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ABSTRACT:

Most harbors in Taiwan are located on alluvium strata and reclaimed lands whose characteristics
of soil are generally loose, soft and under-consolidated. Under the influence of strong earthquake, not
only will the structure equipment be damaged by the strong shake waves, but also the soft strata will
experience liquefaction. Seismic failures are common in harbors around the world. Extensive damage
to port areas was reported in the Port of Kobe after the Kobe earthquake 1996. In Taiwan, local failures
have occurred in port areas. Those issues are worth to be discussed. Restricted by few experience and
less understanding of the failure mechanism, current response plans for disaster earthquakes in port
areas focus on after-shock reconnaissance in identifying the sources of failures and restoration of
facilities. The passive strategy could not reduce the remediation process and delay is inevitable.
Furthermore, after-shock investigations are difficult and less reliable due to a lack of real-time
monitoring of earthquakes, resulting in ineffective repairs. Reliable, long-waiting, real-time
measurements of earthquakes and liquefaction responses in harbor areas are feasible due to
developments of underground instrumentations. Recently, surface vibration sources were implemented
to simulate earthquake and liquefaction responses. The data from in situ measurements of small
shaking and surface vibration sources could improve the accuracy of local seismic analyses.
Implementing the in-situ data in state-of-the-art numerical simulations, reliable scenario simulations of
various seismic hazardous in port and coastal areas can be performed in order to understand the
seismic damage conditions of harbor facilities.

The undergoing project will perform the following tasks in selected harbor areas. (1) dynamic
real-time monitoring of earthquakes and artificial vibration sources, (2) classification treatments of
main wharf types and seismic disasters at harbor areas (3) liquefaction potential evaluation of western
coastal areas and important harbors using the discriminant method, (4) dynamic behaviors and scenario
simulations of gravity type wharves at Taichung Harbor area by using numeric software such as
STABL, FLAC, (5) seismic behaviors of free field at 4™ container center of Kaohsiung Harbor by
using FLAC numeric software, (6) scenario simulations of trestle-type wharves at No.120 wharf of
Kaohsiung Harbor by using FLAC numeric software, and (7) dynamic behaviors and scenario
simulations of sheet pile type wharves at Taipel harbor area by using numeric software such as STABL,
FLAC. Those jobs are beneficia in both design of monitoring system for port facilities and
development of remediation and response plans for a specific harbor.
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CHIEBHP
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CHOT:0k4 -
mas. = -33.540 [gal)

CHOZ:0M-
mas. = 95.974 [g4l]
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maw. = 78,313 [gal]
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3.2

3.2.1

3-1
C C
1 14910 | 114 -8.00 34.01
1B 90.90 10.9 -9.00 34.01
2 20450 | 124 -9.00 34.01
3 183.00 | 124 -9.00 34.01
4 167.00 | 124 -9.00 34.01
5 54.50 12.8 -9.00 34.01
6 131.00 | 14.3 -9.00 34.01
7 106.00 | 12.9 -9.00 34.01
8 136.42 | 129 -8.00 34.01
9 136.42 | 129 -8.00 34.01
10 136.42 | 129 -8.00 34.01
11 167.80 | 17.6 -6.50 55.10
12 170.00 | 17.6 -6.50 55.10
12B 251.00 | 17.6 -9.00 34.01
14 17240 | 148 -9.00 34.01
15 148.30 | 14.8 -9.00 34.01
16 156.50 | 34.0 -12.00 78.06
17 207.00 | 340 -12.00 78.03

39




c > >y )

18 21540 | 34.0 -12.00 77.03

18B 110.00 | 41.0 -8.00
19 32423 | 120.0 | -13.50 81.08
20 325.62 | 120.0 | -10.50 67.07
21 236.60 | 120.0 | -10.00 75.09
22 190.00 | 120.0 | -11.00 63.08
23 210.00 | 120.0 | -11.00 63.08
24 240.00 | 120.0 | -13.00 63.08
25 300.00 | 120.0 | -13.00 63.08
26 210.00 | 120.0 | -11.00 63.08
27 150.00 | 13.0 -7.00 59.11
28A 69.50 154 -3.50 65.01
28B 103.50 | 154 -3.50 65.01
29 178.00 | 11.0 -6.50 56.03
30 180.00 | 11.0 -10.50 56.03
31 165.00 | 15.0 -10.50 55.05
32 165.00 | 15.0 -11.00 55.05
33 210.00 | 148 -11.50 54.09
33B 95.80 119 -6.50 54.09

297.27 | 3-742 | -3.64
1 108.00 4.9 -4.50 56.05
2 200.00 | 10.5 -9.00 57.03
3 170.00 | 10.5 -9.00 57.03
4 306.30 | 10.5 -9.00 57.03
5 169.20 | 10.5 -9.00 58.04
6 180.00 | 15.0 -9.00 59.04
7 178.00 | 27.0 -9.00 59.12
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C ) C )
8 240.00 | 76.0 -12.00 59.12
9 220.00 | 76.0 -12.00 79.09
10 200.00 | 76.0 -12.00 79.09
11 200.00 | 76.0 -12.00 75.05
12 50.00 56.0 -5.00 75.05
14 113.20 | 20.0 -5.00 75.05
15 198.00 | 21.0 -3.00 57.08
16 259.00 8.0 -3.00 57.08
17 95.00 8.0 -5.00 57.08
19 220.00 | 30.0 -9.00 67.03
20 120.00 | 30.0 -6.00 65.12
21 113.00 | 20.0 -9.00 67.10
22 113.00 | 20.0 -9.00 67.10
283.70 | 20.0 -3.00
45.03 -3~5
47.04 5.0
60.00 -1.0
90.00 -2.0
120.00 | 13.0 -6.5

3.2.2.
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( (
1 250.27 -9.0 44.07
2 136.97 -9.0 59.02
3 150.00 -9.0 59.02
4 150.00 -9.0 59.02
5 150.00 -9.0 59.02
6 150.00 -9.0 59.02
7 150.00 -9.0 59.02
8 150.00 -10.5 59.02
9 141.68 -10.5 59.02
10 150.00 -10.5 59.02

1 261.60 -55 -65

2 291.00 -6.5

3 378.28 -4.5
11 160.54 -9.0 59.06
12 160.54 -9.0 59.06

1 94.65 -3.0

2 89.90 -5.0
13 -9.0 57.03
14 150.00 -9.0 57.03
15 150.00 -9.0 57.03
16 180.20 -9.0 57.03
17 150.00 -9.0 92.02
18 150.00 -9.0 92.02
19 151.30 -9.0 92.02
20 150.72 -9.0 92.02
21 123.33 -5.0 92.02
22 120 -10.5 61.09
25 215.00 -10.5 80.12
27 199.3 -10.0 78.11
28 210.0 -10.5 76.03
29 220.0 -10.5 64.06
30 293.50 -10.5 79.09
31 195.55 -10.5 53.07
32 200.02 -10.5 55.08
33 200.04 -10.5 55.11
34 200.00 -10.5 57.04
35 214.97 -10.5 57.04
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( (
36 199.38 -10.5 58.01
37 198.68 -10.5 58.01
38 197.70 -10.5 59.01
39 199.05 -10.5 59.01
40 214.17 -10.5 59.01
41 204.54 -10.5 59.01
42 242.68 -10.5 59.12
43 187.50 -10.5 59.12
44 199.16 -10.5 59.12
45 200.00 -11.0 62.07
46 200.00 -11.0 63.04
47 200.00 -10.0 63.04
48 260.35 -10.5 63.02
49 200.00 -10.5 63.02
50 200.00 -10.5 63.06
51 200.00 -10.5 64.06
52 200.00 -10.5 64.06
53 200.00 -10.5 65.06
54 200.00 -10.5 64.06
55 200.00 -10.5 64.06
56 200.00 -10.5 65.06
57 183.60 -10.5 64.06
58 306.00 -4.5 91.02
59 164.00 -6.5 68.12
60 150.75 -6.5 63.01
61 230.00 -10.5 63.01
62 230.00 -10.5 63.01
63 274.90 -12.0 63.07
64 245.46 -12.0 63.07
65 244.43 -12.0 63.07
66 439.92 -12.0 63.07
68 432.16 -14.0 68.05
69 320.00 -14.0 69.01
70 320.57 -14.0 69.01
71 330 -14.0 72.04
72 300.13 -14.0 74.06
73 240.34 -14.0
74 314.00 -14.0
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( (
75 320.00 -14.0 85.01
76 320.00 -14.0 85.01
77 355.00 -15.0 85.01
78 320.00 -15.0
79 355.00 -15.0
80 340.00 -14.0
81 120.00 -14.0
85 225.00 -9.0
86 225.00 -9.0
87
88 502.00 -10.0
89
90 400.00 -10.0
91 83.00 -7.0
92 185.00 -4.0
94 170.56 -10.5
95 170.56 -10.5
96 170.56 -10.5
97 380.00 -16.5
98 360.00 -16.5
99 360.00 -16.5
101 380.00 -16.5
102 177.16 -11.8
103 272.84 -11.8 81.04
104 251.67 -16.0
105 300.17 -16.0
106 -4.2
111 264.20 -16.5 72.07
112 248.80 -85 72.07
115 276.86 -14.0 81.04
116 320.02 -14.0 74.01
117 320.00 -14.0 77.11
118 320.00 -14.0 77.11
119 320.00 -14.0 77.11
120 320.00 -14.0 81.11
121 320.00 -14.0 81.11
122 336.26 -14.0

314




3.2.3

33
1 250.00 | 200 | -13.0 66.02
2 250.00 | 20.0 | -13.0 66.02
3 250.00 | 200 | -13.0 66.02
4 200.00 | 200 | -11.0 67.04
A 185.00 | 20.0 9.0 70.07
5A 220.00 | 235 | -11.0 71.10
56,78 800.00 | 235 | -11.0 65.10
8A 260.00 | 235 | -11.0 66.00
9 260.00 | 27.0 | -14.0 66.04
10,11 640.00 | 27.0 | -13.0 66.04
12 200.00 | 240 | -11.0 70.10
13 200.00 | 240 | -11.0 70.02
14,15 360.00 | 15.75 | -10.0 70.04
16,17 70.04
22 180.00 | 235 | -11.0
23 180.00 | 200 | -10.0 72.06
24 180.00 | 200 | -10.0 69.10
25 200.00 | 200 | -11.0 71.10
26,27 400.00 | 240 | -11.0 69.03
28 14500 | 240 | -11.0 71.06
29 250.00 | 27.0 | -14.0 72.06
30 320.00 | 320 | -14.0
31,32 640.00 | 280 | -14.0 71.10
33,34 500.00 | 345 | -14.0
35 250.00 | 346 | -14.0
99 250.00 | 250 | -12.0
101 340.00 -18.0
102 340.00 -18.0
103 290.00 -145
1 250.00 | 250 | -13.0 72.06
2 250.00 | 27.0 | -14.0 77.06
3 25020 | 27.0 | -14.0
4 250.20 | 27.0 | -14.0
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324

34
34
¢ ) C )

12,3 410.00 -7.5 26.01
45 320.00 -8.5 51.10
6 150.00 -8.5 63.02

7 120.00 -6.5 63.02

8 220.00 -10.5 63.02

9 103.00 -95 67.12
10,11 368.00 -95 67.12
12 150.00 -7.5 67.12
13,14 370.00 -95 67.12
15 100.00 -8.5 67.12
16 144.00 -7.5 67.12
17 200.00 -12.0 79.03
18 200.00 -12.0 79.03
19 310.00 -14.0 79.03
20 302.00 -14.0 80.03
21 200.00 -14.0 80.03
22 200.00 -14.0 80.03
23 272.00 -14.0 80.03
24 271.00 -14.0 80.03
25 332.00 -16.5 81.06
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3.25

35
3-5
C ) C )
1 210.00 -75 70.06
2 175.00 -11 70.06
3 215.00 -11 70.06
4 300.00 -11 67.09
5 200.00 -11 67.09
6 290.00 -15 72.07
7 240.00 -13 72.07
8 125.00 -7.5 68.08
9 125.00 -7.5 68.08
10 175.00 -9 66.12
11 175.00 -9 66.12
12 200.00 -9 66.12
13 180.00 -9 70.10
3.3
1923
8.2
Mononobe-Okabe Matsuo &

317



'Hara(1960) 23 16

Seed & Whitman(1970)

(1960) (1964)
(bridge abutment)

(Amano et al., 1955; Hayash et al., 1966
& 1970; Seed & Whitman, 1970; Nazaeian & Hajian, 1979; Noda &
Hayagji, 1980; Hung & Werner, 1982; Pitilakis & Moutsakis, 1989;
Ishibashi & Madi, 1990; PHRI, 1992; Inagaki & lai, 1996;

, 1999) 5 2
( )
(2002)
3-6 1923 1995 20
6
1995
3 4
Ishibashi & Madi (1990) 1983 Nihonkai-
Chubu
1986 1999
75 11 15
25 M, =6.8
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Bma  0.29 35 750

20~50cm
3-1~-3-2 31 8 9 21 ,
M =73 (M,,=7.6)
amx 0.163g 1-4A 1135
50-170
3-3~34 3.2
35 1-4A
3-6a ( , 2002)
1923 1930 1935 1944 1946 1952
8.2 7.0 6.3 8.3 8.1 8.1
(km) 48 145,129,177 | 201~306 | 145
Yokohama | Shimizu | shimizu | Yokkaichi, Nagoya, | Kushiro
Nagoya, Yokkaichi,
Osaka Osxka,
Uno
v v v v v
(cm) 830 550 300~400 500 600
(deg)
(cm) 160 %0 30 100
(9) 0.15
3~4m 3~4m
4m dm

3-19




3-6b ( , 2002)
1960 1964 1964 1968 1973
8.4 8.4 75 7.8 7.4
113(A),65(V) 52 16(P),20(R)
(km) 161(S)
Puerto Montt, | Anchorage, | Niigata | Hachinohe, | Hanasaki,
Talcuhuano Valdez, Aomori, Kiritappu
Whitti er, Hakodate
Seward,
Kodiak
v v v v v
300 40(Hak) 120
(cm)
(deg) 4
500 400 60(Hak) 30
(cm)
0.15 0.23
(9) (Hac, Aom)
2m 2m
20 Im(Hac)
(Hac, Aom)
3-6C ( , 2002)
1978 1981 1983 1985 1986 1986
74 6.7 7.7 7.8 6.2 7.0
120(Y) 100 12
(km)
Shiogama, .
Ishinomaki, Corinth Akita SenAntqm o Kamata Suao
: Vdparaso
Yuriage
v v v
120(Y) 1545 50
(cm)
(deg) 1.6 4~5
20
30~40 100~150 (
(cm) 30~40cm)
0.22
(9
1.2m

3-20




3-6d ( , 2002)
1989 1990 1995 1995 1999
7.1 77 7.2 6.2 7.3
(km) 16(P),20(R) 34 55
Redwood, San Kobe, Nuweiba Taichung
Richmond, Fernando |Rokko Island,
San Francisco, Port Idand
Oakland
v v v v
(cm) 500 170
(deg) 4 2
(cm) 250 100 100
0.54( )
(9 045( ) 01702
150m 20cm 150m

321




32 75 4-5 500
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( 2721574.767,336426.624 )

i
&
w
g
owa _OANe_03m_ o o
s o o o o
w 15 18 17 1B
(2721410.305,36285.745) No.4 PIER (Length=302m) L
Scale (1:2000)
Displacement (1:40)
3.15 75 35

4-5m 10cm
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34 88 921 3 1.7/m

00-44 160cm l
l 44 5 10cm oseageal0em
55 J 75cm
7. L O Y B B2 | T
4 42 40 3837 3 31 29 28 27 26 22
L 6@ 22m | L 8@ 24m |
| T !
4A 4 3 ()
\ \ 00 20 25cm
00-44 ; 1150m
75cM 705 80CM  75ei5em 75""‘65<:m35le
It |
22 19 18 1 10 09 08 07 05 03 0101
||
3 | , . () !
( )
3.16 88 921 1-4A

3-24



1906 1941 7.1 1848

1935 7.1 1927 1930 1946 1964
6.3
1999 9 21 7.3
4A
1999 10 22 6.4
4.1
921
(SPT) (CPT)
Vs
SPT
SPT
Hwang et a. (2001) 288



Liao et al. (1988) 278
et a.(1997) LomaPrieta
592

4.2

(discriminant analysis)

SPT
4.1

Anderson(1958) Christian & Swiger(1975)

\% V>0 V<0

B

JX|

Boulanger
26
SPT



n¢

(4.138)
(Lai et al. 2004; 2005)
(4.1b) (function of probability
of misclassification )C(P) (4.1b)
1 T

v, ={X—§(Z +>?,)} SHX, = X )= CP) s (4.1)

A V, >0 V, <0

P
P (probability of misclassification)
C(P) (function of probability of

misclassification)

4.3 SPT
4.3.1

921
SPT Hwang et al.(2001)

288 Hwang et a.(2001)
288  SPT Liao et al.(1988)
278 Boulanger et al.(1997) Loma

Prieta 26 592



Hwang et al.(2001)

(Energy Ratio)
(2000)

a.(2001)  SPT
ER=30%(Z/11)+50
ER=80

Hwang et al.(2001)
Mw = 7.5
Idriss (1999)
Hwang et al.(2001)
Mw=7.5

Liao et al.(1988)

159 FC
FC
FC > 40% 11
462
43.2
SPT
1997 NCEER)
CR,. =065 7o G o
' MSF g Oo
SPT-N

4-4

288
60%

M =73 Mw=7.6

278
119

473

Seed et al. (1985



N Seed et al.(1985)
(N1)eo 60%
(N1)eo
(NpDgy = N C N (4.4)
(4.3)-(4.4) (2006)
4.3.3
SPT
462
0%<FC<10% 10%<FC<20% 20%<FC<30% 30%<FC<40%
(4.4) (Ny)eo
(4.3 CR,.
VN  IN(CSRy)
V(NDe IN(CSR,5)
V (Nl)GO
IN(CR, ;)
4.3.4
0% < FC <10%
4.2 10% < FC £ 20% 20% < FC < 30%
30% < FC < 40% Lai et a (2005)
C(P)=0
4.3 FC=5% 15% 25% 35%
4.3
CRR;s  (Nye FC
CRR .. =exp( A /(N ) = B) e, (4.5)



A=0.3865548+0.0072398- FC

B = 3.3597395+ 0.0186297- FC —0.0001093- FC?

4.3 . (N1
CRR, . 1 30% < FC £40% ; 20% < FC <30%

10% < FC £ 20% 0% < FC <10%

(Ny)g <5 CRR, .
435

C(P) =0
CRR7_5 (45) CSR?.S

Fs
Fo =CRR . /CIR L oot

4.3.6

(Juang et a. 2003)

_ fL(FS)
“f(Fg) + fy, (Fs)

P :

f (Fg): Fs

fu (Fs) - Fs
(P Fs)
(4.9)



1

P = 3 8
1+ 0.6(Fg)° + 0.4(F)

435
SPT
4.4
4.3.7
lwasaki  (1982)

(1996)

F(Z)= 1-Fs(z)
F(2)=0

W(2): z
W(2)=10-0.5z

.......................................................... (4.8)
49 41
(4.10) 4-2
4.4
......................................................... (4.9)

0~100
for F.(Z2)<1.0
for F(Z2)>1.0

C )

4-7



4-1 (Iwasaki 1982)

IL
O<IL <5
5<IL <15
15< 1L <100
["P.(2) W(2)- dz
W = B0 T erreeseeseesreeee e sre e nnes (4.10)
jo W(z)-dz

P.(2) : 0~1
P.w: 0~1
W(2): z C )

W(2)=1-0.05z  W(z2)=10-0.5z

4-2 ( 2005)

I:)LW

0<P.w <0.2

0.2<P y<0.4

0.4<Py<1

4.4

921



441

SPT

Youd et a. (2001)

45 T&Y(1983) 4.6

Seed et al. 1985) T&Y(1983)

4.3 4.5 4.6

a. (2001)  T&Y(1983)

4.7 FC<5%
Youd et al. (2001)
10<(N,)s <35

(Ny)eo <20

FC<5%
T& Y (1983)

4.4.2

V ( Nl) 60
FC=5%
IN(CRR, )

V(N

4.8 4.8

VN

IN(CRR, ;)

15%

Youd et a. (2001) (Modified from

(N1)eo <5
CRR;5 : (N1) e
CRR,, Youd et
(Nl)GO
CRR;;
T&Y(1983)
T&Y(1983)
Youd et a. (2001)
IN(CR, ;) IN(CRR, ;)
25% 35%
IN(CSR;5)



In(CSR ;)

In(a)
In(a,,) IN(CRR, ;)
Meyerhof (1958) Dr=21,/N/(c., +0.7)
Yoshimi et al.(1994) Dr=16/N,
VIND INCRR5)  (Npg
IN(CRR, ;) Dr
4.4.3
921
4,000 921
135 4.9
Youd et a. (2001) (Modified from Seed et al. 1985) and Tokimatsu and
Yoshimi (1983) 921 Mw=7.6
Amax= 0.163g
4.10 4.12 4.10
921 411

Youd et al. (2001)
4.12  Tokimatsu and Yoshimi (1983)

Youd et al.
(2001) Tokimatsu and Yoshimi (1983) 921
921
FC 30-80%  Tokimatsu and
Yoshimi (1983) Youd and Idriss (1997) FC<5%

4-10



921
921

4.5

135 M=7.5 (Peak Ground
Acceleration, PGA) PGA

PGA = 0.33g |wasaki

PGA<0.13g ( 413 )
0.13g<PGA<0.16g (  4.14
1-2 79 1112

W9O-W11
99 101-103

0.16g<PGA<0.20g ( 415 )

1-4A 7-9 W9O-W11

11-12 I

4-11



0.20g<PGA<0.25g ( 4.16 )
PGA>0.25g ( 4.17 )
4.6
% 12 26
M=6.4
PGA=96.87ga
925 4.18
M=6.5 (Peak Ground
Acceleration, PGA) PGA
PGA = 0.23g |wasaki
PGA<0.08g ( 4.19 )
0.08g<PGA<0.09g
( 4.20 )
117-119

0.099<PGA<0.11g ( 4.21

4-12



65-66 68-69 116-119

0.11g<PGA<0.12g ( 4.22 )

118-119
59-62 63-67 68-70
33 45 48 50 58
6 7
0.12g<PGA<0.159 ( 423 )

0.15g<PGA<0.18g ( 4.24 )

PGA>0.18g ( 4.25 )

4.7
3230 475 (50  10% )
PGA=0.33g 75 (50 50% )
PGA=0.15g ( PGA Tr
0.3-0.45
PGA=(Tr/475) "~ *PGA 7o)
426 427 4.26
PGA=0.159
4.27 PGA=0.33g

4-13



4.8

(1) CRR, SPT (N1)eo FC
Fs
P
(2 FC<5% Youd et al. (2001)
T& Y (1983)
3)
IN(CSR,5)
In(CRR;5) V(N
IN(CRR, ;) Dr
(4)
PGA=0.15¢g
PGA=0.33g

4-14



Probability density
function of
liguefied cases

Misclassified
probability of
non-liquefaction

0.0||||||||

T | T | T -| T
- & Liquefaction Tkquegrr]gt;al
-0.5  © Nonliquefaction 1 Y

'10 I~ * * *

—

x

(7]

O

N

£

S

I

T o®

? %% o

5 > 8

? - 5 .

L o

; [e}le}

O . .

-

o o

E (o]

<

= . ]

=

©

o

o

- L
6 7 8

Square Root of N values  (4/(N;) 4 )

Probability density
< function of
non-liquefied cases

Misclassified
probability of
liquefaction

Probability density
_function of
liquefied cases

W

Probability density
function of
non-liquefied cases

7

> V

P (Misclassified probability

0 C(P) of liquefaction)
(b)
4.1
vV 0 V<0
V,=V-C(P) V, O V<0
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0.6
FC 10% P=0.24

0o

0.5 B ®

, CSR 75

0
» (N0
42 0% FC 10% (58 70
0.6
0.5
g 0.4
. 0.3
0.2
0.1
0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
» (N1Dgo
43 FC=5% FC=15% FC=25% FC=35%

4-16



SPT
Bmax M N o6 (kg/em?) FC(%)

— -1.81
MSF— 379(MW) (Nl)eo — Nm i Cn X N
Mw 5.75
M SF=1.625 N,~=(ER/60) ,ER
M,, <5.75 %)
l C,=+1/0%
v ,
\ 4 i l v
amax O.O
CR,, = 0.65- M7§F N ,CRR75
¥4 =1.0-0.00765Z, CRR, ., = exp[(0.3865548+ 0.0072398- FC)/(N, ),
Z 915m —(3.3597395+ 0.0186297- FC —0.0001093- FC?)]
¥4 =1.174-0.0267Z,
9.15m<Z 23m

!

l ,Fs

L _ ' '
F.=CRR,./CR,, IL=[" - Fs(2)} W(2)-dz

L [Rewge

P = Lw ™ 20
LT 11 0.6(F,)% + 0.4(F,)° [ W2)-dz

4.4

4-17



0.8

Pergant Finea = 35 15 =5

0.5

0.4

Cyclic Stress Ratio, 1.,/ o,

FINES CONTENT £ 5%
ot Chirmes Coe Propossl (ciey coment = 5% &

Mg
Wharg-al

O ] pesimes &
o By Workshop | Chmses dets -
0 10 20 30 40 50
Corrected Blow Count, (Ny),,
4.5Youd et al. (2001) FC 5%
( Seed et al. 1985)
0.6
85 [ T&Y(1983)
FO=35%
& %7 revases
~ FC=25%
)
z o3
T&Y (1983)
ﬁ FC=15%
o 0.2
= T&Y (1983)
FCZ5%
0.1
G 1 1 1 1
9 10 20 39 40 50
B Ez ERAEE AL, (N g
46 T&Y(1983)Cs=85 FC 5% FC=15%

FC=35%

4-18
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0.6

0.1

4.7 FC=5%

4.8

0.6

0.4

0.2

0.0
-0.2
-0.4
-0.6
-0.8
-1.0
-1.2
-14
-16
-1.8
-2.0
-2.2
-24
-2.6
-2.8
-3.0

Ln(CSR;5) or In(CRRy5)

IN(CSR, ;)

- Tokimatsu and Yoshimi
(1983) for FC=5%

Youd et al. (2001)
for FC=5%

C(P)=0, FC=5%

Squareroot of N values (/(N,)g, )

0 10 20 30 40 50
’ (Nl)ﬁo
Youd et al.(2001) T&Y(1983)

N FC=35%

- A Liquefaction FC=25%

- O Nonliquefaction

- FC=15%

: S, FC=5%
s %

A [}

L A )

i Ada

: A ﬂ‘

N A

o o

0 1 2 3 4 5 6 7 8

V(Ny) g

In(CRR, )
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269000

2688000

2686000+

2684000+

2682000+

2680000

2678000

T
196000

4.9

T T T
198000 200000 202000

135  SPT

2650000

2688000

2686000+

—
=
=]

2684000

ry
2

i

2680000+

T
184000 186000

183000 200000 202000 204000

Liguefaction Analysis by Lai_Disc+lwasaki method M=7.6 ,PGA=0.163g

410 Lai et al.(2005) 921
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2690000

2E38000—

o
o

2636000

2624000

wm

2682000

2630000

FL

I15

T T T 1
194000 196000 198000 200000 202000 204000
Liguefaction Analyvsis by Seed+lwasaki method M=7.6 PGA=0.1630

411 Youd et al. (2001) 921

2690000

2688000

=1
o

2686000+

2634000

2682000

o

2680000+ A A

2678000+

T
184000 196000 188000 200000 202000 204000
Liguefaction Analysis by T &Y +Iwasaki method, M=7 6 PGA=0.163g

4.12  Tokimatsu and Yoshimi (1983) 921
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600

ol

TR

194000 1HE0 1950 20ma 22000 w0
Liquefaction Anabysis by La_Disshaasibd mothod M=T 8 POA=013p

4.13 M=75 PGA=0.13g

22000

FHED

194000 1HEND RLE L] oieiell M &
Liguatation Anetveis by Lal_Disctwasald method M=T.5 POA=0.16g

4.14 M=75 PGA =0.169
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HFO000

2600000

G000

A0

HEE000

250000

2TED00

10 18000 198000 200000 20000 04000
Lagpuefaction Anatyess by Lal_Disc+heasak method M= 1.5 FGA=0.2p

4.15 M=75 PGA =0.20g

4.16 M=7.5 PGA =0.259
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Liquefaclion Anabysis by La_Dise + bwasaki rithod =75 PO&=0.1g

4.17 M=75 PGA =0.33g

1
A0

A0
4T

4%

208000

okl

M52
P30 114000 11000 TTEI00 VFT00 1FR000 1TO000 180000 181000 1500 182000

Liguetaction Anatyeis by Lal_Discsiwasakd method Maf 4 Foasi08Tg

418  M=6.4 PGA =96.78gal
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AT3000 174000 175000 1TE000 177000 176000 179000 190000 161000 162000 183000
Liuedactin Anahyeis by La_Dise + hwaiakd mathod, Mok & FGAz By

4.19 M=6.5 PGA =0.08g

15

1 18 183000 1
Liguatation Analysie by La_Distshaasakd method M=£.5 POA=0.00g

420 M=65 PGA =0.09g
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173000 174000 175000 1TEODD 177000 VOO0 17HO00 1E000D 181000 1200 18300
Liquedaction Anehysis by Lai_Ditse + hameski method M=6.5 Pla=011g

4.21 M=6.5 PGA =0.11g

173000 174000 175000 176000 177000 176000 179000 100000 181000 102000 18000
Liguefaction Anabysis by La_Dist»bwarsabd method M=6.3 POA=0129

4.22 M=6.5 PGA=0.12g
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el

250000

500000

2439000

J4S2000

2457000

FLE L]

2495000

2434000

FLEE L]

2832000
173000 174000 175000 1TERODO 1TTOO0 TR0 170000 18000 1E1000 TA2000 1E3000

Liuutfaction Anabysiss by Lai_Diksc+boasadd milhodd, M= & PGA=D 15y

423  M=65 PGA =0.15¢

500000
Fliil
250 000
2500000
AED

2897000

2435000

Pl

AT2000 174000 175000 176000 177000 170000 178000 100000 191000 102000 183000
LLiguedaciion Arehvsie by Lai_Dist bvacshi method M=6.5 POa=0.10g

4.24 M=6.5 PGA =0.18g
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4.25

2503000

2602000

2501000

2500000

2499000

2493000

2487000

24596000

2495000

2484000

2493000

24592000
173000 174000 175000 176000 177000 178000 179000 180000 181000 182000 183000

Liguefaction Analysis by Lai_Disc+hvasaki method, M=6.5 PGA=0.230

M=6.5 PGA =0.23g
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0%)
]

1946

4.26 (Mw=7.0,PGA=0.15g)
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4.27 (Mw=7.5,PGA=0.33g)
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4 5-la ¥ B3I REBB/E LT % 6((F FE 2002

o R 1923 1930 1935 1944 1946 | 1952
el P& P P& p A p A& p oA
PR 8.2 7.0 6.3 8.3 8.1 8.1
7 BB
F (k:;)rkﬁ 48 145,129,177 | 201~306| 145
s s e Yokohama Shimizu | shimizu | Yokkaichi, | Nagoya, |Kushiro
E& A Nagoya, |Yokkaichi
Osaka ,Oska,
Uno
E vl E B v v v v v
BV R
-
(cm) 830 550 300~400 500 600
g & (deg)
ARk
) 160 90 30 100
Bk Arik B
(9) 0.15
S HE i 3-am | FF
GRS A s $ -
x /F' it e f% 4m ﬁ:#% am
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2 51b ¥ B3I RBABE LT % 0)(F R, 2002

FAER 1960 1964 1964 1968 1973
TR il E N p A 2 p A~
PR 8.4 8.4 7.5 7.8 7.4
Sk BEHL 113(A),65(V
161(S)
s s e Puerto  |Anchorage,| Niigata | Hachinohe, |Hanasaki,
& H | Mont, Valdez, Aomori, |Kiritappu
Talcuhuano | Whittier, Hakodate
Seward,
Kodiak
V‘E v R v v v v v
kS E
(cﬁ}) 300 | 40(Hak) 120
¥ & (deg) 4
ARk
5~ i (cm) 500 400 60(Hak) 30
B Seig R 0.23
(9) 0.15 | (Hac, Aom)
e 44 2m| S ’
By 08 LBt | oy kg | ATRIE 1m(Hac) ¥ 2m
Irr P o l§ /%‘ LY ;ET /f‘; V;ﬁf f)%xg
TR = (Hac, Aom)
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% 51c ¥ BRIl RBEAHIE T X 0(F RAL, 2002)

AR 1978 1981 1983 1985 1986 1986
a1 p A~ * P8 p A~ A * 5
B ORARE 7.4 6.7 7.7 7.8 6.2 7.0
B e
(km) 120(Y) 100 12
v s o Shiogama, |Corinth |Akita |SanAntonioKamata [Suao
%= &4 || shinomaki, Vaparaso
Yuriage
o R v v v
B A
J | 120(v) 1545 50
(cm)
1 & (deg) 1.6 4~5
£ Bitka 20
Lt 30~40 100~150 (% Find T
(cm) 30~40cm)
bt et 0.22
% (9) '
i | 4w dF 1.2m G S HE 4N #i;gﬁ
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% 51d ¥ B3I RBABBE LT %4 (F FAE, 2002)

%4 prm | 1989 1990 1995 1995 1999
F2 e8| 3R E P b 2 Ry
woEak 71 7.7 7.2 6.2 73
B Ry
(km) 16(P)20(R)| 34 55
v s o Redwood, [San Kobe, Nuweiba [Taichung
%% ¢ |Richmond, |Fernando |Rokko
San |sland,
Francisco, Port Island
Oakland
pﬁ vl R v v v v
PR
J g 500 170
(cm)
¥ & (deg) LR ETA 4 2
— 0 w7 )
LBt i
’f‘ e 18w 250 100 100
= 1B
(cm)
B beii 0.54(-k )
% (g) 0.45(% % ) 0.1-0.2
| T T AHEm | 2onkn| AARR
AR BRS | BARS | 150m 20cm 150m

5-6




BY 31 AW 75EM RS LFEEE 4D BBFLEMRT Kab 4 500
Xt (RRERREAR)

BE 32 AR 75 ER RS FKRE 45 BB IS ART a4 500
o R (RRERERER)

S 7



( 2721574.767,336426.624 )

04018 _ 03471 _ pasas

b g

—
16 16 17 18
( 2721410.395,335285.745 ) No.4 PIER (Length=302m) (2721213.395,336515.259 |

Scale (1:2000)
Displacerent (1:40)

W51 R 75# % i gass 355 Mt T 4 W

% 533 A5MIEL A Bl o ¥ AT T T 9 100m B2 B
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BBY 34 R 88E NIy Bt A4 Y B 3EEFE S LTm

00-44 160cm l
l a4 5 10cm o5
55 J 75cm
gL L | T
4 & 0 3By 34 31 29 28 27 26 22
L 6@ 22m | L 8@ 24m |
| T !
A 4 3 ()
\ \ 00 20 25cm
00-44 . 1150m g5y "
75cM 70 80cm Z5emi7sem 5°”b5cm350ml
T L
2 19 18 11 10 09 08 07 05 03 0101
|
3 | , . C ) !
( )

M523 W88 NIy gig=4 ¢ B LIASBEH 7 LW
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FMARI 2N BEE 0 o LBl 33a o 0§ H X B
ZARE AL 2 T LB 4cB 530 7 o F B 530 E om0 ABER Aok
T2 SgEd o 2 g nwda A2 4 Khew o e B Rl 8RR
4 P2 Pu(B ) 0 FER TORERIT R BRPERT R 25K
@4 Pue(re )2 Pue(B pl) * 7% 3 FHE 2 32 3 F0 3 R4 Pae 0 @ FLfH

Wy B4 - W-KW) > @ B¢ ooz #RB 4 30k Rl #
REA BN ERRS LR KRS o

FlpFE I AR R R P B2 & > Tl
Fs» 4o ;4977 ¢

Fs= Fuif b2 R
R AR RS SER SRR EER N A B8 NN
_ i (319
Kh-W + Pae + (Pw( ) — Pw(i# 7)) + (Pwe(t &) + Pwe(# 7))

) h
& Bl lv¢ Y78
y P iR
hy
hy i 46 N A B P AR
\ 4 \ 4

BT 2 A

Wo53a#FHEIEARNM2ZTHNB

*"3\
=h
P
=
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\ ¥ M

Kv™ W

B AR
Kh™ w

il ¥
N9 ¥
R
1R
v s
1 N
|1=0.6
N=W'-Kv~ W
Mo FHEIBEARCZTHABELS TR
J;{\\:’l )
WL R B A2 Bl vk 52 9F o
W' D 2R ERd 4 BT AR I AR Hix4 2
TR RIRZ KR A FITi AR 2 e R ih > Hixd L
R IR2_ KR A B i pEAZIEIC KR A 20 & o
W: 22 Eg® o
Kv - gi:ﬁi/l %’&% ff/?‘gta/max/g’ a/mw?ii"‘l’ * :Eﬁx”‘ Svig B oo
Kht 3 kTp 24 thlic> #8025 % 4eig & ahmax 2 B
% > &y Noda& Uwave (1975) 2. # 3 -

i 4Bl 54977 0 (DE
ahmax <029 > K= g, /g (2) % ama>02g9FF > Kh=(1/3)
* (Qma /Q)1/3 -

o1l



% 52 B thdk(B A9 0 1997)
78 2 B ¥ 0k B
R PR 0.5

MG R 0.5

T IEEY 0.7-0.8

R BT 0.6
Yer o r 0.8
EHBBE T 0.3~0.4

K E S 1 d Ky

ARETATS nMEETOTE - =W
=

sSamTHEY R
LEFOM A b0 S RSO )

¥
8-

LY R A — | TS, D T—— T——
100 “g0 s00

M, e kT K Aok B ama (gal)

Bl 54 kTy R4 BREBKiEy 2KTE5 e R anmax 2 B 13

(Noda & Uwave, 1975)

. . v 2 N < N 2 1 v o2 )y 2 s
Pu(IE01) * 5 1R R 38K = P ()= e B 0 B s kel

€ 1.03¢Ym3 - hy 3 BEfRl-K 3o fa AR R (M) ©

2, . v 2, N < n . 2, 1 v 2 s

Pw(eipl) @ 58 Rl # K& - Pw(k 'E'J)=§yvv~h§ AL Y R

DTS (1) I

Pue(reipl) © 5 HERIS TR R R 2 FoRES o R4y Masuo &
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O’Hara(1960)ti—;i§ ’ PVVE:OJ'éKh'}W-hf v FEE U CK

v R ?Eiéﬂ‘ﬁiéﬁ@* (& > 1997 ; Matsuzawa
. 1985) 5 ¢ & 5 AH I HE TR RIS des B

KR A F| R oRR A 2T kAT o

Poe (GBipl) : 3P R F LM 28RBS 5 1997 & 12{5 2 FTK
AN (B 0 1997) E R A ER T 2 ok R4 vk 4k

3 2 0 ik Wedtergaurd (1933) = & o
4

S Khow-h e

1

PwWE =

&\r

2

FEIFE2Z i dI RS > o gRT R E2RT K
T Rk P d R4 > g 2. Mononobe
Okabe (i# - 1997 ; Matsuzawa et d. » 1985) = ;8 - & »
Mononobe-Okabe (Mononobe & Matsuo » 1929 ; Okabe -
1926) => 3% Esf * *v F Hggr) 0 K12 & 2 Mononobe-Okabe =
AR BRE O TP H R 2 B
FHEIER TR T Az Bk RS > B o et
(3-1b)(3-1¢) %77+ :

Pae

IR

PAE = KAE(Y. 71" + W)COSI wevrrrrrrrrerreeeeeessesssssssssssssssssssssssssssssnnnns (3-1b)

Kae = cos’(¢ -y ~6) (3-1¢)

: Sn(g10)snio-0) |
cosé cos” y cos(J +y +6 ){“ \/ cos(d +y + 6)cosy }

oL RIEP BREE (R) o
ViA kg ocHE AL R (UM3) > AAT ket LH
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WAELRY 95 18/M3> aARF k=T 2(ysat-yw) 0 4
% 1/m3 -

h:2 k&R (m)

U R e G R (B)
S RGBT BEL (R)
w:i b fRE (Um?)

O :FREESE ARG KL > OtanrlK s ARG k=T 0 =tan-
1K’ -

K% ER » K=Kh/(Ll-Kv) °

Kbz -k? 2 K=

Ks vand 2 fcH 28 o

M—

5.3 7% 5 % 3 4 i 1

ﬁ—* f/’i'biﬂb%m\ﬁw » 7 LB 0 4o 5-5avrE o F T
B 3o AL ERITHL XA B WP e

- Arpt A gE kR S HEE r g FINHA R
£2 31 F 3 Ishibashi & Madi(1990) ~ M& % (2000) * - # i fg 2 <
w’é,‘b?] 4o 5-5b #75 o o B 5-Bb ¥ v BER KT 2 w2 SR
PHARCPELRR IR AL Z A g AF
iﬁi Hogita d el RS ZELRS AR EFLELE N
BRAPR > BRPERTR 2 LB 2% RERF TRER
T2 d o RBRA R i pEE ok PRITR 250 R4 BN o
Vo 5 A R IEFAQIORRS ZRAEE R
LpE s ARIRICHORRA P A T LE RS fpE S PR
Pl BRI Gt SR FIR AL RAELR
PR bR TR R R ORI 2 ARV OR R A B s d AR

\

\v

1 ER
# 2
3

2

f
s

'k
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Fpd AT AR k2 oot pE o FI R T ORER Y
2 AZFRICMOR RS ARk G A 0 Flt A2

T % B > 4c B 5-5C #1T o
% Bl ___l_v_i_ht /<\ /<\
A

Y

N s D —_— ;)Et
/T 48 3 FB ER
h,

SRR B
hy

{1

<

W7 T AW

Woha#E I E R 2 MPHIABET LR

=

Kv™ W

Kh™ W

N
)

|

)
. ""\"—j
(\me

WI

-«

FE LR

(e g £ 2Umd)

—F> M1 N
|1=0.6

B 5-5b 1 £ A ARLA AR H 4 2 i 1

N=W'Kv~ W
2

2% 44
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Kh™ W

N=W'-Kv~ W

Bl 55C AZFET MR RIERTEIFR 2 MBNBELS T AE

d B 5-5C ¥ v FEp hokT 2 o 2 SR A b"’itg%,,zubpa‘r 5% 6
AR R o AL 2 A A R FRRA Z s T E
Fligivm 2 £y By 2 RA ’rﬁ”/iﬂ“ﬂi‘%" J\l“ﬂ#%'“fi’é%’“ﬁ‘ﬂ
BoKBRA B BRp BT R 20 RBRA 2% BHERET
PR 2ZE LRI URICEFEIRETR 2RI BN &
o e 4 AR E p (W-KWW) o FI L R i s B de2 % 2
#co FSo 4o Hrop L

Fs= Aif B 2 B g
AR A ARG R 2 B AR R GRS A R R R R
M- (W'—Kv-W)

“Kh-W+ Pacy + (Pw(r£ 1) — Pw(i ) + Pue(t #]) + (Pey + Pe,)
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AP,
itz RIRA =R ZARIFIHORERA R F R
= PLe1 + PLE2

BRI HKE > BRI k2 okskd

P -

1 1
Piei=y7.-h -h + 57 ‘h12 °

MR R L AR RemKn et -

o
N

ETIRS
m\«
“Er

Pagr A G ki b2 $sjgide 2 R4 PAE1:KAE1;7t-ht2 ;o (3

la)z. o jy 2 d 2 R4 PAE Z ARG kizn P 2§ RT3
T R B f A 2 R4 2 8 PAE:KAE1~17/'[~|}2 +
2

EARF kM2 ® L E R
G Kap e AT KT 2 do i3 61 R Gl

d Bl 5-5b ¥ B] 55C ' ¥ 0 A FEA R EITHL LA
'ﬁ"i‘ﬁ&’ﬁtf’.ﬁ% oo i &4 Frdple > B A~ ARIRIVIOK R S BLE 2 %
BeE %é%ﬁﬂxaﬁ’af%wﬁww%p@J;ﬂ,@;
FR A2 F—,Y’t AT 2 BATT R AR RENZBL W st
Frim s TAARERICHORES A %iéi.*é f‘*i‘fﬂ Mo ROl BA

=L

(BT R

SAFRBEEFHE I EINL RAE R
EINLFRRRN > FISFERZRL - H 7 F B0 4-B] 5-6a

T
T3 B £ 4 T LW 4Bl 54b i o
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hae Kt 3k
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Fs=

d B 56b VAT L IS FER R KT 2 e S

b 2. B i

AR AR T R B B T KR 4B B RR AR 1 IR 4255 1 R
- W=Kv:W)

KhW+ I:)AEI. +(RN(P§L‘— 'ﬂ - I::W(/i‘\ fF')) + RNd’ﬁ ]/F‘) +(PLE‘L + I:)I_EZ)-i_(I:)AENL-i_ I:)WENL)

iz IR A =R IV RRL 2 AQERIVIE K R A 4RI INL 2 AR A
= PLe1+ PLe2
P RURA =2 e 2 B R A 2R e 2 KR S

= PaenL + Rvenc

Per @ 5B 56 2 4 & BB h 2 A Hok&EA4
ma=yhpm+%¢mo

Pe @ 5 B 56 & i 2 § B B h 2 & &R 4

PLE2=éKh-7Sat-hE cPAEl: 3 B 64 5 ki1 b 2 # AL

aAgs RS PAElzKAEléyt-h[2 °

PAENL:;"E“E%‘] 5‘63E‘1§1Li@[§"}§hm7\§7@¢§“;‘@7‘ ’
PAENL = KAENL-(}t~ht+7'~hL+%}/'~hNL)~hNL » Kagne 5 28 F 7K
TR i B2 B A b 2 R Tl o

Pvene @ 5 B 56 2L 0 2 &k B B Moz & ok R 4

Pweni=0.7- é Kh- }W[(hL +hL)? — hf] °
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Pwe(i& B]) © & Rl 2 8 KB 4 > Pwe(ik R)= —2Kh-;w-h22 °

R IRY BATELSGGAS IR 0 b AR B 8RR
3 ,_*Lbfhﬂ\@’;]luy’]‘é’}%

SO BT £47 !
A~ 14 Newmark (1965)7 #- 5. 4 47 (Sliding Block Anaysis) & F#
FEER 2 AR o T R BB A T RCRR R A MAR S VR F 2 BRE o B
A T N EEE AR B RFREA T > BEFEZ M B AR
LRl R RFEFFALED -
F* F B A (diding block model ) f§ i3t & £ 4 ;“E%Eﬁér_ '

\:n

A

BV AR AES > FAUR 2 RIEA N R 2 AR BRI
f*’ﬁ%iﬁﬁ”‘t B2 R AT 3 E&%ﬂﬁﬂmﬁfi @%/ﬁffﬂ*" 28

FRARERAFE I ER &> BEETHEL f B fE o A
Boi EF|FF R 2 S EFRFRF S A fA 0 BRI EG 0T
TR A#HZ 8 -

5.6 kBB 3I~5F B2 e A 47

AWT75F 11 15p s 2o + BRI M =682 5% 7+ 2 > &
BB R KT R X AR A » 0290 i 2 FRIRE S~55LEBEE B
031 052% » BRI AFRRLZFHRNE > AK 9 £ 3" 6
PAEE R B RN ML:59 . BERRREIF R BRIBEZ B A RT
Bt 4viE B Qunap 015400 ¥ AFIFKEE S~5EBH T P HBR G
ﬂ%%ﬁ%ﬂwﬁpnWL%M%@’ﬂﬁivumﬁﬁ4ﬁﬁﬁ’ﬁ
PAEIE AR BRI, ITR P -

FRE A g hciad 4 MBS BB o B 425 +30m s Kok
7 e -1165m o d BEE G Rt F AR AL 5 1465m o gt R AR 5
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10m > CHAGEE A AL B X 08 2 2 P F AAPT BB TH T
FovERESIZEALH o vEREREY 11 TSR 5 FTE
Bofe o HIBERETo B 0 4ol 57 97T o R AR 67 & ¢ ERER 1 42
W AREER 2 163 g sk 0 HHNF 28 4B 58477 o J 1634 4RiF
WSRO R AT I ERY 8M Ak FerriEd A5 4 R
Bt oo BT L RAKZ IE B R G Bl 4cB 59T o

THE ASURBEEZ R AR AW HIURKE 75# 11 Y 15 p &
Er R Z2ARUEIT 6P FBZEFRAFE S HE B4 Glch Y
12 Kh=0.200 + Kv=0.067 % Kh=0.154 + Kv=0.051 % & 47 i& ¥ » # @& 2
K & 5 % # ¢, =35° ~ ¢,=37° ~ 1 =06 - h =1.8m - h, =12.85m -
h,=11.65m ~ h,,=7.2m ~ h,,=5.65m~ h =0m > H ¢ <7 & g & B & &
PR APE R THE L A F IR PR T N 3002 E BT T
Bk ¢=35° » ¥ & o, ¥ B & faﬁrv'w.sq A s Rz 3 ey 33°
2 B A FPBK =37 AR Kok 5341 o

A &R RFE AT EE 0 A2 - 92 Newmark
(1965)if 3. /> 45 45LASEF2 w45 8 > AR 75& 110 15p fiEs B2
AR 4R 510477 0 AE A& 390 6P FRERRE B2 A
% 4o§) 5-11 #77

d B 510 75 &8 B2 B HEALEET v FHIEA
RIGRET R E 2GR FS068 HixpE 4oL B RlL
BE 30502445 0 BISILAK M ER B2 BEFHBELITESE
Ao FEAIEARRLET o BAFH L > G Fs=086<1.0 0 1
BT AR LB EATLEET 06 24 HR R BT
O2A4pd 3 FIN AR 7524 B2 AW M EFRRE R 45H/ET
BAHF AR AR 75 ERREXBEFCH > T UFFBL 2 G
B TBIELEIEIATA BUESEARN A EBEL
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4 53 B3R

-

oR

B A SR SEHUE B 2 A8 R

AET75# 11" 15¢

o B
oy R

AR HMUEI BF
FRe 2

¥ 24 i Kh 0.200 0.154
¥R A i Ky 0.067 0.051
Fuf 02 B (Um) 112.78 115.97
KT A (tm) 66.46 51.17
Ag R4 (Um) 14.7 14.7

& 5 1 & 4 (Um)

+

B R kR 4 () 67.70 56.21
B KR 4 (Um) 15.83 12.19

Fuf ez & > e

0.68 (1997 3741 )
0.76 (1976 f & 2 )

0.86 (1997 37 %)
0.95 (1976 & #18 )

T o 5 4 id A (0d) 52 85
TE P2 =45 £ (cm) 34 0.59
F 02 =8 £ (cm) 30-50 0

AR B RERRA o AT B R R KR
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5.7 1% B4 ¢ B 1~4A B2 L 45

b 21«3 RPE > A7 B I~3HTHBE A 051 17 o ¢
BT RS 01 052 % AA BT KSR B e 0 @ Y AR |
FRAE2ZRERHRE > Flt A2 0P R 1A BE > (T T A
Wik 2 B R AT R bR

08 13 4A BB Rt e 4 NagEE(P % 0 1976) 0 FEER G
B AL H6.2m e K kiEA B A 13 35 B A2-13m 0 4 5pg Ep -
11.0m > 4A 5F5EE 5-90m> R R A W 5 11 3548 17.6m> 45
FBEE 16.12m > 4A BB EE 5 14.8m s B AR L B 150 % KT
2l B2 P RA#HPET o1 AR 1976 F » H P 13
SBZ 4B Shut 10om 1 2 P wEA Z 354 F oo
FEAME R 115 KT rER 2z L L > B Al 2 0% }3113_4;
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e s infabhd Tk - G2 k4 vER 2 B3
25~50kg/cm? > ¥ - % jhﬂf 2 RFFIRE H g B9 S 50~
200kg/em? » Flp 1B A H L 1T B A CPT ¥ 7 & 2 % F 2] 5
OB~ BEP A (2000)2 iR T R AR AT pITR ARG AR
021 B BB AR R E&‘i&i@%ﬁﬂp\ Rk wE R o A B4R

T A 45~ Newmark (1965) if #- #. 4~ 47 ~ STABL -~ FLAC/SLOPE -
FLAC Z425% » A B A7 4 % » Gelic ~ BB F & =8 & ~ 155
g A o

1 48 2 45

I~4A BABSE > s P R4 PF o 3 i d AP R o
FHEHI EIRBEIRS ZHERRS > FHFEIEFA R 7
g AL R ZRRS > FSBEFEES {A? RLY(ME& > 2000 ;
i » 2001 ; Ishibashi & Madi » 1990) » + % A w12 1~3 BL75% 5 A %
LR SRR IR N 2B 4T 0 BARF B T
Bt LB 0 4cB 6-1~F 6-4 977 0 21 & BP0 Gy A ¢
BT F KBl R 0 2 8me=0.1630 ~ ma=0.069 * ¥ 3% ip] b i
BTG Fptd P e B4 UGB A AR B RS G
Kh=0.163 ~ Kv=0.06 - H # & {7 % #c¢=35° + 1 =0.6 ~ h =2.8m -
h=16.4m ~ h,=149m ~ h =11.2m ~ h, =5.2m > # ¢ ;cmfﬁ 5 A
TEgX) A0°EER ROk wHE 9N 30°2 T E B FlEK
$=35° » A7k % drdk 54 9TF o

d 4 54 Rip i 2 BEFF BT $TT v B0 1~3 B
BRe L pEI 1976 £ 2 R A E(Y k0 1976) A 7 0 A B A EE
2 EoRRA S B E % > il FSE1.03 0 AR EE v BRIk IR 0 B
v 1997 E 1 fs 2 Rkt A (R 0 1997) K B 2 B R BR 4 stk 4 2k
T E 2 HipE % > e FSS0.95 0 A5 EE BT A AR F
21 « ¥ RPF - I8 BB FH L F AR BRI
RT2ZIRA T 2 RWFALAH 053 L7282 |% o
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Met Applied Forces
max wector = 2540E+05
L1 [
1] 5E 9
“elocity vectors | zom
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B 5224 ¢ % 4558 FLAC/SLOPE & 7% % FS=1.21

JOB TITLE : Taichung wharf44 1oy
[ 7om
FLAC/SELOPE (Version 5.00)
LEGEND e
11-0ct-06 14:27 | em
Factor of Safety 1.38 xm
Mg, shear strain-rate i
5.00E-06
1.00E-03 2o
1.50E-05 r
2.00E-05
2.50E-05
3.00E-05 |- 2o
3.50E-05
4 00E-05
4 50E-05 | 1om
Contour interval= 5 00E-06
[zero contour omitted) | oom
Gridd plat
[FRRTERETENIRTRRTRETE)
0 ZE 1 |-1.om
Met &pplied Forces
max wector = 2.147E+05
[zom
S S S E— —
M2, Chung-Heng Hith R Wuchi Tai
oen | 1sn | zem | 3D ss; 4n | esnm  tam | =so
10y

B 5-23 % ¢ & 4A 5./ 5 FLAC/SLOPE £ 47 % % FS=1.38

543



JOB TITLE : test3.dat disp )
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6.1

6.1.1

(physical modeling)
(numerical simulation)
(soil-structure
interaction, SSI)

6.1.2
FLAC
FLAC (explicit)
(time-stepping fashion)
(node) (zone)
(implicit)
FLAC

6-1



(interface element)

6.1.3 FLAC Dynamic

FLAC  Dynamic Option
Finn model
Klar and Frydman
(2002, 2004) FLAC Martin et al. (1975)

(damping)
(geometric damping)
(Material
damping)
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(Material damping)

Rayleigh damping
FLAC Dynamic
Rayleigh damping
(artificial  damping) (Hysteretic
damping) (linear-equivalent)
backbone curve Masing
rule
(secant shear modulus) (damping ratio)

Hardin and Drenvich (1972)
(reference shear strain)
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FLAC
Lysmer and Kuhlemeyer
(dashpot)
(quiet boundary)

( Z )
FLAC
Lysmer(1975) 3-D
(viscous dashpot)
6.1
(flexible base) (rigid
base)
FLAC Dynamic

(free-field

boundaries)

FLAC Dynamic
O Z2PVIU oo (6.1)
o= P = V=
U=
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=

3
dampging
afructure

& &
Ta internal
F_j .E dynamic /;"E"\\ E E
B j=] input * 2 %
E | @ o E
=1 =
= =

quiet boundary

external dynamic input (stress or force only)

(a) Flexible base

3
damping '
structurs _/

internal
dynamic -"/,.r:':{\\
input e~ _#"

free field
quiet boundary
quigt bowndary

free field

external dynamic input (acceleration or velocity)

(a) Rigid base
6.1

Finn et
a. (1977) Finn et a. (1977)
Martin et al (1975)
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Finn-Martin model Finn-Martin model

Byrne (1991) Martin
A% _ ¢, exp(-C, ()
Y e (6.2
Finn-Martin model Finn and Byrne
Model 2 C: SPT-N
BN oo (6.3)
C,
c, -0
oo eeeeeeeee e (6.4)
FLAC Finn and Byrne Model
SPT Mohr
-Coulomb
6.1.4
1) 2)
3)
4) 5)
6) Finn 7)
8)
1 @)
©)
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FLAC

6-7

/10



FLAC
FLAC Finn model
Mohr —Coulomb Mohr —Coulomb

(permeability)

FLAC
Finn and Byrne Model
SPT N
Mohr-Coulomb

- (Mohr-Coulomb
Plasticity Model) (Plastic Flow)

(tangent stiffness)
Masing (Hysteretic damping)
Hardin reference strain
5%
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T, =2pVu  (p= V,

6.2
FLAC Dynamic
6.2.1
1.
#120
6.2~6-4
(SB) 50 36 ML (N g, 25
50% (SM)
36 22 (N 20
50% (ST) 22
14 SM (ND g 16
14m  6m (BF1) SM  BF1 (N)g
13 6m (BF2) SM  BF2
(NDeo 10 2m (TOP)
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TOP (N), 10 6-1
6-1
(m)
TOP 2-0 SM
BF2 2-6 SM
BF1 6- 14 SM
ST 14-22 SM
SM 22-36 SM
SB 36 - 50 SM
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KH32 EHDa KH325 KH3Z e KH383
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110m 52m 55%x36
2m 5.2
SPT-N Poisson’s ratio
0.3 170 m/s 0.5m
34 Hz 3Hz
Hardin
6-2 0.06 0.08 6.5
1x10'm/s
( 0m
6.6
04 (m 09
g 20 4,,=0.06 7 207y =008
9 104 5 104
g o g o
g -10 — g -10 —
B 0] 5 20-
30 I I I I I 1 30 I I I I I 1

-0.15 -0.10 -0.05 0.00 0.05 010 0.15

6.5

Shear strain (%)
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JOE TITLE | KHIZ0 Frivwe Fusd

FLAC (Version 5.00)

LEGEND

-Jan-09 1711
sep 2638

-EE+01 <x< 7H11C+D1
BEVIED aye 3. T11E0

Efgo, SYY-Siness Coniours

al= B.00E&04

Fiamn Giricpoinis

e

B e

IS RSO
an ke e o aoke roe voke
6.6 #120
6-2
SB SM ST BF1 BF2 TOP
USCS ML ML SM SM SM SM
( Nl) 0 25 20 16 13 10 10
Density (kg/m3) 1750 1750 1750 1750 1750 1750
Shear Modulus (MPa) 130 124 59.9 53.6 39.4 394
Vs (m/s) 272 266 185 170 150 150
Bulk Modulus
287 213 129 116 85.3 85.3
(MPa)
Cohesion (Pa) 5000 1000 1000 3000 1000 1000
Friction 32 32 35 35 30 30
angle(degrees)
Dilation
angle(degrees) 0 0 0 0 0 0
Hardin re 0.08 0.08 0.08 0.06 0.06 0.06
Finn Parameter C1 -- -- 0.18 0.29 0.49 --
Finn Parameter C2 -- -- 2.19 1.36 0.82 --
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3Hz

6.2.2

66 62
TCU050
6.7
476000 Pa (6.1)

6-1

(Au)
r.=1.0

(alternation of ground motion)

Fish
3Hz

1m/s

952000
6.8
6.9
(0,)
BF2 BF1

(r)



Hori. acceleration (m/s?)

Hori. velocity (m/s)

1.5

1.0

0.5+

0.0

-0.5

-1.0

-1.5+

TCUO59 low-passing 3Hz

0.4 —

0.2+

0.0

-0.2 -

-0.4

10

20

I I
30 40
Time (sec)

(@)

50 60 70

TCUO059 low-passing 3Hz

10

6.7

20

I I
30 40
Time (sec)

(b)
(@)
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Acceleration (m/sz)

; —— Base Acceleration
---------- Top Acceleration

Excee pore pressure (x10° Pa)

0 20 30 40
Time (sec)

6.8 (0-40 sec)

= = = Depth=6.5m
.......... Depth= 12 m
—— Depth=16.5m

10 20 30 40

6.9
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2m

(25 sec) 6.10
BFL BF2

(t=0 5059 ( 6.11)

ST  BF1 SB ST

20%

JOB TITLE : KH120 Free Field Eff. Syy (1=25 5)

10°)

FLAC (Version 5.00)

LEGEND

16-Jan-09 23:49

step 252639
Dynamic Time 2_5000E+01
-4 772E+01 <x< 7.540E+01
-B.661E+01 <y< 3.660E+01

Effec. 3YY-Stress Gontours

-4 DDE+05
-3.50E+05
-3.00E+05
-2 50E+05
-2 00E+05
-1.50E+05
-1.00E+05
-5.00E+D4

0.00E+00

Contour interval= 5.00E+04

Grid plot
[FTETTRRITI NIRRT
i} 2E 1

Fixed Gridpoints
P Pore-pressure

NaHERIREA YRR

SDL

6.10 T=25 sec
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JOB TITLE : KH120 Free Field shear strain (150 5)

gl

FLAC (Version 5.00)

LEGEND

17-Jan-09 335

shep SO2638
Cynamic Time  5.0000E+01
-4 BO0E+01 << 7 7EIE+M
B EZE0N <y 3 G9AE L0

EX_ T Contouwrs
0.00E+00
1.00E-01
2. 00E-01
3.00E-M
4. 00E-01
5.00E-M1
&.00E-M
FO0E-0m

Cantour mlerval= 1.00E-01
Boundary plot

FTTTTTTT e

o ZE

Marked Gridpints

MatT Chi Man Uiniv
50L

| o0

|- 4o

6.3

120

6.3.1

(coupled response)

6-20




(decoupled analysis)

Winkler
(damping)
field) (freefield)

Winker

FLAC
element)

FLAC

Winkler
dashpot
(near
(pile element) (beam
Martin et al. (1975)

2 4

(node)
(near field)
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6.3.2

1. #120
120
6.12 0.8 m 12mm
36m 50m
6.2~6.4
(Gravel) 21
40 L
2.
1)
3)
5) Finn
6)

6-22

40m

2)
4)

30



N

—

6.12 120
3.
120
( 6.12 110 52
bslope (NDeo 13
2~0m 6-3
6.13 X
y
4.
X X
X,y 2m ( 0)

6.13
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2.5

Im 6-4
Mohr-Columb
6-5 6.14
X- X-
L
(roller)
6-3
SB | SM | ST BF1 BF2 Bsope | gravel
USCS ML | ML | sM | sm SM SM GP
(N, s | 20 | 16 13 10 13 >50
Density 1750 | 1750 | 1750 | 1750 | 1750 | 1750 | 1850
(kg/m”)
Shear Modulus | 1495 | 154 | 500 | 536 | 304 | 536 | 235
(MPa)
Vs (m/s) 272 | 266 | 185 | 170 150 170
Bulk Modulus | oa7 | 513 | 109 | 116 | 853 | 116 | 820
(MPa)
Cohesion (Pa) | 5000 | 1000 | 2000 | 3000 | 1000 | 3000 | 1000
Friction 2 | 32| 35 35 30 35 45
angle(degrees)
Dilation
anglefdegreesy | 0 | O | © 0 0 0 0
Hardin r 008 | 008 |008| 006 | 006 | 006 | 001
Finn Pgrlameter ~ | - lo18| 020 | 049 | 029 .
Finn szameter ~ | —- |219| 13 | o8 | 136 .
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JOB TITLE : KH120 Whart Model

1

FLAC (Verslon 5.00)

LEGEND

17-Jan-09 828

step 7756

< G11E+01 <xc TEIE+D1
B51E+M <y< 3TNE«M

kh:sh
kh:am
"kiv:Finn ar
kivgravel

ki Finn bi1’
kherw

"ki:Finn balope’
ki Finn bi2’
Giriel plot

o 2E 1
Mt Applied Fones
M Vet 3. 300E+05
| S S R |
o 1IE &
Applierd Fore Fressunes
0 Max Value = 5000E+05
Mat'l Cha Man Unie
SO0

2000 1500 7050
JOB TITLE - KH1 20 Wik Stucture Mode e
FLAC (Version 5.00) =
LEGEND
17=lan-08 B8
step 7756

T BEAE+00 cxe 5 AOBE +01
4 TOBE« 01 oy 1 SB5E«01

khsh

khisem

h Finn aff
khgraved

T Finn bt
ki

e Finn Loy
i Finn a2’

Cireed ot

Apgiand Frew P e
Fiwod Gindpoinia
ar Chi Nan Liniy
S0

6.14
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6-4

6-26

Elastic Moment of | Cross Sect. Mass Pile
Modulus [ ner}i a Arezﬁa Densi t}/ Perimeter
(Gpa) (m’) (m%) (kg/ m) (m)
Beams 31 8.3x107 1 2400 —
Piles 200 1.6x102 0.015 7850 2.55
6-5 Mohr-Columb
Normal Shear Normal Shear Normal Shear
Stiffness Stiffness Coh. Coh. Friction Friction
(MN/m/m) [ (MN/m/m) (N/m) (N/m) (deg) (deg)
ST &
Backfill 10 5 1000 1000 30 30
SB & 13 6 1000 1000 30 30
Gravel
6. Finn
50%
Finn
ST bfl bf2  bsope Finn 6-3
107'm/s
7.
Rayleigh 5% Hardin
6-3 free field
(Quiet Boundary)
(6.1)
6.15




JOB TITLE  KH120 Wharl Model and Moiloring Layout

FLAC (Version 5.00)

LEGEND

17-Jan-08 830

stop  77ES

-4 G11E+01 <x< 7H11E+01
B511E«+01 <ye 3.711E«O

mhr-coulormb
Finin
Cirid ploa

| FFETTTrETe FRTTTeTe

0 2E1
Marked Griclpoints
Fixexl Grridpnings

X X-dinection

P Pore-pressune

Mat'l Chi Man Univ.
s0OL

6.15

(TCUO59) 921
40
6.7

(g}

|- 3000

<3000

<000

=000

6.15

(NS)
3Hz
3.1E-5
6.16
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JOB TITLE : KH120 Whart Structune Mol

1013

FLAC (Version 5.00)

LEGEND
17-Jan-08 830
step 7765

A GT1IE# <y T E1TE4M
B5T1E+0 <y< IT11E+01

Ettec, 5YY-Siress Contours
-3.50E+05
3.00E+05
2 50E +05
-2 D0E+05
-1.50E+05
1.00E+05
5.00E +04
0.00E+00

Contour intereals 5 00E+0d4

Gaied plon

[ETETTTTIT AT

0 2E 1
Baam Plot
Broren  on

Struciure Max. Value
#1(Boam) 12136405

NATICT - Ui

b 3000

L -T.000

SL T T T

6.16

6.3.3

120

20

6.17

6-28

TCUO059

20




6.18
(depth=18 m ~slope surface)

6.19
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Acceleration (m/s) Acceleration (m/s") Acceleration (m/s")

Acceleration (m/32)

Acceleration (m/sz)

O e e e et el g g

“]Top (Depth= -2 m)

1 Depth=4 m

{ Depth=18m

T Depth=32 m

1 Base (Depth=50 m)

0 5 10 15 20
Time (sec)

6.17
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Acceleration (m/sz) Acceleration (m/sz) Acceleration (m/sz)

Acceleration (m/52)

Acceleration (m/s)

Slope surface (Depth=8 m)

el

-

o *WMWM

Depth=14 m

L = e e e e i

15

Depth=18 m

Depth=32 m

ﬂn:.»*ﬁf

Depth=40 m

6.18

Time (sec)
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Acceleration (rn/sz) Acceleration (m/sz) Acceleration (m/52)

Acceleration (m/sz)

Seabed (Depth=14 m)

S

Depth=18 m

| | |
10 15 20

¢

Depth=32m

10 15 20

Base (Depth=50 m)

6.19

I I 1
10 15 20

Time (sec)
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Hori. Displacement (m)

Vert. Displacement (m)

6.20() (b)
15m  L- 1.5m
20 6.21

0.0 —p - - =ememememcmem e tmemeonate gy g S T T ST S S e s eececccecccceccaceccicciccnoaoannn
-0.5 — (a) ‘.. '.o'
' Toward Sea See Lot
= =-Toe
-1.0 Top
=« Toeof L-block
-1.5 —
I I I ]
0 5 10 15 20
Time (sec)
0.0 e Tt
014 (b)
Downward
-0.2
= =-Toe
-0.3 Top
«+ Toeof L-block
-0.4 —
| |
0 5 10
Time (sec)
6.20 (@) (b)
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JOB TITLE - KH120 Whart X-diap @1=20 5

FLAC (Version 5.00)

LEGEND

18-Jan-00 027
step 540159
Chynamic Time
-7.TIGE+00 <x= 5.3T0E+01
-4 419E+01 <y= 1.725E+01

Conmtour Fierval= 2.00E-01
Boundary plot

Baarn plot
Pike plot
Marked Gricpoints

Nat'l Chi Nan Lini
a2

2000

[l

il

| 16m

3500

6.21 20

6.22

16.5

6-34

16.5
20

(

6.23)

BF2

Bslope



Excess pore pressure (Pa)

10000 —

8000 —

6000 —

4000 —

2000 —

—— depth=17.5m (ST, Level)

- depth=9.5 m (BF1, Level)

-+« depth=2.5m (BF2, Level)

Depth=0.5 m (Bslope, backfill)

PO il
5
6.22

JOB TITLE : KH120 Whari Effe. Syy at T=16.56 5

[l g V]

FLAC (Version 5.00)

LEGEND

18~Jan-09 027
step 540159

Dynamic Time

Effec. 3YY-3tress Contours

-4 00E+D5
-3.50E+D5
-3.00E+D5
-2.50E+D5
-2 00E+D5
-1.50E+D5
-1.00E+D5
-5.00E+D4
0.0DE+0D

Contour interval= 5.00E+04

Grid plot

LI.I.I.I_I.I.I.I.IJ.I.I.I.I.I.I.I.I.IJ
2E 1

0

1.6434E+01
-4 2B85E+01 =x= 7.285E+01
-7.B79E+01 <y« 3.690E+D1

Net Applied Forces

max vecior =

1.799E+06

|- -5 .000

N I Nan Oniv.
Si BE & : .

6.23 16.5
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17.5m ST 95 BF1
6.24(a) (b)
6.24(c) (d) L
Bslope BF1

40 _|Zoneid (45,17) : 40 — Zoneid (45, 25)
Level ground, ST soil Level ground, BF1 sgil
[ [
™, )
g g
< <
i 4
E g
-40 i @
I I I I I I I
-3 -2 -1 [0} 1 2 3 -10 -5 [0} 5 10
Shear strain (x10'3) Shear strain (xlO'3 )
20 = Zoneid (30,35) )
Level groudn, Bslope soil Zoneid (30,25) )
H slope with piles, BFll soil
10 — 20 — :
mg
?@/ 0 — O —f----mm- e
%
E -10 20 —
, © : (@
-20 | | 1 | | | T T 1 T T
-15 -10 -5 [0} 5 10 15 -10 -5 [0} 5 10
Shear strain (xlO'3 ) Shear strain (xlO'3 )
6.24 (8)ST (depth=17.5 m) (b) BF1

(depth=9.5 m) (c) Bslope (depth=0.5 m) (d)
BF1 (depth=9.5m)
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2.15

16.5

JOB TITLE : KH120 Wharf Soil-Structure Interaction at T=16.5 5

FLAC (Version 5.00)

LEGEND

18-Jan-09 0:27

step 540159
Dynamic Time 1.8434E+01
-1.307E+D1 <x<= 6.088E+01
-5.046E+01 =y= 2.330E+D1

EX_ 7 Contours

D.00E+DO
5.00E-02
1.00E-01
1.50E-01
2.00E-01

2 50E-01
3.00E-01
3.50E-01

4 00E-D1

Contour interval= 5.00E-02
Grid plot

0 2E 1

Met Applied Forces
max vector = 1.796E+06

M I Nan Univ.
Sii BE 6

(e

10T}

6.25

6.26
40 cm

-2m) (
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14m)

15.5m



Pile x-displacement (m)

Beam node displacement (m)

6.27

20

0.1
0.0
-0.1 —
-0.2 -
-0.3 —
-04 T T T |
0 5 10 15
Time (sec)
6.26
0.1 —
—— On beam
''''' Slope surface
0.0 - = = ST top (depth=14 m)
— — depth=15.5m
-0.1 —
-0.2
-0.3 —
1}
1
5
04 T T | |
0 5 10 15 20
Time (sec)
6.27
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1.5m

1.5m L-

BF2 Bsdlope

40cm
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71324 5%

1. R3-FEw
AR F 422 EL-14m > Rl €072 & Om~35m &
35m~60m % 10t/m* > A 4518 3| thd > hlich 148>

4t/m* >
» 4o @) 7-4 FroT e

taipei harbor e14 wharf
d\bjtqbgﬁmgﬁ\stam\m pl2 Run Ey Username 2007717 0430 F%

310 T
# FS| sail Total Saturated Cohesion Friction  Piez. Load Value
a 1.48|| Type Unitwt. Unitwt  Intercept Angle Surfan:e 8125 Thisft
b 148 No.  (pch) (pcf) (psf) (ugg) 2046.3 ofegit
co148 1 114.6 1148 oo V\H
d 148 2 1146 1148 0o SDU W1
e 148 3 1261 126.1 oo 308 W1
f 148 4 1312 1312 00 330 W1 2
g 148 5 12989 1288 626.6 158 W1
h 143 6 0 L} L2z
i 148 7

210 L) ] -k 2 B

E]
a
110 |- —
&}
9
10 - —
o
90 ! ! 1 ! !
0 100 200 300 400 500 600
STABLEH FSmin=1.48
STED

2. w1 R
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R L A
(EL+4~-7) ¢ it d

Safety Factors Are Calculated By The Modified Bishop Method
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310 - it - - + T I
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