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Site Response Analysis in Time Domain Using Finite Element

FAF - AYT-tg
You, Hee-Yong - Lee, Jae-Young - Park, Young-Tack

Abstract

The finite element method is a practical tool to compute the response of the irregularly layered soil deposit
to the base-rock motions. The method is useful not only in estimating the interaction between the structure
and the surrounding soil as a whole and the local behavior of the contacting area in detail, but also in
predicting the resulting behavior of the superstructure affected by such soil-structure interactions. However,
the computation of finite element analysis is marched in the time domain (TD), while the site response
analysis has been carried out mostly in the frequency domain (FD) with equivalent linear analysis. This study
is intended to compare the results of the TD and FD analysis with focus on the peak response accelerations
and the predominant frequencies, and thus to evaluate the applicability and the validity of the finite element
analysis in the site response analysis. The comparison shows that one can obtain the results very close to
that of FD analysis, from the finite element analysis by including sufficiently large width of foundation in
the model and further by applying partial mode superposition. The finite element analysis turned out to be
well agreeing with FD analysis in their computed results of the peak acceleration and the acceleration
response spectra, especially at the surface layer. '
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Table 1 Material properties of each soil layer

Property Hﬁf;lér of Unit weight |Shear modulus| Young’s modulus | Shear velocity Porizi%n's
Soil layer (m) (kN/m%) (MPa) (MPa) (m/s) v)
Layer 1 : Sand 3 196 167.7 436.02 289.7 0.30
Layer 2 : Clay 3 19.6 2249 58474 3355 0.38
Layer 3 : Sand 3 204 3789 985.14 426.8 0.30
Layer 4 @ Sand 3 204 4949 1286.74 48738 0.30
Layer 5 @ Rock infinite 220 33,308.0 8,660.08 3,853.2 0.20
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Fig. 1 Local soil profile and Numerical model
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Fig. 3 Response acceleration of Time Domain (TD) and Frequency Domain (FD) analysis at the layer 1

Journal of the Korean Society of Agricultural Engineers, 48 (6), 2006. 11



AZFENN FELLEE o8

g AZDA Y ATFSEEHY

FL A g 2T 9% & AT AR

o2 K]
S
o Aol Ak Y 20 vH“
0% A5y
e 73 g A FEEOEHN %i
AT AL gaEHE AoR
|

d Agee 350] AT

o

~

AZFd e Aol A AHE £
SHAY) gelFor TEEs &
aiv} Table 301]/\% AlZEE 4

]

[ 010

E}. ] °<§'°—“'1-4 SOm 60m 90 m A

i Ji
4&

[e]]
i
111

of g REFHPMSM) A9EHY &

rlo

ru%

J,_J]}l&-nﬁrlr_wsgnﬂ

ST WAL WS Aoz

12

zz} 90 m 222 A% 107] RE5S o]§3 4
GRE R

A%e] HSHEET AFTYY

a9

;AR AL AeTdd sqdze
7} 242+ 0.08 golA 0.03 g 0.02 g2 T
om, Furgd 4479 90 mARE
T oA
474 0.18 g2 ¥A3a Qlc}. Aut Fo) 713
30 m %9 29 AL Ak Fo] F ¢E
of vlgte] 1 Hap}t & A& AT

% ook

Az X¥k 22 60 m, 90 mE F7HA
tai Axket Ax), Ak dses} gy

o)

At =

H At

_,_;d Ak

. ol

3 4ol

S|
Aok 3 §4°ﬂ et AFFAHEENE AHET
9J8to] FFT(Fast Fourier Transform)Z A3}
Atk Fig. 4 ¥ Fig. 4b)= Zz 29 At
ZE& 30 m % 60 mE o] d4st Aot A
%%BOm«] 3% 2~3 Hz & 7~ 10Hz?7}°]
ol A &g + 1, 60 m9 B+ 2~4
z T7I0] Tha Adoldt Zis & & 91‘:} o]
&l Fig. 4(c, = A¥F Z 90 mel EHTSP 2
AEY 9 REFHRC I Mg aeln &
T e AFKo Qo] 1 Afo|7} wi¢- @iﬁ}
e A& UG 5 Qdoh HY Sk
IR 2 Ak Zo] 7180 24 ij—‘lf—i@ A
2 AZX AT L D559 F 7HA
Aol AR 435 Y as 8¢ &+ Stk
ol Edlel At Fo] FrkstdA Ak o
AF R Auishs AFs RE/}F Skt 18d
IFEEFC] iAo st 4 ed A3 I
Atk Fig. 4(d) & 3NAA k] diste] 7] go] =
& IFRE 100E FE3t9] sAst Ajolrt

o>

jan

oo 2

[

Table 4° HQlutgl o] vt £ 90 me] 7%

102 2= 1HR1FEF7E 4.9 HzE Yehdxn
gloem olHr} & AT AR ke Fig. 4(d)
of Hol uio} Zo] sjAdAnel LA %
& #8 # 9th Fig 59= a4 249

Table 3 Peak response time instants and accelerations at the instant on the top of each model

Width of model 30 m 60 m 9% m 90 m (MSM*)
Analysis type
Time instants / Responses ™ | F T )| FD | T | FD | T | FD
Time instant of t{‘se) peak acceleration | 1960 | 1358 | 1317 | 1358 | 1327 | 1358 | 1329 | 1358
Peak acceleration at the time instant 0.9 018 021 018 0.20 018 018 0.18
(g) o . . . - ry . .

MSM*: mode superposition method, 10 modes were included
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Fig. 4 Fourier amplitude spectra of response acceleration at the layer 1

Journal of the Korean Society of Agricultural Engineers, 48 (6), 2006. 11

51



(a) lst mode: 22/24/25Hz  (b) 3rd mode: 47/37/31 Hz

2. IR2E Koo oE 32t
of Aol REFHPS Salo A5 4
{c) 5th mode : 53/48/44 Hz (d) 8th mode : 64/5.0/48 HZ' /il] ol = ﬂl%%ﬂ-—’i?&ﬂfﬂ IH__ g 37_“ %}_i}\ 711
Fig. 5 ;l(‘)t;esoh:llf/dg Onsl}/l;[];;s oa;n:’lVi (littsh natural frequencies SFF UL 9L 2 o8 mAT o] HolA
= AN %2 W3l Ygt Ty U u{AEs
AFEEFY W IHAEFE 290, Fig. 60 o] wigte] disiy 71zstsinh A|Htel gk s
E REAES 13H4i 45}4“3}(7101301 '0' A A}, Auke 2 Zof| gigt 1fEE F RS
of 77k REE A9, QSR AsTAER 79go] 7P 22 14 B2 1/A5E Al
7} SAARY AR nESY] st AEFY Z 30 m, 60 m, 90 m, 180 m(180 mZo| thsj
Aol S 90 mANE Fof fist JHAEH A LAAHAT FEst HANFFRET #
9 REFHYY SHe YYHe FFTEARS A 33)olM 42 2.2 He, 24 Hz, 25 He, 25 Hz
Fig. 7¢l YRt didAet IFEE(Table 4, E QEARl 17l EF #A }o}ﬂl UFERET
Fig. 5) ¢} =0} 2 Hz o)} 7zt aix A AW Zof] w2 FE¥ UGA%5S5E Table 49
o} ui¢ A Yo SHNER e A Belon 1 RES A9 B "o°ﬂ thaiA A
T B8 SR AR U4 3SR gk Zo] 7R 2 2o oidt viAEF)
ol Aoz Yepgrl 34 Fig. 8o ®elupel 7 BAA; Aol 1 glom Aoa uxFFYGe] F
of Aztge|X Y AFrFdarle Hjdhay Q3thd Jof wht o % 9 ufEES; X
Fol lolME Layer 3, 494 A4S & Rol Hojo & Ao Z gekdth Fig. 5Selle el A
I 3 Layer 2004 tha Apolzh dA¥staL 9l €8 ARETHAY 2 A Fo wglef o 3
t}. Layer 12 A@wigEo] '0'ol22 #9813l AFFE B0, Fig 6= Zrrloigg J7
HYAGHGEY] Aol TR M4 =2 Jepfith S8 AREE 4 559
Atole] aXAY zlolelx] Q= @POR HZE o s|A3 wS ZHA AMEHNYT, ZEY FTFH
Table 4 Frequencies of each mode shape for analyzed models with various widths
Mode shape '
Width of mode 1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th
Frequency for *
30 m of width (Hz) 2.2 33 4.7* 47 53 53 6.3* 6.4 6.7 79
Frequency for
60 m of width (Hz) 24 2.7 37 46 48 48 49* 5.0* 54 54
Frequency for * *
90 m of width (Hz) 2.5 2.5 31 | 38 44 48 48 48 49 49
*: The mode shape for this frequency is different from others within the same order.
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