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ALTERNATIVE
FORMULATION
OF EQUATION

OF MOTION

8.1 DIRECT ANALYSIS OF TOTAL STRUCTURE-SOIL SYSTEM
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Figure 8-1 Total structure-soil system.
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8.1.2 Equation of Motion in Frequency Domain

Using the complex-response method (Section 2.6), the equations of motion
(Eq. 8.3) in the frequency domain are as follows:

S0 [Su] {ut} {0}
[Ser] | [S3s) + [SE] | [Sul [{ls}; = —7 {0} (8.4)
1So] | 51 () RIS
with the dynamic-stiffness matrix [S] (Eq. 2.10)
[S] = [K] + iw[C] — w*[M] (8.5)

and with {u}, the vector of displacement amplitudes, and {r} forming a Fourier
transform pair (analogous to Eq. 2.17).

= | "7 (1) exp (—icot) dt (8.6a)

—_—0

{r}= -2% J.:o {u} exp(iowt) dw (8.6b)
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Eliminating all degrees of freedom of the interior nodes of the soil i
(dynamic condensation) from Eq. 8.4 results in

[S] | [S:s] l{ui}} _ { {0} }
[[S,,,] | [S5s] + {Sﬁb]] {us} S, 11} (8.7

[S5] = [§§,,] — [gbt][gril_l[gfb] (8.8a)
[Ss] = —[S, 1SS, (8.8b)
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[Su] = [Kss](l + zci) - mz[Mss] (8‘93)
[Ssb] = [Ksb](l + 2‘:’) - COZ[M”] (89b)
[S5:] = [K3J(1 + 20i) — w?[M3,] (8.9¢)

The damping ratio { is assumed constant throughout the structure in the
following. This is not imperative. It does, however, allow the formulas to be
written more concisely.
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8.4 APPROXIMATE FORMULATION IN TIME DOMAIN
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8.4.1 Basic Equation of Motion in Total Displacements
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[S.]1 Skl @) | {0
LSN] ISz + [S%, J {{u:,}} - {[Sgo]{us}} (8.49)

[[M,,][M,a]] {{F:}} N [[Cs,]; [C.ol M{r‘:}}
[M, M2 {7} [C.d] | [Col + [CE) {F2}
. [[K,.]; (K.l J {{r;}} ={ {03 }
(Kol | [K&] + [K&Y {ri} K& )re} + [CL#E}
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7

.~
ow e o : 9 il
fae ,____/f(j/uLS(a_/’LL}*L,: [CF) 5 s Gam—="rFSb [ ke?) O

aal 2 i® 2 -
L '.A;’Vdc—}///) g S e s

/} ‘.l) br -
e Y & J; U g o
(r"" Lty g (86 % U ge—S ab- S

)))d(ﬁ[:\»_)

BV Ry G’ﬂ‘y ot o)l ( 78 & —% '




