 t/m’
(6)

fc’ >=210 kg/cm’
fc’ >= 140 kg/cm’

ACI
1/3

fa = 1,410 kg/cm®
fa=2,810 kg/cm’
1/3

oa= 1,400 kg/cm’
0<1/r<110 o a=1,300-0.06(1/r)* kg/cm’
1/r>110 o a=7,200,000/(1/r)* kg/cm
oa=1,300 kg/cm’

o a =800 kg/cm’

8-4



Es =2.3x10°
A =226.454 cm’

[=133436 cm*
7 =3828.87 cm’

1/2

.
1999 Il 2500 ( Wbt ) . 500
-, \ p— .
0 w | 0 |
i [ Rt e : N ‘
- TrEL '
= y o
=
3
K
El
—
400 400
22 )
10 100 40735425, 90 80 10 w00 40235425 yars 15
FHBE A% [‘547" ’ [ LE 3 TRARKE AT — 5 y7 } ‘ ' 17020
- |
— EaaU m
Cz] ‘I "]_[_" 33
A l — 17020 = L 7020 = { ‘[u
] 2 6020
2 #5020 < v 4 ]—HG g 3 ! ! 21-10 J
IS 2 s s |10 4H 4 g ol ’G< 15020 !
] o[ o
4= — L7 pro— s~ll7ozo 4= — 20 <
b HP 27-110 8 b b 27-§10 17020
i K (I o
> = !
- L—L—!L §7020 = Lyrozo

8.1.2 Gl Gla (cm)

8-5



400
10 390 - 120 260
10
— 19y, 80 10 10 100 40, 110
-7 I
— | A7) || - TG R L AR
Eil [ W ==/
BT s i AR =
I 27-ho 8 s . i - —{Et
ol - / o t-8-10-R+—
B | olsp \/ 16020 ! 3| &g H g oL erg w -20-f10] —1——H
= T - - g h
: _ #7020~ g ) S| ) 2 | > EF
|| o oo iove | o B B o I
ﬂ L 5-y8 — —20-j10——
260 189(190) 120
10 240 10 10} 169(170) 0 10 —T; 10
A a-47 S
 FAMEAAE(TYP.) - RIS
. \ / ’/*mzo /_ | o 547 s ; A 1
- L | ol o] | ﬁ! A= ‘ &
gl wl N—L20-po+—/ i3 ) 2w r12-ho-
2z ! |21 . g 3 e :,>‘2"7 & -8 P
16020 " e 2 fom
20-10 12-po~ Fepe

8.1.4

8.2

(1)

G3a B1B2B4B5

8.
1/ 8.2.2

SB-9

....................................................................................

(kg/m*) = KhxD

8-6

B3 (cm)

1 B

< >



Kh = (kg/m’)

2 29

Kh=0.15N (N SPT N )
D= =70 cm
t= =1.2cm
]
5 W
3
& / BAKE®
a
/T a/?
; !

8.2.1
3 . a .
a=tan —=3096" - — =15.48
5 2
50 =0.03 mm/year
50 =0.03x50=1.5 mm

Doy = 70-2%0.15 = 69.7 cm

Di,=70-2x1.2 =67.6 cm

8-7



)

1= 2(D,* - D,*")=133436 cm*
64

out

Kh=0.15N=0.15x11=1.65

=1 E5 —0.00311 L o 3oem
4] B

1/

3/ 3
SAP2000 (8.1.2)

®=17.38m
@=16.96m
®=1740m
@®=14.97m
®=15.86 m
® =13.65m
@ =12.88m

®=12.46 m

8.1
8.2.2
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| 220 295 455 455 295 270

—_—
Z 3
—_—
Z 3
v
——
—_—
Z 3
—_—

140

®
Q
@O
@O
©
©

140

e ) e e J |
FooT 260 T 330 1201 340 1201 30 400 1
{
s [ F I
T LA
0 5 &
e & e e I |
FooT 260 T 330 120 1 340 1201 30 400 1
8.2.2
(a)
V, =245x(4x2.7x22)+2x(4x2.7)=79.812t
(b)
V, =245x(4x13x22+1.2x1.65x1.325+2.8x1.65x0.3) +2x(4x2.95)
=61.451t
(c)
V,, =2.45x(4x1.2x1.325+3.35x1.2x1.3254+2.8x3.35%x0.3) + 2 x (4 x4.55)
=71.926t
(d)
Vi =2.45x(4x1.2x1.325+3.35x1.2x1.325+2.8x3.35x0.3) + 2 x (4 x4.55)
=71.926t
(e)
V, =2.45x(4x13x1.6 +1.2x1.65x1.325+2.8x1.65x0.3) +2x(4x2.95)
=53.807t
(H

8-9



V, =245x(4x1.3x1.641.2x0.9%x1.3254+2.8x0.9x0.3) +2x(4x2.2)

=43.342t

(2)

ZV =79.812+61.454 +71.926 x2+53.807 + 43.342 = 382.264 t

3)
Level 1 K, =0.15
H =0.159gx382.264/9 =57.34t
Level 2 K, =0.33

H =0.23gx382.264/ g =87.92t

(4)
(8.2) (8.3)
R
2.C
C - S0 0)
"L cos’@, + 2 —cos’ O,
1=l 22
I = (m)
A=
E:
6, 6,=
sin”(28) 3
Cov =g e = 7.232AEx10

“ T xcost(14°) + x cos’(14°
AE (147) E (147)

8-10



sin’(28°)

CS() =
15.86 xcos>(14°) + 13.25  cos? (14
(a)Level 1= H = 5734t
Hs, :Lx H :ﬂx57-34:27.34t
Cy, +Cy 15.165
56 :LX H — 7-933 X57'34:30t
Cyy +Cy 15.165
e wH =122 700 - 41,03t
Cyy +Cy 15.165
C,, +Cy 15.165
Q)
(8.4)
i
<+ H
Pl P2
8.2.3
P :Vi sin@, + H, sin 6,
1 ;
sm(l91 +.92)
P :\/| Slnl91 _Hi 51n¢91 .................................................
2 ;
sm(@1 +92)
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(a)Level 1= H =57.34t

V,, =71.926t

H,, =27.34t

p - 71.926><s1n14'1 —27.34xsin14 = _19.44t

sin 28"
P - 71.926><s1n14.1 +27.34xsin14 — 9357t
sin 28°

V,, =71.926t

H,, =30t

p _ 71.926xsin14" ~30xsinld” _

sin 28°
P - 71.926><sm.14 +O30X5m14 =99.07t
sin 28
71.926 71.926
<« 30 <+ 27.34
99.07 -24.94 93.57 -19.44
824 Leve 1
(b)Level 2= H =87.92t

V,, =71.926t
H,, =41.93t
p - 71:920xsinl4 —41.93xsinld 5 54

sin28°
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_ 71.926 xsin14" +41.93xsin14°

P : =123.72t
sin 28°
V,, =71.926t
H, =45.99t
p _ 71.926xsin1d" ~4599xsinld” _ o) oo,
sin 28°
P - 71.926><sm14.l +45.99xsin14 —132.12 1
sin 28°
71.926 71.926
v < 45.99 ZXXM%
132.12 -57.99 123.72  -49.60
8.25Leve 2
(6)
(a)Level 1
P, _ —19.44x17.40

=-6.5x10""m=—-0.065cm

AE  0.0226454x23x10°

Pl,  93.57x14.97

- =2.69%x107m=0.269cm
AE  0.0226454x23x10°

A =0.69cm

Pl,  —24.94x15.86
AE  0.0226454x23x10°

=-7.6x10"m=-0.076cm

Pl 99.067x13.65

_ —=2.60x10"m=0.260cm
AE  0.0226454x23x10
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A =0.69cm

(b)Level 2

Rl _

AE

Pl, _

0.0226454x23x10°

AE

Rl _

0.0226454x23x10°

A =1.08cm

—57.99x1586  _ o 10%m= —0.177em

AE

Pl

0.0226454%23x10°

132.12x13.65

AE

(7)

_ —=3.46x10"m=0.346cm
0.0226454 x 23 x10

A =1.08cm

(8.5)

(a)Level 1

(M

A =0.69cm
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H _ 12x2300x133436 (0.00311)°

1 . x 0.69 = 0.2887 t
(1+0.00311x1738) +2

~ 1+0.00311x1738

= x0.2887x1738=2973t—-cm=297t—m
2x0.00311x1738

(1)

_ 12x2300x 133436 (0.00311)°

x 0.69 = 0.3069t
(1+0.00311x1696)° +2

2

_ 1+0.00311x1696
2x0.00311x1696

x0.3069x1696 =309.6t —cm=3.1t—m

2

(111

~ 12x2300x133436x(0.00311)°

: : x0.69 = 0.6
(1+0.00311x1288)° +2

140.00311x1288

= x0.6x1288 =482.9t —cm=4.83t—m
2x0.00311x1288

7

(VD)

b 122300133436 x(0.00311)’

. . % 0.69 = 0.649t
(1+0.00311x1246)° +2

_ 1+0.00311x1246

g = x0.649x1246 = 508.7t —cm=5.09t —m
2x0.00311x1246

(b)Level 2

A =1.08cm

ey

H - 12x2300x133436x (0.00311)°

1 . x1.08 = 0.4519t
(1+0.00311x1738) +2

~ 14+0.00311x1738

= x0.4519x1738 =465.4t —cm=4.65t —m
2x0.00311x1738

(1)
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(8)

_ 12x2300x133436x(0.00311)°
(1+0.00311x1696)° +2

x1.08 = 0.4804t

2

~ 1+0.00311x1696

, = % 0.4804 x1696 = 484.7t —cm=4.85t—m
2x0.00311x1696

(11D
3
| _12x2300x133436 % (0.300311) «1.08 = 0.9391
(1+0.00311x1288)° +2
- 1+000311x1288 ) 39, 1288 = 755.7t —cm=7.56t - m
2%0.00311x1288
(VD

H = 12x2300x133436x (0.00311)°

. . x1.08 =1.015t
(1+0.00311x 1246)° +2

- 1+000311x1246 ) 5. 1946 = 7955t —cm=7.96t - m
2x0.00311x1246
(8.7)
J=%i% .................................................................................. (8.7)
(a)Level 1
(D

M, =2.97t —m=297000kg —cm
P, =79.812t =79812kg

o, = 79812 + 297000 = 430kg/cm’ <1300kg/cm’ ................ OK
226.454 3828.87

(1)
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M, =3.1t—m=310000kg —cm
P, =61.451t =61451kg

o, = 61451 , 310000 =352.33kg/cm* <1300kg/cm’ ............ OK

= +
226.454 3828.87

(1)
P, = —19.44t = 19440kg

o, = 19440 _ 85.85kg/cm’ < 1400Kg/CM’ ....ooeveveviieeeieeenee. OK
226.454

(VD)

P, =93.57t = 93570kg

o, = 93570 =413.20kg/cm’ <1300Kg/CM’ ....ccovveevirieeinnennns OK
226.454
(V)
P, = —24.94t = 24940kg
o5 = 24940 =110.13kg/cm’ <1400Kg/CM’ ....ccovvvveereeeennennns OK
226.454

V)
P, =99.067t = 99067kg

o - 99067
6 226.454

=437.47kg/cm’ <1300Kg/CM* ...ooevvvveneeeeeennneen. OK

I1V)
M, =4.83t —m=483000kg —cm
P, =53.807t =53807kg

o, =>3807 | 483000 =363.75.kg/cm* <1300kg/cnm’” ........... OK

, = -
226.454 3828.87
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(I11V)
M; =5.09t —m=509000kg — cm
P, =43.342t = 43342kg

5. - 43342 509000 =324.33kg/cm’ < 1300kg/cm’ ........... OK

8226454 382887

(b)Level 2
(@
M, =4.65t —m=465000kg —cm
P =79.812t = 79812kg

_ 812 465000 _ 473 gokg/cm? < 1300kg/cr ............ OK

o, = +
226.454 3828.87

(1D

M, =4.85t —m=485000kg —cm

P, =61.451t =61451kg

61451 485000

o, = + =398.03kg/cm’ <1300kg/cm’ ............ OK
226.454 3828.87
(I110)
P, =—49.6t = 49600kg
o, = 49600 _ 219.03kg/cm’ < 1400KG/CNMY e OK
226.454
(VD
P, =123.72t =123720kg
c, = 123720 _ 546.34kg/cm’ <1300Kg/CNY ..oevviveeieeeeeeeeneeee. OK
226.454

V)
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P, = —57.987t = 57987kg

57987

o5 = =256.07Kg/cm’ <1400Kg/CM’ ....ccouvreeereeeennennns OK
226.454

(V)
P, =132.12t = 132120kg

o - 132120
° 226.454

=583.41kg/cm® <1300Kg/CmM’ ...cceeeveueeeeieennnne. OK

(I1V)
M, =7.56t —m=756000kg —cm
P, =53.807t =53807kg

53807 756000

c, = + = 435.05.kg/cm® <1300kg/cm’ ........... OK
226.454 3828.87

(I11V)
M, =7.96t —m= 796000kg —cm
P, =43.342t = 43342kg

43342 796000

Oy = + =399.29kg/cm” < 1300kg/cm’ ............ OK
226.454 3828.87
8.3 ATC-40
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SAP2000

475

ADRS
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8.3.3 8.3.8 8.3.4 100%
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SPT N=11
F,=12
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