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GENERAL REPRESENTATIONS FOR THE VIBRATIONAL
CHARACTERISTICS OF A COUPLED
GROUND-STRUCTURE SYSTEM

By Takuji KoBorli, Ryoichiro MiNat and Tamotsu Suzuki

Synopsis

The vibrational characteristics of a coupled ground-structure system are investigated which
consists of a super-structure, a rigid rectangular foundation and a linear-viscoelastic, horizontally
multi-layered medium subjected to plane harmonic waves incident obliquely to its lowest foundation
medium. Under some restrictions derived from the treatment of the soil-structure interface, the
general expressions of the vibrational characteristics are obtained as a combination of the wave-
transfer characteristics representing the amplification effect of the multi-layered medium and
the Dynamical Ground Compliance representing the interaction effect between the rigid founda-
tion and its surrounding soil medium.
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[o(i @)+ pro(iw) 17 (F ctt) 4 [pto(E @)V 2 p@] =01 oo, @21
3 4T divergence [F-] #EHE ¥ 5 L
[724R2(@)] (7 +88) =0 oeeveinetiiee ittt 2.2
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dilatation & rotation |Z X - CEbT &

1 1
- -hvz(“’) P+ £y2(w)
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t1y= Ao(i0)34, 7 - u+‘uv(,w)(3u1 + auf) [y J=1,2, 3] coveeenrmeeeesn s (2.6)

27, 9;; Ik Kronecker @ delta ¢ %,
UTFoBHFIRBIWTR, 1,2, 38EZhTh «, 5 2 #TE ), BHR L4 THERATROLIK
#EHT 5o
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v=wz=wy=1zy='ry:=0 .............................................................................. (2. 8)
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_ odu ow 1/ 0du ow
4= 1 0w, “’”‘“(”‘a?“a?) ......................................................... (2. %)
g 1 o4 2 Owy = 1 24 2 oy (2. 98)
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R#Ez2 5L, {4, 0} OFER
A—_—f(z)exp{i(wt—c_x)}’ wyzg(z)cxp{i((ut—Cx)} ...................................... (2_ 10)
DEIHIRFETE DL, 2T, {=w/c, iE wave number T, ¢, i3 x FRED 2 FEBEOMERETDH
3o ZhbE (22) IV (2.3) ARENTHURATEE
[%_Hhvzw)_gz}]f(z):o, [%4_ {,;,,ﬂ(m)_p}]g(z):o ........................... @ 11)
FAYXOF (9
LI TEBFEROBREALTE 5o BEMBRAKLVWS KELL, 3 (2.1) Xtho Lamé 0 HEE
Bx
{ (i) +2p,(iw) = {A(w) +2p(w)} +i {4 (0)+2p" (@)} = {A(@)+2¢(0)} {ga(w)}"._.(z 12)
po(io)=p(o)+ip (@)= p@){g:;(w)}! )

1= () +2p"(w) “1=1 4 (@)
R O 7 R T

o), p(w), ¥ (@), p'(w); K
DLIREDTE, 2.4) RPORFTRATRAOLI %S,

{ Cani®) = o (@) {ga(@)} 3, (@) =h(w){ga(@)}*
Ca(i)=co(@){g(@)) T, Ko@) =K(®){g: @)}
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1 1
() =| A +2u() =[ #l) - —_ e
cat)= AL T e @ EOT, b= 0, wo)= 0o 1)
KIZ, * SR B 3B O wave number, FEHB, Fib X MBSO & MR R

_L_=& N G =% ==

5_?_?;, g,=kH= 5 H, T=-t, X=g, Z= . (2.16)
L kO mE R 5 RO

_u@) L _m@)_ & k@) c) _ [ T=2u(0)

R TR T M) ewl) N B{—w@yy @17
THAT D T

a:J{pL ,-;:Ei‘, cp:.‘c"_ ........................................................................ (2.18)

R, AP0k LU H BIEWWIHMER R ORI, B, SHEE, (2.15) KA £0) &L RFEHE
DENENHMERT, v(0) if Lamé OB HRHHOEMEI Y E % 5 Poisson i TH b, %t (2.16) R £
BFEBEO x FAOMHMBE ST 2 S HEFOERBROLEED L TVD,

DEOHERERDE E, HBEAERK (2.10) 2L U (2.11) RRKRO &L 5 KERTALS N S,

A=f(Z)expliay(T—E X))}, 0y=g(Z)expliay(T—EX)} ovoviiovrisosriiocnin (2.19)

[ tactr—en | 2)=0, [-L +apwi—e9) ]e(2)=0 2.20)

iz et =) [F(2D)=0, [ +aiw =) [q(@)=0 oo @
e

h,:ﬂﬁ{gd(“n)}é, K'Zx{gs(au)}% ............................................................... (.21
Lizdio TZ IR

{ f(Z)=4d,exp(iaa Z)+ d gexp(—iaa Z)=(4,+ 4 g)cos(aa Z)+i(d;— 4 p)sin(a,a Z)
g(Z)=wsexp(iaBZ)twpexp(—iagBZ)=(w;+wg)cos(@,82) +i(w,—wg)sin(e,82)

QP=R2—E% BI=g 2T (2.23)

3, dpdpor LU 0p BEEREFHLVEEIREFEHCT, suffix I & R BrhrhAstl (&
) L URSE (TR *EOTHLERT 2.

KL« IEHRGDOERBL {u, w, 7, 0} X hHBH explio(T—5X)} 2BRVIcvD% {4,d,7,5) THEDLT.
(2.19) LU (2.22) X% (2.9) RITRA LR L matrix TEFRT 2 E, BERURRBKRO L) k5
DEBEBROLN S,

W=0B=GQOB, Q=GQ ----cco oottt 2.24)

.
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F17T
={7, = Y T '_—} H B:{AI+AR5 wl+mR7 AI_AR) ‘”I_U)R}T

it=iwa, dW=iow, .=0d/dt, T; 8 {8 vector A EW%RT B
372, G L8 Q13 size 4x4 @ matrix ¢, % ® element I APPENDIX IZREANTWAB,

2.2.2 HHREHEOTS
KPEBEREESD [N+1] WA bk, RTREELEEALT 2 Fig. 1 0k 5 22 @KL HEOR
TEEREET 20 UTRIPNTR, £EORKOWHBITXTROFS 2L DT sufixm %o
EHETHN, osufix GLELEERINDZ LB 5,
EmRORKICETIEERE (220 REBHLT
W.=0.B,=G,0.,B, [m=1,2, ) NF1] cooreermriiiiiniiiiiiie (2. 26)
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TEb L, k57 vector W KB+ 525 % Fig. 1 8B LT

Wonmot=Wanlzmets W= Wl zmaam e (.27
ZZIT
H,
du="gs  Hu=f m OB oo (2.28)

DL 5ITED D, EAD vector THf @ suffix [1JE %, %O suffix IEREERT. i suffix B &20
LERBHROEBLED vector TH 3 2 L % BT 5. UTTH vector W ¢ element O0£BLd Z OFER
FRICHES C ETT 5, (2.26) RoPEFRETHNL L

Wm,m—1=cmBm; Cm:Qm|Zm=o=Gm6m9 Em:lez,,FU .................. (,) 29)
{ Wm,szmBm: Dm—;lezm:dm:Gmﬁms 5m=_mlzm=dm
ERX&D B, EWETHE
Wm,m':Dmcm_le,m-ls Cm'1=C_m"Gm—1 ................................................ (2.30)
% (m—D) BREF oD Za=0 (T ET 2 MAEECHE LT s LT 1R
Wm-l,‘m—l= o teTeTTTeTeieeeeeeeeeeeeeieiieeeteie et (2.31)
% BWHEAIRILO D b (2. 30) R
Wm’m: E, Wm_l’m_l ................................................................................ 2.32)
el i
E,=D,C,'=G,E,G,"', E,=D,C, " oo (2.33)
(2.32) REFBRER ST VB LBEAT S L
( 0) I - X 1 - X
(1) 1 Z H ! 1 d
1 o
L2 gz " H, RE d,
(2)
(m-2)

m-1 ‘Zm.1 Hna M- ; sy dm-

(m-1)
m IZm Hm m ; Zm dm
(m)

(m+1)

m+1 }Zmol Hima m+1 1 Zma Ama

(N-1) ~ !
N ;ZN HN N {ZN dN
N TR 7T ITT TITTT T TT 77777

N+1 Zne N+1 AR
(a) (b)

Fig. 1 Formulation of the horizontally multi-layered medium;
(a) expressed in the dimensional form; and
(b) expressed in the non-dimensional form.
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Wy y=FyWi o Fy=EyxEy_ i Ej oo (2.34)
BETETA2bH%E [N+1] BHbL P 32l SV O FEBESAHT 5 L0 ZHhEEAT LD, O
DOREF B matrix By, RO TE Lo (2.29) XKEBHL T
Buos=JxWior Jw=Cuay ™ Fy toroiiitiiiiiiiiiii i (2. 35)

CASE A: BTEOHERAEIHLEE N) ERENOASHNEANDOEE

nE ASTREN *
P A4t ; @p=Apexpliay(T—EX+an,1Zy41)}
=Apexp{iag(T—hjyy,18in0p X+hy1€080p « Zyyq)} -ooveeeveennn (2. 36a)
SV B At ; Osv=Asvexpliag(T—EX+ By Znii)}
= Asyexp{iay(T— &y, Sinbsys X+ 54, cosOspZuig)} oo (2. 36b)

TEDFo 22, Op LU sy A PEB LU SV BEOASATD 5o T OAGRE ORI
P AS up=—0psindp, Wp=0pcC0o8hp - -rveveriiiii

SV i AST ; usy=0sycoslsy, wsy=DPgysinbgy

Thoh b, AGHE o dilatation 3» X (X rotation 3 (2.92) L b

P AL Ap_ﬁui_l_ awP iRy DpE erererenr e (. 38a)
SV 5 AS © wsy= %(ﬂa‘zs_v_a’g%>= R T P T — (2.38b)

Z0L D TASEEN Pp, Osy 5 L0RNE, (2.19) LR (2.22) XEBET L L, (2.25) XF 0
REFEH {4 ot ve” RO &5 ITEBEAITR o

A
P s St {4y, o war” _{thHAP,;__,aOhNH L2 0} ........................... (2. 39)
N . A T
SV BASH (s orbwan™={0, i Agmiag Fhat AT (2. 39b)

T (2.35) REROL S RERT 5.
Bzvnm :l_[ ]I,N(” JI,N(Z) J”Wl o(d)ji

Byo® L Joy® Jy @ oy | (2. 40)
Z i
By P ={4dp, o} n+,"s Bw P ={dp, or}n.i"s
W=t T V= wh
Jr v ~Jr W5 Jr, v @ 2X2 submatrix*!,
JritJst JieFJae JiatTas Juatisa] e (2. 41)

Jrv= - 1lja+jn J22+]:4z ]:za+]:aa ]:24+]:44
Ju—Js1 Jis—Jse J1s—Jas Jia—Jaa
Jas—Jar Jes—Juz Jas—Jaa Jae—Jislw
J11~Jaas 4X4 matrix Jy 0 element
HET R HHEEE ) &, W,,9=0, ®RAL, (2.39) RITLY By ® %EEHE LT (2.40) R
R
W, o @ =[] x®] By, @O, By B =J; y W, (D =], y®[J; y V] By, @

*1 BEXE 1) ORF Iy ~IvW LRROBRKICSH B,
Jr Nm:]Nm‘*‘JNma J: N<Z):JN(Z) +JN(4)’ Jr »® :]N“)_JN(a); Jr N(“: @ +J(“
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WERTELOFEAERASNEN, T42bb Bya"=0, L+hid, (2.42) KL W BTEWER vector
W, BfEET it
[ e 0] =0 e e e, (2. 43)

BRIZLATNE R D% 0o (2.43) REZ OB AOBHRFBERT, T B BHREHENBOXE
BOBBBARRNTI B 2%

Z 2T matrix [J;, vM]™! ©% clement 93 0BREWLPITLTEF I S0 (2.39) RiTLhid, HBE
POASTE P LI SVEEZNENIMIIITRS &, drve & orney dMLELD, PRASOL
BN orve 237 SV BASHO LRI dr v BBEE D LicdioT, (2.42) RIZE (N) #HRE
TOASHEMBERMN LR LT IHMRHOEMIGEOETCRRDOL S KERL B LWHTE S,

P o sy ; 0D it exp tia(T—£ D0,

ﬂx%@:h;‘,ﬂj; LXP {iag(T—EX)}  rrevrevrrernieriiieireinines (. 44a)
sV At 200D = L i, expliay(T-£ X)),

M’SOV’—T)=%N;HJ;2cxp{ia.,(T—§X)} .............................. (2. 44b)

T, jli~jas & 2X2 matrix [J; xP]! @ element TH 3, ZORDEBRICLD matrix
Ur,v®17 0% element DI DEHR AW LEHAET 2 PBBHTHIN S,

CASEB: BTEOHRAEITHOLEE (N) HRATORSHENOSRS
23R EKRDLH ITEHD 3,

W, @ By F @ W, (@

szz(: J:[FZ o FZ <4):| [ Wi:::’ :] ...................................................... (2. 45)
ZziT

WN'”M):{%’ %};N’ Wy 0= {_;_, %}N'N ....................................... (2. 46)

¥7, FyW~Fy® 3 Fy @ 2x2 subx’natrixb'ea’pZ_’>D WMERMIEHERBmE NS &M, W,,,90=0, %
AL, (V) BRETOENM Wy v EHmE LT EREROK
Wi O =[Fy O] Wy x®, WN.N(I)ZFN(S)Wl,n(d)=FN(a)[FN“)]_IWN,NM)

LR CASEA oA LRABRIILT, ZoBAOBRIBFBRARITFRTELON S,
]FN(I) | 0 TS (2‘ 48)
WEEBENOAST S P BELV SV BiErzh My 2 &IZL, § (N) BRE T oBEMmE RN
FROL S ITEDT,
P AS 5 unei(X, O, T)=Bpexp{iag(T—§X)},

wN+1(X’ 0, T): Cpexp{iao(T—EX)} .................................... (2, 493)
SV W AS 5 uns(X, O, T)=Bgyexpliag(T—§ X)},
Wysi(X, 0, T)= Coyexpliao(T—EX)} orevererorreirearirieieninns (2. 49b)

L7cdio T, (2.47RRE (N) HREICHT 2 » HFOOAFHEMBEN 2 HBE LT 3 RTOLMLE
BEOHRTRADOL) RBET I EHNTE S,

*2 BEX®1L) 0 (9) RBIURA 20) @ (2.21) RBR,
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Pupast; LD - (f1, 422 £ Jexpliao(T—£ X)),

B0 (f7, 452 fis)oxpliag(T—E XD} oo (2. 508)
sv g agt; 20D o (r1 4 287 £ Yoxp liao(T—£ X)),

U;;’ D (fi1+-550 fia)erpliao(T—E X0} oo (2. 505)

22T, fli~fis 1% 2X2 matrix [Fy®]-t 7) element *EbT, ZOoRXDOEBITL Y matrix [Fy ]!
D% element D3 OFKR LW LEZBFRT 2HBEENTEINS,

CnL5ICCASEA L x CASEB &3, WEETOLEN vector RENFH (2.42) LU (2.47) R
DL KB AZ0T, FHREMOEN « J5H vector FINbEAVED (2.31) LU (2.32) K%
BT HLRATELOND,

Wan=FuWi 4 Fp=E,E, B [m=1,2,,N] oo, (2.51)
F R IBADOLERL « 5y vector 12 (2.26), (2.29) L UF (2.31) REBBT 2 &
Wa=0nCo  Wa_y m— [m=1,2, g NH1] oo (2.52)

LYRDBENTE B,

2.2.3 BBEEEEORTNERR
UkZz onid, (2.51), (2.52) LU (2.42) £7:12 (2.47) RSO T, HBROEZELE I T BH
eI RN TEbT I ENTE 2,

Wn=0,CrE, E, ., E\W, , [m=1,2, -y N41] oo, (2.53a)
»r0nit

Wu=0nTn Tp s T,C'W, [m=1,2, -y N41]-ecrommnrrrrninninnninnnns (2. 53b)
el 28

vol B ], Wa={5 2Y, TmuoD,

U
W1-1B,., D
[ BT GaSE Ay R FRSRT 0 ASH A OB S
Wi0= [Fy W] Wy x@
o " | CASE B BTESREOLESEAORE
....................... (2.54)

INETORITIZEDL « I&H vector @ element DXL L THEICEREERITE > TELA, R
MOZERL vector TOWTRTROLIETEY 0XBREATH
© WERBLLTHEELLDLLE ~
iagthys1 42/ H, 017 5 P AM

By, D=4 T = 4
o D= b {ia.,{o, Ky dsy/ HYT 5 SV gAS

i @#\7
Wm(d): = (0 7 i
{6 ¢ } W, @)= {IT ﬁ} {Wu{BP/H; Cp/H}T ;5 PHAH
NN N,N

&’ ¢ iag{Bsy/H, Csy/ H}T ; SV W ASt
........................ (2. 55a)
® WERLLTERMELED LR .

a w\T, y e, O} 5 P WAS
W, m_I{Tq’ Tq}m’CASEA B _{{o, #adT 5 SV BAS
" ya @7 ’ {1, Ce/Bp} ; P#AS

2 Wl . CASE B Wy x'® = -(2.55b

{5 51 v, {u Csv/Bsyh; SV gAg &0

B { P, PAs
28V SV At
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OrLV@OHFEEBEL THhO matrix ORFAXEALET, INITERLTCELIOBNZOEEML D,
RO FHETH explie(T—EX)} BT RTOBERITEBTH 590, (2.36) REBRT 2L

sinfp _ sinfgy
car(i®) D)

Txbb, PRIV SY BEoASAR Snell oEfilil#EbEThdZbhkvne. B2 bE, AHARY
T3 LOEBRVEHLENEAERE, ARBLOOAHELEL TP B I U SV goRALHEEL—
BICRABREKS TERTER b THDo ZOMIKETR P E LU SV HAFOMELHIECEDLE
Thidkabkhknds, MEVRBELTWELEERE, AEEIND 2 00K CHT ENERMEITHR N,
HREZENGDLDEDIENWIFHEELBLIENTE S,

b LoBFTHRICE bR TE X E %L matrix @ element [ZHF 2 HKkTEBRR* APPENDIX (TR L
7o

2.3 SH g#AFHOBE

23.1 EXBOFE

BROZ EOEED y MR T % SH FHREBAHTIEAEEL 5. ThiTL > TEL 2Rk EH
iy HFRZ—BTTT y BT RIT 2R OR ELE DD

U= =0y =0,= 0y =0, = T =0 «-rrrrrremreeitiiiei e, (2.57)
L7cdio THBRAMRRO L ) ITEDbE N5,
wz:__;_.g_z, ‘”’=%'aa—z ..................................................................... (2. 582)
T
2l 0BE0ERFBRRRIRATELLbN S,
[T 2 k(@) TUI0 - ovvoneereenren ettt (2. 59)

BRI 2 IERETHIZE Y, HEORRER »y FEITEITE L, £24%& LT v FRAKEET
LEEBEEL D BvORLLT

D= (Z)EXP{(OE— LX)} - rmrmmeesemeemsem e (2. 60)
DI FEETELHDL, Th%t (2.59) RITRATHEREXN B EHEON S,
[Ti‘f_g+{,;v2(w)_§2}]e(z)=o ........................................................................ (2. 61)

IIZT, BREFERN L ZOBOERILILEITES &

L2z

dz:
TZ, 7RERRN, e(2)=e()/ ThHb, (2.62) ROMRAKRTEL LN,

e(Z)=erexp(ia,BZ)+erexp(—ieyBZ)=(er+eg)cos(@yBZ)+i(es—eg)sin(a,B2)

+a02(,c'2_52)}e(z)=0, L = e(Z)expliaT—Ea)} roovoerssssisvnieees @.62)

LT, e LU ep RERRELVEEIREBET, e HARE (LR % er BEHH (TH
B) ¥RBDLTHELTNThERT %,
AL BAIRA OREB {0, o X D IEHE expliag(T—6X)} ERVWEI D% (5,7} TEDTo (2.58b) &
LU (2.60) RITHE (2.63) AERAL, HR%E matix BRTRTFT 5L, ZARORRBKRO L ) ITH
bhdo

— 10 —
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LT R by
o oal 0=[ . N Ry Sy R R (2. 65)
{B= {er, er}7%, [lﬂ el®f  —if’e “EZ:| &:(ao) H

2.3.2 FEERESEOSE
Mo P72l SVEOEALA U EMME (Fig. 1) 28 L, matrix TL2REAEZREEE X
Wt 5o o2 L2 2Tl matrix @ size 4% 2X2 THRWPMEE A 720, FIEFBE 1.(o) 0595 % 5K
matrix G ¥ HHELTIR) 2 LR LAV, $HROBRBIEIEE L THROLLRT. EAMR (2.64) AT

HERULRBEERTE > TnH0T, REBERINMEALRRATTROL I Tk %,
WN,N=FNW1,0’ FN=ENEN-1'“Eu Em:DmCm_l [m=1,2,-, N"rl] """"" (2-66)

Byuy=JyWi,00 Jv=Cxs *Fy
Z I, % vector 1 & X matrix @ size BHifiO¥ 402 LU ZX2TE>TnDHo EE% matrix @

element % APPENDIX |27 L7z,
CASE A: B TROERENOASHRLIEAOEHE

BES &5 B ASTIRE AL &
Osu=Asuexp{iag(T—§X+Byr1Zyi}
= Agmexp{iag(T— Ky 15i00 g5 X+ Ky 1€0805 550 Zy )} vevemmmeminninnannns,
THEbL, 1=4su, THOLERENEAFBROEMEMNIZE 50 2T, sz HSHROAHATS S,
BEXEEEBRRELE W) &M, 7,,0=0, LU (2.68) RABRTEOAHFMEN L) &M, e,vn=1L%

(2.67) RITRAL, RAERSOBERD S &
gl';';:jﬂ-l, i, ﬂ%ﬂ:j“—lexp{iac@_gx)} ............................ (2. 692)
(2. 69b)

eR,N”:ﬁ%ﬁ:jujn—i ........................................................................
222, Ju~Ja HIERST matrix Jy ¢ element T% %,
WERTEILOFERAGEE N, TEbDb e, nu=0, LT, BTEVEN 6, PEET D

121t (2.69) XX b
2 O PO 0 P (2.70)

BRALEZFREEbE V. QT0REIOBEOBRBYABRT, T2 B ERENHEL B DO Love

BORBHAEINTI S S,
CASEB: ETROERECOGEHERAMOEE
IR TEERAECORME ML

vy(X, O, T)=Bgyexp{ia,(T—£X)}
TEbLl, 1=Bss ThAOLEREMNE I OBRHEMORMITE 5o (2.66) XOH 1 NITHREHHBE

W& NS &G, 7,,0=0, ZRAL, XKAEBEL> LB
‘g'f:,: Lol e ”1()%3; T) £, texpliag(T—EX)} covoeoeeeriecenanenin. (2. 72a)
(2.72b)

Tww_p P10 -1
% f“_—Bsn fafu1

Z 2R, fu~fa RIEKRST matrix Fy @ element Th %,
ZOBEORHHFERD 2.722) A CHUNEMEBZ L LRIV TRTCELDLON S,
Fat o0 e (2.73)

*3 BEER20) © 9.9) XBH.
— 11 —
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IDL3TCASEA L XX CASEB L3, HMETMOEAR 6,0 A% (2.692) XX (2.722) Kok ) ITBE
BT, HEFEHOEM « I5H vector W, BEEMIK A 5. Licdio T, Biffit ABIKAHAEMNESL
TURBHNOZER « Jtfy vector ZZ N ZFH (2.51) LUK (2.52) RERLERTERDOLN S,

2.3.3 BEEESEEORBITHERR

UE%23 L2, 200258480 THEBAOCEESRI T 2B E2FE L (2.53) RERAL
RTEDLTIEMNTE D, 7o L% matrix & L f vector @ element A TR TCELbI %,
(1+7)etaefs  (1—y)etaobd ’NE
(1_:)810.“311 (1+;)e—iauﬁd :Im T"‘=( ‘5%:1 )

o T\T {ju ' 0}7; CASE A
Bsy u} Wio= {{f,;l, 0}7; CASE B

FTREBEERBE LCEMER LB LEORATHLY, Ihtr ¢, THRBBLTIHEFEICLELLEIR, &
i » J&5 gy vector W, 2L 08 W, o MOEMRIT iaeBsy/H #3252 LT, fli matrix ¢ element
BRAZET (2.53) REMUBEBRITL > TERTHIEHTE 2,

WIZ, BEZREEO—BRE W, OFORERLROTIHI o 33 (2.692) REBWT2 L (2.53b) K
RRO LS KERTE %,

Tm:Cmvl-l_le: '%

vt

Wo=0n Ty Ty Tl[ i ]% ’71{):0 [M=1,2, vy NA1] cooevreeeenmrneeanens @.75)
ZZT
1,m |_ 1 —_
[S,,_,,,:I_ TmflTwﬂ"'Tl[l] [M=1,2, ooy N41] coverremneemennmnenoneennnn, (2.76)
TR, ERiE
Si,m
W= sz[ 1, ﬂi .............................................................................. (2. 7T)

DL ITEETT é:ﬁ“Cé 5o KRIZ, (2.76) RTEBLELSERANT ju i»‘J;U S ERDTHL S
(2.67) DE2REERTH L

j:]._. A T:%[ 1 ]=%|:§;Z::l ...................................................... (2.78)
Ihdh
]“_lsx WAL eeeereeeeeeer e e (2.79)
BEOND, T/ (2.66) DE2RLERT S &
[f;] DyTy Ty Ty 2[ J 2[;;::.3«1 _:ﬁ::iiuw ]N[i::] """""" (2-80)
e (B Q)]
fu::_;(si,Nei“oﬂlvdlv-}-Sz,Ne—tanﬁNdN) ......................................................... (.81)

BEONDe LicdioT (269), (2722) LU 2.77) REMhE, RO >EBEEFEOEERL L
TEMEL L LED—RNRBARBTRATELLN S,

Uy S(SLmeianﬁmzm_l_sz’me—mnsmzm)

=
) [m=1,2, ey N 1]eoeeeemeeeemnnennns (2.82)
iﬂ’_’i: _%(Sl,me’“oﬁmzm—Sg.me‘i‘lnﬁmzm)
ZZiT

— 12 —
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_ Sl,N+1 __ Asy ; CASE A
S_{ S,,Ne‘“nﬁlv"zv-kS&Ne—“oﬁzvdzv’ ,,_{ Boy 3 GASEB =~ (2. 83)
2.4 WBEAHOBE— 1 KT SH HAHOBE DHHE—
CASE 1: SH gASDBA
SAE AL O L & parameter IZROMEL & %o
—£=0, p—ki— to [ omtmigem@)t  F '
Osa=t=0, Pu=rti=rulgn@t, ra=[;LefnlfinCi T (2.84)

SH Bt EAS OB AR, HBERFHEO—ROKR (2.82) 3 X I (2.83) XAt L O parameter OF
BFOLTEDE IRV BOBEYE N 926 N+l REDLoTWB I EZZBIZALNE, Thbo#k
REEXE8) oho (B.172) RIT—HT 2,

CASE 2: P %73 SV RAHOES
SHEAS @ & & parameter (FROEE & 5o

Bo(or 051)=6=0, an=hn=nnrn{gen@)? Bn=Fa=tni{gen@)s - (2. 85)
(2.24) LT (2.25) RAICEOBKRERAL T, element OEEFI2EE LA >ZABKORD v ITHHE
BEHn3 L
Ei —_ }1', eteoaZ #e““u"z 0 0 Ar
i __# eteoaZ Le—tanaz
¥/3 _ n”ga(ao) ngga(ao) 0 0 4r
_i 0 0 — —eiaphZ —e~taofZ or
Cy
7 ‘ H ia,8%Z ¢ -ia,82
—_— 0 I B2 2 Y
7 ° 2a@ ™ gy o],
e, (2. 86)
(2.39) xRN, FmEIREALT
. . & b
Al:;auh'b_:?'l, wlzlao_xz_- Sé’,l [l:I, R] ............................................. (2. 87)

RABBRED PO I NELERIIRAT S 22, bp b r 3 L5 P b X UFRE P BoEficEd
BREEY, bsv,p by, r BER SV P IXUTE SV BoEMIETIREERTH . IbIZ, Lo
matrix FHIX P L SV BRRET 242 ENETNRL2RSGMTCEIOTINTHETTEE, kD2
DOBBRANELN G,

W, " =Q,® B, ("), W,"=0Q, "B, N [m=1,2, ., N41]erernren (2.88)
Hb0nik
i gitoaZ e-tacaz b_P_,L a gieabZ e-i08Z bsl_’,t
w w i /2
3_~rmz : o’ g-tagad be,n| ‘f—.-/tz s -tagsz | | Osv,R
—-| |ia’e*®e2% —ja’etCoe > —| |ifetfZ  —jple itk SV, R
........................ (2.89)
zZiz
re B ol g B 5 B e 9. 90
”28’4(%) G v’ A g.(aa)a‘”s q ( )

i, BRIV G BEBENTS Do
EiekwoNi Pl X5 SV BB 2 (2.88) 7212 (2.89) KU, & %I SH WAH OB A (2.64) 2

— 13 —
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Xr(2.65) RELL{ALEELTWBOT, HMMliEABEAEEITL > T (2.82) LT (2.83) REF—D
FRERTABEI LI ENTE D, L, PBAFITH L TERXFR {vn 5, Bu Bms Asmy Bsa, m W
D pn 3LV 8o, ma0)} ORDYIT {Awy, B, g, s Apy By pn/ny? 2LV ga,n(@)} &, 378V BA
ST LTIE {%m 8, B B Asvs Bsyy g 3L g m@))} 2ENZRAVWETNE R D %RV,

3. REMEESM &L AEE® DO Dynamical Ground Compliance
ZROCHS—WENROBSRI/IEDORITE

3.1 TEEMRASHCKIREERELOBEVROBAIRESHE

METHRE Lo EiwEna (Fig. 1) 2222, 200XA L0 ZRAELHER (8 25X 2c)
I OBEWRIT, BRBHOTFERBV—BRITFHCAHTHLERALLIRBLTREI. ZTTHZDLS
EHERR OB Y, MBERE - MEE AR ERE LR RENROTFERBASICL 2B 4RGHEYE
LI FETERT bo

HRAOEESDOELN « &) vector %

Wm: {u, v, W, T2z Tyzs o }tnt [m=1,2,.., N+1; BOESG] o (3° 1)
TEDL, INERROLIR2O0BRGOME LTERBRTE D EHET %0
W= W W e 3.2

T, Wi, REREL OFERBAST 2 L EEABETOEEITHE U BER « I5f vector ($hbbik
BB Kb &AL ¢ IS vector) T, W, BHBYWOHELL 2EELRDTEL  [5H vector T
%

TTCE)RVBEINLMBOR L % 2 LB %4

O BOERLEBEEHHFEAETHELTWELZLE

® BOERBRBEREHELZTTHELTWEIL
Thdo 37, MEMEBMBYER L OBMEREBRL L TR BEOEREG 241 5. 2 TR
BRI TREREREAPOEZ L LTWEOT, BRERRIES ERA4LYOREENRIIOZ L, Tk
BNERBROBEE TR > TCHhB L IZEELTHI S, 3.2) RoALDS5 b W, BiiZEoKFETED
BIENTELLEMOBLEEL, LTTR W, Olc T REEBETHLNITT 5o

(a) HEFRETOMERME
Wo B3 TR OEBERELCWEBEDT, W, I NEMTicd W, HPBBICZ ot
Ltohidd v, +%bb

W, =W s mt [m=2,3, .y NHI1] oo, 3.3)
(b) & TIEDERETOPIREM

WysilZysrom= Wit Zysrom 5€s Wiig|Zyioe=0 o 3.4)
(¢) HEHETOBEREH)—EBEN [R={12]>8U{lyI>c}}U{z,=0}]

T 08 | gm0 eeeeneiiniints it st (3.5)
ZZiT

W = {Ts0 Tyzs 0o} T [m=1,2, -y NHI] oo (3.6)
BBZEFEORR CRBEHARIARRE TS 5006

Wi | ,,20=0, f.e, WO |Z=0. 3.7

(d) HMEETOERFEH Q) —EBEEN [R={{lz|=bn{lylsc}nz=0}]

WERIAEROBEEME {1, 00 W Pas Gy $e} ET Do TTIT, g v wy REREBEmPLO %, ¥, 2
BEROERMT, MOEFMNOEMYER LS. F72 62y by ¢ REBBEE LD %, % 2z @b b MR
AT, MOEFRRATHHTLYOREALTEILL S, 0L EMEMEERLBRLEELVISRELD,



NE - B B B RORAEREEEORBITOLT 153

EREFANOEMRIRRTEDEIN S,
W1(d)|1¢=(uu—y¢u v+ x4, wa—x¢y+}’¢z}n7' ............................................. 3.8)
ZZIT
Wm(‘”={u,1}, w}mT [m=1,2, ..., N_|..1] .................................................. 3.9
B.2)X%BET 5L B.ORL Y KOEHUABBLNL,
W;'(d) l = {uﬂ_y¢zs ”0+x¢u Wo—x¢u+}’¢x}nT— W/l (@ IB """""""""""""" (3 ]‘O)

ThDL, BEYOFER I 2R EROTERBEEMEBAEREL L TO—RYELMER L Bz E
BRI EMEOEL L TEDEN L,

—J, BOXHAPEBEHHFBER LWL L 2T NEELE20WEWS BEHHEHE @ Zowtil, 3.2)R
OELDSH W 3T TRZDEBEHELTVENE, B W, BEBEHFEXNLHE L cuEX
Wl EliT%E %, .

LR oREREHHBRRICET AU EHERE G LEZLADLE L L, HEYOHERT X 2EB+FbTH
W, i, @55 3.3) REMKRE: B 4)RNEMEL, PoRXTMOEMEMLER 3.10)RTEbINS
BHEMOER 2, ThUNOHERRHBEE (G NR] KL 2BASEREMEORE W) XHICE
5 TVdo CZTHEHRADERASDROFANRBRIOI E4ERT L L, W G0 REMSRT ST
HBETHBHNOZBOLIREIRO2EOHEREMEOROMEbEE LTEDLIN L, B EDIZ(3.10)
ROGAEIFUTHIET 5 30T, EMOXBEIDHCHAEB L LToEM RAR) #5101 55
£, WEPLEDORARESHIIMIET 23 0TC, BREEFESEL L CHERTOXBEMAEITE U 2EM (B
mE) PRUMBEKSZON2HETH S, IhHLOBEREMBER I LIERTNLEIEZ bhILEMO%
Bads0oldzhb oM HALEREN TN EMITHTNEMNE LTHERTIEARATBZ L} TE,
BRI W, AL RTOBOHELETERRINLI LA Bo

WERLINLOBRMEEOBIBONTHL LT RE, B 10) RFoRNER (WAEROEEE
) T L B 1 R k3 D, RICC OREH R 2T 2R 0EH HFER LM
LERRE-T, LEORAMEBLHEDROIRELRZY, LP20b QB 2)ROEEEVEETIOTSH
b0 ZOLER, PHBAHFEZT 2B BHEEME FOBEWRORAEEEEORITIL T, R0
fL« 57 vector W, &, XBBLLOYRBAHKLI2BHERTO L 20R W, (HEZEEH) tH#8E
WROGHEILLIZELEZDTR W, LOMTERINLOTH S,

3.2 FEEEEESRGERO Dynamical Ground Compliance (538 U TR X %4

3.2.1 SEEFTEEEEORN

EREE L EMT I MREOBREM G 10)RIIELE 2T W9, OBITL > TRIERCEBELEM
BEE25T LA 20T, —BHIKZIOL) AHREMETMB I ERTREEVLE S, T TH
B.2)ROELE2HOB W, * “Rlthk#H o Dynamical Ground Compliance (D.G.C.)” [Z/R&E X ¥,
EMOBEO X 5 IGERF OREREIFE LW Z ML TRLBFHERIFT LT LI,

B 10) XA GEBOBEEMICHIET 224G OREABRORR T & 570D, PEBASHIL S
HEEROEM Y EDTHE 2HOLFKAY, HE R TE0TROLI % 2, y D 1 RATAINRE AL %o
W, 0 | =ty — ¥l 05 5 Wom B4 YBLaT oo @1
ZTIT, ug, v, o, 95 Oy O FHEEUZIIMN AEEERT, (3.11) RACKW 2 0 RERMCE B0

W@ | g=1| (wo—v3)+x(d,—07)

(uo—up)— y(p.—97) }
(wo—w))— % (py— )+ ¥($=—92) Jr
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BRBEARTERSDYOFEBRI O L BBT oL, W, KETHREN 3.3), B4, B7)
FIU (.12 KB 62OBARSWTE, BRENEROERE Wi BIhbRBFoRomE LTtELT
TEWTE D, TRbL, EERME (3.3) X, WHEN 8.4 A LUEREEN OBERmOZS (3.7) XK
TARTHET, BREROLNE 3.12) ROKVTROLIKREL 6 DOBHATH 5,

@ WY@ g={u,—u3,0,0}z" @ W7 [r={0,0, y(:—92)}a"
® WY@ pg={0,0,—v3,0}2"  © W7D [p={0,0, —x(¢,— ¢} "
® WY D e={0,0, wy—wi}p" ® (W1 |[g={—y($.—9), 2($:—.), 0} 2"

INLOBRBEREINEFNTROMEHREL & 2RIERD D.G.C. RO IEREHITE > T Do
@ x FHroKkFinE ® y KoK TENR ® zHmoLEThE
@ s#izbholEME © y@#zbhohEmE © z#zbholRmME
(3.13) ROEBTHLPE LI 1T, TOBEORBEICH T 2 MBELE, ASFEBICHT 2 HHER
DL EOHERENM % reference T & » 1 BHHEER YT 2B A4RHEYE L LCoRBGEROERZE I
HoTnbo ‘
DEromin e s L, ERERLEMT 2840 KREMPEED 1 REBETCELEINLIEVWI%
# (3.11) KWL, BBEH O O AHNTFEHE I 28— HEDROBLSBEHHE, BhEHO &
X0 (BBEEEE) LHMETOEME reference [T o7 6 O BHEMBEL AT 2 HGERED
D.G.CotofMmé LT, SMLEETERTLIILNTES, Thbdh

TREBREBZEZEE L AGERO D.G.C ILABLTRL DR EDISFLETHL I o THIT
H3ODBABEL bR D, B—LERNITRRA 254, BRBRICRELSHE, T LTEZARS
BEEVIBRERNPOLRTLIEBETS 50

3.2.2 TEHHOHEENERMNEK DAISROBE—ELHREO

CASE 1: P g#Fi(d SV EIHAKTEEE

HETORTERICINE, BEESEHEEE LToMBEBOEESOENRARTETEDLT LRI
KOLIITRHETE S,

Wi D ={u’, v, w},"={U(z), 0, W(2)}nTet %2 [m=1,2, .-, N+1] -ccereene 3.15)
Licdso THHERTS 2HEE (2,=0) o&hik

W0 = {U,(0), 0, W;(0)}Tei e 1%  ooiiiiinsiininiiniiiinaic e (3.16)**
TZTEx ZRO &L 5 IWHERITLAT 5,0

gx=gb_’;_=2,,%.% .............................................................................. (3.17)
T, A=2n/ HERBEOWBETH B FHErHLOCEE, » LU y BITFITICHIE 26 X2c OER

BosELT, ERENOBE x ZEBL (12|28, 3L, 2 THEM b IKHTHE 1 BPHLNEY
LWV RE (0K) EHAT S L, ROBEF{VEFLNS,
[E | 2 veemseemeeesse ettt (3.18)
Licdto T, $&EH e % Tailor BRI+ Cr OBKROBREHETEH0T, HEI3FUTLHEBT
5&

0T ] G L L AT vevreieseseeeneeees et et e st ettt (3.19)
4 3.1 ORFEICSENTz G 10) ROAZICHIET 3 2BOBEREMBED 5 bHEOMER, COBEITE,

e~ ZATEEM & T A MMM S EREAE IR T SRR EFHAMROMBEICRET S, CO®
@ CAES 2; SH 0 & bRAKRTH 5,
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Lot EMEHOLBEME (HHRE) OEMREMMIIRROLS TEbIN3,
W) | g {Uy(0)— U1(0)eT %, 0, W,(0)e35C 5} gTM0  weveveeereeiniiieieceienan. (3. 20)
Ui o257 y @hdboBERICEA L CHET 2BB o BT HFAOEMRA *EDLLTREY, %0
PEHFERE LCEERS EDEERF L DLk ~0T, SBTESRE .11) XE2EL, EREANO

FEEL Lo TINEERHO v FRAOEM (HEERS) KRTDENIREELS VEDEAT L. D
R

1 ®
ﬁs A8 = U3 (0)€15 vttt @21)

-

o0& ERELTHARIAUT 201, TBERBRL LS, ERNITERTHEESHYEVWEVS A
DEREVHREAFICENZ EEZERLTHI0TERT L L, PHAHOBAETIHIL, ZOLE, W, (0)»
Ui0), Rz L, (3.20) RIZFWT u] OFE2HE w] OFNITHNRTHINIVEEZLLLELLTH
b0

DEoffticd - ¢, EBM b KHRTREHBEORE 2 BHYEWE W) FKEMRILDL, 26 2D)R
ko THBLMER EOBIT 2 FAOHMNThEZLREDLZ LITThE, BHEROL XKLL LM
FHOERER A OEMBEDNITRADO L S REDLINL Z Lbibdbo

W, @ | g= {U,(0), 0, W,(0)— W, (0)eTLx} TE™ oovervmrriericriviicriiaiiciniiinns (3.22)

TEabL, ERENOEMREERS 2 EDT » 2LV z FRNO—REEURS &, DNERS EERT
ZHOEITHAOKE » [THHT 5 z FAOENRAOME LTGERMREDINTE D, ThIAAHT
BEHGI)RNEHELTnD. ZOBERAEL 2#EWR OEE) mode X

® uviliTds x FAoit
@ w,OoE1HIZLS z FRoYE
® w, OoE2HHITES y#Ebh oMk
T, Thb3ED mode OABIKENIT % 545
hrRiZofel, 2.36)RLvBbhs

=000 SR e
f=ow Cdp(i:)) P 72l o C",(:;‘){f [SV ] (3.23)

EWHBBROVWTREPEBRTERINE, —BRIRBOBERRIZAS T2 FEBOASABNIVE &,
TEDLLRBEAHIGENE ZXEK LTV,

CASE 2: SH gh@ASd 584
NETOBITBRIZINT, BBEREREL L TELIEBORESOEMBAERTETEDLTEROX
HITEBE I B,
Wit ={u’, v, w}aT={0, V(2), 0} nTel @2 [m=1,2, ..., NH1] -oooeerrereee (3.24)
CASE A LRI, EBMITERTHESHEYBEWE W) HE, S#1 %L SV FHEOETHMEAS
THEWE WS REBRNLO L ., BHEFOEBEEMILEMMICRO L) IKEBRTE 5o
W] g {0, ¥, (0)— V1(0) €T 2, 0} gTEME woveveirecriniiiiieieciiseceneeneeecenees (3. 25)
vy OB 2L y #id b ORI L THEBT 3NNERGERSEEDLTWEE, Z0oTiThRS
HAREEGLHE LAV, 22T, G I XEBRL, ARG O 4 LoREA Y Z OFBITKR > TPAL,
IR > TEBRLSEKROBAKNEMNE LTORBEATEDT LN RELZILITBATIE

*5 CCTREBEHOPLE LEHEEVMROBELOHA—RER LI L LORELBL, LMo T,
uiy BIXU w] OELIREICLS z @il U » #hix b ) ORERBHIIE UL, UTORLTHRAUM
SEICILD,

— 17 —
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1
1+c/b
TS 3.11) REMET 5o ZOBAITAEL 2HEWR OEE mode I3

® OB IEHRLS y FrAONHE

@ vioE1EKELS »#Ebh ol

® uiPXUv0E2HRLS zEE by oEE (Bh)
T, ZhH3ED mode OMRIRENIZ % 50 % 0] OUWHERMCL > T » #iEbh OOERBIFLEL S
B, #AEWROBLI—BRICHEREBEL Y Licdb, MR, oHEwUICHBELh L ERDLOM
{2 moment OARFZNWHEI 27T, HBARHOHMBEMVNEERTOATSH > THIHEWHR IR
B0 TH 5.

n L4 T
Wi g={ V,(0)eCy, V‘(O)_rlc/b VieFCx, 0} efet oo (3. 26)

3.2.3 MBEASTEROEHE —EESBRO
SEEEHERES DMEIRALTEEE, I{MLNTWDE LS ITERSNLHEENIET X TAS S AE
DIDIIEON, POMBEFEICOHIET (LFH) FEA%EB (FTB) T3, TokiAsH, 0,=0
lg=P, SV, SH], TH 5 b, FEP D wave number /3 (3.23) XL DY
C:O ........................................................................................................ (3_ 27)
Lico CHHERO & EOMETEME—BITKRATEDLTILHTE Do
{0,0, #,(0)}7et; CASE 1; P g A& i
Wid={u?, v}, wi}T={ { Uy(0),0,0}7e!; CASE 2; SV g ASH --oooooovveerees (3.28)
{0, V,(0), 0 }7et»t; CASE 3; SH 7 A 4
IHLRBTNTALRELLE L TIRAMAESRE . 11) RXEBRT 5. LickioT, FHBEsER
BrOHBEIRAST 2BAITE, MELERTHEYMEL TR TLBTE L, ZOBFITEL 2HEEY
HOEH mode FKDOEFDTH %,
CASE1l; PHEA4: z FAOH#E
CASE 2; SV I AS ; » FAloY#ER LUyt b h oEE
CASE 3; SH it A S} ; y FllOW#L LU » #Z b b oM

3.2.3 EBEERGEHCREADIES
INETOBRRTE, HEESBBELCOIREEBRORE THEEH LERERIEET L L UERTE
WTEe LA L—BII) LEBRUEMEORTEL ZLBFHRTREVOT, BGRERTSHENICE
Bz, BERMOBREBGZIEATH L CEBL, FUMIKBERD LS ETIHESIEZNCR LA
bRTWwaYY, T3 2BREXGOTTRV-IHER LTy 4ENERINITRERTEEZ &5
Z5o
EBOGLER LB EEDLTR W, 0OBREZBIIOWTELDE, 205D
(a) BERETOERRY (3.3) X
(b) T8 DR E T DY FM: (3.4) &
(c) HEFTOHREM(1)—HBEHS 3.7 K
D3O INETLRET, BEORGOLIBRES. THDD
(d) MFEETORREH(2)—EHEN
Wl (s) lxz{ofz” 0Ty uq.}BT ........................................................................ (3, 29)
T T, 0Tz oTyes o0 BB R TERSNAAHOALSL ObNIcRABEBTH 2. L2HT W0 it
WERHTXTHHEBO L XDIEHTH 54 5% vector [T%h %o L7cdto> T (3.2) ROMKLY
W;’(S)IR:{QT", 0Ty Dg'z}RT ..................................................................... (3_ 3())

BROLN B,

— 18 —
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Wo T2 E450%8RE, METEOEBEMEIL (3.30) KTELONIENAMEDL - el
BHBEAT L L) “BHBEEREZEORGER D.G.C”, +4bb, 2RI v&EIPh LR EE AL
W@ | = W@ | g T8 | g wonieie e (3.31)

EB30)RNLEE HHMEEMES & OBGEEROLMEIRET 5. EB2 DL, EREMHENICER
A5 LE, EREL,LOASTEBICHT 2B HEUFORSRBEER, AHRROLZOR (KB
R I, ZoOfE% reference L3 5HBEA & AR AHHES L OBBRERET 25N HEREMEO
RIAEED D.G.C. 2EXDITMEML AT LTL o TRD B ENTE, BRANICHERZSMITRETH S,

CZREAME NS O/, RBLBEHOMOBEREMELE LTIAMENDOLEELDE, TOIEHIET
LEBEBRINCHEIN TN LY, MHEOEREFLEAL2{MATVEnRLTH S, LI HH, LHE
BRE&H0 D.G.C RO 2 BECT CIRAMAERISMERMIEE L T2 L) ZESHRLTHD, 0
L5 ERMEL DR ONZRABEBEMRICE VT, —RICI) LHMERREEAREEh TR
Tk,

WE R EOORERERE RS OMBEED O RIGEEE L TOELTED L) KT 5L \w) &
ThH oo IEHEBIR &M ORGERD D.G.C. oMEIRELN 2 MIGERE L L CoEh (&b BE I ER
HEAOMEBEEMNT (3.31) ROLEBLTELINZE I O) T, ERENO—EROEMD 5 RENITAEL
ZEMOBME LRHEFHICL > THEI N 208 EBTH 5119, Licdio T, (3.31) RALE2H
OWBZEEE L L CEREICELIEMICONTR, THERBREZHMEICS - CRIKERE LToZA
FEDLOPELTHHH LBbN .

4. HBR—EEMROBERBIIEO—RHTR

4.1 BEEISEO—RNKRER

AETH, ZEBBOEBED L FEBESAT TS L& ORBIEADE—JHEE LB — 1SS v &

REQOBLEHEN*, BEEEEEEBEERO D.G.C LAV TROIEIRELE 20— BUER LR

S0 ZNIEBHUTIFET 420 STEP R THFHT LI ENTELY, BFHOWEL LTEMIKD42D

BEZr<o

@ LALEDBEHOERNEREEREN L RKERO D.G.C. [Tl - CHE L TRz 284S, Thbb,
SEEFASICL Z2HBERO & 2 0EBAENBOEMPRIR BT L HTEREEHETIHAENR
I3 %,

@ BABRHEHHR “E” OBTERBETI. (HE - - MEECLIIZBAIEBEICOAHFBOERERY
T« MEBEITL BT TR ABIRIFL )

® ABWERERELT . (oW, FALEARLEOBAIEIOERRBEEZ LT TR
kA 5o0)

® RBEYHEORLLEBEONE—HL, SOLREBFEGOZIND &3 —HT 2,
ABBTICACLHEGEREO DG.C CHEMER L BERMENES LTI L E0BEHRICLTWS

¥, FEOBRRIERENIHGENCERLZIGHESERRGOBERCIBAICLENTE 5o

STEP 1; gBHmERE—— R B i OIREMSE— ORE
GIX e L CHBIZERETRO & 5 TRBT %o

WO N {%}:(gm(w)} TR 3 0 VECLOT] w-vveveveerereecreriiairiecacnees (4. 12)

HRE L {%%F45AM} [IREL 6 D VECOT] «-erveevereemaeaisininineainiians (4. 1b)
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ag; HBEDPDLOAFHOLMERM
@15 Eui(@); HBHNOEESOENL L e ITHT5%
DB R

Oh Eak(@);  EBPEMBOELL LV o KT 2T 0K
BN

A5

BN OLE } % # b3 suffix

HEREEAE

#4@ mode ¥ F b3 suffix [[=1~u, 2~v, 3~w]

ASEERICL V iEE O EREMBEICAE L LEMLD

mode % b1 suffix

[k=1~u,2~v,3~w, 4~z 5~¢,, 6~¢,]

we PR

« we

-

STEP 2: Ri&4Z#0 D.G.C.—R#BEADMBOREIHSE—o0RER
WMEFZOL2EBO R CEGERTINE L 2 ORIKERD D.G.C. LI U 0L EMBAOEFITE
L2z, (3.13) REBHELTROL S KEBT 5.

S e e )

ap, ;—0p.;
[RE( 6X3 O Matrix] - oooveeeeeens (4. 3a)
mﬁgmmnsc.[?;}{hgxw]=wmw]
[kR¥ 6X2 D matrix] .................. (4_ 3b)

aus G BEEBEEL X CEBIZEFESE LT ol
DIEBEOEN
0n, 5 0 BEEIENE S CEBEREREL Lo XEEH
B (B2 ER) o
ji BEEOLEHLO mode FFb 3 suffix (4.2)KXok ERALH
%) [j=1~u,2~0v,3~w, 4~p, 5~¢, 6~¢,]
Py B (B VREREMBOMEKE) 45 eb; 55EME
L& iTied O RBIERT ETH [n=1,2]
gmi(w); HEBEEL ap; KXTHHMBROEHOEN ay,: O
(e ia:d
Gin(w); HBELL af,; LEITLH P OB LHRET HHIGE
o D.G.C.
LERHFO Py 2K, BROEEDIL V% ap; KR LTRO D DVFET 5o
e (=up) ©OEE Py(=Pyu) Pis(=Myn)
ahs(=v3) ®Lxk Py(=Pyru) Py(=Mxn)
ahs(=wp) DEE Py (=Py)
ah(=0z) DEE Pu(=Mxg), Pys(=Prr)
ahs(=9¢,) D&% Py (=Myg), Pss(=Pxr)
ape(=¢,) DLE Pu(=Mz)

( YARBERITL 3 L) BANARET, wEETH P ofio sufix dhoffAAAE, ROBRIER

— 20 —
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TrhomEERDL L, FRAEELH M ofio sufix B2 oREMOFHE, HORERT L HOMEE
TERENERDT,

STEP 3: #EMROEHHEXOEDORE

(4.3b) KT, EERO D.G.C LEBZEREOERENE LA UDRDLATVS LRI,
Gin LU as, REMNTH 20 £ 2T, HBWEH af; LHMHLEBIERT 2ELTSH P 0BG T
THID (4.30) REANT, HBIAEUZETH P WHTRBITER L E X OBEYZOER S
BRXERE, ToMERO LS KingftkokcHET 5,

it o= g5, @) [RH 6 © Vector] s (4.52)
% B { Zé:l }={ ay,;;ka;;._f }= {gs, (@)} [RBL6 D VECtor] -«veevvvrirnennenin. (4. 5b)

8s.p0 B5.p(®); MEHORHOENF L VHHET O L 2 0
HBEMBEOLELL ap, RT3 % Ofnfei
88,5(®); R UL agb, (T 2 BBEAL ap,; OIniEKM
S; #HEWANEEDT suffix
P; BWEWOEMO mode ¥E b suffix (4.2)Ko L iR
CAHZR) [p=1~u,2~v,3~w,4~¢;, 5~g,, 6~¢,]
(4.52) RILLNT, HEROEL a5, PHUZEEREZ2EBHUBEOMEREN o BEETS
OT, pIIGLT &k #EE 5. $/ (4.5b) Rt -, EBEM O mode j I U CEBMBEOMEEE
fro mode k 5% 5o Thbb, JERLENBAER TR jREORAL suffixk 2Ly, j ALk
FELEVWE R ap,; 2EBTIEREITAES o, D b i,

STEP 4: i #2vROBSEHSHEORR
HBEDP O OASFHEHBEIONT 2 ERFORERB R, LIE3>0 STEP THLALEREAVS
CERI-TUTOL I RERAT L ENTE D,

ity T2 ={ 2 25 (g (0) s, s@) DB D vector] oo @.7a)
0p;\_f Gpstah,\_ |8k |, Ghi ah
I e e AR oo
= {85.1(@)+ 85.4(0)+g5,/@)}  [KRB6 D Vector] -+ vooverriivn 4.70)

e {M}:{ Bt }={a1’u,z +?(a§m 5. , % )}

’ ”
27 ag ag @3 Qg QA

= {g;{,l(w)'*';[g’E.k(w)'gB,j(w)'g;l’ly]l(w)]} (&% 3 @ vector]

(4-72) KT nT, (“4.52) ROBALALBHR LY pIRISLTE 258 % %0 KIT (4.7b) RiTbn,
FLH 1 RRMBZERE L L TRBREET 2E 00 mode k 0%dIZ j E—HT 230855 L &K
DHEDD Do B 2HTIE, (4.5b) ROBPALRAUBMBITLY jIISUTA 8L 5. 2HIC (4.70)
ATHRBE JIELTE 28T 5o

HUE4>0 STEP ZHbh T ik sufix (00T, BH AV O DBESITEET 2 suffix ofizRL
Th{o TIRFTUND suffix (25T 2 B4 REEHIZERICE S,
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160 HAMKBAREHE IS SB (1. 47. 4)

CASE 1; P pEi-id SV RSIAHODES

l~u l~u P ~Pyg, Py~Myy
k:{ 3~w, ]:{ 3~w, Pjn={ Py ~Pyy (4. 8a)

S~¢y S5~gy Py ~Myp, Ps3~Pxp
CASE 2; SH g#AHDSE
2~v 2~v Py ~Pypy, Pyo~mMyy
k:{ , j:{4*6~¢n Pjn={ Pu"’MXRs P42~PYR ........................... (48b)
6~¢, 6~¢, Py ~Mzr

(6 j=4 1T LT k=2 WFLT 5]
CASE 3; P gfEASOEE

E=3~w, J=3mw, Pju=Pyy~ Py oo (4. 8c)
CASE 4; SV HREAS OB
. 1~u Piy~Pxu, Piy~Myy
k=1~u ={ , P ={ WS XD ST 4. 8d
> ¥~ ghy " Pyy~Myp, Pyy~Pxp ¢ )

[+7 j=5 Ltk k=1 LHF LT 3]
CASE 5; SH gsfEAHOES
k=2 ._{ 2~v _{ Py ~Pyy, Pyg~Myy
=2~v, j= s =
4*3“’95: Pu""Mxm P42~PYR
[+8 j=4 T LTid k=2 #W\{F LT 3]
YE5>0 CASE %3 T
I=1~u,2~v,3~w
BRIXTEBTH 5,

T, BEOWERY ' 0hkhTHRHLN TN D, PERILE LOMBEWHRBETH L b AS+ 2 FHEsk
DERMERT 2 LEOERROBEHRELROIMEL AR OBRIZMNTH T 5. TOBHER, BRHE
WETA PR TR OMEZENFET 204 L5 1 REMEZEHAHOMEIC % 545, #RFZOEES
HEEREO L EOBERRSERXHTIEREELVIRTRAINTWD, Licdt- T, diid STEP 3
FNT, BEEEREL L CHEROEPEABICEL2EMOZNT, 0L 21 REEBAFHOSHE
E—HT2WMANBNE, ZoBAMHT IEBEDROEGHERXOBOKREIC, REOHETHLN T
IRNMER 202 TORTRAVI I L TE S, Thid, B4hEREO D.G.C. BT 28HERE Lo
BN XBRSEM A LERB L ER AT BB CIEDLLENWLLTEH S,

4.2 BEERDHFEO—FH—RIGEROBRE—

BEEHHEHEOBITHERO—MAL LT, HEWReE LTRIBHERMGERFIEERICOWTINERD
THLIo UTOBRPTTREHORESLZ 0T ETHMDET Do T REBOTER 2b (x ) X2 (y
HH), EGrLBELETOEIE [, HRE my BLELEY %, 5 z ICET 2T LY OBE
moment % I, I, I, b4 5, "I HIKEBOEL LIERPOOEMBS % {us, Vs, Ws, P52y Psys P52} B
& U {up, V5, Wa, Py Pys G} L o THEDT MPIEROFEHTH L S LROBBRMRIILD,

us=up—Llopy, vs=vp+lobs, Ws=Wn, Psz=0z Psy=0y Ps=P; 4.9)

BHEEO L XOEBEMBOMETMEMIT " 221, IhHOEMEYZNE N reference T & » TR

EROEMIZ " 2o TtEDbTE,

u;:uB—uj,:u,—l-le,,—u%, ¢;=¢1_¢;
Vi=vp—05=0,— Lo, — 5, Py =y— By e (4.10)
w,’9= wp— w},= W,—W;,, ¢: :¢Z_¢;

Y,
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—J5, Bl4k#EED D.G.C. 2 RXTEFRT 5,

Tw A= pru(as), Tgmt +bA=Gpyulay), —F;:i’ﬁ-bﬁ=cpzv(ao)
Muyi/eltg B A=Curn(a), 377 5L igwt ba=6uxnlen)
Mxi;'em'bsﬁzc"“(a”)’ M:Zeiw-bi’ﬂzcyy'}z(au)’ ﬂ%'b”ﬁ:cﬂﬂ"ﬂ)
Pﬁﬁw “bi=Crya(ar), —P%'bﬂzcl’m(“ﬂ)

B —HERROEBHRAITATELLN b,

2 2
mo%?uz’i:—(PXH'FPxn)eM; I, 57 Y= —(Myp+Myg+1yPxy+ 1 Pxp)et

2
—%’r:—(Pm-Pm)e“‘ I,%f;=—(M”—Mm—l Pyy+1oPyp)ett - (4.12)
2 2
m’°dd;2 = P,yelot, I, ‘ilt?szz = — My peiot

(4.10) H L OF (4.11) ROBEFBEHRALREHOBRTAETELE, (4.12) REKkO 4 HOoFERITF
ET Lo ARUTOEMBRASOERICE INETELERLETEH TS, time factor e %k & L
3DTH5bo

(szv_kTaﬂz) Ws =Gzl=zv ..................................................................... (4.132)
(Giﬂ_k‘a" ) z = iZT ..................................................................... (4.13b)
(erm ) 2+ (mrma o) o) B =T Gor o)

{ G;YB + GllllYH + ll;]z ( GP1XH +T:;)_kyaos}%+( GJ:YH +%%b;) (%)—1%
L
L U e L ) e et 72

L L

S S O SR L%
—(GKXR prg) (CMXH GPYH)( 11;7) .- (4. 13d)
ZZIT
? I, Lo®
kr=%, kray®= b(f , k= 55 kyay?= b;; (=2, %, 2] coeeereeieenns (4. 14)

Tabb, UEoERRbNT
(4.132) XL z Fro L FiRE,
(4.13b) it 2z % b b OIRNIEH,
(4.13c) Rt » FmoEEE viliE b h oEEOERIES,
(4.13d) RiZ y Frot#E L x #iE by oo ERIEE,
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162 HAPKBETERE 15 5B (. 47. 4)

DENTNEHFHBRNTH D, s -BERFROERBRE I NO 4 MO AFBRCRAET I LD, L8O

4FORBEAE TN TS 22 L bhbo
Eo4Re@x (4.10) ROBER A, RBAEROHELS L CEER L O EMRE O EERE

{8s,p(@)} B LU {g5,5(a)} BTADL S LN D,

uv’ DU.T’ Dw, DIJZ, D‘MV, Dz

{8s, p(aﬂ)}_{‘ui;” K’ 70{, -SIT::’ W’ s
{Du b, 1 D, D, 1 }T ....................................... (4. 152)

{gB,j(ao)}:{ Zé 3 —ZJ/::—, ﬁ:ﬁ ’ ’gz L Z:/: H %zz }
={D,,+C,,D,,—D,“,’ Dy+CoDy=Dys 1-Dy Do=Dus Dy—Duy 1—0,}1
D“V Dnz Dw sz D,“, D,
......................................................... (4_ 15b)
i

D,=1—kzay*Gpzv, D,=1—k70,*Gyzr

Duy= (gt B2 hyat) (L hrant) = (G4 L) (L k)

GMYR GPXR GIYI{ GPXH GPXR

Do _( ; 1 e ,ao’>( —kraa”) - ( G:,n{ éﬂp{fl;)( G:YR +k1-aoz)

GMXR GPYR
1—

1 1-C, C
D,= ( _k"a°)+0px1c Gyyn

GPYH
CYI

-1
o had), €=
B

Crrn\ Curn
D"=Gl (ko) (Gl ko), €= Laf

Dy = (g G (g0~ (Gum B (it hraric, )

((;,., 4o (G e~ (e G ™)

DEoRreiETnd, BARBEEEROIFEIROLI L 5. G.D)XTEHEI N IRIGEE

@ D.G.C. matrix

Grxr Grra Grzv Guxr Guvr Guzr

Gure Gyzx 0 Gpyr Gpxr O
PIU(432) RTCERINZMBRO EREOEE RO T £ E matix #BsmE L [STEP 2],
@ 1) RoBEBRPOLELONIMBOBET I ZANTHE—RKERL WS ERZOEBFEX LRI,
(4.5) RTERI N MEW FIREROEL) L UER FAIREROBER L) OINE2ED T ndkEd
vector % (4.15) KoL 5tk bh s [STEP 3], 22T (4.1) KA CEHI N2 WBEEHEME vector #3
Bz ohnid [STEP 1], $RZAOKRASREHUR A NRICL > TEDINB I LIk 20 TH 2 [STEP

4], .
B, FHAZNL O0DOFHEITOWT, BEEBREOEIARN L EKRBIIRDTEHI 5,

CASE A: P igrcid SV AMAKOSEA
(4.82) REBES 5 &, BEROBWHH (. 133) 5 X 5 (4. 130) R0 2 MO % mode (4 HTE 30

T, MEYS L UEROIEELREY vector (4.15) RBZKDOL 5Tk B,

— o4 —
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D, 1 D,
g0} = {3 5 05 0 s 0} (4. 172)
D +C D,—D 1-D D,-D T
{ p={ ety =y o 1= o Dy=Duy g7 4.17b
gBJ(au { Duv D"’ Dull } ( )
(2.44) L r (3.22) iﬁ%éﬁa'ﬂ‘é &, BBYmEREE vector (4.1b) Kidko &) IKFEHAIh 3,
¢y 7 .
{ I:( )} i) )0 b =F ] ,0,] ’0’_ ej sO T 4.18
8@} = { A, A,,/H} ol/ig 2¢ 16¢§J3, 0} ( )
ZZiT
By ],11 Jer P i PuAs
E = = = = T T
aq { I{;V,le 3 Jiq { .,lz H qu { .,22 s q { SV ; SV &A% (4 19)
L7cdio €, HEYL L UCEBOBRSREFNHIT (4 NREIVKRATELLNR S,
{as p} {us Vs Ws [ by }T
A, A A Aq/ﬁ’ A /I? A,,/I?
=E, { Du“y 0 __w oo O, } ................................. (4. 20a)

{m}q_{zg :)43 ZB A¢/a: A¢/v_’ f/zﬁ}"

ag

D,+C,D . D r
=E4{MJM, , D = Jaes 0, —iaef D"qu, 0} ..................... (4. 20b)
uy

D,,

CASE 2: SH g&iASi0ES
A.80) REBBT 2L k & jHHELTOR VDT, ZOBARPLERFELEINE kbR Vo +

Zbb, (3.26) AE2W L THREDS L FEROIEE R D TIREHY vector (4.15) XERD L) KBE

X250

{0 Dy o Dz _L}T ............ (4. 21a)

— Vs 0 r_
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CASE 3: P HsSaEASOEE
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O HEY L L URB OIS D InER
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oS = gB,s(aﬂ)zfz%_—_D‘w ............................................. (4. 25)
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=D 8. (@)= a¢.w— DZ,, .......................................... (4. 282)
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3£ CASE 4 &4 ¢ FRHC L TR b b OTHRDOS 2T o
Ot X LR DS O 15 R
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