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Coefficient Selection of Damping Matrix in
Explicit Calculation of Soil Layer Seismic
Response

LOU Menglin, SHAO Xingang
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Abstract; A study was made of the method for forming
damping matrix in explicit algorithm of LS-DYNA in the
analysis of seismic response of soil layer. First, based on the
assumption of mass-proportional damping matrix, the
influence on the damping ratio of each mode was discussed.
Then the analysis methods of time domain and frequency
domain were applied to the seismic response calculation of
three different types of soil layer. Through the comparison of
calculation results between time domain and frequency
domain, the effects on calculation results by using mass-
proportional damping matrix were explored. Finally, the
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determination of damping coefficients of the mass-proportional
was proposed. Only when the seismic displacement reaction of
soil layer is calculated or when the fundamental frequency of
soil layer is higher than the input seismic wave excitation
frequency of the under lying bedrock to calculate the soil
seismic acceleration response, it is feasible to apply the
fundamental frequency of soil layer to determine the mass-
When the fundamental
frequency is close to and especially much lower than the

proportional damping coefficient.

excitation frequency of input seismic wave, substituting the
arithmetic mean of soil layer fundamental frequency and
response spectrum peak frequency of input seismic wave for
the soil layer fundamental frequency is recommended to
calculate the mass-proportional damping coefficient. This
method can effectively improve the calculation accuracy.

Key words: explicit algorithm; mass-proportional damping
matrix; soil layer with deep deposit; response spectrum peak

frequency; damping coefficient
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Fig.1 Finite element mesh of soil layer
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Tab.1 Characteristic length and natural frequency of the soil layer calculation model

B BIERE /m B R/ 2
T R fi 2 7z 7 f
1 85 112 1036 0.65 0.76 0.84 0. 96 1.09
2 46 61 1036 1.17 1.30 1.40 1.47 1.56
3 17 22 1036 3.15 3.29 3.42 3.53 3.63
4 100 100 1036 0.79 0.81 0.87 0. 96 1.07
2.2 EEEBANMER o~ £ s
ATHRESHEMBERE S TS AR FNZ ; ;’ %(5)
W, 7EHEMBRMHEFIERAT 5 KFMEK. L & B (1)(5)
BRTRIMNRESEFERESHEEAT BN B
A0 El Centro.Kobe, Taft 31 F AR F 4 KHE B /s JE/s
S, BATTA B AR Fourier W& {E 3 A & B 1 43 Bl a IR b R
JnpE 2 — 6 Pz M3 El Centro
Fig.3 El Centro wave
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Fig.2 Bedrock artificial wave

Fig.4 Kobe wave
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Tab.2 Characteristic frequency value corresponding to the model of the soil layer Hz
W e Fra o TR TEER 2 TEER 3 TEER 4

fa fo fe fa fo fe fa fo fe fa fo fe
ATH 2.94 1.66 2.64 1.80 1.64 3.00 2.06 1.91 3.81 3.04 2.89 6.84 1.87 1.72 3.22
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 1.29 1.13 1.68
Kobe 1.35 1.26 0.98 1.00 0.81 1. 55 1.26 .08 2.01 2.25 2.06 3.42 1.07  0.89 1.68
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 1.79 1.08 1.68
bedll| 10.0 1.37 6.29 5. 33 3.47 4,04 5.59 3.73 5.12 6. 57 4,72 9.19 5. 40 3.54 4,33

F3 TERER ] diikhmEE S8R ERE
Tab.3 Acceleration and displacement response amplitude of the surface midpoint on Soil Model 1

R I/ (m - s fu#/cm
fi fR  fre JF fa So fo B A Sfr  fre SF Sa So fo o BRI
ATH 2.10 1,16 1.53 1.23 1.48 1.53 1.15 1.33 2.03 1.06 1.43 1.14 1.38 1.44 1.05 1.90
ElCentro 2.20 1.8 2.06 1.92 1.98 2,03 1.91 199 3.99 2.59 3.58 2.8 319 3.40 2.79 3.61
Kobe 2.09 1,93 195 1.99 199 204 1.91 1.96 3.59 3,17 3.22 3.38 3.37 3.49 3.06 3.48
Taft 2.38 1,56 1.84 1.81 175 1.8 1.78 1.53 4,8 2.8 4,11 3,98 3.64 4.38 3.79 4.72
bedll| 2.27 1,001 170 110 116 1.32 1.26 1.19 1.68 0.47 1.34 0.60 0.68 0.88 0.81 1.41

F4 ITRRBIFHRMERESERITRERE

Tab.4 Acceleration and displacement errors of calculation of the surface midpoint on Soil Model 1 %
sk fu#g
.,
o fi /R Sfre SfF fa fo Se A fr Jre fr fa o fe

AT 58 —12 15 —7 11 15 —13 7 —44 —25 —40 —27 —24 —45

El Centro 11 —7 4 —3 0 2 —4 10 —28 —1 —20 —12 —6 —23

Kobe 7 —1 0 2 2 4 —3 3 —9 —7 —3 —3 0 —12

Taft 56 2 20 19 15 23 17 3 —40 —13 —16 —23 —7 —20

bdli| 90 —16 43 —8 —3 11 6 19 —67 —5 —b57 —52 —37 —43
2.3 TEHMBRESH TG R LR, AR M, AR TR

PR —2EH R ITER, 73 JIR FRSSASR  Brig iR RS R-5 S 7138 45 R PO, I
WM T BB RRRA T WR R B, Fit RS REAERER R A
DA 58 B 45 J2 RORE g E A 1L, 1 DA S [ B



1130

B3 K% ¥ wmE R FER

HaE

,_ lal—la"|

| €
la* |

KA :a fa™ R 1R [ —47 [ Ab R AL R B0 B
RNIIELH , Hor a RBHEA TGS R 0" IS4
R

RIMBAPHIHT LZER 1 FEARH R
PSR A 2 Bl 3R v AR B AL SR IR £ B A
DRI B R IR .

MR APALUEFES BT HEES 1 JEME
&TFE 2 1 5 FHBIBEAFERR fr. fr K freo
FREAS B w, = w1 TE LB MR R R BB
SRR, AR AL T A b 2R Y B 0 DA R for
FEWE(H. A b 2 T AR AE R S, 1 J2E 4 5B S L
EEHTBERETT o.=wo FTRIER. E—ExTH
R2MBAPHBEAUES, Bk Lo, —w. =

X 100%

2nfa Wb, ARG BE B AT — 28, H LA BE (RAIEHD AR A
BEVEAE IR ZE N IE , BNTHSRAE M R T 5L B . X
HEEEED . — SR LR MR RN AR E B
J2 Ay s T 5 A M FR SR NE 73T SR LS5 2 IS M R Bl
P BE AR,

B 7 FnfE 8 B T 7E El Centro S AIBUINEK
PRI T A R 1 M R o B R B AR
2, NEHFRTELE H, R o, = TE BRI
THE BT A4 R R eb U BE S R i AR 5 AR
B FTR B N R 2R, TR A o, = o, TR LB
B 5 (o= 2x fo) , TR BTG 4 o J2 2 32 o0 o5 o sk B
B R RS B T B, HoAt R B T 1
J= M2 P S BE S B Bt R T 28 5 EL Centro 70
DO BB T B E LR, R TR 8, A ——F .

o 2 o 3 = 2
Lo b2 o
£ o g ! E o
‘lm _1 M 0 m _1
= ® -l b
S_z_% I I I I I ) | 2 1 1 1 1 1 ) 8 2 I 1 ! 1 I I
S0 5 10 15 20 25 30 2375 10 15 20 25 30 235 10 15 20 25 30
i 8)/s A A /s f[B)/s
a FUBH B LR b ws=w BHRIIREER c ws=wa B EER
T TBER 1 L BEihFE R A mERE KA EE (El Centro B HE)
Fig.7 Soil response time history of the surface midpoint of Soil Model 1(El Centro wave)
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Fig.8 Soil response time history of the surface midpoint of Soil Model 1(Wenchuan wave)
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Tab.5 Acceleration and displacement errors of calculation of the surface midpoint on Soil Model 2 %

W ek BE -

! /r Jre JF fa So Je ! /r Jre JF fa o Je

AT 25 —8 14 —3 7 9 —19 10 —42 —11 —37 —23 —19 —51
El Centro 8 —1 17 3 3 5 —4 6 —11 14 —2 —3 2 —16
Kobe 0 —4 —2 5 —2 2 —16 3 —2 1 9 1 6 —17
Taft 29 7 27 23 7 26 6 6 —15 4 0 —15 3 —16
bdli| 80 —14 66 —9 —8 10 —6 11 —b4 8 —41 —37 —23 —34

MRS ATLLEH: T HEEA 2 MEFEAE  ERETR2 $ 5 FMERARMERER, HIkik2E
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R R BE SN R AR AR AL 5 O EAR R HRIR,

XBIAAEEE b, HfE+EER 2 FRIREAR I
BR1BET. RTREENEEAE——FIH.

K 6 PHIH T LEEA 3 AR MR T
A R R P U BE AL A8 S N IR R 4 R
HIRZE.

F6 TRERBIFHMRMEESTBITERE

Tab.6 Acceleration and displacement errors of calculation of the surface midpoint on Soil Model 3 %

W ek BE -

B! Sr Sre JF fa So Je B! Sr Sre JF fa So Je

AT 2 4 29 8 3 5 —27 6 9 31 14 8 10 —33
El Centro —4 6 11 8 1 2 —6 5 24 36 28 14 16 1
Kobe 7 22 24 27 13 15 5 3 17 18 22 10 11 2
Taft 4 8 33 28 6 12 2 2 5 14 14 3 8 0
bdli| 9 —28 64 —12 —13 —3 —25 7 —52 48 —30 —31 —15 —48

MFE 6 ATLLEH, BT LEEM A ER T
TR T @UIEERIND R 2 & 5 KM R I HRHE
B, I Y B 0, = BB EF IR IRZR/D.
X5 EHl LS-DYNA /7 4 E M7 B —2L R
B o= X o,=w BB, El Centro %
AT B TURY T 1 o JE 2 3R v 50 bk B2 I R TR B

F R , X FIMRRAR I W (H . BAE £ R R
3 HIREM A SRNIREZKFELH 0. = o, I}
824, [, BRF i e R E A ——F1 .

RTHHHT HEER 4 AR RIS T
A R R P U BE AL A8 S N IR R 4 R
HIRZE.

RT IRRBIAFHMRMERESERITERE

Tab.7 Acceleration and displacement errors of calculation of the surface midpoint on Soil Model 4 %
- I e WS
S fr Sfre SfF fa o A fr Sre fr fa fo fe
AT 75.82 —10.76 15.39 —6.08 9.83 13.78 —14.56 2.64 —54.21 —33.11 —50.39 —37.67 —34.43 —57.23
El Centro 15.09 —5.69 10.86 0.07 3.32 6.63 —3.8 3.45 —28.66 —4,64 —21.95 —17.75 —13.09 —26.69
Kobe 6.58 —0.40 0.76 4,26 3.15 5,42 —3.59—0.86 —11.13 —9.66 —4.46 —6.19 —2.65 —15.63
Taft 41,90 —11.96 23.21 18.93 7.41 29.07 10.10 0.56 —35.30 —9.76 —12.45 —20.28 —6.25 —18.44
bdli| 161.19 —30.63 101.53 —13.62 —7.10 15,47 2.62 21.09 —73.77 —1.81 —62.41 —58,22 —46.35 —51.89
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KA o =0 B os=w BB HK )G, El
Centro AT B TEURN T #Y 1 J2 #b 3R v 5 sk B2 it
FRIRONL AR SRR 1 A2,

WAh, MR 4—7 ATLAE H, (@) H w, BUEX I
B SN B ) S K T AL B8 SN R RS e , X T 3 A
AREHRA L, 0, By L EERB, L E R
EE IR IR Z B/, HiIRZEH M IE. HEEZ Xt
R0 BE R a(2) = Agsin wr(Ay AHRIE) BINE
IR u@®)=—(Ay/o?) sin wt=1;sin wt. 1§ B,
BEE BRI o BT, AL 18] 3 IR (L $2 s
BXTrm . B, + R bR AL RS RN 5 SRR
W, FIERTTE L2 1 B REALEE KRR R
FRGRE M o= BEATR B R RN A A 3

WA SCRT 3 =R R + R BRI R A
Hu R A AR R M BUE S R LR AT H

(D72 R RN AR BBk, B Ui
B A BB BRI N A B R W, %+
BEEE TR TR A BRI, 5
R B R F AT R TE B LB 45 2 RT AT,

(2) Y+ 2R IFEE T Ho 5B I 19 F B R
BB, Fl BRI B LA R B A e, &8
J2 P 2t RN BE SN A SCER 0 e, b3 o B
A IR IR 30 %01 80 % A4,

(3) %+ 2 H I K T 1R I 19 F B4R AR R
BB, SR E B BT R & LB B = B
TS e J2 b R o R 7 A, A SO 8] o b R
B HIR 227 BRI 60200 900 R4,



1132

B3 K% ¥ wmE R FER

HaE

OB THRFAAANE, FRIEFEE, B
S P — TR RTE AR B L 1] BELJB 48 R DA A
& B iR RUFHJE L RO RfE, S o o B AR TE T AR B B L
PIRELJE 451 h AR B e 9%, AR SCRBUEE R (8) kT L
FRE LB R EL a0, R IRR o, R8T 3T T E
AR BRI, — ok, OF + 22
Wit THA MR B AR AR R, AT o, A R
B, 5 BErE AR —20G O 3 1 R EPHEE TR 3
R LT R B R AL R, il o, BN L RE
AN A MR B R S W AE AR R B AR IIME .
EATRE 5 TS R i B e {E R T 5K
.

GOHTEEBRRMITENEIEANZ—2
O M T 5 40 42 (3L 5 1A R A\ S AR I, A L AR
3 EREEW FE R X LR MR RN R,
T T HRALE ST BT, o, 5B 1 R A
%, Bl R 1 B R B AL A8 S N 7E SR MR AL
B L AR HAE .

&30k

(1] BRI mHEmENA Romkl] BTRSTEE
31,1984, 4(2): 1.

LIAO Zhenpeng. A finite element method for near-field wave
motion in heterogeneous materials [J]. Earthquake Engineering
and Engineering Vibration, 1984, 4(2): 1.

[2] Martin P P, Seed H B. One-dimensional dynamic ground
response analyses [ J]. Journal of Geotechnical Engineering
Division, ASCE, 1982, 108(7):935.

(31 Z/NEE, BIRNS, SRR At 0 g R s v 24

[4]

(5]

(6]

7]

(8]

(9]

HBAARIT-—ARES k)], mBER, 1995, 17(3):
362.

LI Xiaojun, LIAQ Zhenpeng, GUAN Huimin. An explicit finite
element-finite difference method for analyzing the effect of
visco-elastic Local topograph on the earthquake motion[J]. Acta
Seismologica Sinica, 1995, 17(3): 362.

UE, BREHN, EY. RS HEIM]. BER: BEERE
Hiffigt, 1987.

ZHANG Ruging, YIN Xuegang, DONG Ming. Computational
structural dynamics [M]. Chongqging: Chongqing University
Press, 1987.

ZNE, BWRES, B . ARBKERZ N REN—FBRE
spkl]]. MR TRE5 TR, 1992, 12(4): 75.

LI Xiaojun, LIAQ Zhenpeng, DU Xiuli. An explicit finite
difference method for viscoelastic dynamic problem [ J].
Earthquake Engineering and Engineering Vibration, 1992, 12
4. 75.

BRI, BREKW, ERE. BEIWRTHBRARITE
[Cl/FE=EEEBRTERSILEIE. KiE: REETAE
R, 1990, 211-216.

YANG Baipo, CHEN Qinghin, WANG Qiping. An explicit finite
element method of the seismic wave study[C]// Proceedings of
the Third National Conference on Earthquake Engineering.
Dalian; Dalian University of Technology Press,1990: 211-216.
MEBRIL, RS, EAkig. ANSYS/LSDYNA 3 i tr itk 5
TAREHIMI. 6. o EARFR K R, 2008.

SHANG Xiaojiang, SU Jianyu, WANG Huafeng. ANSYS/LS-
DYNA dynamic analysis method and projects[M]. Beijing: China
Water & Power Press, 2008.

AR, WAL WS BRI ]. RS
K2R HRBIEIR, 2004, 32(3): 281.

LOU Menglin, PAN Danguang. Hysteretic damping application
in time domain analysis of soil layer [J]. Journal of Tongji
University: Natural Science, 2004, 32(3): 281.

Clough R W, Penzien J. Dynamics of structures [M]. New
York: Mc-Graw Hill Inc, 1993.



