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SUMMARY

This study presents the response analysis of random vibration to nonlinear soil materials
employing the probability density function (PDF) derived from Fokker-Planck Equation. The PDF
can express various nonlinearities using only one parameter ‘a’.

The author compared this PDF with Gaussian and Rayleigh distributions, and performed xtest
on actual observed seismic data to examine fitness.

The results proved that this proposed model is superior to the Gaussian and Rayleigh ones which
have been used to date.
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Fig. 1. The normalized first-order density function of the
response displacement, for various values of a
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Fig. 2. The normalized first-order density function of the peak
displacement for varlous values of a
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Table 1. The response statistics derived from eq. (7), (8), for various values of

a

a 0.1 0.5 1 2 10
Oxr 15.0 3.52 2.00 1.18 0.40
Mxi 12.3 3.31 2.00 1.25 0.47
Oxi 10.7 2.51 1.41 0.83 0.28
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Fig. 3. The response statistics from eq. (7) , (8) , for
varlous values of a
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. bedrock

interior

Fig. 4. Observed seismic displacement data (hori-
zontal)

Table. 2. Standard variation values for

observed seismic data (mm)
bedrock interior crest
0.079 0.116 0.249

Wb, BAL X, OERFEE o DIED, ©— 27 F ux KHXTERERL»PLETH-T52 8
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BETHOh I EMHBREE, v 7EREEAYHCC, EFEO 7 124 T4 roRERBRIC LD
BONLIERGHACERBESL TV ALY —HlL LTREL, BEHER x? BRETH D, BEDOR
b LT — 2 IHEKEEESREMTETHS (At =0.028, 7 - 2HN=450), Fig. 4 [ZFXIE
%, Table. 2 (CHE#REMBEY T T,

OREENMEHD x°* BE

 REKPERMLEX.2mER T, FASGFL, pyAGHETAMCHT S xF BERTTo (BHE
f(=k—3)=15 k : 735 2%), Fig. 5 ice 2+ 75 2%, Table. 3 LBREDERY~T, BEEKE
a=5%IK LT xisa =25.00>20.27L 7c b, BEEMCBIL T, » 7 A5 —IGEY T L&
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frequency
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Fig. 5. Frequency distribution of the seismic displacement at bedrock
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Table. 3. x? test to the displacement at bedrock

section (mm) 0b. freq. Oi Com. freq. Ni | (Oi-Ni)%/Ni
<—0.16 9 9.90 0.08
—0.16~—0.14 4 7.65 1.74
—0.14~—0.12 12 12.15 0.00
—0.12~—-0.10 21 17.10 0.89
—0.10~ 0.08 17 23.40 1.75
—0.08~—0.06 41 31.95 2.56
—0.06~—0.04 32 36.90 0.65
—0.04~-0.02 56 41.40 5.15
—0.02~ 0 51 44 .55 0.93
0~ 0.02 35 44 .55 2.05
0.02~ 0.04 39 43.20 0.41
0.04~ 0.06 35 36.45 0.06
0.06~ 0.08 32 30.60 0.06
0.08~ 0.10 28 23.40 0.90
0.10~ 0.12 12 18.00 2.00
0.12~ 0.14 10 11.70 0.25
0.14~ 0.16 5 7.20 0.67
>0.16 11 9.90 0.12
= 450 450.00 20.27
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Fig. 6. Frequency distribution of the seismic displace-
ment at crest
Table. 4. x2 test to the displacement at crest

section (mm) Oi Ni Si (Oi—Ni2/Ni | (0i—S)H2/Si
<—0.5 7 7.65 10.75 0.06 1.31
—0.5~-0.4 14 16.65 13.28 0.42 0.04
—0.4~-0.3 36 26.55 25.06 3.36 4.78
—0.3~—0.2 37 44.55 41.81 1.28 0.55
—0.2~-0.1 57 59.85 60,41 0.14 0.19
—0.1~ 0 73 69.75 73.69 0.32 0.01
© 0~ 0.1 81 69.75 73.69 1.82 0.73
0.1~ 0.2 49 59.85 60.41 1.97 2.16
0.2~ 0.3 43 44.55 41.81 0.06 0.03
0.3~ 0.4 25 26.55 25.06 0.09 0.00
0.4~ 0.5 14 16.65 13.28 0.27 0.04
>0.5 14 7.65 10.75 5.27 0.98
s 450 | 450.00 | 450.00 15.06 10.82
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frequency

! Sw === from eq.(6)
’

\ - ey a» ap Ray]eigh

(mm)
Fig. 7. Frequency distribution of the peak dis-
placement at crest
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O K 7K N 25 L e S 5 B et A o> HE Table 5. Mean and root mean square values
Table. 2 oKugiRZEME (7)) KLV BLND oy D from eq.(8) and observed peak data

FLRDIOCESE, a=225%B, Z0fEx(4) (mm)

RCRAL TRO LN HENEERIR LS £ &5, x° mean r.m.s.

BEZT 10, 7 7 2R, FRBIRBOFEHES A from eq.(8) 0.324 0.339
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A — 7 B0 ~0.1om) DEHBLSAENERT — 2 CHB L TEBRBIC 2 08B FLh 5, 2L,
(5) XD Powell 0RERXD, ¥ eoBhOBMK L, v 2R EVBELTHL EEFLELLAORTH
L1 THY, ZO/NE— 2 BEXENTIUE VA ) —SHICENRT, BRTF -2 L0BEERTT I LT

observed 0.267 0.295
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