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Kenji HIROSE

Synopsis

A simple method is developed for conversion between soil surface and rock surface earthquake
motion including nonlinear amplification/deamplification effects of soil laye}s overlying bedrock.
Several simulated rock surface earthquake motions are generated for various combinations of
magnitude and distance. The corresponding soil surface motions for these simulated earthquakes
are calculated for typical soil layer models at Japanese strong motion observation stations. On this
basis, a simple conversion factor, 8, between soil surface and rock surface motion is proposed for
peak acceleration, peak velocity, response spectra, and intensity parameter of evolutionary power
spectrum. The conversion factor, B, is defined as a function of the soil parameter .S, which
represents the softness of surface layers, the depth to bedrock 5, and the earthquake motion
intensity on rock surface.
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Table 2 Estimation formulas for conversion factor 84 and B.
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Fig. 4 Nonlinear amplification characteristic of peak acceleration.
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Fig. 5 Relation between soil parameter S, and specific peak ground
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Fig' 8 Acceleration response spectra for rock surface and soil surface.
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Table 3 Estimation formulas for conversion factor Bs.

conversion formula Sy=BsSy (M, 4, T, k) -+(13)
T <1.0(sec);
definition of conversion Be=1070se 57105 S, 25/ (14
factor B Bs=1070s+(S,/)1s; .S, <8y +++(15)
721.0 (sec);
Br=10%0s - (16)
Syl =10%0st15-Sw (17)
definition of specific los=2. 61840, 219+log 7°+0. 732+(log 7')?
value S,/ (7<1.0sec) +1.505-(log 7)° ~(18)
Nig=—0,499+0, 369-log 7—2. 268+ (log 7
—3.050+(log 7' (19)
coefficients appearing ros(T)=roo T)+ ro(T)e Sp +roa(T)elog dp -+ (20)
in Egs. (14)-(16) 715(T)=710(T) +71(T )+ Su+712(T)*log dp -+ (21)
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Table 4 Coefficients for estimation of conversion factor Bs (eqs. (20) and (21)).

p(esrel(c))d 700 7ot 7oz 710 711 712
7.00 —0. 020 0.002 0. 045 0.0 0.0 0.0
5.00 —0.135 0. 005 0.131 0.0 0.0 0.0
4.00 —0.171 0.010 0.163 0.0 0.0 0.0
3.00 —0.193 0. 035 0.193 0.0 0.0 0.0
2.50 —0.202 0. 059 0. 208 0.0 0.0 0.0
2.00 —0. 203 0. 099 0.217 0.0 0.0 0.0
1.50 —0.184 0.138 0.218 0.0 0.0 0.0
1.00 —0.120 0.198 0.213 0.0 0.0 0.0
0.90 —0.075 0. 280 0.213 —0. 003 —0.038 —0.004
0.80 —0.040 0.370 0.212 ~0. 005 -0.079 —0.009
0.70 -0.005 0. 453 0.212 -0.007 —0.115 —0.014
0.60 0. 050 0. 550 0.211 -0.013 —0.151 —0.024
0.50 0. 120 0.615 0.210 -0.017 —0.180 —0.038
0. 40 0. 260 0.660 0. 208 —0.020 -0.201 =0.070
0.35 0.358 0. 645 0. 206 —0.028 -—0.210 —0.090
0.30 0. 441 0.615 0.203 —0.040 —0.210 —0.105
0.25 0. 544 0. 540 0.196 —0. 052 —0.200 —-0.123
0.20 0. 655 0.388 0.180 —0.076 —0.180 —0.133
0.15 0.835 0.164 0.168 —0.184 —0. 150 —0.119
0.10 1.163 —0.270 0.043 —0.339 —0.080 } —0.073
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Fig. 9 Values of coefficients for estimation of conversion factor s (eqs (21) and (22)).
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Fig. 10 Relation between accleration response S, on rock surface and ratio Ss/.Sy.
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Fig. 12 Conversion factor B, for several earthquake levels.
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Fig. 14 Simulated rock surface and soil surface motion.
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Fig. 17 Regression coefficients foq and £i«, and their modeled curve.
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Fig. 18 Values of coefficients for estimation of conversion factor Ba.
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Table 5 Coefficients for estimation of conversion factor B (Eq. (27)).

f (Hz) 00 ‘ uoy “oz ! uio un “1z
0.13 0.0 0. 006 0.0 0.0 0.0 0.0
0.19 —0.073 0. 007 0.071 0.0 0.0 0.0
0.25 —0. 169 0. 008 0. 156 0.0 0.0 0.0
0.31 —0. 201 0. 040 0.198 0.0 0.0 0.0
0.37 —0.212 0. 069 0.222 0.0 0.0 0.0
0.43 —0. 202 0. 083 0. 231 0.0 0.0 0.0
0.49 —0.192 0.098 0. 236 0.0 0.0 0.0
0.55 —0.168 0.110 0. 230 0.0 0.0 0.0
0.61 -0.151 0.121 0.227 0.0 0.0 0.0
0.67 —0.130 0.135 0.218 0.0 0.0 0.0
0.73 —0.115 0.139 0. 216 0.0 0.0 0.0
0.79 —0.104 0.149 0.212 0.0 0.0 0.0
0.85 —0.083 0.156 0. 203 0.0 0.0 0.0
0.91 —0. 061 0.162 ‘0.194 0.0 0.0 0.0
1.03 —0.035 0.178 0.184 0.0 0.0 0.0
1.21 0.0 0.195 0.171 —0.002 —0.010 —0.002
1.45 0.032 0. 256 0. 160 —0.004 —0.103 ~0. 004
1.75 0. 087 0.322 0.148 —0.010 —0.206 —0.019
2.11 0.158 0.348 0.130 —0.015 | —0.262 —0.048
2.53 0. 236 0. 330 0.118 -0.023 | —0.283 —0.086
3.01 0.318 0. 254 0.104 —0.035 —0. 266 —0.125
3.55 0.389 0. 150 0. 087 —0.055 —0.228 —0.155
4.15 0. 452 0.0 0. 067 —0.089 —0.152 —0.176
4.81 0. 482 —0.128 0. 054 -0.155 —0.114 —0.164
5.53 0.507 | —0.218 0.031 ~0.239 —0.072 —0.144
6.25 0.527 -0. 284 0. 002 —0.295 -0.053 —0.130
7.03 0.540 —0.342 —0.026 —0.350 —0.040 —0.119
7.87 0.559 —0. 401 —0. 054 —0. 401 —0.030 —0.105
8.77 0. 560 ~0. 468 -0.075 —0. 441 —0.024 —0.095

10.03 0. 552 —0. 555 —0.100 —0. 500 —-0.020 , —0.072

BT, R(@8), QOICKHERFRE B BBOND,
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DU AWK S THARDIREFE H DS Bal f) MRELILBZ T L5,

Fig. 20 ic, (a) BB TOBRE T 2 — & an,(f), (b) BHEFH fu( /) LK VEBENT an (), BLY
(0) BB TOHBEB L D HESEETICLVELNHETORERHL ORE)EMNTESNE a'n(f),
BHEBUTR UK, @'n(f) 13, HARICET 3 2580 SHROIERHMEZER L TRONKDDTS
BDII L, om(f) AT 2~ 2 S, dp & am(f) BD Bulf) CLDHEESNIODTH B, ol
DEMIREEE S TREAINC SR SRTIES 528, IRIBEH O ARAITHIERER f(f) KK
FO+HICBHOANGNE BDEEL OGNS,
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Fig. 19 Conversion factor B« for several earthquake levels.
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B - WEHROMBHOERERDICT) EREMEIRETI T L2HANE LdDTH S, BoN

IEREENTEEUTOESVTH B,

(1) FEZFORIVEREINATHENERE TOREEHES T <570 (EMP-IB) 2FHNT, M=5~8,4
=0~300km OHEFHDSGHICKT S Y I 2 b— ¥ 2 VHIEHBRASEEE Lic, Zhd%E, bBEILE
1 % REBERIMSE T TEHER (0,=600~700 m/sec 2E) F TOHRBENEOIN TV Z10ATOR
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(2) HiM$5 4—42& LT, NEAHLDERINZRBAEOKRFIEETIEE S» B XUTENERT

Table 6 Estimation formulas for conversion factor Ba.

conversion formula ‘ amg (f)=Balf) am, (f) -+(22)
F>1.0 (Hz);
— @ o ’ I
definition of conversion {ﬁ"_wru Uy A Z Uy - (28)
factor Ba Bazlorna'(afnr)““ Amy <a{ur
f 1.0 (&z);
Ba=10%0c +(29)
afmzmuml,asn) - (25)
definition of specific loa=1.135—0. 643 log f+2. 256 (log f )?
value al,, (f>1.0 Hz) —2.913 (log /)? --+(26)
l1e=—0. 3504-0. 286 log f —4. 960 (log / )?
+4. 888 (log f)®
coefficients appearing {ro« (f)=wuoo (f)+uor (f) Su+uoz(f)logdy e (27)
in Eqgs. (28), (29) 71a (f)=wo (f)Fun (f) Sntuiz (f)logdy
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Fig. 20 Intensity parameter on rock and soil surface, and estimated value by use of Ba.
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