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Discussion on modeling issues of Rayleigh damping matrix in soil layers
with deep deposit
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Abstract: The seismic response of soil layers is calculated by using the methods of time domain and frequency domain
separately. Through the comparison of the calculated results between the time domain and the frequency domain, the
importance of reasonable modeling by Rayleigh damping matrix in time domain analysis of earthquake response of soil layers
with deep deposit is discussed. The numerical results show that in the time domain analysis of earthquake response of soil
layers with deep deposit, different modeling methods of Rayleigh proportional damping matrix have great influence on the
accuracy of the results of the acceleration response of soils but a very limited impact on that of the displacement response of
soils. It is suggested that when the fundamental frequency of soil layers is higher than the excitation frequency of the main
component of the bedrock seismic waves, the low-order natural frequency such as the second or third should be selected as the
second natural frequency to determine the Rayleigh damping matrix proportion coefficient. When the fundamental frequency of
the soil layer is close to and especially much lower than the excitation frequency of the main component of the bedrock seismic
waves, the contribution of high-order modes resonance effect on the seismic response of soil layers should be highlighted and
w, should be selected as the response spectrum peak frequency wy of the input bedrock seismic waves.
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Fig. 1 Relationship between modal damping ratio and frequency
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Table 1 First 10 natural frequencies of different soil layer models and corresponding modal participation factors

P A R S5 R A R 2 25 R/ A iR 3 25 R/
& /Hz X771 Y J7 In) /Hz X771 Y J7 In) /Hz X771 Y J7 In)
1 0.65 10257.00 42.40 1.17 6586.40 7.39 3.15 3276.80 0.18
2 0.76 7053.20 88.08 1.30 4534.20 42.30 3.29 1620.30 8.03
3 0.84 2228.80 -86.83 1.40 4340.90 -7.38 3.42 2163.60 —-0.55
4 0.96 170.00 225.28 1.47 2049.90 22.34 3.53 1437.70 5.94
5 1.09 —44.03 5893.80 1.56 515.68 -41.42 3.63 1801.20 0.70
6 1.12 51.74 2810.90 1.69 -24.39 60.13 3.73 1452.00 3.33
7 1.14 -192.03 2680.60 1.84 119.65 -149.15 3.81 1717.20 1.58
8 1.18 -46.01 5144.90 1.97 5.18 3309.70 3.89 1552.70 0.61
9 1.22 -122.99 3314.20 1.99 49.75 1603.90 3.95 1043.70 0.48
10 1.26 -31.02 4437.70 2.01 -91.87 1260.20 4.03 255.32 -2.29
1.2 0.05 2.0
o~ 08 0.04 s — £=008
g 04 0.03 g
< 00 a m 10
0.4 = 0.02 # 05
=-08 0.01 B
124 5 10 15 20 000,570 15 2 25 00, 1 2 3 4
B /s f/Hz FAIs
(a) HHFE (b) EEMIEERE (c) it

3 EAEATLK

Fig. 3 Bedrock artificial wave
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Fig. 4 El Centro wave
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Table 2 Characteristic frequency values corresponding to model of soil layers Hz
TR 1 TR A 2 T JE A 3
Wi g h fre % R R R
Ja Jo fe Ja Jo fe Ja Jo fe
N Tk 2.94 1.66 2.64 1.80 1.64 3.00 2.06 1.91 3.81 3.04 2.89 6.84
El Centro 1.79 0.93 1.46 1.22 1.06 1.55 1.48 1.32 2.01 2.47 2.31 3.42
Kobe 1.35 1.26 0.98 1.00 0.81 1.55 1.26 1.08 2.01 2.25 2.06 3.42
Taft 2.78 1.24 1.37 1.72 1.01 1.55 1.98 1.27 2.01 2.96 2.26 3.42
el 10.0 1.37 6.29 5.33 3.47 4.04 5.59 3.73 5.12 6.57 4.72 9.19
WA S B T L A L% Sy, (2) HEiF 5L R
Jre =M/ s (6) T b R AURE, RV R T A A K InE
b, 4 8 RN R, AR TREPEE R A S R . T R
e[y o012y, @y VK HIETREA, SRR, ek
Co2me T2 B3 iR T S BB R R R Bk L U7V 1)

BT S S SE S e fi g
ATLAF e BRSO MU o T T8 3 A
7 U foo fe AT, ELBORERR A — A MR,
SV EBRAICE R, FIRENEE A T U b PR
ST
23 MREMREHRN T EIHEREOEM

(1) @A

Xl ATROEHAL, RT3 4
Jrik, CUSURTHSERT A 1L I SN HE R, e T3
A7) Fh BB T A FAR Y B, SR
AN, ZEREB bW h, R Tt
N4 I S5 S B, B S  45
R 2R
_lal-fa’

@

Ko, il a Hy b AR A s
WAL, JE o BT BRAMBT RS, @ AT 4

x100% (8)

R S W) B 5 A PR 5 KP4 —
S, SO A A R3, 4 BB T LR
1 ZER TR W T 2 2 b K P I A
R0 I IR % R R R 3

% 5,6 "I T TR BUH 2 4R RN F
2 2 O T S I (KA 1
RS R

% 7,8 I T L EEUH 3 4R RN F
2 s 2 A 2K T TS 5 5 I A
fl e B S SRR

(3) 7[5 BELJR A A 138 (1

I 4 FFTTLLE T EEBY 1 LI T £
2 5 ZHTEPLIOREETR foo fi LU frgs “4I0 00, = o,
T LR RSB B K, AR A4 T
LR A I W ML P o, = o = 20f,
Ko, =0, =2nf FHESERIN, 2% R S T 5
LR K P BT o, = o, NIIZE R, T ADITE






1276 a5 oE L OB ¥ 2013 4F

#3 LEEE | hithRP S ERE 5B R NIEE
Table 3 Acceleration and displacement response amplitude of surface midpoint on soil model 1
g /(mes ) fi#%/cm

L kR e fo /i S fo B Sk fre S S S P
N3 .10 134 120 131 122 120 135 133 183 187 1.8 187 18 1.8 187 1.90
ElCentro 189 199 192 197 195 193 198 199 3.57 3.65 358 3.63 361 3.59 3.63 3.6l
Kobe 187 185 186 186 186 1.8 185 196 340 345 344 342 342 341 346 348
Taft 147 146 145 144 143 146 144 153 4.67 474 470 470 472 469 471 472

HuRE D

el 0.83 121 086 1.08 1.03 097 099 1.19 162 163 163 164 164 1.64 164 141
FA4TERER | PHRNEESUBHEIRE
Table 4 Acceleration and displacement errors of calculation of surface midpoint on soil model 1 %
N i hiF
HhRE I

H R fre i S Jo Jo  Hh R fReg fo S S S

NI -17 1 -10 -1 -8 -10 1 -3 -l -2 -1 2 2 -l
El Centro -5 0 -4 -1 -2 -3 -1 -1 1 -1 0 0 -1 1
Kobe -5 -5 -5 -5 -5 -5 -5 -2 -1 -1 -2 -1 -2 -1
Taft -4 -4 -5 -5 -6 -5 -6 -1 1 0 0 0 -1 0
el -30 1 28 9 13 -19 -17 15 16 16 16 16 17 16

x5 TEEE 2 hithRP SRR SBRNIEE
Table 5 Acceleration and displacement response amplitude of surface midpoint on soil model 2
T /(ms 2) fi#%/cm
o o fre fe o S fo P H R frg S fo o fo B

N T 1.63 171 165 169 1.67 166 175 190 157 161 158 1.60 159 159 1.62 1.54
El Centro 2.24 225 223 224 224 222 226 238 271 273 269 272 272 271 274 270
Kobe 3.80 3.80 3.80 379 380 379 380 377 547 548 547 545 547 546 551 546
Taft 243 248 243 244 245 243 245 270 280 282 280 280 281 280 281 2.78

Mok

el 099 137 099 122 1.19 1.09 1.16 148 070 0.72 0.70 0.71 071 0.71 0.71 0.67
%6 LEEE 2 PR MEE ST RIRE
Table 6 Acceleration and displacement errors of calculation of surface midpoint on soil model 2 %
ey JJIEEYE &2
Hh R

f fo  frg JF fa fo fo  fH R fre fr S b S

N T -4 -10 -13  -11  -12  -12 -8 1 4 2 4 3 3 5
El Centro -6 -5 =7 -6 -6 =7 -5 0 1 -1 0 0 0 1
Kobe 1 1 1 0 1 0 1 0 0 0 0 0 0 1
Taft -10 -8 -10 -10 -9 -10 -9 1 2 1 1 1 1 1
el -33 -7 -33 -17 20 26 21 4 6 4 6 6 5 6

R XREEE 3 iR NEE SR EE
Table 7 Acceleration and displacement response amplitude of surface midpoint on soil model 3
g /(mes ) fi#%/cm

L Rk e Sfo /o S fe B S S fre o S S PO
NTB 228 227 224 227 228 227 232 263 044 044 044 044 044 044 045 044
ElCentro 269 2.66 2.64 265 268 267 270 283 044 043 043 043 044 044 044 045
Kobe 164 162 1.62 1.62 1.63 1.63 165 156 045 044 044 044 045 044 045 043
Taft 182 181 1.81 1.81 1.82 1.81 1.8 205 053 053 052 052 053 052 053 0.54

Mok

el 195 2.10 1.86 2.03 2.04 199 209 234 034 035 033 034 034 034 034 0.36
8 T REE 3 P RINEE SUBUHHIRE
Table 8 Acceleration and displacement errors of calculation of surface midpoint on soil model 3 %
I, s Rt
Hh R

f Jo  fre  JF fa Jo Jo  Hh SR fre fr fo H [
NI -13 -13 -15 -14 -13 -13 -12 0 0 -1 0 0 0 2
El Centro -5 -6 -7 -6 -5 -5 -5 -3 -4 -5 -4 -3 -3 -3
Kobe 6 4 4 4 5 5 6 3 2 2 2 3 3 3
Taft -12 -12 -12 -12 -12 -12 -12 -2 -2 -3 -3 -2 -2 -2

el -17 -10 -20 -13 -13 -15 -11 -7 -4 -9 -5 -5 -6 -5
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Fig. 8 Time history of soil response of surface midpoint of soil model 1 (El Centro wave)
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Fig. 9 Time history of soil response of surface midpoint of soil model 1 (Wenchuan wave)
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Fig. 10 Time history of soil response of surface midpoint of soil model 2 (EI Centro wave)
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Fig. 11 Time history of soil response of surface midpoint of soil model 2 (Wenchuan wave)



1278 P

2013 4F

S = N W

IR (mes )

3 3
2 W2
A &1
B 0 = o
5 H
5 _2 L L L L L ] E

0 5 10 15 20 25 30 20 s

B il /s
(@) FIHER

10 15 20 25 30
B IRl /s B TR /s
(b) =, FEER

5 10 15 20 25 30

(=)

() w=wrHHER

12 XE#8 3 L ER AP SINEE R NEFER (Bl Centro i B

Fig. 12 Time history of soil response of surface midpoint of soil model 3 (EI Centro wave)
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Fig. 13 Time history of soil response of surface midpoint of soil model 3 (Wenchuan wave)
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