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MODAL SYNTHESIS METHOD FOR THREE-D SEISMIC
SOIL-FOUNDATION-SUPERSTRUCTURE INTERACTION

TrE RO - ARIEOKER* -t JE Eee
By Hirokazu TAKEMIYA, Kohtaro UOTANI and Satoru FUKUI

In this paper the authors developed a new subsystem modes synthesis method as one of

the dynamic substructure methods for the analysis of soil-foundation-superstructure for

seismic motions. This method has an advantage over the impedance method in that each

subsystem (namely, the soil-foundation system and the superstructure) is characterized

by the respective vibration modes of appropriately fixed or free interface conditions and

the release modes. The accuracy is investigated from the comparison with the impedance

method analysis by taking a blast furnace structure on a grouped piles foundation as an

example. A remarkable reduction of computing time is observed for the response analy-
sis of the integrated soil-foundation-superstructure system,

Keywords . dynamic soil-foundation-superstructure interaction, component modes synth-

esis, earthquake response, blast furnace
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Fig.2 Substructuring for Soil-Structure Interaction System.
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Fig.4 FEM Model for Analysis.

Table1 Soil Properties.
LAYERS| VELOCITY { DAMPING | WEIGHT |POISSON| OEPTH
{m/sec) {(t/m?) | RATIO] (m)
1 150.0 0.20 1.800 | 0,400{ 4.500
2 185.0 0.20 1.750 | 0.400| 6.000
3 185.0 0.20 1.750 | 0.400| 6.500
4 150.0 0.20 1.700 | 0.400 ] 6.500
5 150.0 0.26 | 1.700 | 0.400 | 6.500
6 175.0 0.10 1.7%0 | 0.400] 6.500
7 175.0 0.10 1.790 | 0.400 | 6.500
8 175.0 0.10 1,700 | 0.400 | 7.500
9 175.0 0.1¢0 1.700 | 0.400 { 8.000
10 560.0 0.10 2.000 | 0.400 |12.000
n 260.0 0.10 1.800 | 0.400 j11.000
12 440.0 0.10 2.100 | 0.400 | 18.500
Table2 Pile Dimensions,
LAYERS| WEIGHT | DAMPING | SHEARING | AREA MOMENT OF |POISSON
FACTOR MODULUS INTERTIA RATIO
(t/m’) (t/m?) (m*) {m*)
1~ 4] 0.354 0.03 8.1x10°® 0.04516 | 0.234x1072} 0.30
5« 9| 0.311 0.03 8.1x10¢ 0.03960 | 0.234x1072} 0.30

gErsbhTnsg (Fig.5 (a)). n=0DI L
THXHF, BERCE L THFRO 7 - TREEOEAT
31, 2RiICh UnpsBEbh s (Fig.s (b)). L
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Table 3 Natural Frequencies (Hz).

SUPER_STRUCTUER sus

0D c.x. oe0 (SYM.) | m=O(ANTIL.) w1

No.[ N.F. [x-DIRJ v-b1nf w.Fo | C.R | WoF. | coR. | N.Fo| C.k.
1[*n.s0| 1.4 13.8f"no1| o.0]v0.63| 11,9 0.5 | 280
2|*1a2| 32.4] os|rse] siz[*rma| se|fLni 157
3[*as| e.z| 17.8|*1es| o.0]*1.98f a.0|*1es| 7.4
s{™.am| oez| w0ty 0.0]%2.87| 7.50*2.07] 0a
s|"ez| o1 91|38 4a|*290] v.0f’2s1| 9.8
6|*.s3] 36| 23]*.27| 13.9{*304| o0.0|*z.ar| 3.
7{*es| 2.2 22|".42] ow|'nz| 1.o"sse] 2.3
8202 8| 2.5(|*s8s| 1.5[*m70] 1s5]*37r| 2.5
91%2.891 0.8] 3.5]|%%.03] e.0f*37] o0.0|*%.06] 0.7
w300 1) e.s|*wa3| 1.e|%aos] e ]temn| 27
11 .h.DS 0.3 0.3 4.37 0.0 4.14 0.0} 4.38 1.4
12 .‘5.3! 2.4 0.2 4.93 4.1 4,48 0.0 4.77 2.0
13]%as] os| 12| s.26| o.0f 4| 39| s8] o3
1| %68 s o2} 5.37| o0 5.9 o.0f 522 21
15| *s.2s{ o0.3] o.7] s.s8| 11.0) s.32] 1.4) 5.38] o.8
6] *s.55| 7.5 10| s.erl o.of s 87| s.s] oy
7 {*.70{ 4.2{ 13.0| 6.az| o.0| s.eal o.0] sisef 1.4
1890 9.6f 1.9) 65| 20| s78f o.0f e.05| 1.1
19| %.96| 15.4] 8.8] 6.1 o.0f s.92| 6.2] s3] v
20f%.22] s.0] 9.4] 6.95] o0.0] 6.09] 0.1} 6.42] 0.5
*: Pick up Modes N.F.: Natural Frequency({hz)

C.R.: Contribution Raio(Z) for Base Imput

Ta=10OWH#ICEL TR MERICEL CHEHO
7 TREEAEOEATIZL, 2N E- B D
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