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Reduction Factor of the Site Coefficient due to the Foundation Embedment
in the Soft Soil Layer for the Seismic Analysis of a Building
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ABSTRACT >> In this study, the reduction factor of the code-defined site coefficient due to the embedment of a foundation
was estimated for the seismic analysis of a building built on a soft soil site. This was done by utilizing the in-house finite element
software P3DASS, which has the capability of pseudo 3D seismic analysis with nonlinear soil layers. A 30m thick soft soil site
laid on the rock was assumed to be homogeneous, elastic, viscous and isotropic, and equivalent circular rigid foundations with
radii of 10-70m were considered to be embedded at 0, 10, 20 and 30m in the soil layer. Seismic analyses were performed with
7 bedrock earthquake records deconvoluted from the outcrop records of which the effective ground acceleration was scaled to 0.1g.
The study results showed that the site coefficients are gradually reduced except in the case of a small foundation embedded deeply
in the weak soil layer, and it was estimated that the deviation of the site coefficients due to the foundation size was not significant.
The standard reduction factor due to the foundation embedment were calculated adding the standard deviation to the average of
5 reduction factors calculated for 5 different foundation radii. Standard reduction factors for the site amplification factor were
proposed for the practical amplification and the codes of KBC, etc., in accordance with the average shear wave velocity of the
site, and the site class.

Key words Soft soil, Site coefficient, Foundation embedment, Reduction factor, Finite element software of P3DASS
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Natural
Max. Acc. . . Duration | Epicentral Site
b EQ. P M .
No Q. Name Component (/) eriod agnitude (sec) |Distance (km)| Class
(sec)
1 |San Francisco 1957 |Golden Gate Park GGP100 1.098 0.15 53 39.72 11.1
2 |San Fernando 1971 |Lake Hughes #9 L09291 1.314 0.10 6.6 34.89 23.1
3 |Coyote Lake 1979 |Giroy Valley #1 G01230-2 1.010 0.10 5.7 36.83 12.6
4 IN. Palm Springs | 1986 |Silent Valley -Poppet F.| SIL000-2 1.363 0.10 6.0 24.00 27.7 N
5 |Whittier Narrows | 1987 [Mt. Wilson-CIT B-MTW000 1.549 0.15 5.3 22.00 18.7
6 ) Lake Hughes #9 L09000 1.618 0.20
—Northridge 1994 - 6.7 40.00 44.8
7 Mt. Wilson-CIT MTWO090 1.314 0.20
06 2% 20] b Qlok Z1Eju o] 27155 Xl LEt
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(& 2) 7|x9Hd0ll ME 2817|x0| BF7|FY KMSEAS £
Ak (ms)
H(m) | E(m) | E/H R(m) RIH
100 180 360 760 1500
10 1/3 0.211 0.268 0.431 0.367 0.192
20 2/3 0.204 0.266 0.427 0.366 0.192
0 0 30 1 0.203 0.265 0.426 0.366 0.192
50 5/3 0.201 0.263 0.422 0.365 0.192
70 7/3 0.200 0.263 0.420 0.364 0.192
10 1/3 0.089 0.178 0.369 0.335 0.185
20 2/3 0.096 0.159 0.331 0.306 0.179
10 1/3 30 1 0.109 0.162 0.310 0.285 0.175
50 5/3 0.127 0.175 0.297 0.259 0.169
70 7/3 0.138 0.186 0.298 0.244 0.166
30 10 1/3 0.065 0.149 0.336 0.312 0.181
20 2/3 0.050 0.111 0.253 0.254 0.168
20 2/3 30 1 0.064 0.115 0.220 0.225 0.160
50 5/3 0.091 0.140 0.204 0.197 0.154
70 7/3 0.107 0.163 0.204 0.185 0.151
10 1/3 0.136 0.136 0.136 0.136 0.136
20 2/3 0.136 0.136 0.136 0.136 0.136
30 1 30 1 0.136 0.136 0.136 0.136 0.136
50 5/3 0.136 0.136 0.136 0.136 0.136
70 7/3 0.136 0.136 0.136 0.136 0.136
(% 3) 7|=8H40| ME =617|x9 HF7IGY XESEAS £,
AT (m)s)
H(m) | E(m) E/H R(m) R/H
100 180 360 760 1500
10 1/3 0.090 0.113 0.069 0.041 0.037
20 2/3 0.084 0.112 0.069 0.041 0.037
0 0 30 1 0.085 0.110 0.069 0.041 0.037
50 5/3 0.037 0.041 0.068 0.108 0.083
70 7/3 0.037 0.041 0.069 0.109 0.083
10 1/3 0.074 0.100 0.064 0.040 0.037
20 2/3 0.065 0.090 0.060 0.040 0.037
10 1/3 30 1 0.062 0.084 0.057 0.039 0.037
50 5/3 0.037 0.039 0.054 0.077 0.059
70 7/3 0.037 0.039 0.052 0.075 0.061
0 10 1/3 0.066 0.092 0.061 0.040 0.037
20 2/3 0.050 0.071 0.053 0.039 0.037
20 2/3 30 1 0.046 0.062 0.049 0.038 0.037
50 5/3 0.036 0.038 0.045 0.055 0.046
70 7/3 0.036 0.038 0.044 0.053 0.049
10 1/3 0.036 0.036 0.036 0.036 0.036
20 2/3 0.036 0.036 0.036 0.036 0.036
30 1 30 1 0.036 0.036 0.036 0.036 0.036
50 5/3 0.036 0.036 0.036 0.036 0.036
70 7/3 0.036 0.036 0.036 0.036 0.036
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(® 4) MotECo M2 S87|EX[8te] BF7|9Y XMESEAS £
Site Class / A< (m/s)

Hm) | Rm) | RH E(m) EH St So Sc Sp Sa
100-180 180-360 360-760 760-1500 >1500

0 0 0.211 0.268 0.431 0.367 0.192

10 3 50 1/3 0.089 0.178 0.369 0.335 0.185

70 2/3 0.066 0.149 0.336 0.312 0.181

30 1 0.136 0.136 0.136 0.136 0.136

0 0 0.204 0.266 0.427 0.366 0.192

20 23 10 1/3 0.096 0.159 0.331 0.306 0.179

20 2/3 0.050 0.111 0.253 0.254 0.168

30 1 0.136 0.136 0.136 0.136 0.136

0 0 0.203 0.265 0.426 0.366 0.192

10 1/3 0.109 0.162 0.310 0.285 0.175

30 30 3/3

20 2/3 0.064 0.115 0.220 0.225 0.160

30 1 0.136 0.136 0.136 0.136 0.136

0 0 0.201 0.263 0.422 0.365 0.192

10 1/3 0.127 0.175 0.297 0.259 0.169

50 33 20 2/3 0.091 0.140 0.204 0.197 0.154

30 1 0.136 0.136 0.136 0.136 0.136

0 0 0.200 0.263 0.420 0.364 0.192

10 1/3 0.138 0.186 0.298 0.244 0.166

70 & 20 2/3 0.107 0.163 0.204 0.185 0.151

30 1 0.136 0.136 0.136 0.136 0.136

(& 5) Moimp&Eo| WE Z817|=X[8te| HRI|FY XHESZA: F,
Site Class / AT} (m/s)

H(m) R(m) R/H E(m) E/H Sg Sp Sc S Sa
100-180 180-360 360-760 760-1500 >1500

0 0 0.090 0.113 0.069 0.041 0.037

10 A3 50 1/3 0.074 0.100 0.064 0.040 0.037

70 2/3 0.066 0.092 0.061 0.040 0.037

30 1 0.036 0.036 0.036 0.036 0.036

0 0 0.084 0.112 0.069 0.041 0.037

20 2 10 1/3 0.065 0.090 0.060 0.040 0.037

20 2/3 0.050 0.071 0.053 0.039 0.037

30 1 0.036 0.036 0.036 0.036 0.036

0 0 0.085 0.110 0.069 0.041 0.037

10 1/3 0.062 0.084 0.057 0.039 0.037

30 30 3/3

20 2/3 0.046 0.062 0.049 0.038 0.037

30 1 0.036 0.036 0.036 0.036 0.036

0 0 0.037 0.041 0.068 0.108 0.083

10 1/3 0.037 0.039 0.054 0.077 0.059

50 33 20 2/3 0.036 0.038 0.045 0.055 0.046

30 1 0.036 0.036 0.036 0.036 0.036

0 0 0.037 0.041 0.069 0.109 0.083

70 3 10 1/3 0.037 0.039 0.052 0.075 0.061

20 2/3 0.036 0.038 0.044 0.053 0.049

30 1 0.036 0.036 0.036 0.036 0.036

ol
i)
2
;

=)
b
H-[
r ju s

= TEASR B 5 Vehfolct. olek Zo) AT
o T ARSEA Fa% F, go] tpept %11 FootE 3Rl ESHE e ANEEAS Fot Fol Ut 71287
o w2 A7A=2] olu|7} Qlch 1Y 4ol AvtulsE W




A0l Chst M ZEA 5

(% 6) X|EH7|=0f chst 2817|=2| X| H (RIMHBEA: A0l st MZAs £)
Site Class / A< (m/s)
H(m) R(m) RH E/H Sk Sp Sc Ss Sa
100-180 180-360 360-760 760-1500 > 1500
0 1 1 1 1 1
1/3 0.419 0.665 0.858 0.913 0.964
10 13 2/3 0.309 0.556 0.780 0.850 0.939
1 0.645 0.508 0.316 0.371 0.708
0 1 1 1 1 1
20 e 1/3 0.470 0.596 0.774 0.836 0.932
2/3 0.245 0.417 0.593 0.694 0.872
1 0.668 0.512 0.319 0.372 0.708
0 1 1 1 1 1
1/3 0.534 0.611 0.728 0.779 0.909
30 30 3/3
2/3 0.317 0.434 0.517 0.614 0.834
1 0.67 0.514 0.319 0.372 0.708
0 1 1 1 1 1
1/3 0.631 0.665 0.704 0.710 0.881
50 33 2/3 0.452 0.535 0.482 0.540 0.800
1 0.678 0.519 0.323 0.373 0.709
0 1 1 1 1 1
20 7 1/3 0.691 0.708 0.71 0.669 0.865
2/3 0.537 0.619 0.486 0.508 0.785
1 0.681 0.517 0.324 0.373 0.710
(& 7) XEH7|=0 st =el7|=2| X| Hl (RHESEAS Foll st HZA: £)
Site Class / AHIETE(m/s)
H(m) R(m) RIH E/H St So Sc Ss Sa
100-180 180-360 360-760 760-1500 > 1500
0 1 1 1 1 1
10 13 173 0.816 0.884 0.933 0.990 0.999
2/3 0.736 0.811 0.886 0.980 0.997
1 0.399 0.318 0.524 0.887 0.973
0 1 1 1 1 1
1/3 0.776 0.804 0.874 0.978 0.997
20 23 2/3 0.598 0.634 0.769 0.953 0.992
1 0.429 0.321 0.526 0.887 0.973
0 1 1 1 1 1
1/3 0.724 0.756 0.835 0.970 0.995
30 30 3/3
2/3 0.543 0.558 0.709 0.941 0.986
1 0.423 0.326 0.526 0.887 0.973
0 1 1 1 1 1
50 53 1/3 0.718 0.714 0.786 0.958 0.989
2/3 0.558 0.509 0.659 0.931 0.981
1 0.436 0.335 0.527 0.887 0.970
0 1 1 1 1 1
70 - 1/3 0.736 0.686 0.759 0.953 0.987
2/3 0.591 0.488 0.635 0.924 0.978
1 0.433 0.331 0.526 0.887 0.970
2 7|Z2RPHI(R/E)S}E 712 E0v(E/H)o] e AAS 297129 Zfole ASEATY Aot oE
ESH E9) Wish) 339 o= et g, R} o 2He 497} Ale Ak o S 7)o 4
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(¥ 8) HAMTm&E H 7|XPtAH|ot 7|=Z &M T2

MgA Ea, E

Akt Ea £
£ RIH E/H E/H
(m/s) 1/3 2/3 0 1/3 23 1
1/3 1 0.42 032 0.67 1 0.82 0.74 0.40
23 1 0.48 032 0.67 1 0.78 0.60 0.43
1 1 0.54 032 0.67 1 0.72 0.54 0.42
100 5/3 1 0.64 0.46 0.70 1 0.72 0.56 0.44
03 1 0.70 0.54 0.70 1 0.74 0.59 0.43
Avg+SD 1 0.67 0.5 0.69 1 0.8 0.68 0.44
13 1 0.67 0.56 0.51 1 0.88 0.81 0.32
2/3 1 0.60 0.42 0.52 1 0.8 0.63 0.32
1 1 0.62 0.4 0.52 1 0.76 0.56 033
180 5/3 1 0.67 0.54 0.52 1 0.71 0.51 0.34
03 1 0.71 0.62 0.52 1 0.69 0.49 033
Avg+SD 1 0.70 0.60 0.52 1 0.85 0.73 033
1/3 1 0.86 0.78 0.32 1 0.93 0.89 0.52
2/3 1 0.78 0.6 0.32 1 0.87 0.77 0.53
1 1 0.73 0.52 0.32 1 0.84 0.71 0.53
360 5/3 1 0.71 0.49 0.33 1 0.79 0.66 0.53
713 1 0.71 0.49 0.33 1 0.76 0.64 0.53
Avg+SD 1 0.82 0.70 0.33 1 091 0.83 0.53
1/3 1 0.92 0.85 0.38 1 0.99 0.98 0.89
2/3 1 0.84 0.70 0.38 1 0.98 0.95 0.89
1 1 0.78 0.62 0.38 1 0.97 0.94 0.89
760 5/3 1 0.71 0.54 0.38 1 0.96 0.93 0.89
713 1 0.67 0.51 0.38 1 0.95 0.92 0.89
Avg+SD 1 0.88 0.78 0.38 1 0.99 097 0.89
1/3 1 0.97 0.94 0.71 1 1 1 097
2/3 1 0.94 0.88 0.71 1 1 0.99 097
1 1 091 0.84 0.71 1 1 0.99 097
1300 53 1 0.89 0.80 0.71 1 0.99 0.98 097
03 1 0.87 0.79 0.71 1 0.99 0.98 097
Avg+SD 1 0.95 091 0.71 1 1 1 097
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20 20
Ea of Response Reduction Factor by FDN. Ev of Response Reduction Factor by FDN.
Ea Cs =100 misec Ev Cs =100 misec
15 ] —RH=13
— RH=23 _
— RH=33 -
—— RH=53 -
—RH=783 -
10 1 — Avg+SD -
05 1 0.44
00 T 00 T
0.000 0333 0667 EH 1.000 0.000 0333 0667 EH 1.000
(a) Cs = 100m/s
20 20
Ea Ea of Response Reduction Factor by FDN- Ev Ev-of Response Reduction Factor by FDN-
Cs = 180 m/sec Cs = 180 m/sec
1.5 T 1.5 —_RH=B
—  RM-= —RH=283
—RH =23 ——RH =33
—RH =33 —— RH =503
—  RH=53 — RH=T3
1.0 — RM=73 1.0 1 Avg+SD
— Avg+SD
0.5 4 052 0.5 4
0.33
0.0 r 0.0 r
0.000 0333 0667 EH 1.000 0.000 0333 0667 EH 1.000
(b) Cs = 180m/s
2.0 2.0
Ea Ea of Response Reduction Factor by FDN. Ev Ev of Response Reduction Factor by FDN.
Cs = 360 m/sec Cs = 360 m/sec
1.5 4 —RH=-13 1.5 4 —RH=13
—RH=28
—RH=23 —RH =33
—RH=31 —— RH =53
——RH=53 — RH=7R
10 — RH=7B 1.0 4 Avg+SD
Avg+SD
05 05 0.53
0.33
00 T 00 T
0.000 0.333 0.667 EH 1.000 0.000 0.333 0.667 EH 1.000
(c) Cs = 360m/s
20 20
Ea Ea of Response Reduction Factor by FDN. Ev Ev of Response Reduction Factor by FDN.
Cs = 760 m/sec Cs = 760 m/sec
1.5 —— M-8, 1.5
—RH=23.
— RH=373 -
—— RH =53 -
— RH=73"
1.0 1 — Avg+sD 1.0 S e T -
—PRH=13
—PRH =23
05 4 05 4 — RH =383
0.38 — RH =53
—RH=783
— Avg+SD
00 r 00 r
0.000 0.333 0.667 EH 1.000 0.000 0.333 0.667 EH 1.000
(d) Cs = 760m/s
2.0 2.0
Ea Ea of Response Reduction Factor by FDN. Ev Ev of Response Reduction Factor by FDN.
Cs = 1500 m/sec R = 13 Cs = 1500 m/sec
15 - emoon 15 -
—RH =383
— RH =583
—— RH =783
10 4 —— Avg+5SD 10 . 097
== X2 —RH=13
—RH=28
05 4 05 4
—RH=38
—— RH=53
0.0 T 0.0 T
0.000 0333 0667 EH 1.000 0.000 0333 0667 EH 1.000
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(e) Cs = 1500m/s
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2 Heket MEAS L, E

Ea Ev
il
E/H E/H
(m/s) ! !
0 1/3 2/3 1 0 1/3 2/3 1
100 1 0.67 0.50 0.69 1 0.80 0.68 0.44
180 1 0.70 0.60 0.52 1 0.85 0.74 0.33
Aol 360 1 0.82 0.70 0.33 1 0.91 0.83 0.53
A : : : : : '
760 1 0.88 0.78 0.38 1 0.99 0.97 0.89
1500 1 0.95 091 0.71 1 1 1 0.97
100 1 0.67 0.5 0.7 1 0.85 0.70 0.44
180 1 0.70 0.6 0.5 1 0.87 0.74 0.44
At 360 1 0.85 0.7 0.4 1 0.92 0.84 0.53
A7 . . . . . .
760 1 0.90 0.8 0.5 1 0.99 0.98 0.89
1500 1 0.95 0.9 0.7 1 1 1 1
20 2.0
Ea ] Ea of Response Reduction Factor by FDN. Ev Ev of Response Reduction Factor by FDN.
Summary ] Avg.+1 Standard Deviation
| Cs= 100mis Cs= 100mis
1.5 ] Cs= 180 1.5 1 Cs= 180
Cs= 360 Cs= 360
—— Cs= 760 —— Cs= 760
] —— Cs=1500 —— Cs=1500
1.0 4 1.0
05 1 05 1
0.0 T T 0.0 T T
0.000 0.333 0.667 E/MH 1.000 0.000 0.333 0.667 EH 1.000
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(& 10) KBC2009 X[HFSZ7|=0f et X|EtQ| CHEMTIIIET
AR5 Sa S Sc Sb S
A4 AMZZEA L F, 0.8 1.0 1.2 1.6 2.5
7= Y
s ) B AT T (m/s) 1986 1050 624 274 77
0.1g A|BIEZEA S F, 0.8 1.0 1.7 2.4 35
) AT T (/) 1480 1050 464 273 153

(E11) XHET & 2716t 7|x4E0 ME MEAs £, £

Akt B
S R/H E, E,
(m/s) 0 13 23 1 0 13 2/3 1
1/3 1 1 1 0.93 1 1 1 0.97
2/3 1 1 0.99 0.93 1 1 0.99 0.97
1 1 1 0.98 0.93 1 0.99 0.99 0.97
5 5/3 1 1 0.97 0.93 1 0.99 0.98 097
13 1 1 0.97 0.93 1 0.99 0.98 097
Avg+SD 1 1 0.99 0.93 1 1 1 0.98
1/3 1 0.94 0.89 0.50 1 0.99 0.99 0.92
2/3 1 0.88 0.77 0.50 1 0.99 0.97 0.92
1 1 0.83 0.69 0.50 1 0.98 0.96 0.92
S 5/3 1 0.77 0.63 0.50 1 0.97 0.95 0.92
13 1 0.74 0.60 0.50 1 0.97 0.95 0.92
Avg+SD 1 091 0.83 0.51 1 0.99 0.98 0.93
1/3 1 0.90 0.83 0.36 1 0.95 091 0.62
2/3 1 0.82 0.66 0.36 1 0.9 0.82 0.62
. 1 1 0.77 0.59 0.36 1 0.87 0.77 0.62
5/3 1 0.71 0.52 0.36 1 0.83 0.73 0.62
13 1 0.69 0.50 0.36 1 0.81 0.71 0.62
Avg+SD 1 0.86 0.75 0.36 1 0.93 0.87 0.63
13 1 0.77 0.68 0.41 1 0.92 0.86 0.45
2/3 1 0.69 0.51 0.42 1 0.85 0.72 0.46
1 1 0.68 0.48 0.42 1 0.81 0.66 0.46
S 5/3 1 0.69 0.51 0.42 1 0.76 0.61 0.46
13 1 0.71 0.55 0.42 1 0.73 0.59 0.46
Avg+SD 1 0.75 0.62 0.42 1 0.89 0.8 0.47
/3 1 035 0.24 0.69 1 0.86 0.79 035
2/3 1 0.44 0.20 0.72 1 0.8 0.62 0.36
1 1 0.52 0.29 0.72 1 0.75 0.55 0.36
S 5/3 1 0.63 0.43 0.73 1 0.72 0.53 037
13 1 0.69 0.52 0.73 1 0.7 0.52 037
Avg+SD 1 0.66 047 0.73 1 0.83 0.72 037
(E/H)°l wet 3 110 Uepllch E, 7]2573u)7 o 5 3 1200 A|HESRF HE A Aol F5E A Al
7HA] 748l digt Btgholl EEHAE Yt F2A4A1 HE Briste] gt 7|2A7]0] e A B+
S F7kelA 3 11o] YRt g, 19 7ol & 119 THA ATASE Fefste] YEpdaL, 3 130l Bkt
UeRd A7l 1HoR Fdsith 7123719 712 W+ #Har AAAeE A8t Qs E—r A=
3ol & AR H AAeE Aduiss H 27 o 8of| Uehd A Y sl A Aststo] AR HAAE ¢
o} FUSE %S HEich gk AWk 23729 AASE At
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2.0 20
Ea of Response Reduction Factor by FDN. Ev of Response Reduction Factor by FDN.
Ea Site SA Ev Site SA
15 4 15 4
1.0 = 093 10 0.98
—RH=13 —RH=13
—RH =273 —RH=23
—RH =373 —RH =33
05 1 ——RH =53 05 1 —RH=53
— RH=73 — RH=T73
— Avg+SD — Avg+SD
00 T 00 T
0.000 0.333 0.867 EH 1.000 0.000 0.333 0.667 EMH 1.000
(a) Site Sa
20 20
Ea Ea of Response Reduction Factor by FDN- Ev Ev of Response Reduction Factor by FDN:
Site SB Site SB
15 ] —RH=13_ 15 ] —RH=13
. RH = 213 - —RH =23
—_—RH =3 —RH =33
—— RH =53 —— RH =513
— RH=7B’ — RH=783
i Avg+SD Avg+SD
10 10 b o3
05 4 0.51 05
0.0 T 0.0 T
0.000 0.333 0.667 EMH 1.000 0.000 0.333 0.667 EH 1.000
(b) Site Ss
20 20
Ea Ea of Response Reduction Factor by FDN. Ev Ev of Response Reduction Factor by FDN.
Site SC Site SC
15 ] —RH=13 15 ] —RH=183
- —RH=213 : — RMH =203
—RH =313 —RH=33
—  RH =53 ——RH=53
—RH=T783 —RH=T73
10 — Avg+SD 10 Avg+SD
%0.53
0.5 4 0.5
0.36
0.0 T 0.0 r
0.000 0.333 0.667 EH 1.000 0.000 0.333 0.667 EMH 1.000
(c) Site Sc
20 20
Ea Ea of Response Reduction Factor by FDN- Ev Ev of Response Reduction Factor by FDN-
Site SD Site SD
15 ] —RH=13 _ 15 1 —RH=13
——RH =23 _ —RH =213
——RH =33 _ —RH =383
— RH=583" — RH=53
— RH=73 _ — RH=713
10 4 Avg+SD 10 Avg+5D
0.5 b 42 0.5 4 0.47
0.0 r 0.0 T
0.000 0333 0667 E/H 1.000 0.000 0333 0667 E/H 1.000
(d) Site Sp
20 20
Ea Ea of Response Reduction Factor by FDN- Ev Ev of Response Reduction Factor by FDN:
Site SE Site SE )
15 ] —RH=13" 15 ] —RH=13"
- —RH=23" . — RH=23"
—— RH =33 —RH =33
—— RH =53 — RH =53 _
— RH=783 — RH=73
10 ] Avg+SD 10 ] Avg+SD
05 4
037
0.0 T 0.0 T
0.000 0.333 0.667 EH 1.000 0.000 0.333 0.667 EH 1.000
(e) Site Se
(7)) XAMEER E M2Ae 7|x4H40t 7|Z280 WE Het 3 B+t
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(#12) XMEER EH 7|=2800| w2t 228t MEAs £, E
Ea Ev
Ak
E/H E/H
ST
0 1/3 2/3 1 0 1/3 2/3 1
Sa 1 1 0.99 0.93 1 1 1 0.98
S 1 0.91 0.83 0.51 1 0.99 0.98 0.93
w S 1 0.86 0.75 0.36 1 0.93 0.87 0.63
AdA < : : . . : :
Sp 1 0.75 0.62 0.42 1 0.89 0.80 0.47
Sg 1 0.66 0.47 0.73 1 0.83 0.72 0.37
(% 13) X557 H 72280 w2t Metst KA £, £
Ea Ev
At —
= 7|zE38] E/H 7|Z2238d| E/H
=
° 0 113 23 1 0 113 23 1
Sa 1 1 1 1 1 1 1 1
S 1 0.91 0.82 0.50 1 0.99 0.98 0.93
Sc 1 0.87 0.74 0.42 1 0.94 0.88 0.63
Sp 1 0.81 0.62 0.42 1 0.90 0.80 0.47
Sk 1 0.73 0.46 0.73 1 0.86 0.72 0.37
20 20
Ea Ea of Response Reduction Factor by FDN. Ev Ev of Response Reduction Factor by FDN.
Avg.+1 Standard Deviation Avg.+1 Standard Deviation
| —siteSA | —sitesA
15 ] —siteSB 15 ] —site SB
—sitesC —siteSC
—siteSD —siteSD
—siteSE —site SE
1.0 1 10
0.5 - 05 .
0.0 ] T 0.0 ] T
0.000 0333 0667 E/H 1.000 0.000 0333 0667 E/H 1.000
(J2 8) XHtEF H J|2ZEH|0 WE MUAR £, £
3 2% 8of) UephtA] ¢k F1ke] 7| 2ZZR|(E/H) o] Tt of| A T3t 7|2 A|HFE 30m AR 4HHlsFo 2 AT
AdAE ARAELSA AR 4= Qi S A0] Al T Aokt AREC = whekgt Rk 9o
50l 202 PR AN Aeme e e Ak
5. 2 of =7} 100, 180, 360, 760, 1500m/s 0 57}7] A|HkL, A|ukEa
== Sa, S, Sc, Sp, Sg A|WhE ALHSIGIT. 7| 2= UEH
o] F=EollAe AFARte] AR AEES] A XeiA S B3] A LB 22 716k, 5798729 B2 10,
Al 71(KBC, IBC)ol| F=017] Al 7|20 23t 4] 20, 30, 50, 70m?Ql #9-Z, 7]|%2] 232 0, 10, 20, 30m
WEEAG U BE712R Q% AWASE AREE o 498 nesn:
AT st AREAE 9t 417152 vl= PEERC|A] A5t
senl B Ll e e e Ll B R e A R R R A AR7|Z2 FollA Aukzzlo] ko R HrhE Hto|
Aol Al 17l x| e A%l Ale lsiAl 7 A Azt 2 7719 A7) 2S NS SaxAEES
5 P3DASS Rt A TR0 0 2 28514 =1, o] A+ 0.1g2 243+ 5 SpA|uto] T3t & AKDeconvolution) s © &
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QAokA)t W Qo M) 2| 17) 28 AAalo] ALgal AT, T o2
27| 2 A A A o] gt A4 Fuka G 0-30Hz
o|A] =4l 08]93 ¥ o2 2=t 1. International Building Code Council (IBC), International
_ 2. i3l A 7= KBC 2009), 7 , 1039,
ofahat A9E Aelis Tlx] BR0 DeG A o AETEA e kB 200, 12
FA7E AAH o Fadhs AoR F7EdAL 2% 3. 7094, PR AN AT} AN, SR AEsE], T
2(7129 10m7=) 7t vl Aokt Aputef A 29 4 1] A4, 105, 2005.
Q= AQJstal 7|2A7|E 7| Z2A R Z2EA S 2 o 4. 5% e, A, ] ANESA ol Akt ANk
~ _ ) o AL AHEY A4 5 o » hatx] 22t
o] gl A0R BrhHel, 72 W PE AAS ARG ST A R D, e e
o B o B ) =2Z, A0H, A3, 63-71, 2006.
of tigt Hy+EFHUA ALARE 7|23 70l T3t 7] 5. Zhang, Y., Conte, J.P., Yang, Z., Elgamal, A., Bielak, J.,
ZEY wE FEAUATRE APl Acero, G., “Two-Dimensional Nonlinear Earthquake Response
S| ol A 3 BERANASE AL Yl A Analysis of a Bridge-Foundation-Ground System,” Earth-
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A2 Ao, EEAZHAS KBC S 7)%0] ut 6. Kim, Yong-Seok, Dynamic Response of Structures on Pile
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= JEFE AR IE AHSE 74]—r°ﬂ et E Austin, 1987.
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1 S . 104-114, June, 2004.
H L] A o]
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