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ABSTRACT:

Taiwan is located in the western branch of the Cum-Pacific Seismic Belt, therefore earthquakes occur
frequently. Under strong earthquake shaking, the liquefaction of sandy soils of aluvium and reclaimed
lands in the western coastal area of Taiwan may occur, which may cause damages of coastal and harbor
facilities at thisarea.

Hence, this project is divided into five subprojects:(1) Seismic Wave and Excess Pore water Pressure
Monitoring at Harbor Areas; (2) Local Models of Liquefaction and Risk of Liquefaction at Harbor
Areas; (3) Soil Structure of Harbor Areas; (4) Measures against Liquefaction and Ground I mprovement
at Harbor Areas; (5) Ground Subsidence Monitoring of Harbor Areas.

In the first subproject, the ground surfaced and embedded seismographers and piezometers were
installed in Taichung, Taipei and Kaohsiung Harbor areas. In the second subproject, we collected 174
CPT data sets and 288 SPT data sets of liquefaction and non-liquefaction cases from Chichi earthquake
happened in 1999. Some loca models for evaluating liquefaction potential using CPT data and SPT
data were established in this study. In the third subproject, geophysical methods are applied to
investigate the soil speed structure. H/V ratios from micro tremor measurements were used to study the
site effect of Taichung, Taipel and Kaohsiung Harbor areas. In the fourth subproject, some methods of
soil improvement for measures against liquefaction of soils were summarized and their mechanism of
improvement was analyzed. Applicable methods of soil improvement for local soil conditions at
harbor areas and guidelines for design and construction of these methods will be proposed. In the fifth
subproject, observation wells with depth of 200m to monitor subsidence and groundwater pressure
were set up in Taichung Harbor, Pudai Harbor, Anpeng Harbor and Tapeng Bay.
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SN[ 3.1p2.9p3 b. 16 1
26 064511 | EW]| 2. 842 1. 799 1. 407
200109148064511 v 1. 067 0. 938 ol 641
90103 SW65Km | 5 . bo. 43 pP3.64] 4.3 37.000
05/46/39.5 2.0po0
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2001/ e SN 0.528 0.391 d. 306
26 040743 | EW][ 0. 7p8®. 3B5 .33 0
2001101/4040743 v 0. 3[33 0. 463 ol 187
90119 ES56.8Km| 9 . b2. ¢8 p3.71] 5.2 SN 4. boo
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200201164213507 26 21/35/07 EW[ 0.87®2. 496 b.38F 0]419 o0.241
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v 0. 2J06 0. 19 0]l 143
91034 E421Km] 10 122 J14]24. 2 5.2 14.000
14/48/6.2
20023 SN 1.096 0.54d9 d. 414
20020403144831 26 14/48/31 EW[ 1.012.5B6 b. 41 0 |
v 2. 136 1.20[7 ol 714
91035 EN15.3Kn{ 1 0 121]86[24.34 5.4 89.000
02/06/10.8
20024+ SN 1.412 0.892 d. 673
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2002010961005 2P 41225 1. 3|63 3. 97 11514
100 3. 011 0. 972 4.98 1]. 898
2 83 3[. 0909 1. 00 2.62 1]. 000
0] 14.[986 57243% . 122 . 6912 2
10 6. 380 2. 244 41 207 1.301
2002011%@d2BQ24 2P 71750 2. 7|26 4. 58 1.13009
10]0 4. 146 1.458 3.56 1. 0109
2 83 2. 843 1.000 3.50 1]. 000

4-17

0.641
0. 335
0. 328

0.187
0. 0838
0. 108

0.413
0. 332
0. 218

1.300
0. 916
0. 755
13

o
)]

0.277
0. 148
0.1109

2.417
1.6614
1.4009

. 681

3.180
2.222
1.6309
1.4009

. 454

3.135
2.412
1.545
1.097



4-2 -2
2 6 -2
M | Km SN o | EW Y ew |V Vv
of 2. 930 585 1.634 20402 1.51
0] 1.087 696 d.994 1457 o0.84
200201 1|50 4855 430 2 10477 2.8%04 |1.000 1.466 0.5
10 o 739 1.|153 | 0. 7]26 |h.065 0.
2 8 of. 641] 1.l000 | 0.6]82 |.o000 oO.
of 14./553 | 2. 1|25 48.163 §.855 6.¢
0] 12.1646 | 1.8/46 40.564 4.275 5.7
20020212112748| 6 . |22 5 [ 12 8l075| 1.179 |9.982 4.075 4.
10 5. 955 0./869 | 6.8/90 |.432 2.
2 8 6. 850 1./000 | 4.8/10 |.000 3.
of 2.1s88 493 1.849 2567 0.84
0] 1.%574 232 1.204 1677 0.62
20020212114336 5 . |22 1 [ 72 1]120] 2.%00 Jo.986 1.373 0.5
10 of. 749 1.|538 | 0. 7[78 |.o084 0.
2 8 of. 287 1.l000 | 0. 718 |l.o0oo00 o.
of 2. %248 742 1.769 3. 087 1.26
0] 0. 884 464 1.134 10979 o0.73
20020212120019| 5. |2 44 2 0l 782| 1.%95 |1.046 1.860 0.6
10 o. 708 1.]272 | 0.9]22 |h.609 0.
2 8 0. 604 1.l000 | 0.5]73 |J.000 o.
of 1.4s86 283 4.714 3765 1.29
0] 1.038 594 1.269 1752 o0.70
20020304170448| 4 . lo1 3 [ 32 0l896| 1.576 |1.143 1.583 0.6
10 of. 7020 1.lo78 | 0.872 |.208 0.
X of. 651] 1.l000 | 0.7]22 |h.oo00 0.
of 1. 8602 138 4.654 a4 |476 o0.98
0] 1.156 311 1.20d 2.]024 o0.73
20020314192611 4 . |89 . [5 2 1049 1.%244 |1.471T8 4.492 0.5
10 o. 645 0.[765 | 0. 719 |h.212 0.
2 8 o. 843 1.l000 | 0.5/93 |.000 oO.
of 20.l908 | 3. 751 23.34{1 1.803 11.
0] 38.|850 | 3.5/62 43.9841 1.851 11.
20020331145320| 6 . |89 . [6 2 29. 579 2.0712 |22.431 |1.731 10
10 1b.89h 1]182] 11.]894 | 0.918 8
2 8 1b.90b 1]000] 12.]1959 | 1.000 5
of 0. %509 740 d.349 1938 0.20
0] 0.%276 107 d.259 10421 o0.109
20020401011024| 4 . |8 {12Rh 0| 187| 1.427 |0.191 4.073 0.1
10 o . 1520 1./160 | 0.1]21 |0o.680 0.
2 8 o 131] 1.looo0 | 0. 1]78 |J.o000 o.

4-18



4-3 -3
26 3
M | Km SN SN EW EW
0 . 112 2.3Q7 8 4 730
10 0. $§52 1.748 6 1 129
20020404020641| 5. |4 102B 0673 1.396 . 042 809
190 0. 636 1.1320 . 6J]75 1. 8109
243 0]. 482 1./000 . 371 1. 000
0 0. $83 2.2468 5 5 631
10 0. $632 2.4939 24 104
20020404210532| 4 . |91 5| 72D 0324 1.261 . 319 522
100 0]. 235 0.[912 . 299 1. 201
243 0. 257 1./000 . 2149 1. 000
0 0.162 1.538 77 624
10 0.113 1.046 0 6 972
20020411025747) 4 . |51 3| 62D 0{ 095 0. 8§96 . 144 . 046
190 0. 077 0.]726 . 062 D. 569
243 0. 106 1.]1000 . 1109 1. 000
0 5.460 3.4934 57 553
10 5.211 3.296 05 785
20020515114635| 6 . |5 52p 3{997 2. %28 . 812 165
190 2|. 256 1.1427 . 554 1. 450
243 1{. 581 1.]1000 . 7161 1. 000
0 3. 3383 2.6Q02 0 7 444
10 2.916 2. 216 9 2 038
20020529004601| 6 . |2 b . P 21455 1.916 . 884 901
100 1. 843 1.1439 . 993 1. 314
243 1. 281 1./000 . S5[17 1. 000
0 2. 656 2.542 2 6 971
10 2.118 2.037 3 4 709
20020530145406| 5 . [9 912p 21287 2.189 . 6091 186
100 1. 831 1.]752 . 422 1. 195
243 1. 045 1./000 . 190 1. 000
0 1.450 4. 448 15 8§31
10 0. 71778 2.387 6 1 261
20020718031540| 5. 11 46 2P o{717 2.199 . 605 . 360
190 0. 506 1.1552 . 4109 D. 9109
243 0. 326 1.]1000 . 445 1. 000
0 2. 054 3.141 2 8 .1996
10 1.498 2.291 10 .1378
20020829010641| 6 13. 2P 11240 1. 896 . 044 . 513
190 0]. 746 1.]141 . 1100 1. 625
243 0]. 654 1./000 . 677 L. 000
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4-4 -4
26 4
M [ Km SN SN EW EW v V
0 . $32 804 8 8 7 287
10 0.810 . 705 081 462
20020830040635| 5 . |6 8 32 0) 947 1.994 0.910 073
10 0f. 784 1.1651 0. 6|38 1.453
28 0. 475 1.]000 0. 4|89 1.000
0 1.152 . 776 543 447
10 0. 985 . 3713 9 5§ 761
20020901135716 5 . |6 P . 5 0] 637 1. $35 0.85%0 450
10 0. 533 1.1284 0. 6|50 1.873
2 8 Of. 415 1.]1000 0. 3|47 1.000
0O 20./908 4. 2|99 6. 112 513
100 13.]250 2. 7|25 1.884 853
2002090161902142PB. 3 1].2461 3 2.(347 9. 1|63 1.429
10 6. 231 1.1281 7. 3|43 1.145
28 4. 863 1.]1000 6. 4|12 1.000
0 1.471 . 936 6 3 7 766
10 0. 923 . 842 1171 893
20020901807/00%02pB. 50) %90 1. %77 0.881 493
10 Of. 593 1.]184 0. 549 0.931
28 0. 501 1.]000 0. 5|90 1.000
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5.1

91
14
30 99 297 5
, , 19 ,
, 17 5-1
17 5-2
5-12
5-1
No km
1 | 20035159:1804.00 | 25° 18 | 122°14.8 4.4 54
2 | 200352617:2531.00 | 24° 42 | 121°41.4 70.3 4.9
3 | 2003609 09:5310.00 | 24° 24’ | 121°59.4 21.3 6.3
4 | 2003609 13:08 24.00 |24° 23.4'| 121°51 9.7 53
5 | 2003610 16:41 02.00 |23° 31.2'| 121°40.2 27.6 6.5
6 | 2003 6 12 21:41 49.00 |24° 22.8'| 121° 49.8’ 12.9 5.0
7 | 2003617 02:34 15.00 |23° 33.6'| 121° 36.6’ 18.8 59
8 | 2003 7 13 23:06 48.00 |24° 28.2'| 121°52.8 16.4 50




9 | 200371810:4136.00 |24°35.4| 121°504 | 726 | 54
10 | 20037 31 02:37 27.00 |23° 55.8'| 122°27.6 | 468 | 53
11 | 2003 803 19:35 42.00 [24° 15.0'| 121°42.0' | 565 | 55
12 | 2003812 00:30 27 00 |24° 38.4'| 121°34.2 | 560 | 56
13 | 2003926 07:4259.70 |24° 19.2'| 121°540° | 205 | 4.9
14 |2003 11 09 13:36 06.00(24° 50.4'| 121°55.2° | 793 | 5.4
15 |2003 11 12 08:02 56.00|24° 27.6'| 121°55.2' | 20.7 | 55
16 |2003 11 14 23:54 39.00|24° 07.2'| 121°42.0' | 27.6 | 5.1
17 |2003121012:39 01.00|23° 06.0'| 121°20.4 | 100 | 6.6
5-1 98 10 5.2
5-1 5- 3
( EW) ( SN) (V) 297m
, 17
5. 3 , | |
PGAZAB 6 (170 oo, (5-1)
PGAORK B ( 1™ oo, (5-2)
PGA=02% 6 ( %) o, (5-3)
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36
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30m
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5-30Db

1

3

. 86

.71
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0.321
30m
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100
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0.567,
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0. 536,

D hm
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297
267m

0. 567

297m
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297 m
26 7m
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Seed & I driss ( 1971)

, 4 - 4 : 5-3
: Seed & Il driss ( 1
|l dri ss(1990) : 2-2
, 2 -2 : ;
: 5-5
5-5 : 3-5 :
4 1) ) )
5.2 SHAKE
SHAKE
297
14 30 100
4 0
4 -6
4 -7
(P-LSoggi ng) 5-14
5-6 SHAKE 92 6 10
5-1a
10 100 PGA 30
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5. 3 Has kal |

(1953, 1960)
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14 30 100 297
R
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297m
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pgo=—7.31
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297m
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T componant
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5-2 (2003 5 - 2

1/2 54 4.4km 2/2 4.9 70.3km
03/05/15/9:17'42.1" 03/05/26/17:25'16.6"
03/05/15/9:18'04.0" 03/05/26/17:25'31"

25°18' 122°14.8' 24°42' 121°41.4'

C ) PGA(gal) C ) PGA (gal)
1( ) 1.84 1 ) 11. 07
2 ) 1.82 2 ) 4. 64
3( ) 1.45 3( ) 2.16
4 ) 14m 1.30 4 ) 14m 6.083
5( ) 14m 1.38 5( ) 14m 3.02
6( ) 14m 1.45 6( ) 14m 1.56
7( ) 29m 1.02 i ) 29m 5.30
8 ) 29m 1.30 8 ) 29m 2.84
o ) 29m 1.23 of ) 29m 1.20
10( ) 99m 0. 47 10( ) 99m 2.81
11( ) 99m 0.80 11( ) 99m 1.12
12( ) 99m 0. 78 12( ) 99m 0. 77
13( ) 297m 0.56 13( ) 297m 1.74
14( ) 297m 0.80 14( ) 297m 1.70
15 ) 297m 0.614 15 ) 297m 0.68
5-3 (2003 6 - 5 )

1/5 6.3 21.3km 2/5 53 9.7 km
03/06/09/9:52'52.6" 03/06/09/13:08'4.9"
03/06/09/9:53'10.0" 03/06/09/13:08'4.9"

25°18' 122°14.8' 24°23.4' 121° 51'

() PGA(gal) () PGA(gal)

1( ) 10. 34 1( ) 4. 28
2( ) 10. 43 2 ) 3.89
3 ) 4. 75 () 1.81
A ) 14m 7.26 A ) 14m 2.66
5( ) 14m 7.62 5( ) 14m 1.64
6( ) 14m 5. 07 6( ) 14m 1.59
il ) 29m 5. 24 U ) 29m 3.09
8( ) 29m 6. 17 8( ) 29m 1.87
A ) 29m 3.55 o ) 29m 1.28
10( ) 99m 5. 04 10( ) 99m 1.55
15( ) 99m 3.79 11¢( ) 99m 1.15
12( ) 99m 2.60 12( ) 99m 0.91
13( ) 297m 3.43 13( ) 297m 1.20
14( ) 297m 4. 33 14( ) 297m 1.08
15 ) 297m 2.29 5 ) 297m 0.66
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5-4 (2003 6 - 5
3/5 6.5 27.6 km 4/5 5.0 12.9km
03/06/10/16:40'32.7" 03/06/12/21:41'14.2"
03/06/10/16:41'02" 03/06/12/21:41'49"
23°31.2' 121°40.2" 24°22.8' 121°49.8'
( PGA(gal) ( PGA(gal)
1( ) 14. 349 1( ) 1.78
2 ) 9.96 2( ) 1.08
3( ) 5.37 3 ) 0.62
4 ) 14m 5.79 A ) 14m 0.68
5 ) 14m 7.44 5( ) 14m 0.58
6( ) 14m 4.83 6( ) 14m 0.55
7 ) 29m 8.22 7( ) 29m 1.23
8( ) 29m 7.73 8( ) 29m 0. 68
o ) 29m 5.11 9 ) 29m 0. 34
10( ) 99m 4. 72 10( ) 99m 0.49
11( ) 99m 4.32 11( ) 99m 0.40
12( ) 99m 1.84 12( ) 99m 0.24
13( ) 297m 2.51 13( ) 297m 0. 35
14( ) 297m 3.37 14( ) 297m 0. 34
15 ) 297m 2.36 5 ) 297m 0.22
5-5 (2003 6 - 5 )
5/5 5.9 18.8km
03/06/17/02:33"39.9"
03/06/17/02:34'15"
23° 33.6' 121° 36.6'
( ) PGA(gal) ( PGA(gal)
I ) 2.12 U )
i ) 2.01 i )
3 ) 2.81 3 )
4( ) 14m 1.78 A ) 14m
5( ) 14m 1. 44 5( ) 14m
6( ) 14m 2.26 6( ) 14m
7 ) 29m 1.99 7( ) 29m
8( ) 29m 2. 71 8( ) 29m
of ) 29m 4. 24 o( ) 29m
10( ) 99m 0. 67 10( ) 99m
() 99m 0.77 11 ) 99m
12( ) 99m 0. 42 12( ) 99m
13( ) 297m 0.71 13( ) 297m
14( ) 297m 0.59 14( ) 297m
15 ) 297m 0.35 15 ) 297m
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5-6 (2003 7 - 3
1/3 50 16.4km 2/3 54 72.6 km
03/07/13/23:06'30.5" 03/07/18/10:41'20.6"
03/07/13/23:06'48" 03/07/18/10:41'36"
24° 28.2' 121° 52.8' 24° 35.4' 121° 50.4'
( ) PGA(gal) ( PGA(gal)
U ) 157 iU ) 4,48
2 ) 114 2 ) 3.93
3 ) 1.43 3 ) 1.88
A ) 14m 0.95 A ) 14m 1.95
5( ) 14m 0.89 5( ) 14m 2.18
6( ) 14m 1.00 6( ) 14m 1.72
7( ) 29m 0.86 7( ) 29m 2.83
8( ) 29m 0.83 8( ) 29m 1.56
o ) 29m 0.86 9( ) 29m 1.25
10( ) 99m 0.49 10( ) 9m 157
11( ) 99m 0.48 11( ) 99m 1.19
12( ) 99m 0.58 12 ) 9m 0.76
13( ) 297m 0.56 13( ) 297m 121
14( ) 297m 0.58 14( ) 297m 0.79
15( ) 297m 0.69 15( ) 297m 0.55
5.7 (2003 7 - 3 )
3/3 53 46.8 km / km
03/07/31/02:36'9.7"
03/07/31/02:37'27"
23° 55.8' 122° 27.6'
() PGA(gal) ( PGA(gal)
U ) 1.06 1 )
2( ) 0.79 i )
3( ) 0,53 3( )
4 ) 14m 0.99 A ) 14m
5( ) 14m 0.62 5( ) 14m
6( ) 14m 047 6( ) 14m
7( ) 29m 057 1( ) 29m
8( ) 29m 0.53 8( ) 29m
o ) 29m 037 o ) 29m
10( ) 99m 0.26 10( ) 99m
11( ) 99m 033 11( ) 9m
12( ) 99m 024 12( ) 99m
13( ) 297m 0.26 13( ) 297m
14( ) 297m 0.23 14( ) 297m
15( ) 297/m 0.20 15( ) 297m
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5-8 (2003 _8 - 2 )

1/2 55 56.5 km 2/2 5.6 56 km
03/08/03/19:35'23.8" 03/08/12/00:30'13.4"
03/08/03/19:35'42" 03/08/12/00:30°27"

24° 15,0 121° 42.0 24° 38.4 121° 34,2

( ) PGA (gal) ( PGA(gal)

() 9.43 () 53. 54
2 ) 7.45 2 ) 28. 83
3 ) 474 3 ) 10. 44
4 ) 14m 4,49 4 ) 14m 19.59
5( ) 14m 391 5 ) 14m 12. 8§
6( ) 14m 218 6( ) 14m 7.62
7C ) 29m 5,02 () 29m 22. 71
8 ) 29m 1.95 8 ) 29m 10. 81
9 ) 29m 1.82 9 ) 29m 4.58
10 ) 99m 231 10 ) 99m 14. 61
11( ) 99m 2.54 11( ) 99m 9.04
12( ) 99m 1.68 12( ) 99m 2. 71
13( ) 297m 1.40 13( ) 297m 8.94
14 ) 297m 1.70 14 ) 297m 9.86
15 ) 297m 1.00 15 ) 297m 4. 10
5-9 (2003 _ 9 - 1)

11 49 205
03/09/26/07:42'59.7"
03/09/26/07:43'36"

24°19.2 121°54.0'
( ) PGA(gal) ( PGA(gal)

1 ) 0.95 1 )

2 ) 117 A )

3 ) 1.30 3( )

4 ) 14m 0.64 A ) 14m
5( ) 14m 041 5( ) 14m
6( ) 14m 0.73 6( ) 14m
7( ) 29m 047 7( ) 29m
8 ) 29m 0.62 8 ) 29m
A ) 29m 051 o ) 29m
10 ) 99m 0.40 10 ) 99m
11( ) 99m 0.29 11( ) 99m
12( ) 99m 0.18 12( ) 99m
13( ) 297m 0.29 13( ) 297m
14 ) 297m 0.26 14 ) 297m
15 ) 297m 0.16 15 ) 297m
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5-10 (2003 11 3 )
1/3 54 79.3km 2/3 55 20.7km
03/11/09/13:35'49.8" 03/11/12/08:02'36"
03/11/09/13:36'06" 03/11/12/08:02'56"
24° 50.4' 121° 55.2' 24° 27.6' 121° 55.2'
( PGA(gal) ( PGA(gal)
U ) 4,07 I ) 327
2 ) 223 2 ) 4.88
3( ) 3.69 3 ) 237
A ) 14m 2.07 A ) 14m 2.18
5 ) 14m 1.46 5( ) 14m 373
6( ) 14m 2.08 6( ) 14m 2.03
7 ) 29m 2.16 7( ) 29m 1.54
8( ) 29m 1.07 8( ) 29m 212
o ) 29m 181 9 ) 29m 154
10( ) 99m 1.20 10( ) 99m 1.04
11( ) 99m 0.75 13( ) 99m 223
12( ) 99m 1.35 12( ) 99m 1.16
13( ) 297m 0.87 13( ) 297m 1.08
14( ) 297m 0.67 14( ) 297m 1.16
15( ) 297m 1.07 15( ) 297m 0.54
5-11 (2003 11 3 )
3/3 51 27.6 km /
03/11/14/23:54'4.2"
03/11/14/23:54'39"
24° 07.2' 121° 42.0'
( PGA(gal) ( PGA(gal)
U ) 192 I )
2 ) 1.16 2 )
3 ) 1.26 3 )
A ) 14m 094 A ) 14m
5( ) 14m 0.61 5( ) 14m
6( ) 14m 0.74 6( ) 14m
7( ) 29m 132 1( ) 29m
8( ) 29m 0.74 8( ) 29m
o ) 29m 0.53 o ) 29m
10( ) 99m 0.66 10( ) 99m
11( ) 99m 0.42 11( ) 99m
12( ) 99m 0.28 12( ) 99m
13( ) 297m 0.57 13( ) 297m
14( ) 297m 0.45 14( ) 297m
15( ) 297m 0.26 15( ) 297m
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5-12 (2003 12 1)
1/1 6.6 10.0km
03/12/10/12:38'15.2"
03/12/10/12:39'01"
23° 06 121° 20.4'
( PGA(gal) PGA(gal)

U ) 9.15 U )

2 ) 757 2 )

3( ) 3.10 3( )

A ) 14m 6.74 4 ) 14m
5( ) 14m 545 5( ) 14m
6( ) 14m 2.75 6( ) 14m
7 ) 29m 4.83 7( ) 29m
8( ) 29m 421 8( ) 29m
9 ) 29m 2.35 o ) 29m
10( ) 99m 231 10( ) 99m
11( ) 99m 3.40 11( ) 99m
12( ) 99m 1.46 12( ) 99m
13 ) 297m 215 13 ) 297m
14( ) 297m 2.08 14( ) 297m
15 ) 297m 1.66 15 ) 297m
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6.1

92
15
30 97 293 5
, : 22 :
: 17 6-1
17
6-1
No km
1| 200311621:5838.80 |23°7.8 120° 27’ 14.7 5.2
2| 2003111418:1246.00 | 23°7.2° | 120°27.6 15.1 4.6
3| 200311 2118:5922.10 | 22° 4.8 120° 24’ 56.5 5.1
4| 200312 10 12:38 15.20 | 23° 6.0’ | 121° 20.4’ 10 6.6
5| 2003 12 10 16:46 44.20 |22°55.8'| 121°22.8' 13.6 5.5
6| 200312118:149.80 |22°46.8'| 121°25.2 12.6 5.7
/| 200312 1621:5659.90 | 23°7.2" | 121°19.8 13.1 5.3
8| 200312 180:27 24.30 |22°36.6'| 121°24 13.6 5.8
9| 200442322:430.00 | 22°54" | 120° 36.6' 21.2 5
10| 2004584:1758.00 |22°56.4'| 120° 35.4 6.9 5.2




11| 2004584:3614.80 [22°33.6'| 120°0.00 | 414 | 4.1
12| 200451614:48.30 |23°54 | 121°59.4 | 125 6
13| 200451915:412.00 |22°42 | 121°23.4’ 8.7 6.5
14| 2004668:98.20 |22°31.8'| 120°58.8 3.3 5
15| 2004 10 15 12:08 50.20 |24° 24.0'| 122°54.6' | 58.8 7
16| 2004 11 08 23:5458.80 |23°52.8'| 122°33.0' | 10.0 6.7
17| 2004 11 11 10:16 44.40 |24°19.8'| 122°11.4’ 13.9 6
6- 1 922 10 6- 2
6-1 6 - 2
( EW) (NS) (V) 293m
, 17
6- 3 ,
PGA=exp(-0.146*( )™ .. ...l (6-1)
PGA=exp(-0.147*(  )*™Y ...l (6-2)
PGA=exp(-0.230*(  )**™) .. (6-3)
6-3a ; 293m
4.26 293m  30m 263m
0.235 0.562 2.39
30m 30m 0.562
1 1.78



6-3Db ; 293m

4.20 293m  30m 263m
0.238 0.563 2.36
30m 30m 0.563
1 1.77 ,

6-3cC : 293m ,

3.01 ; 293m  30m, 263m :

0.332 0.555, 167 ; 30m

; 30m : 0.555 1,

1.8 ; ,

Seed & I driss ( 1971)

: 4 - 4 : 6 -3
: Seed & ldriss ( 1
|l dri ss(1990) : 2- 2
y 2- 2 . y
: 6- 4
6_4 3'7 y
4.5 : : ;
6. 2 Haskal/l
Haskall (

1953,1960)
(P-S Logging)
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263 m
20 m

267 m
30m

263 m
30m

|l dr i s s

283 m

297 m

293 m

(1971)
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283 m 20m,
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297m 30m,
30m ,

293 m 30m
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PGA
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15 30
100 293
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1994 6. 6 Ki ng

1.5-2.0
5. 5 1995 7. 2
0.3-1.5
1906 1941 7.1
1935 /7.1 19129/30 1946 1964
6. 3
1999 9 21 7. 3
A 1999
10 22 6. 4
921 CPT 174 SPT
288 CPT

SPT :
CPT SPT Fs LP

1-1



2.1

Soil Liquefaction 1920
Casagrande 1936
1964 Alaska
Niigata
1964

(Liquefaction)

(Initial liquefaction)

2-1

Hazen



BEAMBGERTREF EEIRI » FMHH LB 4 %k{b(Liquefaction) ; #
AP EFFEEAEFLRLLABERKET) 2L RAKERESEHS
AT B4 Dilatancy) » RSB EEFARZIE KR ZAHARK
M B B £ (Cyclic Mobility) - + & H 4 BILR L RXREAHIRL S TH
IBARREZNR - ROQUBRDEERE > E L LRz Bty -
REDE AR - TEREFARAZ MR EE - L %18
FRE - REZLERACRLP AL LAERERE - RILREL £ &
HEBRERFIERESGHETE 2-1 &5 -

N BRI R H(ﬁﬁrmi
> (3 ol XX XK

(a) MALETRO LSS (b) WA LI (o) WLk IR
R 2R R o

B 2-1 & LRk N xIbiBZ 2 %% (Ishihara, 1985)
22 ¥EIERIEZHE
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1.
Seed Idriss 1971
50%
2.
D50
3.
Seed 1984

4.
interlocking
Seed

1975

1964

70%

Seed
D50

cyclic stress ratio

2-3

70~75%

Idriss 1971

|shihara(1978)



Mulilis 1977 Monterey No.O

5.
(1) -

Sherif, 1977
(2) -Seed Martin @ Lysmer 1975
222
1. Seed Peacock 1971

Ko

2.
2.3
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2.
3.
Iwasaki et al (1982)
2-1 (Iwasaki,1982)

A

B

C
2.4

2-5




(Simplified Method)

PGA Peak Ground Acceleration
Cyclic Stress Ratio

SPT N CPT q

Vs
SPT N
SPT-N :
: N
SPT-N
 (1)Seed
(1997 NCEER Workshop) (2)Tokimatsu  Yoshimi
(1983) (3) lwasaki (1986) (4)
(1996) (5) Liao (1988),
2.4.1 Seed 1971, 1985, 1996
Seed Idriss 1971
Seed et a. 1983 Dso
1985  Seed
I:)50
Fines Content
AASHTO 1997 NCEER Workshop
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1. Seed

D)

Seed Peacock(1971) 1964
Ta/ 0
2-2 Seed 1975
lton/ ft? SPT-N  ( N )
N1
2-3 Seed 1975
N
Seed Idriss Arango(1983)
N, Seed
Tokimatsu Y oshimi
D50
D5o>0.25mm
D50<0.15mm 2-4
Seed Tokimatsu Harder
Chung 1984 200
2-5 Seed 1985
Dso FC
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2-4

2-5

CYCLIC STRESE MATIO, v fe

.5 T T T T
|
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N:i 60 Kramer 1996
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1997 National Center

for Earthquake Engineering Research, NCEER Seed
60-CRR 3-4 <5%
<5%
Liao 1988 Youd
CPT
0.05 2-6
60 CRR
0.4 - _
Parceni Fam = ]? |I'i &4
03 —
(1 | J _:;-i. llll: .
.'r .'EH__:""' CRE carves for 5,15, and
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(N1) g N

lton/ ft2 60%
N (N1) 6o
3)
FC(%) Pl Seed
1996 SPT-N
Seed (Nl)GOCS
(NDoee = (Np g XCr +ANE et (2-1)
Ce 2-8
AN 2-9
C. AN,
(Nl)GOcs 2-5 (Nl)GOcs (Nl)GO
Mw=7.5 CRR
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15% 35% N:i 60 FC
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CSR(cyclic stress ratio)
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(1975)
65%

Neq

STRESS

2-7

(Kramer, 1996)

T max

2-12
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T mex

(Seed & Idriss, 1982)
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.- (T )
(rmax)r:mamax=7~h~%—av~% ..................................... (2-2)
g g
h
m h
g
v
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(Tmax )r h
h (7o )s
(Tmax )r (Tmax )r
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/ T B HbAR
Lo % d @ JiEam
o 2 _:_
(Trmme)e = yh Zmas
- (T max)r
= (T max)a
a b C
2-13 (tym )y (e ) ry Seed & ldriss, 1971
ry 2-14 Seed
& Idriss, 1971 ry ry
M-
r,=1.0-0.00765z for z<9.15M...ccooiiiiieeeeaee (2-4)
r,=1.174-0.0267 z for 9.15m<z<23m......cccceenen. (2-5)
r,=0.744-0.008 z for 23mM<z<30M ....evvveeeeeennne. (2-6)
r,=0.50 for z>30M..ccoiiiiiiiie, (2-7)
2-4 ~ 2-7 z
2-15 ry-
Thomas F. Blake ry

o (1.000 - 0.4113z"° + 0.04052z + 0.0017537"°)
¢ (1.000-0.41772% + 0.05729z — 0.006205z"° + 0.001210z%)

z m

ry Thomas
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2-14

15m

15m 2-15

15m r,

Dapth (93
W
-]

30y
v
9 30
12 (4
15 (50
18 (&)
21 (7
24 (BN
27 (=)
30100

Diepth, mift)

2-15 r,

Anngs lur dfumnl
0l profies

g1 Gf 03 04 48 oA OF Q& Aag  1d
Sirasa mduction inciot, r

Liao & Whitman, 1986
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Ty = 0.657,, = 0,65
Tore
.
CR= -2 — 0,65 v

O-vo g O-v0

O-VO

CR

CRR Seed N
CRR7s
7.5 N1 60

2-2

Nl 60

lton/ ft> 100kpa
2-11  (Kramer, 1996)

2-2

O-v r.d

Ty 0.65

........................................................... (2-9)
Tcyc
O'\'/o
......................................................... (2-10)
cyclic stressratio
60 M 75
2-5
FC 2-5 CRR;5
M
SPT-N
60% N

HlP

MW

N~ NP

CRR, /CRRy_75
1.50
1.32
1.13
1.00
0.89

2-18



/.\
Z
o
o
W
n

lton/ ft?

N lton/ ft?
60% N

2-16 C,

O-VO

I (2-12)

1
Cy= |— =
\/O-VO (t%tz) \/

| torufi= |

s

Elfactive overburden stress, o,

2-16 SPT

0010445, (kpa)

SPT correction facton, Gy,

Hazraraa
[THG )

Sead
(1873

Lizao & Whitman
{19HE)

U T

Liao & Whitman, 1986
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Cy Liao  Whitman(1986)

2-3
2-3Liao  Whitman(1986) Cy
Cy O-\‘/o
Teng(1962) C, =50/(10+0c,,) psi
Bazaraa(1967) C, =4/(1+20,,),0,, <15 ksf
C, =4/(3.25+050,, );0,, >15
Peck et.al (1974) C, =0.77l0g(20/ &, ) tsf
Seed(1976) C, =1-1.25logo,, tsf
Seed(1979) 3-15 tsf
Tokimatsu (1983) |Cc, =1.7/(0.7+0,) kg/m?
Liao  Whitman(1986) | [ 1 kg/m?
O-VO
Cy, 3-4
M=7.5
CRR
7.5 2-2
Seed
CRR CSR
FS Seed 1985 1.3~1.5
FS 1

2-17

2-20



SPT
amax M N

(kg / cm?) FC(%)
| | .
Em/ Eff_:<_( N 3.15 )
. (N 1), =CNE .,/ 0 .Ep)N,,
NG 3-18) |
v
-4
|
M
Y ( 3 - I!)
( cs&{ avgj 065><( ] (Z_‘,’jxrd (CRR)
|
v
_( CRR)
 (CSR)
2-17 Seed Seed 1985
242 Tokimatsu Yoshimi 1983
Tokimatsu Yoshimi
Tokimatsu  Yoshimi
I:L
(T/O-\IIO)R
F = R ettt et e e e e e e e e e e ——————aaeeeeeeeeee————————aeeaaarern————— (2-13)

- (T/JVO]L

2-21




[ r j Caxc o BNa (B8NG ), (2-14)
Cio ) 100 C,
( ¢ ] =0.1x(M —1)><(am—an (" 3 PSSR (2-15)
Ow /. g Oy
O'\'/o
JV
a a 045
o
C, 0.57
Ca
C, =97-19log,,(DA)
DA
C, 80~90
, Tokimatsu
Yoshimi C, 75
n n 14
M
amax
g
rd
r,=1-0015Z2 Z m

2-22



N, N, N
N, = Ny H AN, ottt ettt ae sttt e b nnas
17
A
AN, =0 for FC<5
AN, =FC-5 foor 5<FC<10
AN, =0.IFC+4 for 10<FC
N, SPT-N
N, SPT—N
AN, SPT-N
N N
Ou (kg /cm?
FC %
(T/ Oh )R (T/ v )L
FS Tokimatsu  Yoshimi N,<10
13 2-18

2-23
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. SPT
amex M o,(kg/cm?) N FC(%)
| | ¥
Y AN, =0 (FC<5)
AN, = FC-5 (5< FC<10)
17 N ¢
' g+ 0.7 AN, = 0.IFC + 4 (10< FC)
v v
N, = N, + AN,
) v
[T,J = 0.1x (M - )x [amex[o-"'Djx r, (T,j - axC, x 16JW&+ 16N,
o, L g o, ol . 100 Ca
ry, =1-0.015z a=0.45C, = 0.57,n=14,C, = 80~ 90
| |
v
(T/O-\'/()R
FL= R
(T/O'vO)L

2-18 Tokimatsu  Yoshimi
(Tokimatsu & Yoshimi, 1994

2.4.2 lwasaki 1986

lwasaki FC SPT-N
Dso |wasaki
R L
R
Fo= T F. 1.0
1.0 Seed

Tokimatsu & Yoshimi

2-24



r,=1.0-00152 Z m

M D

a. =18.4x10"" x (D

-0.8
focus)

amax ( gal ) D focus( km)

R SPT-N
Dso FC
R=R + R, 4+ Ry ottt (2-20)
/ N
Rl = 000882 m ................................................ (2'21)
vO :
0.19 for  0.02mm< Dy, < 0.05mm
R, = 0.225Ioglo[%] for  0.05mm< Dy, <0.6mMM  ............. (2-22)
005 % for  0.6mm< D, <2.0mm
R, - 0 for O0<FC<40 (2-23)
=1 0.004EC — 0.16 for | AD< EC <100
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N SPT-N
O-\I/o
DSO
FC
R
Fo=T
|wasaki 1990
10m : 20m D,
0.02mm< Dg, < 2.00mm
2-19
SPT
amax o(kg/cm?) N Dso(mm) FC(%)
| | | | |
v
R=R+R +R;
_ Fma e O _ N
OJVO g OJvO ‘ Rl - 0.0882 O'V(I)‘I' e
ry =1-0.0152 R, = 0.19 (0.02 mm< Dy, < 0.05 mm)
R, = 0.225 Iogm(o'?’sj (0.05 mm< Dy, < 0.6 mm)
D50
R,=-005 (0.6 mm< D, < 2.0mm)
Ry=0 (0< FC < 40 %)
R, = 0.004 FC- 0.16 (40% < FC < 100 %)
v
F. =R/L
2-19 lwasaki (lwasaki 1986)
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24.4 1996

1995
1996
1.
(D) 10m
20m
(2 FC <35% FC>35%
3 D,, <10mm D,, <1mm
2.
subduction zone
R=C, R i,
CW
Cp =10
Cpy =10, (R.<0.])
c, =3.3R +0.67.....(0.1< R _<04) ........
Cp = 2.0, (04<R)
RL

2-27
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Na

R =0.0882

L, (2-27)
R = 0.0882‘/1N; +1.6x107° x (N, —14)*5..(N, >14)
Ny = CNL Gy ettt (2-28)
TR T 2SR (2-29)
(0,,+0.7)
1o e, 0<FC <10%
¢ - FC5-(; A0 1006 < FC < GO0 e (2-30)
E 1. 60% < FC
20
O 0< FC <10%
C2 — FC _10 ................................................... (2'31)
......... 10% < FC
18
N, - {1_ 0.361x log,, (D—ZE’O)} NS N (2-32)
W G G
FC
N SPT-N
o, (kg/n?)
N, N
L = 1y 5K X2l e (2-33)
O-v0

2-28



ry r, =1-0.015z (z: m)
khc
Kie = C, X Kip vevrermmmmmiiniiiiiiiiiiniii s (2-34)
CZ CZ
1.0 0.85 0.7
kh0
3-3
I 200ft
Il 200ft
I
3 :% 2-20
2-4 Kuo
(
I 0.16 0.30 0.80
Il 0.20 0.35 0.70
1l 0.24 0.40 0.60

2-29




(D] 10m 20m
2 FC 35% FC 35% Pl 15
(3) Ds;  10mm Dy 1mm
v v v v
FC(%) SPT-N
Dso(mm) oo (kglcm?)
D1o(mm) i
v
R=c,R
(o2 —
LzrdxthX—.v CW—l.O
Ty 10w R <01
ry =1-0.015z c, =43.3R, +0.67..01<R_<0.4
7. X o N 04<R,
R, = 0.0882 /e o e N, <14
17
R, = 0.0882 ';'73 +1.6x10 °x (N, -14)".. N, >14
N, =c¢cN,+¢c,
N, = 1.7N
o, + 0.7
Lo v 0< FC <10%
¢, = FE 40 100 < FC < 60%
50
FC 60% < FC
20
O e 0<FC <10%
C, = _
FC 10 | .10% < FC
18
A 4
R N, = (1-0.361 x log D25°)XN1
FL = I ¢
2-20 1996
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245Liao

Liao et al.(1988) (Logic Transformation)
(Maximum Likelihood) P
Liao 278  SPT
SPT—N
: CPT
Liao et d (1988) CSR;s=1a/00 (Nl)GO
P
PL = : (2-35)
{1+ exp[_ (ﬁo + ﬁlln(CSQ75)_|_ ﬁz(Nl)GO)]} ...............................
Liao et al.(1988) SPT
(FC<12%) 182 (FC>12%) 96
278
(@  (FC<12%)
p - L (2-363)
" {1+ exp|- (16.447 + 6.46031In(CSR, ;) - 0.3970(N, ), )]}~
(b)  (FC>12%)
p - r (2-36h)

{1+ exp[- (6.4831+ 2.68541In(CSR, ;) — 0.1890(N, ), )}
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(©)

P =

1

{1+ exp|- (10.167 + 4.19331n(CSR, ;) - 0.24375(N, ), )|}
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SPT

3.1
(SPT) (CPT)
Vs
SPT
SPT Hwang et al. (2001)
921 288 Liao et al. (1988)
278 Boulanger et al.(1997)
Loma Prieta 26
592 SPT
SPT
SPT ,
XR  SPT-N XR  SPT-N
Seed (1971, 1985, 1997 NCEER)
Tokimatsu & Yoshimi (1983)
(1990,1996) :
XR SPT-N D
2 ©
592 SPT

3-1



Seed et a.(1997 NCEER)  Tokimatsu & Yoshimi
(1983) ( T&Y )

3.2

(discriminant analysis)

SPT
Christian & Swiger(1975) (1990)
1.
2.
3. (variances)

(correlation)

Christian & Swiger(1975)

\% V>0 V<0

3-2



X/:
‘
>_(rw
né
st S
(3-1) :
(Lai ,1990, 2003)
(3-1) (function of probability of
misclassification ) C(P) (3-2)
v, =[x-%(x, + X )} S D I (=) R (3-2)
A V, >0 V, <0 P
P (probability of misclassification)
C(P)
(3-1) (3-2) R
XR X
R
s 53
X,

3-3



X_Rw xR,

Var(SR) Cov(SR, XR)
[COV(SR, XR) Var(XR)}

Var (SR) R
Var (XR) XR

Cov(SR, XR) R XR (covariance)

C(P) P

3-4



2= (%K TS UK K)o
C(P)
C(P) = v2aerf (1~ 2P)—% ......................
erf erf
erf
erf(Y)= I()Y%exp(— X2)AX oo
Vp
XR C(P)
3.3 SPT
SPT
Tav, O"o Seed et al . (1985)
Tav

Mw=7.5 CSR;s

CR,. =TLY=O.65-%-%T""X-G—? ..........
O-O GO

3-5

................................................ (3-7)
................................................ (3-8)
................................................ (3-9)
V, = f[SR, XRC(P)]
.............................................. (3-10)



CSRys: Mw=7.5
Ta kg/cm?
A m/sec’
g m/sec’
oo kg/cm?
o' kg/cm?
7
yn
MSF (Magnitude Scaling Factor)
Liao et al.(1988) Z
%=1.0-0.00765Z, Z 9.15m
=1.174-0.0267Z, 915M<Z 23 Meccreeeesesrrserereessee (3-11)
| driss (1999) Mw  MSF
MSF= 37.9(Mw) % for Mw 5.75
=1.625 FOF MWSS5.75. ..o eeeereeseseesseeseeeseeen (3-12)
SPT-N , SPT-N
SPT-N
N Seed et al.(1985)
(N1)eo
60
(N1)eo
(T R N o PP (3-13)
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921

(Energy Ratio)

ER=30%(Z/11)+50 for Z

ER=80

3.4 SPT

SPT

for Z>11m .........

SPT

0% < FC <10%

30% < FC < 40%

SPT

V (Nl)GO
V(N1

3-1

IN(CSRys)

V(Ny)g

60
N.=(ER/60) ER (%)
Liao & Whitman(1986)
kg/lem?
288
(2000)
{2 (3-14)
................................................................... (3-15)
SPT
592

10% <FC<20% 20% < FC <30%

3-8 31 38
CSR7s
In(CSRy5)
In(CSRy.5)

3-7



V(N IN(CSRy5)

(3-16)

v VN |2
P En(CS?75) 2
[ e N

[ valy, Covly(N.)oo. £n(CSR,,)] (3-16)
| Cov[{(Ne, fn(CR,,)] Var[in(CR )]

M(CRy5) ), IN(CSRy5)

EIpt =
) q

dlig. and non-lig

) V(N1 _ V(Nl)ﬁo -C(P)
] /N(CR, ;) lig In(CSRy5) non-lig

a (3-17)

oo V(ND o _ ) V(N
En(CSRLr,) lig M non-lig

Var({(N)e ) Co/(N)ap, /n(CSR,) (3-17)
COV{ (Neo (n(CSR) ] Var[in(CSR 5] liq, and noniig

o2, ).

0% <FC<10% 10%<FC<20% 20% < FC <30%
30% < FC < 40% SPT

0% < FC <10%

592 , 0% < FC <10% 58
70
V, =0.9450876,/(N,), — 2406358/N(CSR ;) - 7.80260-C(p) ............ (3-18)

3-8



37

«=1.917175

C(P)

C(P) =1.958156rf (1~ 2P) —0.958587".....ooooooooeeoeeeeeeeeeeeeeeeeeeeeeeeeeee

10% < FC < 20%

592 : 10% < FC < 20%
95

V, =1.107534./(N,)g, —2.245728/n(CSR;)-8.116554-C(p).........

a=2.354608

C(P)

C(P) =2.170073€rf (1~ 2P) —117730Z covovooooeeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

20% < FC <30%

592 : 20% < FC < 30%
32

V, =0.8621724/(N,), ~1503677/N(CSR)-56501-C(p) ..........

a=2.171423

C(P)

30% < FC < 40%

592 30% < FC < 40%

29

V, =0.8938813./(N,)s, —1.403875 (n(CSR 5)—5.443882-C(p)

3-9

........ (3-19)

77

(3-24)



«=2.078286
C(P)
C(P) =2.038767erf (1-2P) —L.039L4% .oooooooooooeeeeeeeeee oo (3-25)

0% < FC <10%
10%<FC<20% 20% < FC <30% 30% < FC < 40%

39~ 3-12 C(P)=0
3-13
CRR7.5 = CSQIS CRR?.s (Nl)GO
CRR, = exp|(0.3865548+0.0072398 FC),/(N, ), 326
—(3.3597395+0.0186297. FC—0.0001093 FC?)]
Cc(P)=0 p
0.2
p=0.15 3-14
CRR;..s (Nl)GO (22)
CRR, . = exy(0.3865548+ 0.0072398 FC),/(N, ), 3.27)
—(3.6762598 0.0150227 FC +0.0020571 FC* — 0.0000343 FC3)] '
3-13 3-14 c(P)=0 p=0.15
(NDeo CRR,, 30% < FC < 40%
20% < FC <30% 10% < FC < 20% 0% < FC <10%
; (N <5( C(P)=0 )
(N)e <8 ( p=0.15 )
CRR, .
c(P) =0
CRR; 5 (3-26) CSR;s (3-10)
Fs :
Fo = CRR . /CSR, 4 wooeeeeeseeseseessee st et ees s see et ses et sess st (3-28)

3-10



p=0.15

CRR, ; (3-27) CSR7s (3-10)
Fs
Fo = CRR L /CSR (it s ettt (3-29)
3.5
SPT
Seed et al.(1997 NCEER)
T&Y(1983)
FC FC=5% FC=15% FC=25%
FC=35% Seedeta.(1997 NCEER) T&Y (1983)
C(P)=0 p=0.15
3-15~ 3-18

3-15FC =5% (N)gp<10
C(P)=0 T&Y(1983) p=0.15 Seed
et al.(1997 NCEER) 10< (N,)g <20 C(P)=0

Seed et a.(1997 NCEER) 20< (N,) <30
C(P)=0 p=0.15 Seed et a.(1997 NCEER)

T&Y(1983) (N,)e>30 Seed et al.(1997
NCEER) T&Y(1983)

3-16 FC =15% (N,)s <20

C(P) =0 Seed et a.(1997 NCEER)

20< (N;) <30 p=0.15 T&Y(1983)
(N,)>30 Seed et a.(1997 NCEER) T&Y(1983)

3-17FC = 25% D (NDe <11

C(P) =0 p=0.15 Seed et a.(1997 NCEER)

311



T&Y(1983) 15< (N,),, <23 C(P) =0 Seed
et al.(1997 NCEER) 16< (N,)g, <30 p=0.15

T&Y(1983) (N,)eo>30 Seed et
al.(1997 NCEER) T&Y(1983)

3-18 FC = 35%
Seed et al.(1997 NCEER)

14<(N,)q <19 C(P)=0
L (NDg Seed et al.(1997 NCEER)
T& Y (1983)
(N <10 FC = 5%

FC=15% 25% 35% Seed et al.(1997
NCEER) T&Y (1983) 10<(N,), <30 C(P)=0
Seed et a.(1997 NCEER) p=0.15

T&Y(1983) (N,)e>30
Seed et al.(1997 NCEER) T&Y(1983)
3.6
FS
Fe (Juang et al., 1999)
G (3-30)

B (Fe) + iy, (Fs)

fL(Fs)

fuo (Fs)

3-12



(3-26)  (3-29)

F. F. 3-19 3-20
3-19 Fo F.
NN 3-20 Fs
Fs Fs
fL(Fs) f(Fs),
2
f (Fs) = 1 exp 1 M ................................. (3-31)
0.188+ /87 * Fg 2\ 0.188
2
F(ED) = L eg-1 SR 08Ty | (3-32)
0.171% /87 * F; 2| 0471

fNL(FS) fNL(F;)’

1 1( ¢/n(F,) - 0.485)"
f (Fs) = -= ST T e, 3-33
w(Fs) 0.511% Fg *+/27 eXp{ 2[ 0.511 j ] (333)
* 2
. 1 1( (n(F.)-0.260
f (Fs)= -= e 3-34
w(Fe) 0513+ F_ *+/27 eXp! 2( 0513 ] } (3-34

(3-31)- (3-34) (3-30)
(Pe,Fs) (P&, Fs)
(3-35)-  (3-36) 3-21(R*=0.99, R"?=0.99)

1
PO -
" 1+ 0.6(F5)% + 0.4(F)® (3-35)
P, = 1 T, (3-36)
1+1.5(Fg )% +1.9(F )®
3-21 c(P)=0

3-13



Fo=1
P, =023
3.7
3-4 3-6
SPT
3-22
3.8
1.
2. C(P) =0
CRRy  (N)g (3-26) p=0.15
CRR;s  (Ny)g
(3-27)
3. ; (N1)eo
CRR, 30% < FC < 40% 20% < FC <30%
10% < FC £ 20% 0% < FC <10%
. (NDo<5( C(P)=0 ) (N)y<8 ( p=0.15
), CRR, .
4, Seed(1997 NCEER)
T&Y(1983) (N,)g <10 FC =5%
FC=15% 25% 35% Seed et

3-14



al.(1997 NCEER) T& Y (1983) 10< (N,)o, <30

C(P) =0 Seed et a.(1997 NCEER) p=0.15
T& Y (1983) (N,)oy>30
Seed et al.(1997 NCEER) T&Y(1983)
5. c(P)=0  p=0.15

(3-35)  (3-36)

3-15



3-1 0%

3-20%
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50
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CUMULATIVE PROBABILITY, %

=N Ol

FC

99
98

95
90

80

70
60
50
40
30

20
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CUMULATIVE PROBABILITY, %

P N O

FC

T T
E_ . Liquefaction _E
= A‘DD o © O Nonliquefaction3
- O -
- ‘oo O All cases ]
., 7
C Ho | L l L l L ]
0 2 4 6 8
NORMALIZED SPT VALUE, SQRT((N1)60)
0
10% SPT  J(N)o
O
LI T T T T LI
r ‘w i
- 8% e A Liquefaction 3
E o ;E A O Nonliquefaction
Cof s O All cases ]
o -
1111 | | | | | 11 11
5 DG 7 89 2 3 4 5 6 7 89
0.1 1.0

CYéLIC STRESS RATIO, CSR7.5

10% CSR;s
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98

95
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80
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60
50
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Liquefaction
O Nonliquefaction

‘0 O All cases

10

CUMULATIVE PROBABILITY, %

= N Ol

Aol ! | ! | !

2 4 6
NORMALIZED SPT VALUE, SQRT((N1)60)

o
(o]

3-310% FC 20% SPT VIND &

[{o]
(o]

T T T T L T T 1T°1

©
o

[0}
o

[o2 I
o o

w b
o o

N
o

A [Liquefaction
O Nonliguefaction

=
o

O All cases

CUMULATIVE PROBABILITY, %
a
(@]
N R R RN L L L L L R L LR R

PN O

Iﬁllll 1 1 11|
5 6 7 89 2 3 4 5 6

CYéLIC STRESS RATIO, CSR7.5

\,_
°
ol H |
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3-520% FC

CUMULATIVE PROBABILITY, %

CUMULATIVE PROBABILITY, %

99 T T T | T
98

95
90

80

70
60
50
40
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20

%)
| IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII |IIII| 11 | 1

A |jguefaction
O Nonliguefaction

10

>

O All cases

2 4 6
NORMALIZED SPT VALUE, SQRT((N1)60)

30% SPT  J(N)w

»Od O

=N g

o
(o}

©
©

OOO

A |jguefaction
O Nonliguefaction

o

O Al cases

a
o
I| T I|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I T |I

A
IIII| 1 1 |

1
5 6 789 2 3 4 5 6
0.1

CYCLIC STRESS RATIO, CSR7.5

\,_
°
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.0

3620% FC 30% CSRys
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SPT

Bmax Muw N oo ( kalcm?) FO(0/)
M SF= 37.9(Mw) "%
(Mw) (Nl)eosz'Cn'N
Mw 5.75
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Mw <5.75 ( %)
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4 ,
v l i 4
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CR,. =065 L4 Gmx To
& MF g ob » CRR
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Z 9.15 ml| _(33597395+0.0186297 - FC — 0.0001093: FC?)]
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R, CPT
P=05 P =03
Fs
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4.1
921
SPT-N
CPT
CPT-gc SPT-N
CPT
921 CPT
174 1 CPT

CPT

CRR

(Shibata & Teparaksa, 1988; Seed
Idriss & Arango,1983 ; Seed & De Alba, 1986; Robertson &
Campanella,1985; Stark & Olson, 1995; Olson, 1997; Robertson &
Wride ,1997)
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Fs P
4.2
42.1
A B
m A H.)
A P.(X) m
Pa(X) = : (4-1)
A 1+ exp[_(ﬁo + ﬂle + ."ﬂmxm)] ......................................................
PA(X) 0 1 (LOgIt
Transformation) P, (X) —o Q. (X) (Cox,
1970)

“loqi _ P (X) )
QA(X)_Ioglt[PA(X)]_lnL_ PA(X)} .......................................... (4-2a)
= By BiXy oot PR creernee ettt s sn e (4-2b)
(4- 1) (4-2) Xiy Xy, v X COX(1970)

Bor PrrPrm A B
CPT R,
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R % F100% e (4-3)
R, : CPT (Friction ratio),%
fs. cpT (Frictionresistance)  kg/cm?
9% CPT (Tipresistance)  kg/em?

(4'3) R,

(4-1)
A P, (4-4)
P, = L, (4-4)

1+exp[-(B, + B Ry)]
Y A Y=1 A B
Y=0 (Maximum Likeihood)
(Likelihood Function)
L(X; B) = [T [PA(XO)IM L= Pa(XOI%™ i (4-5)
LG )] = Y- In] 1+ expl~(B, + B,-(R))]]
e (4-6)
#2108, + B (R
n A B
n, B
L(X; B) B B

L S (4-7)
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ﬂo’ ﬁl’ ﬂZ
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on(L) ¢ P+ fi- RO &, 18
o5, §1+exp[—(ﬁo+ﬁl-(Rf)i)] ; ............................. (4-8a)
oln(L) _ - (Ry)i -expl-(fo + /(R Y 4-80
b, % treal (b, p(Ry 2 (4-80)
(4'8) :éi
Horowitz(1982) (Modified Likelihood Ratio
Index, MLRI) p? (4-9):
iy \
p-=1- L) (4-9)
In[L(B)]
In[L(O)] p=0
p’ 0O 1 p° 0.4
4.2.2
CPT 111
(SP. SP-SM) (SM) (ML) R,
4-1
4-1 ) R,
CPT R,
R (SRSP'SM)
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CPT 24

61
(4-10)
1
P = e
1+ exp[—(7.54-16.89-R, )]
pi =0.6783
Py =05 R, =0.45%
R, =0.45%
CPT
26
(4-11)
1
T R 77 Sy s SN
1+ exp[—(13.49-12.85-R, )]
pZ =0.6061
Py, =05 R, =1.05%
R, =1.05%
CPT
R, =2.8%
0% R, 1.05%
R, 1.05% 1.05% R, 2.8%
4.3
4.3.1
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m (PL )

Robertson 8&98)yide (4-12) e
(4-13) (CR,.)
T oL [ D (4-12)
Dean 1 atm
Cy -
9 :CPT (Tip resistance)
Par1 (1 atm)
CSR=T2 2065 7, - 2180 D0 et (4-133)
O, g o,
CSR7EZCSRIMSE oo (4-13b)
CSR: ,
CSR7s: Mw=7.5
- kg/cm?
A max m/sec’
g m/sec?
oo kg/cm?
o' kg/cm?
%
MSF (Magnitude Scaling Factor)
Lizo et al.(1988) Z
%=1.0-0.00765Z, Z 9.15m
=1.174-0.0267Z, 915M<Z 23 Moo (4-14)
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P - e (4-16)
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921 17 20
45  (4-18)
i > (4-18)
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4_8 CRR;S qclN
(4-22):
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045% R, 1.05% R, 0.45%
PL:0.5
CRR; 5 (4-21) CSR; (4-13)
Fs
@ S I L or = 2O (4-23)
P.=0.3
CRR, . (4-22) CSRy5 (4-13)
Fe
e 2 I L o1 = OO (4-24)
4.4
CPT
PL:0.5 PL:0.3
P.=0.5 P.=0.3 Olson(1997)
Robertson & Wride(1997) R& W(1997) Seed
4-9 4-11 Seed
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SPT-N (1984)g. N
(a/N)=4 (Q/N)=3.7 (q/N)=3
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Q. <70 P.=0.3
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(1997) ; P.=0.5 P.=0.3
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4.5
Fs
P
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P.=0.3 Fs Fs (8-18)
(8-20) , 1714 (R,F)
(P ,Fs)
(4-25)- (4-26) 4-12 (R°=0.82 R'*=0.84)
1
P = - s (4-25)
1+ 0.3(F4)® + 0.7(Fs)
. 1
P = - e (4-26)
1+0.5(F¢)° +1.8(F2)
(Juang et al., 1999)
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fu (Fo) Fs

4-13 F. F.
JFs R 4-14 F, F.
Fs Fs
U(Fs)  fL(Fs)
] -
f (Fs) = 1 exp 1 M ............................. (4-28)
0.214% /87 * Fg 2 0214
] -
FL(FD) = L ep-1 B (4-29)
0.201%,/87 * F; 2 0201
fNL(FS) fNL(FS*)’
1 1( /n(F,) - 0.353)
f (Fs) = -= ST__TEE 4-30
N T @exp{ = ” (4-30)
* 2
. 1 1( (n(FJ)-0.221
fo (Fo) = -= ST 4-31
w(Fs) 0_322*F;*\/ZeXp[ 2( 0.322 j] (4-31)
(4-28)- (4-31) (4-27)
174 (Rs,Fs) (P& Fs)
(4-32)- (4-33) 4-15(R?=0.98,
R?=0.99)
P, - L e (4-32)
1+ (F,/0.98)%?
. 1
G T T R (4-33)
4-12 4-15 P.=0.5
Fs=1 R =05 P,=047 P=03
Fo =1 R =03
P, =031
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5.1

921

CPT SPT
CPT SPT

lwasski  (1982)
(1996)

5.1.1

, [wasaki
Jwasaki (1982)

Liquefaction Potential Index L

IL 0~100



F(2)=1-F_.(2) for F (Z2)<1.0
F(Z2)=0 for F (Z2)>1.0
W(2)=10-0.5Z

Z m

H

|wasaki (1982) 6 64

(1)IL 15

(2)5 IL<15

(3) O<IL<5
(4) IL =0

5.1.2

(1996)
(1996)
P|_W
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T B0 . et 4-6
- IOZOW(Z)- dz (4-6)
P.(2) : 0~1
Pw: 0~1
W(2) : z ( ) W(2)=1-0.05z
4-5 4-6 4-5 F_
F.<1.0 P.>0.5 4-3 F>10
P|_ 05"‘"0
0.0~0.5 4-6 Pw
P 0.0~1.0 4-3 IL
0~100 :
4-5 15 15 %
4-6 0.4 |wasaki (1982)
(1) Piw 04

(2)0.2 P.w<0.4

(3) O<P_w<0.2
(4) PLw=0



5.2

(2002)
14 5-1
4 1848 (1,030 ) 1906
(1,258 ) 1935 (3,276 )
1999 (2,444 ) 4 3
5-2
1999 9 21
( 25 55 )
(1998) ( /
2000 ) (
/ )
( 5-2) 1848 (
28 )
6
1995
(2002)
1848
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1999
M_ =6.5
0.23g
Amax=0.23g M, =7
0.33g
Amax=0.33g M, =7.5
0.59 1995
Amax=0.55¢g
53
135 1800 N
5-3 ©) M,=7.0
Amax=0.13g ©@1935 : M =7.1
Amax=0.15g ®1999
M =73 Mw=7.6 Amax=0.16g @
Amax=0.23¢g
M_ =6.5 ®
Amax=0.33g M= 7.0
©®1995 M =7.2
Amax=0.55¢g
M =75
(SPT)



-1.6m (2002)
+lwasaki(1982) 5-4 5-9
(2002) + (1986)
5-10 5-15 90 Liao(1988) + (1986)
5-16 5-19
5-4 5-9 5-10 5-15 5-16 5-19
(2002) (2002)
Liao(1988) ;921
(2002)
921
1 4A 9 11
5-4 5-9 Mw =7.0
Amax=0.13g
Amax=0.13g
5-4 5-19 1935
921 0.15g 0.169g 1 4A
9 11
921
Amax=0.23g
M,,=6.5
0.33g 0.55g
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P S
m g/cm®
m/sec m/sec
0-7 1100 190 2.00
7-30 1700 340 2.04
30-40 1600 290 2.02
40-117 1650 360 2.03
117-190 1750 390 2.05
190-250 1850 450 2.07
250 2000 700 2.10
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4.1

411

52 26 (
) 30 108

1. Kinemetrics K2

PCMCIA

108
222
GPS

3. 200

180

4.1.2

10
18
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Fast Fourier Transform
Amplitude Spectrum
B

Nakamura 1989
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4.1.3

Root Mean Sgquare

1Hz

4.2
421
Haskall Method Haskall 1953
1960
Transfer Function
P S
m m/sec m/sec g/cm3
0-7 1100 190 2.00
7-30 1700 340 2.04
30-40 1600 290 2.02
40-117 1650 360 2.03
117-190 1750 390 2.05
190-250 1850 450 2.07
250 2000 700 2.10
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KHO088

KHO088
4.2.1 4.2.1
5~6Hz
2~4 1/4
10
1~2Hz
14
117
0.5~0.6Hz
1/4 0.6Hz
250
117 117~250
4.22TSMIP
Taiwan Strong Motion Instruments Program
TSMIP
KAUO045 KAUQO57 2
25 2
4.2.2
423~ 424 2 1999 9
21
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KAUQ57

KHO066 KAUO045
KHO66 TSMIP

N o k m

1 ]19941 20550 15.57 2439 12151.1 494 55
2 |19954258292.96 223838 120 30.5 43.6 5.4
3 1996529 21 56 12.38 2245.1 120 37.8 31.8 4.4
4 11996761 275.47 22 40.0 120 30.9 26.9 51
5 (1996952342 7.88 220.1 121 22 14.7 7
6 [1997126213337.74 2245.1 120 14.4 32.8 4.1
7 1997 31192940.33 22 20.7 120 3.7 32.8 4.2
8 [19976504252.35 22 38.1 120 19.4 37.2 4.1
9 [199774183730.51 2334 120 47.4 5.1 51
10 |1998 717451 14.96 2330.2 120 39.8 2.8 6.2
11 |1998 11 17 22 27 32.52 2249.9 120 47.4 164 55
12 |199992114712.60 2351 120 46.8 11 7.3
13 1999921 5 46 37.60 23 36.6 120 49.8 5 6.4
14 |1999 9 22 8 14 40.90 2350.4 12024 7.5 6.8
15 |1999 9 26 7 52 50.00 2351.6 121 0.0 75 6.8
16 |1999102210191.30 23 30.6 120 24 121 6.4
17 |19991022111017.10 23324 120 25.2 7.2 6
18 |1999 11 2 153 5.60 2325.8 121 37.8 30.4 6.9
19 |2000580 18 15.00 22 30.6 120 24.6 37.5 5.2
20 |20006 11 023 32.60 2353.4 121 6.60 10.2 6.7




21 [2000 12 11 3 30 48.60 234.8 120114 16.5 5.3
22 20036 10164032.70 2331.2 121 40.2 27.6 6.5
23 |2003 911 655 5.90 22438 121222 88.8 5.8
24 1200311 6 21 58 38.80 237.8 120 27 14.7 52
25 |2003 121012 38 15.20 236.0 121 20.4 10 6.6

Lermo and Chavez-Garcia 1993

S
KAUO57 KAUO045
S
S 20
RMS 4.2.5 KAUO45/KAUO057
KHO066
4.2.5
1Hz
2~3Hz
1Hz

(113Hz  2.38H2)

4.2.3

2003

15 30 97 293 5




22 14

4.2.6
4271~ 429
No km
1 |2003 11 6 2158 38.80 237.8 120 27 14.7 5.2
2 12003 11 1418 12 46.00 237.2 120 27.6 15.1 4.6
3 2003 11 21 18 59 22.10 2248 120 24.0 56.5 5.1
4 2003 12 10 12 38 15.20 236.0 121 20.4 10.0 6.6
5 |2003 12 10 16 46 44.20 22 55.8 121 22.8 13.6 55
6 2003 12 11 81 49.80 22 46.8 121 25.2 12.6 o.7
7 12003 12 16 21 56 59.90 237.2 121 19.8 13.1 5.3
8 12003 12 18 0 27 24.30 22 36.6 121 24.0 13.6 5.8
9 12004 4 23 22 4 30.00 2254 120 36.6 21.2 5.0
10]2004 584 17 58.00 22 56.4 120 35.4 6.9 5.2
112004 58 4 36 14.80 22 33.6 120 0.00 41.4 4.1
1212004516 14 4 8.30 2354 121 59.4 12,5 6.0
1312004 519154 12.00 2242 121 23.4 8.7 6.5
1412004668 9 8.20 22 31.8 120 58.8 3.3 5.0
PGA
4.2.10~
4212 PGA
PGA
0.3800

Normalize PGA D =exp -0.1556D




Normaize PGA D =exp _0_2066D0-3246

Normalize PGA D =exp _0'2226D0-2863

4210~ 4.2.12
( )

PGA 100
PGA 100
PGA
4213~ 4.2.16
4213~ 4.2.16
15
3Hz 30
2Hz 97
1Hz 203
0.5Hz
KHO088
KHO088
250
293

4-8



4.2.17
4.2.17

4.3

293 22
Cross correlation

Cross
correlation correlation
293
43.1
(m) 15 30 97 293
5 6 1 39
2.8 34 6.8 21.8

4.4 Q
4.4.1Q



A A

S(f) _ 2Aexpl-Az/Q(f)]
S(f) 1+AA exp[-2x7/Q(f)]

Q 203

4.4.1 Q

4-10



Q(f)=9.12f *#

Q Q
Q Q
Shieh 1992 Q Peng and Wen 1993
Q 1998 Q
Q (hard rock)
(weak rock)
Q 2002
Q
Q 0.89
4.5
Q
Q
2003 12
10
15 30 97 293
R T 40
45.1~4.5.6
R T
451 14 30
Q
99 297
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4.6
0.1
0.1 10 1
3
1.5 0.5 0.3 0.2 8
46.1~ 468
4.2.2
40 (30} 20| 15|10 | 05| 03|02
KHO01 |1 |22 |32.93 |120 |19.24|2.24 |2.09 |2.18 |1.96 |2.43 |1.20 |1.09 |0.96
KHO002 |2 |22 |32.77 |120 |19.38|1.64 |2.05 [2.16 |2.11 |2.88 |1.63 |1.03 [1.25
KHO03 |3 |22 [32.42 |120 [19.63|1.63 [1.78 |2.10 |2.20 |2.29 |1.29 |1.30 [1.70
KHO04 |4 |22 |32.22 |120 |19.68|1.36 |1.65 [2.10 |2.09 [1.78 |1.68 |1.40 |1.66
KHO05 |5 |22 |32.53 |120 [19.35]|2.05 |2.26 |2.47 |2.17 |2.12 |1.57 |1.66 |1.99
KHOO6 |6 |22 |32.81 |120 [19.19|1.76 |2.36 [1.93 |2.04 |2.23 |1.15 |1.34 |1.36
KHO07 |7 |22 |32.88 |120 |19.05|1.39 |1.61 [1.82 |291 |1.67 |1.20 |1.12 |1.04
KHO08 |8 |22 |32.59 |120 [19.16|1.68 |2.52 |2.78 |2.11 |2.05 |1.09 |1.31 |1.65
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KHO09 |9 |22 |33.67 |120 [1951|1.81 |1.65 [1.99 |2.74 |2.03 |1.47 |0.78 |0.52
KHO010 |10 |22 |33.96 |120 [19.26(1.49 |2.24 [2.03 |2.64 [1.82 |0.99 |0.86 |0.67
KHO11 |11 |22 |33.79 |120 [19.36|1.56 [1.94 |1.71 |2.52 |1.81 |1.16 |0.78 |0.51
KHO012 |12 |22 |33.94 |120 |19.12|1.53 |1.57 |2.38 |3.02 |1.94 |0.85 |0.60 |0.53
KHO013 |13 |22 |33.69 |120 [19.25|1.85 |2.23 [2.26 |3.46 [1.90 |1.06 |0.81 |0.63
KHO14 |14 |22 |33.55 |120 [19.38|1.58 |1.75 [2.14 |2.97 [1.94 |1.05 |0.73 |0.48
KHO015 |15 |22 |34.15 |120 |19.12|2.53 |2.90 [3.37 |3.04 |1.83 |1.37 |149 |1.34
KHO16 (16 |22 343 [120 [19.09(1.87 |2.23 |2.69 |2.33 |2.07 |1.27 |1.19 [1.00
KHO17 |17 |22 |34.36 |120 |18.8 |1.98 |2.40 |3.11 |2.71 |2.37 |1.22 |0.92 |0.85
KHO018 |18 |22 |34.83 |120 |1841|1.74 |1.80 [2.20 |3.07 |2.09 |1.09 |0.99 |0.89
KHO19 |19 |22 |34.67 |120 |18.53|1.55 |1.55 [1.98 |3.17 |2.09 |1.32 |0.93 |0.91
KH020 |20 |22 |34.47 |120 |18.73|1.43 |1.70 [1.97 |2.48 [1.79 |1.13 |0.84 |0.77
KHO021 (21 |22 |36.47 [120 [17.23]|2.11 |1.96 |1.96 |[2.97 |2.18 |1.29 |0.95 |0.91
KHO022 |22 |22 |36.28 |120 [17.29|1.44 |2.20 [2.45 |2.87 |2.19 |1.37 |1.00 |0.80
KHO023 |23 |22 |36.04 |120 |17.37|2.14 |2.02 |2.31 |3.17 |2.23 |1.53 |1.27 |1.03
KHO024 124 |22 |35.7 120 |17.54|1.88 |2.15 [2.00 |2.28 |1.87 |1.27 |1.01 |1.14
KHO025 |25 |22 |35.34 |120 |17.75|2.12 |1.43 [1.78 |2.76 |1.71 |1.38 |0.91 |0.55
KHO026 (26 |22 |36.33 |120 |17.48|2.18 |1.95 |2.08 |2.79 |2.16 |1.49 |1.41 |1.36
KHO27 |27 |22 357 (120 |17.79|2.47 |3.08 [2.08 |2.12 |1.91 |1.21 |0.74 |0.90
KHO028 (28 |22 |36.01 [120 [17.58(1.85 |2.38 |1.90 |2.15 |1.74 |1.20 |0.69 |0.56
KHO029 |29 |22 3554 |120 |17.95]1.64 |2.61 |259 |240 |2.02 |1.29 |116 |1.11
KHO30 |30 |22 |35.46 |120 |18.05|246 [2.51 [2.29 |2.22 |1.63 |1.11 |0.66 |0.51
KHO31 |31 |22 |35.33 |120 [18.17|1.90 |2.64 [2.09 |1.90 |1.53 |1.29 |0.65 |0.60
KHO032 |32 |22 |35.27 |120 |17.97|2.21 |251 [1.85 |1.95 |1.41 |0.97 |0.54 |0.52
KHO33 (33 |22 [36.92 [120 [17.19]2.86 |2.48 |2.63 |2.82 |2.29 |1.59 |1.04 |1.26
KHO34 |34 |22 |36.99 |120 |17.03|2.37 |3.83 |3.02 |3.17 |2.87 |[1.76 |1.48 |1.23
KHO35 |35 |22 |37.07 |120 |16.88|2.62 |2.64 (291 |2.72 |3.34 |1.43 |1.79 |2.04
KHO36 |36 |22 |37.12 |120 [16.68|2.35 |2.99 [2.20 |2.58 |2.19 |1.21 |1.06 |0.99
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KHO37 |37 |22 |37.16 |120 [16.47|1.98 |2.56 [2.44 |3.27 |2.88 |1.50 |1.17 |1.13
KHO38 |38 |22 |36.81 |120 [16.08|2.05 |2.71 [2.72 |2.93 |2.60 |1.42 |1.21 |1.04
KHO39 (39 |22 |36.53 |120 [16.31[1.79 |2.94 |2.49 |2.60 |1.93 |1.39 |143 |1.21
KHO040 |40 |22 363 |120 [16.45|1.85 |3.10 [2.65 |2.08 [1.55 |1.16 |1.02 |0.99
KHO41 |41 |22 |36.03 |120 |16.67|1.75 |2.83 [2.84 |2.17 |1.53 |1.10 |1.02 |1.10
KHO042 42 |22 |35.78 |120 [16.87|3.03 |3.16 [2.38 |1.64 [1.71 |1.34 |0.88 |0.86
KHO43 |43 |22 |35.53 |120 [17.13|3.19 |2.06 [2.41 |1.85 |1.48 |1.24 |1.00 |0.94
KHO044 (44 |22 |353 [120 [17.32|2.23 |2.63 |2.09 |2.32 |1.74 |1.10 |142 |1.21
KHO45 |45 |22 |35.22 |120 |17.18|2.23 |2.90 [2.39 |1.82 |1.17 |1.15 |0.94 |0.94
KHO46 |46 |22 3548 |120 |17 |2.20 |2.79 [2.13 |1.78 |1.38 |1.01 |0.93 |1.03
KHO47 |47 |22 |35.71 |120 |16.8 |255 |3.29 |[2.31 |1.82 |1.19 |0.80 |0.60 |0.60
KHO048 48 |22 |36.04 |120 |16.57|2.19 |2.50 [2.62 |2.30 [1.27 |1.07 |1.06 |1.19
KHO049 [49 |22 |36.32 |120 [16.36|2.76 |2.62 |2.48 |2.66 |1.48 |1.02 |0.83 |0.76
KHO50 |50 |22 |36.57 |120 |16.1 |1.65 |2.87 [2.89 |2.82 |2.03 |1.35 |1.23 |1.10
KHO51 |51 |22 [34.99 [120 [17.47|2.74 |3.01 |2.74 |1.96 |1.58 |1.09 |1.08 [1.04
KHO52 |22 |22 |34.78 |120 |17.57|252 |2.55 [2.09 |1.79 |1.49 |0.90 |0.96 |0.90
KHO053 |53 |22 |34.16 |120 |18.07|2.05 [2.92 [1.79 |1.43 |1.44 |0.60 |0.64 |0.59
KHO54 |54 |22 3432 |120 [18.08|2.28 |2.91 [1.80 |1.63 |1.62 |0.65 |0.56 |0.48
KHO55 |55 |22 |33.94 |120 |18.28|2.14 |3.19 |2.11 |1.88 |1.73 |0.84 |0.57 |0.60
KHO56 [56 |22 |34.02 |120 [20.81|2.23 |2.18 |2.42 |2.50 |2.73 |1.53 |1.38 |0.95
KHO57 |57 |22 |33.73 |120 |20.83|2.09 |2.04 [2.47 |2.07 |2.36 |1.31 |1.20 |1.21
KHO058 |58 |22 |33.24 |120 |20.29(1.55 |2.07 [1.92 |1.63 |2.35 |1.17 |0.96 |0.47
KHO59 |59 |22 |33.36 |120 |20.38|1.86 [1.99 [1.84 |1.89 |2.38 |1.35 |0.86 |0.62
KHO60 |60 |22 |33.47 |120 |20.19|2.30 |2.12 240 |2.13 |1.90 [1.24 |1.21 |1.07
KHO61 [61 |22 |33.54 [120 |20.02|2.31 |1.97 |1.89 [1.87 |2.16 |1.03 |0.90 |0.59
KHO062 |62 |22 |33.78 |120 [19.79|1.78 |1.91 [2.58 |2.34 |2.60 [1.29 |0.99 |1.06
KHO063 |63 |22 |33.73 |120 |20.25|2.08 |2.23 [2.37 |2.24 |2.52 |1.48 |140 |1.24
KHO64 |64 |22 |34.01 |120 |20.48|1.67 |1.71 |2.05 |2.13 |2.86 |1.21 |1.17 |1.26
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KHO65 |65 |22 |33.89 |120 [19.97|1.74 |2.45 |[2.33 |2.13 |2.38 |1.11 |1.04 |1.16
KHO66 |66 |22 |34.16 |120 |20.12(1.47 |2.34 [2.15 |242 |2.22 |1.66 |1.25 |1.55
KHO67 |67 |22 |34.07 |120 [19.75]|1.69 |2.25 |2.04 |2.24 |2.33 |1.38 |1.05 |0.93
KHO68 |68 |22 3444 |120 [19.47|1.79 |2.25 231 |259 |1.78 |1.28 |1.01 |1.24
KHO69 |69 |22 |33.96 |120 [18.92|1.62 |2.38 [2.37 |3.43 |2.29 |1.10 |1.36 [1.58
KHO70 |70 |22 |34.05 |120 [18.79|1.62 |2.24 [2.40 |3.61 |2.81 |1.05 |0.87 [1.12
KHO71 |71 |22 3432 |120 |18.73|1.62 |2.28 [2.78 |2.78 |2.05 |1.30 |1.13 |0.84
KHO72 |72 |22 |34.67 |120 [19.19]1.22 |2.80 |2.16 |2.04 |2.06 |1.16 |0.91 |0.91
KHO73 |73 |22 |34.85 |120 |19.58|1.50 |2.45 |2.67 |2.97 |2.50 [1.34 |1.34 |1.39
KHO74 |74 |22 |35.18 |120 [19.34(1.86 [1.94 [2.21 |2.25 |2.37 |1.37 |1.27 |1.36
KHO75 |75 |22 |35.33 |120 |18.96|1.53 |2.00 [1.69 |1.91 |2.26 |[1.40 |1.48 |1.48
KHO76 |76 |22 3491 |120 |18.98|2.29 |2.52 [2.12 |2.43 |1.91 |1.08 |0.93 |0.80
KHO77 |77 |22 |34.86 [120 |18.8 [2.58 |2.07 |1.94 |2.11 |1.85 |1.13 |0.80 |0.78
KHO78 |78 |22 |34.96 |120 [1854(1.80 |2.14 [1.94 |2.68 |2.23 |1.51 |0.98 |0.88
KHO79 |79 |22 |35.41 |120 [18.53|1.71 |2.06 |2.32 |2.59 |2.07 |1.25 |1.08 |1.57
KHO80 |80 |22 |35.64 |120 [18.91|1.82 |1.75 [1.52 |2.05 [1.98 |1.42 |1.17 |1.16
KHO81 |81 |22 |34.31 |120 |18.02|2.23 |2.31 [1.83 |2.40 |1.88 |1.11 |1.11 |0.97
KHO82 182 |22 345 (120 [17.93|2.70 |2.36 [2.30 |2.25 |2.16 [1.26 |0.96 [1.48
KHO083 |83 |22 |34.61 |120 |17.83|2.34 |2.70 [2.01 |250 |2.11 |1.33 |1.33 |1.67
KHO084 (84 |22 3449 |120 [17.79]|2.60 |2.40 |2.41 |2.08 |1.50 |0.76 |0.76 |0.66
KHO85 |85 |22 |33.26 |120 |18.88|2.30 |2.15 |1.67 |2.09 [1.89 |1.27 |1.01 |0.83
KHO86 |86 |22 |33.36 |120 [18.71|1.66 |2.45 [1.96 |2.12 |2.20 |0.96 |0.70 |0.76
KHO87 |87 |22 |33.58 |120 [18.52|2.33 |2.70 [2.07 |1.82 |1.69 |0.90 |0.66 |0.51
KHO088 |88 |22 3591 |120 [16.97|2.76 [2.94 (249 |255 |2.12 |1.41 |1.03 |1.37
KHO089 (89 |22 [36.28 [120 |184 [2.45 |2.05 |2.01 |1.88 |2.22 |1.25 |1.27 |1.06
KHO090 |90 |22 |36.39 |120 |18.13|1.63 |1.84 [2.47 |2.09 |2.57 |1.55 |145 |1.27
KH091 |91 |22 369 |120 |18.15|2.33 |2.18 [2.16 |2.29 |2.61 [1.99 |1.28 |1.06
KH092 192 |22 |36.83 |120 |17.8 |1.70 |2.01 |1.89 |2.57 |2.41 |1.71 |1.35 |1.23
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KHO93 |93 |22 [36.81 |120 |17.53]2.20 |1.79 [2.69 |2.44 [2.32 [1.58 [1.66 |1.92
KH094 |94 |22 [36.72 |120 |17.75|2.45 [2.87 [2.12 |2.40 [2.26 [1.88 |1.61 |1.53
KHO95 |95 |22 3661 [120 |17.86|2.86 [1.91 |2.10 |1.93 |1.87 |1.74 |1.44 |1.40
KHO96 |96 |22 3694 |120 |17.57|1.45 [2.08 |1.97 |252 [2.03 [1.03 [1.24 |1.22
KHO97 |97 |22 |37.09 |120 |17.63|2.06 [2.76 [2.28 |2.13 [2.40 [1.43 [1.35 |1.08
KHO98 |98 |22 |37.15 |120 |18.04|1.43 [2.07 [2.26 |2.18 [2.08 [1.37 |1.57 |1.09
KHO99 |99 |22 [37.32 |120 |17.71]1.66 |1.68 [2.19 |2.06 [2.74 [1.69 [1.82 |1.29
KH100 [100/22 |37.51 |120 175 |1.96 [2.13 [1.96 |1.99 [2.57 [1.95 [1.64 |1.61
KH101 |101/22 |37.26 |120 |17.21]2.00 [2.71 [2.59 |2.46 [2.23 [1.34 |1.48 |0.97
KH102 [102|22 3751 |120 |17.04|1.45 |1.83 [2.10 |2.37 [2.41 [1.73 [1.20 |1.23
KH103 |103|22 |37.47 |120 |16.74|1.22 [2.18 [1.99 |1.92 [2.45 [2.79 [1.79 |1.36
KH104 [104|22 |37.33 |120 |16.25|1.51 [2.07 [2.07 |2.28 [2.66 [1.35 [1.15 |1.06
KH105 |105/22 |37.12 |120 |16.09|2.00 |1.77 [1.88 |1.74 [1.75 [2.37 [2.20 |2.25
KH106 |106/22 361 [120 |18.24|1.61 [2.32 |2.05 |1.91 |1.97 |1.86 |1.32 |1.24
KH107 107 |22 [35.72 |120 1856|159 [2.00 [2.01 |1.87 [2.13 [1.61 [1.10 |1.05
KH108 |108|22 [36.09 |120 |1857|1.65 |1.74 [2.49 |2.62 [2.14 [1.54 (149 |1.47
4
1
4.6.9 1Hz
250
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KHO001 1 22 32.93 120 19.24 0.95
KH002 2 22 32.77 120 19.38 0.98
KHO003 3 22 3242 120 19.63 113
KHO004 4 22 32.22 120 19.68 0.55
KHO005 5 22 32.53 120 19.35 0.49
KHO006 6 22 32.81 120 19.19 0.89
KHO007 7 22 32.88 120 19.05 0.67
KHO008 8 22 32.59 120 19.16 0.58
KHO009 9 22 33.67 120 1951 0.61
KHO010 10 22 33.96 120 19.26 0.61
KHO11 11 22 33.79 120 19.36 0.61
KHO012 12 22 33.94 120 19.12 0.61
KHO013 13 22 33.69 120 19.25 0.61
KHO014 14 22 33.55 120 19.38 0.61
KHO015 15 22 34.15 120 19.12 0.70
KHO016 16 22 34.3 120 19.09 0.70
KHO17 17 22 34.36 120 18.8 0.52
KHO018 18 22 34.83 120 18.41 0.64
KHO019 19 22 34.67 120 18.53 0.61
KH020 20 22 34.47 120 18.73 122
KHO021 21 22 36.47 120 17.23 0.64
KHO022 22 22 36.28 120 17.29 0.58
KHO023 23 22 36.04 120 17.37 0.67
KHO024 24 22 35.7 120 17.54 0.67
KHO025 25 22 35.34 120 17.75 0.67
KHO026 26 22 36.33 120 17.48 0.61
KHO027 27 22 35.7 120 17.79 1.01
KHO028 28 22 36.01 120 17.58 0.70
KHO029 29 22 35.54 120 17.95 0.49
KHO030 30 22 35.46 120 18.05 0.49
KHO031 31 22 35.33 120 18.17 0.55
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KHO032 32 22 35.27 120 17.97 0.37
KHO033 33 22 36.92 120 17.19 0.70
KHO034 34 22 36.99 120 17.03 0.73
KHO035 35 22 37.07 120 16.88 0.85
KHO036 36 22 37.12 120 16.68 0.67
KHO037 37 22 37.16 120 16.47 0.73
KHO038 38 22 36.81 120 16.08 1.01
KHO039 39 22 36.53 120 16.31 0.37
KHO040 40 22 36.3 120 16.45 0.37
KHO041 41 22 36.03 120 16.67 0.49
KHO042 42 22 35.78 120 16.87 0.46
KHO043 43 22 35.53 120 17.13 0.55
KHO044 44 22 35.3 120 17.32 0.70
KHO045 45 22 35.22 120 17.18 0.46
KHO046 46 22 35.48 120 17 0.43
KHO047 47 22 35.71 120 16.8 0.37
KHO048 48 22 36.04 120 16.57 0.49
KHO049 49 22 36.32 120 16.36 0.46
KHO050 50 22 36.57 120 161 0.46
KHO51 51 22 34.99 120 17.47 0.49
KHO052 52 22 34.78 120 17.57 0.40
KHO053 53 22 34.16 120 18.07 0.37
KHO054 54 22 34.32 120 18.08 0.37
KHO055 55 22 33.94 120 18.28 0.37
KHO056 56 22 34.02 120 20.81 1.28
KHO057 57 22 33.73 120 20.83 1.19
KHO058 58 22 33.24 120 20.29 1.07
KHO059 59 22 33.36 120 20.38 1.04
KHO060 60 22 33.47 120 20.19 122
KHO061 61 22 33.54 120 20.02 1.01
KH062 62 22 33.78 120 19.79 0.89
KHO063 63 22 33.73 120 20.25 0.46
KHO064 64 22 34.01 120 20.48 0.98
KHO065 65 22 33.89 120 19.97 0.40
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KHO066 66 22 34.16 120 20.12 0.89
KHO067 67 22 34.07 120 19.75 1.13
KHO068 68 22 34.44 120 19.47 131
KHO069 69 22 33.96 120 18.92 0.70
KHO070 70 22 34.05 120 18.79 0.70
KHO71 71 22 34.32 120 18.73 0.64
KHO072 72 22 34.67 120 19.19 0.37
KHO73 73 22 34.85 120 19.58 0.70
KHO74 74 22 35.18 120 19.34 1.01
KHO75 75 22 35.33 120 18.96 0.82
KHO76 76 22 34.91 120 18.98 0.55
KHO77 77 22 34.86 120 18.8 0.92
KHO78 78 22 34.96 120 18.54 0.70
KHO079 79 22 3541 120 18.53 0.64
KHO080 80 22 35.64 120 18.91 0.40
KHO081 81 22 34.31 120 18.02 0.64
KHO082 82 22 34.5 120 17.93 0.58
KHO083 83 22 34.61 120 17.83 0.73
KHO084 84 22 34.49 120 17.79 0.43
KHO085 85 22 33.26 120 18.88 0.64
KHO086 86 22 33.36 120 18.71 0.95
KHO087 87 22 33.58 120 18.52 0.37
KHO088 88 22 35.91 120 16.97 0.37
KHO089 89 22 36.28 120 184 0.92
KHO090 90 22 36.39 120 18.13 0.79
KH091 91 22 36.9 120 18.15 0.79
KH092 92 22 36.83 120 17.8 0.89
KHO093 93 22 36.81 120 17.53 113
KH094 94 22 36.72 120 17.75 0.98
KH095 95 22 36.61 120 17.86 0.52
KHO096 96 22 36.94 120 17.57 0.70
KHO097 97 22 37.09 120 17.63 0.89
KH098 98 22 37.15 120 18.04 125
KH099 99 22 37.32 120 17.71 1.19
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KH100 100 22 37.51 120 17.5 1.37
KH101 101 22 37.26 120 17.21 0.76
KH102 102 22 37.51 120 17.04 0.89
KH103 103 22 37.47 120 16.74 1.13
KH104 104 22 37.33 120 16.25 1.40
KH105 105 22 37.12 120 16.09 1.83
KH106 106 22 36.1 120 18.24 0.55
KH107 107 22 35.72 120 18.56 0.37
KH108 108 22 36.09 120 18.57 0.73

1Hz
100
0.8~1Hz 250
0.4~0.6Hz

4.7

Nakamura 1996

A Kq
Kg=Asfp
Kg Kg
Kg
4.7.1 Kg
Kg
KH001 1 22 32.93 120 19.24 10.94
KH002 2 22 32.77 120 19.38 23.15
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KHO003 3 22 32.42 120 19.63 741

KHO004 4 22 32.22 120 19.68 15.14
KHO005 5 22 32.53 120 19.35 20.53
KHO006 6 22 32.81 120 19.19 14.76
KHO007 7 22 32.88 120 19.05 28.60
KHO008 8 22 32.59 120 19.16 18.20
KHO009 9 22 33.67 120 1951 2341
KHO010 10 22 33.96 120 19.26 17.33
KHO011 11 22 33.79 120 19.36 21.98
KHO012 12 22 33.94 120 19.12 25.99
KHO013 13 22 33.69 120 19.25 39.96
KHO014 14 22 33.55 120 19.38 24.52
KHO015 15 22 34.15 120 19.12 2351
KHO016 16 22 34.3 120 19.09 18.02
KHO17 17 22 34.36 120 18.8 36.56
KHO018 18 22 34.83 120 1841 27.56
KHO019 19 22 34.67 120 18.53 22.55
KH020 20 22 34.47 120 18.73 7.39

KH021 21 22 36.47 120 17.23 22.17
KH022 22 22 36.28 120 17.29 24.25
KHO023 23 22 36.04 120 17.37 38.95
KH024 24 22 35.7 120 1754 15.38
KH025 25 22 35.34 120 17.75 26.47
KH026 26 22 36.33 120 17.48 26.26
KHO027 27 22 35.7 120 17.79 10.12
KHO028 28 22 36.01 120 17.58 9.55

KH029 29 22 35.54 120 17.95 26.91
KHO030 30 22 35.46 120 18.05 18.98
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KHO031 31 22 35.33 120 18.17 20.39
KHO032 32 22 35.27 120 17.97 20.90
KHO033 33 22 36.92 120 17.19 15.63
KHO034 34 22 36.99 120 17.03 271.57
KHO035 35 22 37.07 120 16.88 20.19
KHO036 36 22 37.12 120 16.68 13.96
KHO037 37 22 37.16 120 16.47 27.02
KHO038 38 22 36.81 120 16.08 13.18
KHO039 39 22 36.53 120 16.31 31.21
KH040 40 22 36.3 120 16.45 46.40
KHO041 41 22 36.03 120 16.67 25.76
KH042 42 22 35.78 120 16.87 20.38
KHO043 43 22 35.53 120 17.13 18.42
KH044 44 22 35.3 120 17.32 11.95
KHO045 45 22 35.22 120 17.18 18.12
KHO046 46 22 35.48 120 17 19.96
KHO047 47 22 35.71 120 16.8 22.92
KHO048 48 22 36.04 120 16.57 21.73
KH049 49 22 36.32 120 16.36 35.38
KHO050 50 22 36.57 120 16.1 40.28
KHO051 51 22 34.99 120 17.47 26.38
KH052 52 22 34.78 120 17.57 18.37
KHO053 53 22 34.16 120 18.07 21.71
KHO054 54 22 34.32 120 18.08 22.01
KHO055 55 22 33.94 120 18.28 43.42
KHO056 56 22 34.02 120 20.81 11.96
KHO057 57 22 33.73 120 20.83 16.93
KHO058 58 22 33.24 120 20.29 13.49
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KHO059 59 22 33.36 120 20.38 12.48
KHO060 60 22 33.47 120 20.19 941

KHO61 61 22 33.54 120 20.02 8.50

KH062 62 22 33.78 120 19.79 16.68
KHO063 63 22 33.73 120 20.25 24.20
KHO064 64 22 34.01 120 20.48 14.05
KHO065 65 22 33.89 120 19.97 29.61
KHO066 66 22 34.16 120 20.12 12.88
KHO067 67 22 34.07 120 19.75 7.29

KHO068 68 22 34.44 120 19.47 8.89

KHO069 69 22 33.96 120 18.92 36.01
KHO070 70 22 34.05 120 18.79 42.01
KHO071 71 22 34.32 120 18.73 28.47
KHO072 72 22 34.67 120 19.19 36.50
KHO073 73 22 34.85 120 19.58 21.52
KHO074 74 22 35.18 120 19.34 12.48
KHO75 75 22 35.33 120 18.96 11.29
KHO76 76 22 34.91 120 18.98 22.22
KHO77 77 22 34.86 120 18.8 9.20

KHO78 78 22 34.96 120 18.54 23.24
KHO079 79 22 3541 120 18.53 27.03
KHO080 80 22 35.64 120 18.91 20.95
KHO081 81 22 34.31 120 18.02 13.64
KH082 82 22 34.5 120 17.93 28.24
KHO083 83 22 34.61 120 17.83 14.68
KHO084 84 22 34.49 120 17.79 20.34
KHO085 85 22 33.26 120 18.88 10.74
KHO086 86 22 33.36 120 18.71 16.87
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KH087 87 22 33.58 120 18.52 25.85
KHO88 88 22 35.91 120 16.97 46.95
KH089 89 22 36.28 120 18.4 13.74
KHO090 90 22 36.39 120 18.13 14.26
KHO091 91 22 36.9 120 18.15 21.50
KH092 92 22 36.83 120 17.8 16.01
KH093 93 22 36.81 120 17.53 8.54
KH094 9 22 36.72 120 17.75 1453
KH095 9% 22 36.61 120 17.86 16.55
KH096 % 22 36.94 120 17.57 27.34
KH097 97 22 37.09 120 17.63 14.66
KHO098 98 22 37.15 120 18.04 8.12
KH099 99 22 37.32 120 17.71 13.25
KH100 100 22 3751 120 175 9.63
KH101 101 22 37.26 120 17.21 18.36
KH102 102 22 3751 120 17.04 11.43
KH103 103 22 37.47 120 16.74 17.93
KH104 104 22 37.33 120 16.25 10.85
KH105 105 22 37.12 120 16.09 6.47
KH106 106 22 36.1 120 18.24 22.37
KH107 107 22 35.72 120 18.56 29.73
KH108 108 22 36.09 120 18.57 17.51
4.7.1 1Hz
0.5Hz Ky
Ky 15 15
30 40
2002
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2.3

PGA (peak ground acceleration)
(cyclic stressratio)
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SPT-N
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SPT-N

SPT-N (1)Seed
(Seed , 1985) (2) (JRA , 1990)
(3)Tokimatsu  Yoshimi (T-Y , 1983) (4)
(NJRA , 1996)
2.3.1 Seed
H. B. Seed
M. 75
CSR5( 15)  (N1)eo (N1)eo
60% 1kg/cm?
SPT-N CSRys=
f((Nl)GO) CSRlS (Nl)GO
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SPT-N 1983
(N1)eo Dso 1985
FC(%)
AASHTO
2.2 2.3
2.3.2
(1990)
lwasaki  Tatsuoka(1978, 1980, 1982)
20
CSRx SPT-N; 6

2-5



Seed SPT-N Z&AL3FAE %
(Seed et al. » 1985)
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2.3.3 Tokimatsu

234

FC(%)

23
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24

PGA
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B R BILIPRE
(8 &iH%i%4 - 1990)

wi X
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J 1 v
v 2
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BAEAH KA a,
L= (..;.)‘;" = Ane g.‘.'.,; N
o, g R, =0.0882
r,=1-0.015Z g, +0.7
0.19 ...{0.02mm < D,, < 0.05mm)
R, ={0.225-10g,,(%22) ...(0.05mm < D, < 0.6mm)
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L Y
Y
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Tokimatsu & Yoshimi &Ab#F4E+
(Tokimatsu & Yoshimi » 1983)
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1.

2.

(Densification method):

(Sail replacement method):
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3.2

321

(Solidification method):

(Drainage method):

(ground improvement)
3.2

( sand compaction pile method)

3.1

3-2
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30m

25 m(
20 m)

30 m(
13 m)

3 3 m(
20 m)

30 m

2 0lm

etal., 1992)
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(Vibroflotation method)

(vibroflot)

3.2

1.2~2.2m
15%
40%

(Dynamic compaction method)

10~40t 5~40m
1970 Louis Menard
(heavy tamping method)

(dynamic compaction method)

(dynamic compaction method)

Menard (Menard and Broise,1975)

34



D= (m)

W= (1)

H=" (m)

a= ( ,a =0.4~0.6)
4. (Blasting densification method)

3.2.2
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3.2.3

324

(Stone column method)

(Deep mixing pile method)

3.3

(Lime pile method)
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3.3

331

Yoshimi(1990)
(ductility)

37



3.3.2

(JSSMFE) (JGS,1998)
1990 305
(59.0%)
(5.6%)

1993
80

2000

3-8

1985

(33.4%)

1%

13m
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3)
(4)
(5)
(6)
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4.1

4.2
42.1
( 3.1
( 40cm)
60cm~70cm
4.2.2
1.
60~70cm
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4.1

1.4~1.8m
(replacement ratio)
( 41
ahlA A @
A x? X, X,
A2 A
S A \/§X2 ( )
ag=
As:
X, Xqy X5 =
4.2 l+e, €,
Ae
€
A e —
B = = 1 (43)
l+e, 1+e€,
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{c) Rectangular grid

4.1

T < Void

<

l :'1 ] Sand pile

I Soil particle
:(On'ginal ground) " (After improvement)
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eO -
€
4.2.3
STP-N Dr
(1)
(2)N-Dr-e N
1.
N
N N
N a
4.3
4.4 (The Japanese Geotechnical Society)
F. 20%
N F. N 4.5
(Mizunoeta 1987) 4.4~4.5
2. N-Dr-e
Gibbs and Holtz(1957) N-Dr Dr-e
e, e 4.3
aS
4.6 4.7
4.7 20%
N
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N-value between piles afler Improvement N,

Nl OI’N’
@
2.
3
z .
g Replacement
> ratio a,
e
(=%
E
B
<
-
Mo
Original N-value
4.3
40 XXX
x| x
| %
a, =020 3%
3%
x
x | x Y
30
xﬂ A
x
o A
x Ca
.3
x ;/ T
o) v, “:
20
oafla
x A yaalo Legend
Q A
Spaad Ao o} 4,=0025-0075 |
A A 0.075-0.125
10 % o 0.125-0.175 [
aad x 0.175~0225
A o
N ¢ Original M-value -~
N ;: N-value between piles
after improvement
a, : Replacement ratio
09 10 20
Original N-value N o
4.4 (JGS 1998)



N-value between piles after improvement ¥,

A Original ground N-value Ny=3~4
O :0.5054,£0.125
- ® :0.125<g,50.225
—— : Mean square method for symbol O
<.\ ~ == : Mean square mcthod for symbol @
\ £ bt
¢\l |o
LIt
\"‘ooo-oc ?
N < N o0 J
N N\
~,~31 L
NSNS
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L ]
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o 2 4 6810 20 .40 60%0100
Fines content F, (%)
N (Mizuno et al. 1987)
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N/=N +(N -N)/p (4.4)

N'= N
1
N = N
1
N = N
ﬂ =
= 1.05-0.51logF, <1
F.=
N1 e
aS
4.3
4.3.1
4.8
1930 1968
2~3 4~8 (Paul etal 1984) 1970
Louis Menard
(heavy tamping
method) (dynamic compaction method)
(dynamic
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consolidation method)(Menard and Broise 1975)

4.3.2

4.3.3

(1)

(primary tamping)

4-10

DC

78

(ironing tamping)



Menard (Menard
and Broise 1975)

D = a(WH)** (4.5)
D= (m)
W= ®
H= (m)
a= ( 1.0)
94
4.9
45 WH (AWH)
p FHWA (1995)
0.9
B 0.81
(2
( 4.6)
L D (4.6)
L= (m)
D= (m)

3)
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E=E,D (4.7)

E = (tm/m?)
D = (m)
E,= (tm/m?)
EV EV
4.10
(E) N AN (JGS, 1998)
N N 4.10
E, 4.7 E
EV
E. WHN
E,=—t=—— 4.8
RV (4.8)
E.= (t-m)
W = )
H = (m)
N =
V = (m°)
(1988)
30~ 35° 30°
L V
V = L?D +1.15LD? + 0.441D3. (4.9)
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10

Improvement depth (m)

15

20

4.9

30

25

20

Increased N value AN (blow counts)
o

4.10

VW-H  f -mm

20 30 40 30

O N a=04
o)
a=05
a=0.6
(JGS 1998)
7z
;:6-2»04»6—
P p
V4 7
Ve 7
7 7
——QODOD-O-OF-
7/ 7]
7 P
/ e
D07
7 .
’ 7
4 /
d;
Ve
q /
20 40 60 80 100 120
Tamping energy amouat £ (tf - m/m’) _
N (JGS 1998)
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(m)

D= (m)
E, 4.8
4.10
N N
4.10
2
N, = EL
WHnN
Ng=
E =
W = (t)
H = (m)
L = (m)

>
1

(4)

()
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4.9

E,~A N

(tm/m?)

AN

1987)
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2~3m

50~100tm
5~12t 5~15m 2~5

(pilot test)
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5.1

/

5.2

521

(vibroflotation method)
(vibroflot)
(vibro-compaction method)
(stone column method granular column method)
1930 1980
1990

51



bar)

522

13

5.1(a)

5.1(b)

( 0.5~1.0m)

(280
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5.2.3

( SPT-N )

10% 30%

52 (Brown 1977)
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Percentage finer by weight

US standard sieve sizes

100 3 " 4 10 20 40,60 100 200
i |
5 I
80— l AMETHERE
B:E X AL
L. l CETHRRER
60 f— |
= A >8 c] |
wob | I
8 I I
20 :
| |
0 I Y
10.0 1.0 0.1 0.01 0.001
Grain size (mm)
Gravel Sand Fines
Coarse | Fine [Medium]  Fine Silt T Clay
Coarse
5.2 (Brown 1977)

5-5



0.5~5cm

Brown(1977) Su(suitability
number)
SN:1.7\/ 32+ 12+ 12 (5.1
(DSO) (DZO) (Dlo)
Dy, D,y Dy 50% 20% 10%
(mm)
30
524
1.
( 422 )
2.

(1)Seed & Booker's Method

Seed & Booker(1977)

Seed & Booker
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r =
m,= (coefficient of compressibility)
=
Ug= N
N =
N Uq
u_g_(zjgn{ﬁfz“ 53
o, & N,
N,=
a = ( 0.7
o=
Seed & Booker 53 52 53
5.4

(2) Ohkita's Method
Seed & Booker
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(well resistance)

k 2
L=3—§_h(iJ (5.4)
7 Ky | 2R,

S N
I

I
1

55 Ohkita  (1986)
Ohkita
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1.5~2.0
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2
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2.1

(Aquifer)

2-1

(Aquitard)

2-2

(7)




2.2

(Deep subsidence)
(Hydrulic jack)

(Active subsidence)

(Lag subsidence)
(Residual subsidence)(2)

(Interbeds)
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2.3

Terzaghi “ " (decoupled approach)
Biot “ " (coupled approach)

1. Terzaghi
Terzaghi(1943)

(1)

2 ©)
(Darcy law) (4)
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Terzaghi

s=— H .Iog(mj ................................................................ (2-1)
1+ & P'o
S Cc
& Po
H A(Ylvo
S
S(t)
2
A e (2-2)
a A*?
u Cv
t z
Taylor(1948) Fourler
s (2n + 1)2712
TV | oot 2-3
Z 2n+1 { 4 ( )
Uy (3-4)
Tv
I Audz
U (L) 2 L oottt e e e et e e et e e e e e et e e e e eereeaees 2-4
( ) IAuodz ( )
(3-3) Tv t
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Biot 1941 Verruijt
1969 Bear Corapcioglu 1981 Biot

(@)
(b) (©)
(d) Darcy (e)

(f) (9)

G ce 0”,0_0

1-2v X &

ovigs G @ D _g
1-2vy &
G & a_,
1-2voz oz

oe ap
kV?p =—+np-—=
P

GV3S+

GV3S +

°*  0* 7P
Vies—+—+—

X oN® L

E=8&x+ &yt &z p
(excessporewater pressure) E v G
(Young's modulus) (Poisson’s ratio)
G=E/2(1+v) k n B

(permeability) (porosity) (compressibility)
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(3-8)

4PHE 1 2n+1)r Y’ ]
S= prwe ;(2n+1)2 x{l— exp{—[ o, j Cvtjl} ............................... (2-9)

ng + L
2nG

2

1995 Biot 1941
Step-loading model
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1998 Terzaghi 1943

1998

S(t)i{zj;i ]Zkl:{CdjxlogPJPTamg — {1 ex{_((zg;‘giﬁjzvaix(t—tJ)]}U(t—tJ)}}

Hi i
Celj i ]
Ce=Cce=Ccl/l+e&) Cce Cc €0
Ce=Cre=Cr/(l+e) Cre Cr
P i ]
hij [ j
Hdi [ Hdi =

Hdi=Hi/2

Cvi [
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t > tij

ti i ]
u(t - tij) Heaviside Step t <t u(t — tij) =0
u(t—tj)=1
1998
2-4
0 X —X " .
X — W _— §
- Y * ‘

<1

0-41m
41-91m
91-140m
140-200n
0-200m

>

*

8602 8603 8604 8605 8606 8607 8608 86009
C )

2-4

2-11

8610 8611 8612 8701



31

3.2

10kg/cm?

D)

(2)

3)

2kg/cm?

3-1

DOBOKU

3-1

200 m
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20kg/cm?
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(1)
(2)

(1)

(2)

3)

(4)

(5)

DOBOKU

210 m

34 35

2.5

34
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3.3

3.3.1
3-6
1 1
(1) 1 193 m
23 3-1
(2 1 5
202m 142m 105
m 58m 35m 10 m
IC 6 IC
IC 3-2
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3-1

(m)

Sl 189.2
S2 188.2
S3 177.2
HA 173.2
S5 161.0
S6 155.2
S7 146.1
S8 138.2
9 129.1
S10 125.0
S11 120.0
S12 116.0
S13 109.1
S14 104.1
S15 101.2
S16 90.1

S17 62.2

S18 55.2

S19 51.3
S20 31.3
S21 26.4
S22 3.7

S23 0.6
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41894 13.73m CH1 242 0.000682
41895 13.73m CH2 276 0.000667
EW 41897 15.26 m CH3 225 0.000670
41898 14.58 m CH4 105 0.000671
41896 17.85m CH5 245 0.000672
3Bm 3.73m
58 m 3.73m
105 m 526 m
142 m 4.58 m
202 m 7.85m
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3.3.2

22

105 75 35m

3-7

3-12

18 19

1
200 m
5

187 145

10 m
IC
IC IC
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3-3

18~19

(m)

3.3.3

s1 249.5
2 248.8
S3 239.8
4 231.4
S5 221.2
S6 211.2
s7 200.5
S8 181.0
9 175.0
S10 150.0
si1 134.0
S12 110.6
S13 94.3
S14 79.9
S15 56.0
S16 52.6
S17 40.2
si8 30.8
S19 20.8
S20 10.9
s21 3.8
S22 0.6

( 38 3-4

1
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1 200 m

18 35
2
7 3 4
3 131 68 44m
178 1435 105 34m
10m
IC 6
IC IC
3-6
34
N(m) E(m)
Oow-1 3.166 2587280.959 161254.669
OW-2 3.498 2587281.740 161268.649
SB 3.416 2587281.574 161264.043
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=

o J_mmm. m.s%./._
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3-5

(m)

S1 8.262
S2 15.7775
S3 29.633
HA 40.5855
S5 55.548
S6 65.563
S/ 75.514
38 85.469
S 100.4705
S10 110.4515
Sl1 120.4515
S12 130.7385
S13 140.441
S14 157.4565
S15 170.4380
S16 180.6975
S17 190.4455
S18 200.4735
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3-6

35549 44 m CH2 27 0.00339
35550 68 m CH3 125 0.00331
Oow-1
39332 131 m CH5 -134 0.00680
34m 4.07m
105 m 24.46 m
143 m 24.81 m
178 m 25.26 m
OwW-2
25986 14.07 m CH1 115 0.000673
25985 34.46m CH4 296 0.000673
25987 34.81m CH6 147 0.000672
25983 35.26 m CH7 -315 0.000672
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3.34

3-9)

18

173 m

3-19

26

173 m

200 m

10 m
IC
IC

5
29 63 100 145
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3-7

(m)

Sl 0.7
S2 3.6
S3 105
HA 18.8
S5 27.5
S6 31.6
S/ 55.0
33 /3.2
9 90.9
S10 110.4
Sl1 139.1
S12 157.2
S13 164.3
S14 179.8
S15 182.5
S16 189.8
S17 199.7
S18 200.7

321




4.1

411

207
12
(SW SM) 0O -60 m
24m -29m 49 m -53m
(CL)
(CL) -60m -101m
2 (SW SM)
(SW SM) -101m -106m
(CL) -106 m -113 m
(SW SP) -113m  -117m
(CL) -117 m -128 m
-122 m -125 m
(SM)
(SW SP) -128m  -144m

4-1

-88 m

-90 m



-134m -136m 2 (CL)

8. (CL) -144 m -153 m 2.72
9
0. (SW SP) -153m  -159m 6
10. (CL) -159m -171m 12
11. (SW SP) -171m -188m 17
-175 m
12. (GP) -18 m -207 m
4.1.2
202
5 35m 58m 105m 142m 202 m
8 3 15 93 12
17 8 9 14 10 30 8 7 13 9

14 89 10 17 12 30

4-2 35m 58m -3 -4m
91 1-3 99 10 -~92 5 92
11 -~93 4 -4m

105m 142 m

4-2



4-2 87 3 93 12 105

m -4.7 m~-6.8 m 88 5 N 5 -6.6 m
-6.8 m 142 m -25m  -5.8m 88 5 -5.8
m
202 m 105m 142 m 87
3 -1.4m 88 2 88
8 -5.1m 93 12
-4.9m~-6.1m N 9 93 7 -49m  -47m
4-2
4 35 m 58 m 1 105 m 2
142 m 3 202 m 4
1
2 3 4

88 35 N 5 99 5 92 5
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4.1.3

200 m

4 26 31 51 55

62 90 101 103 108 115 119 124 129 138 146 155 161

173 177 188 189m

4-4
6 8
51.3m
4.1.4
513 m
Om -60m
29m -49m -53m

4m 189 m
70 mm

202

4-6

22
189
200
93 12
89.7
78
78%
-24'm



-60m -128m
-10lm -106m -113m -117m -122m -125m
4
-171 m

2 3 4 5

4-7
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weggrt

wovTt

wgeT

wecect

wyect
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wegTT

wgoT

weort

wTtoTtT

woe6

4.3

10.
10
20
30
40
50%
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4 m

2 6.
31.
51.
6 2.
00.

3m

3m

2 m

1m

2m

2m

1m

1m

1m

1m

1m

1m

+0~

+0~

-.—0 ~

_._0-..

_|_0-...

——0~101.
—0~108.

0~108.

0~115b.

0~110.

0~124.

0~129.

0~146.
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4.2

421

CL

CL

© N o o ~c w dh P

55.6m

88.4m
10.

11.
93.7m 1343 m

12.
13.

14.
155 m

(18-19 )200 m 258 m
258 27
SM 0 20.3m
203m 222m
SM 222 304 m
CL+SM 304m 34.3m
SM 343m 374m
374m 395m
SM 395m 504 m
CL+SM 50.4 m
ML+CL 55.63 m
CL SM 884m 93.7m
ML-CL SM
SM 1334 m 137.3m
CL 137.3m 141.2m

4-10

SM ML

141.2m



15. SM  CL 155 m
174.6m

16. CL 1746 m 1804 m
17. SM 180.4m 184.2m
18. CL SM 184.2 m

194.4 m
19. SM 1944 m 196.3m
20. CL SM 196.3 m

210.7 m
21. SM CL 210.7 m

220.7m
22. CL 220.7m 223.1m
23. SM 223.1m 229.7m
24. CL 229.7m 235.36 m
25. SM 235.36 m 244.45m
26. CL 24445 m 255m
27. SM 255m 258.3m
4.2.2

18-19 200
5 40m 75m 105m 145m
182 m 88 7 4-6
4-6 40m 75 m 1
105 m 2 145m 3 182 m 4
75 m 105 m

4-11



1 40m 75 m

2 3 105 m 145m
4 182 m
8 7 -~11 88
7 93 12
4.2.3
18-19 250 m

06 4 10 20 30 40 52 55 79 94 110
133 149 174 180 200 210 220 230 239 248 249m

22
4-7 200
88 7 93 11 5 4
18-19 Om 200 m
77.2mm 0O 5 m 67.6 mm 87%
18-19
4-7 4 11m 11

2m 31 52m 56 80m 181 200m

4.2.4
40m
16 m 0 52 m
66 mm 75m 15m 52 80m
105m 145m 94 110m 134

4-12



150 m 182 m 0.8 m
181 200 m 3 mm
18-19

V2772222

“ 40.5m |:|

7,

7sm| [

105m| []

wsml [

s 182m D

H
w
=}
Frrr~r-rr1rr1r1rrrrrr1rrrrerrrTrTr T T T T T T T T T T T T T T T T T T T T

B
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18~19

=—40.5m

=r=75m

== 105m

145m

=®=182m

[ TT€6
[ 60€6
[ /0¢6
[ G0e6
[ £0€6
[ T0€6
[ 1126
[ 6026
[ /026
| 5026
[ €026
[ 1026
[ 1116
| 60T6
[ /016
[ GOT6
[ €016
[ T0T6
[ TT06
[ 6006
[ /006
[ G006
[ €006
[ T006
[ 1768
[ 6068
[ /068
[ G068
[ €068
[ 1068
[ 7788
[ 6088
| /088

0.000

-1.000

-2.000

4-14
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QT

18~19

REE RN

[«

()

88OZ)nr)LJ

880914

881025

8901

8904

8907

8910

9001

9004

9007

9010

4.7

9101

9104

9107

9110

9307

9310

i

i
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11
21
1m
Om
2m
6m
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4 m
10
34
50
75
81
00
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4.3

431
200 (
4-8) 24
1. (SP) 0~9.5m SPT-N
8~17 0.45m
2. (ML) 9.5~11.6 m N 3
3. (SP) 11.6~141m N 13
4. (SM+ML) 14.1~32.8 m
N 7~24
5. (SM) 328~365m N 25
6. (CL~ML) 36.5~41.1m N
12~16
7. (SM) 41.1~487 m N 41
8. (CL~ML) 48.7-753m N
15~34 52~52.5m 58~60m
64~66 m (SM) N 34~40
Q. (SM+CL) 75.3~824m N
28~74
10. (CL) 82.4~84.75m N 40
11. (ML) 84.75~87.2m N 41

4-16



12. (SM) 87.2~91.15m SPT-N 45

13. (CL) 91.15m~95.8 m N
28~36
14. (SM) 95.8~108.2m SPT-N
50~77 4~9 cm
15. (CL+SM) 108.2~115.2 m
N 31 50 4 cm
16. (SM) 115.2~132.2 m SPT-N
60 cm
17. (CL+SM) 132.2~139.3 m N
100 13 cm
18. (CL+SM)
139.3~147.35m N 30 3cm
19. (CL) 147.35~157m N 50~60
38~40 cm
20. (ML) 157~164.35m N 60
4 cm
21. (SM+CL) 164.35~170.15 m
SPT-N 60 4cm
22. (CL) 170.15~1725m SPT-N 100
7cm
23. (SM) 172.5~1758 m N 100
7cm
24. (CL) 175.8~200m N 100
5~13cm

4-17



4.3.2

-100]

-110]

-160

-170]

-210

.

mmn

_
__
)

24
Y7z

_

Yz

Z7zzzz2%:

2z
2z

7

:

17

16

15

14

11

10

34.5m

1sm ]

H
13im [] IJ_.I
143m| |J_'|

200
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7 34m 4m 68m 105m
131 m 143m 178 m 86 7 22

2

t/m m 4-9
4-10 34m 105m 143m 178 m
86 4
4-11
4-9 4-10 34 m -31 -39 m
88 8 10 N 9
44 m 86 10
-74 m -6 -7 m
87 5 8 N 9 -5m 68m
-6.4 -109m 87 11
12 -6.4m 919 3 5 91
6 -109m
4-11 4-12 105 m -16.6
m -27.6m 86 6 8 87
91 93 131 m
-17m -24 m
105 m 87 4
143m 178 m
-17.8 m -26 m 105m
131 m
4-12
4 34 m 1 44m 68m 2
105m 131m 3 143m 178 m
4 1 2
3 4

89 10 N 4 90 10 91

4-19



4.3.3

200 m
8 16 30 41 56 66 76 85 100
110 120 131 140 157 170 181 190 200 m
18

4-13 93 12
200

4-13 140 157/ m
170 181m
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4-14 200
86 2 93 12 7

9 8m 200m 399
140 200 m 204 51
200 m
434
86 91 6 7 8
87 2 89
1350 90O 9 1,320
7 8 11 12
34 m
95 116m 141 328 m
34 m
10 30m
909 34 m 11 12
16 41m
44 m 41 66 m
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68 m

44 m 66 85m

105m 131m 143m 178 m

85 200 m 100 200 m
7 8 11

12 ?

4-14
131 157m 170 181 m

150 m 319
143 m 178 m
4-14 140 200 m 51

4-27



8¢V

20

(200m)

g0

F0

g0

F0

g0

A

L R AR AR AR AR IR R AP
sy PN ¢ PR ARA
-I---.‘\V‘-m Y Y YOS T

e R R R YV VY VVVVYVIYVVVYVVVVVVVYVVVVIYVVYVYVV

TAXRRR X XY XX

PPTTYY

N ©OOVONNTODVDONNTOOONNTOOONNT O®ONAN

0O NN ©

0O NN © 0 O

.

OO0 Add1000 0110000110000 d10000 0

O +H00O0

OCOOOOWOMNMNNMNMNNMNNMNMNMNMNOWOWMWOVMWOVMOOIIOODODODDDDODOOOOOO AT O AAANANN
00 00 0O 0O 0O 00 00 0O CO 0O 0O 0O 00 00 00 00O CO O O VW W WV WV WV A I AT I OO OO O O O X O O O O O

— -
o O

«C . )

4-14

(200m)

O 0O OO
NANANOTOHOOHOHM
(e NeNe) e NelNo o e Nel
™
(o]

——0
-0
4—0

[T S =S =S S S = =V =S =

16
30
41
56
6 6
76

8
00
10
20
31
40
57
70
81
90
00

5

3 3 3 3 3 3 3 3 3

3 3 3 3 3 3 3 ©®

3



4.4

4.4.1
199

4-1 14

1. (SW SM) 0 -1818 m

2 (CL) -18.18m -27.27m 9

3. (SM) -2727m -30.91m 3.6

4. (CL) 3091 m -54.55 m 14

5. (SW SP) 5455 m -72.73 m

6. (CL) -72.73m -90.3m 17

7. (SW SP) -90.3m -110m

8. (CL) 110 m  -138.48 m 28

0. (SM) -13848 m -156.67 m 18.2

10. (CL) -156.67 m -163.64 m 7

11. (SM) -163.64m -179.4m 16
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12. (CL) -1794m -181.8m 2
13. (SW SP) -181.8 m -189.4m
14. (CL) -1894 m -199 m 10
4.4.2
26 200
5 29m 63m 100m 145
m 173 m 8 6 29 ( 4-16)
91 6 7 88
7 93 12
4-17
4-17 5
1 29m -3~-4.8 m 2 63 m
-3~-5.6 m 93 10 (-5.6 m) 3 100
m -3.4~-58m 4 145 m -3.6~-5.8m 5
173 m -3.7--6.3m 4-16
6
921
8 9 21 00 00 -3~-5m
9 21 06 00 -0.2m 9
21 01 47
443
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26 199 m
0 3 10 18 27 31 54 73 90 110 138

157 164 179 181 189 199 m 17
88 6 93 11 5 5
57 mm 0~90 m 41 mm
70% 88 9 10 32.9 mm
88 10 93 11 24 mm 4-18

s z 2 [
| []
145m) El

() |

:

173m |:|
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