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A Study on Dynamic Analysis of Open Branched Structure Model
Motonori NISHIKAWA
Introduction |

Generally I can realize the most suitable structure design that is the intersecting point mark that considered costs
such as economy or strength of materials because a purpose / a function of an agenda is clear by an engineering
design to make an artifact. Therefore, all the form made artificially has a purpose / a function in the meaning that is
the prize. In addition, I have close relation to a form of a creature between functions mutually. Though form of a
creature runs life activity with natural environments; of circumstances is made to be good, and it is it with mark
structure of an intersecting point achieving the whole or a purpose of each organization / organ effectively. From such
a point of view, I catch a function of a branch of a tree from the dynamic side in this study, (1) Lead a theory type to
prescribe the structure; making of a tree model, (2) I perform dynamic analysis and am I investigate a structure

characteristic of the model that I made, and to examine.

Technique of modeling

A function of a branch of a tree is 2 of the material transferability that it is necessary efficiently and to perform
photosynthesis in a leaf in a stable state and a strength function of the dynamics of a branch. All two of them need
thickness of a branch, but it is thought that I am enough for the material transportation if there is the thickness that
can support weight of a branch with a general tree. Therefore, when consider a main function of a branch to be able to
support self-respect safely; of break a branch of which part, and hate being the same namely a branch bend it, and it is
thought with importance even which part being constant stress. As for the branch, stress becomes greatest then at
crossroads

I assume structure of a branch of a tree structure of a simple cantilever (Fig.1).

A supposition 1) self-respect of a branch is in proportion to a volume of a former branch. (W =« V)

A supposition 2) center of gravity distance is in proportion to length of a former branch. (L = /)
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In addition, when demand relations of W andC , L andC

under a condition of bend stress uniformity,

MeC’ )
W o C2,5 (3)
IPe<cC )

Fig.1 Model diagram for the theoretical analysis
of the optimal structure of tree

The equation (2) is equal with bending stress, the equation (3) and

the equation (4) are expresses limitation of structural mechanics of a branch.
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[ think that various factors to give below act to keep variety to a divergence angle of a branch. Various factors are
an internal factor by transportation load of water / nutrition and an external factor by wind, an earthquake, gravity,
photosynthesis. By these influence, survival probability shall not be the same. For example, a dynamic safety factor is
high # survival probability is high. When I estimated that optimization of outbreak probability of a dynamic safety
factor, the survival probability that is not same occurs by a save of a kind and assumes that outbreak probability of a
divergence corner is decided. In addition, I change divergence square and participate in a dynamic safety factor
through stress. Therefore, it is thought that I have close to outbreak probability of a divergence corner relation to a
dynamic safety factor. In consideration of a supposition (3), I formulate this for divergence square more newly than
the above-mentioned thought.

A supposition 3) outbreak probability of a divergence corner is in proportion to outbreak probability of a dynamic
safety factor of branch crossroads.
%=,ucos¢ ,U:E (=1.0) )

A growth rate gradually falls as I grow up, and a tree completely stops growth before long. I consider a supposition
(4) here and stop growth if lap diameter at the end of a branch in a tree model reaches the value that there is.
Generally growth of a tree excludes young and an old tree, and there are relations the equation (5) in tree’s girth and
the age of a tree, height of a tree and age of a tree. I can make the model that considered a growth process of a real
tree by the above.

A supposition 4) tree’s girth of an end branch is constant in the time of a throat for a stage of growth.
C, H

= = (6)
1.3~25 15.0~50.0 [cm]

Age

Analysis
I show a reply of displacement by an EL CENTRO earthquake wave. I show the base shear coefficient. As a tree
grows up, quantity of change increases. As a tree grows up and the number of the divergence increases, the base shear

coefficient almost decreases.
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Fig.2 Arelative displacement reply Fig.3 Base shear coefficient
Conclusion

It is almost a real tree; was able to model it. And I did vibration reply analysis by a finite element method. I got a
result, the following knowledge.

1) As a tree grows up, quantity of change increases. 2) A tree gets a quakeproof effect by diverging.

Consideration of a geometric nonlinearity of superstructure and the lower part only as well as the upper part further

investigation is necessary.
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bOTRITNIERLARVIPLTHD.

LHL, BxFEEEHECREIL LEZREBOLONLIIMTHESZ LIXTERY. 2%, ST
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STEBPBEIN, £ (&) L LEBLERTIAEBERELFF - AT LA ERD. ARTRARS
AL, ZOXIBREML AT ALRRT L, BB BV BRBERPABNCAEMED 2 E
B BERBTHACHRAZ LV RBLEARE LCOAEBEEEHEZIToCNBHEBXDLTENTES.
ST, HTENEHECK. RITHE. BB EOATIMEEDI LS. ThEROXNEYOEER
DARERTD, MEORBEHESCBER DX NeZBR LTS BN EEEENRE T, Mk b
ST EREHAL BEEFTAE) LT BEeHE8b b TESH. LER-T, EbhE (#HE)
FETALIOEKRCTERN - M2 o2, —RICAY OB N2 FBNICHRLT 5 Z L ixHEERS
ABEN. LI L, BEBWR LIKEVORREELRVDHBEETH Y, Rosen (LHER [45]) i Lhuid,
WEBYOERK., BOR, RO, MEOHEERE. WANWAREESZAWTENOR LHEESHEIC
FBELRBRERS-TVWARILERLTNS. T2bL, APOBIZARRE CEMED L ELOILEHED
BWXiicEb, 245 WVIT&EE - BEORERNEZ RO FMCERT D L5 e BEMEEL
BoTHBLI|BL TS (CUHR[45-48]) . S, BRESABNICELT 2 BRRTEE T 243, AT
LA RERY, BAREICKH L THRKICHEIRT 2D bih-o TR Y, BEEMILE U THAENE
AB<L HEMNICHESEILT S X O ICEEE (temodeling) EhsZ & bmbhTns (SR [11, [46] ,
[47] , [48]). AOEEH DZEAMEDOIIEBEIND L THIE, SO X 5 RFEEME L HI 2 HE]R
FHERAS.
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MRERLY, ATHICEDNZBIIETENDOEIRCTHE « S E-o. /2. AMOTE L B
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N, EEH LIS - BEOBME, KLHBMITERT S L5 A BHMEE L to TN 5.

ZOXSBBRPD, AR, WL B, B, OFREARRCHEET S, LEBBIOTFH~BEK, &5
KRS DRI OVTIY EiF, 26 OBEREEZRATTS. AFE T, 20k ) e EEHiESE
BOWIAEE L ERTD. TOFTH, FICHAROTRIEICER L. BIAOEOMEE - BN% /30 0IE
oL, BOHERREAV, UTEETF2HEBIZOWTRAT S Z L2 ABOBNET5.
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() ERLIZET N OBIRHEIC ST OB

BREPETIL, AT D BMOREREN. L0 X 5 ICBE, RSB ICEZL. AASh
LOPRAMTHS. LU, SEROMARRICEY . REMBEYOBRRE L 2 R Y, BB EEE
BORMERTOFMMAZREMENRBHE T 5.
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FI, KEOMNE, BET D KTE ISR ENTEROKE SR VS OBRBELOND. &6
(IS B LV 3 A ROBEOBEE KT AR D, SEORE &I DT ELE
6L, B8 Lb IR AR LI a3k < R LAV B, B DEA W b RFTH R 8% b,
FEALHE TR, Ll, SEEOREERCRA L EEOREL, B LShkes ok
> Th BREDHIANTETHS.



BF2E BHEOHE

23 BRALouEEICR AR EE
231 mMEOBELHBEDORER

EPFICRONDBRBIILELETH L, EPEEMICITEVS, BEOEZIZONESOEIOL
DOFEBBLZVREINLZY LTWBZEEHALNTHS. FIZIET EARARBREDOKEDURI,
EENTEEPLRERTOREBOEEZE/LTVT, BB VTS, EEABOTFHTIE, Ho
HERIIDLAAFDRBETHRTELLOITRS. ZOX AL > TRFOLOREREEDF
Blhy, AEEEUDECEELEREZEORE, AVOBEROMILTRELZNEVIMELEET
BREVEThH D, TNREX LOBBENST Fu—FFT A2 L bEETHL—F, £AMROFEITE
DEERE L EVVCEERBREED, BRI X —ICBET 5 NHEREE L AARIKICERT 28R
B LCRBICERATI EN2b DL LTE L2 BB HURB X OND. HlAEKPICTRANTERE 2
LTWBHEBREBKELCTVL, ROALLRWRRICT A, WILECERTIARRZETHY, i
BRRNI EBTRIAF—RFUO EP L HMENRE. ZOX S CAEPRICRON B L #EITE VI
M LEEbDLEBEXILL, MLrOEELZFOLOLEMEIND.

AEANOZREE, L B BERY, TR ThsL L7oEER D, ZoMEENIcESEEST
2R RA L ROHER L D R SN H S TEOWEER B A TV D, B 2T, DEHBRHEC X DI & Bk,
R I 1 B A A, BRERRIZRT 2 RBED OWIBR L CRMEICRIT 2Ky, B8, Na%oF
B2 ETHD. LIAB—H T, ThOKRRNBEELZELERETHEL AT IHS L
LT, WhiZRE2K, HViAEREED VAT AL LTOBRICEE LTV AEBHD. 20k
RESLELT, BLb—BOCHFELTOWEORRERTHS. STIOMERI—RIFE B RS
RLTVEE, SREBPFIEZHRNIMBRCE > TUFERE - TN DB I &0, HRIZBOTHREL Y T8
DAL 2D, BEBORINT 52 LAY, ALMCEIEOHLZ bbb TS, T L)l
EROWE FORET, MEEREEREED I AT AL LTODRICEE L, F - MEfEeER»—EE
LIES R S NRIERLRWI LR EEREXD L, ZOBRELBERBELZRF> TV LB DDIIER
THAHI. ZOXIRBEAND, MEROBEZABBMCKEEICREL, ThZ oW TORERES
EFROMER L HE TS, ¢ RbbMESEROBEIRECEETHIH, DELKRICELGT HEMER
J OGRS 35 MBMRIEERA L C, MR ET28EORLZETEEZS. MK & i
FHAAT_REPALOMNBRR, LERMGEEEOBGRREEMEREGL LTEXDBEDILEEZXD
&, UUTICRT 22 B L5V CEROREHEZBROV R Z LB TE 5.

MERFERAZ T PREEZDEZTORFEBFEILEOLH>CRELOTHAI> . ZORIKEL
Murray DE 2 FERLTEL . MEROF T, BREMEFTILDICHEINDI = XAF —ZZ 2 KA
5. =DM FC—EPHKECHRZR T2 DICET BRI RN —Thy, ho—oiF, MK
EEICHEPOTEHR > TR EDIMERILENTRINF—Th 5. BREOTFNAF—IIMKEIZ
HEITHEEZLNDY, TOWGIEEDN EOBRENEE & HONEIH LN TRV, L LIRS ERE
e TR BEMTHYRBOBNILE, VPEOHMIZX > TE2HFORERELLEZY, 2IEED
40%ZEERZIFXCTEZEFRTHHLITHS. OB TIIZO L3 R LidRpwn.

22T, MEROFMMEKL LT, MEOTRAX—DOMEE 2, ZOFMBEEKL &N TIEEEK
WEELTH. ZOXIRXLTREIEEMEDET VER/MEEDOET NV LIES.



XT. ZOBDOFMBIE (cost function : CF) X
CF=f*AP+kV (2.1)

LEbEINS. ZITAPIEOWBOESE, [IIHE, V XFNOMBE, kIXFBEYY OMKOHE
B x A ¥ —0WFEETHS. BRADHNEREHE LT Hagen-Poiseuille DIERIZ AV, EO¥ELr,
E&%l ¥5¢E

8ni
AP = 7;7 S T2, q o MIEORER 2.2)
B, X2
V=nmrl (2.3)
Tl B—EELT, 22), CIHAREQRDHBURALT, CF2r I LICF/dr=02,t8< &
2 ﬂ.zk 6 ﬂ'zk 3
=—7 AN = [—— % .
f 167 Fix. f ’1617 r ’ (2.4)
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TR AL TS ERbh5.
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2r,r,
r4 r4 r4
cos(9, +0,)="—t 2
2r°r

12 J




H2E BEFEOH

FETWD.

DEDOBORIFEREEBEOME LB L TAH- 5. ILEROSEREEICET 2HHFHEEE LT,
D’Arcy Thompson 2 & 5K D X 9 2Rk 5.
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v <r+r (2.9)
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7 (2.8) XC, r’2r’ &Téc‘:0<0 EHLTENTE, ZhEER 2), Q) T—EITH LT
H5. LD LS ZBESBRHEEDBERER.7), (2.8) RFEEMICLEROMEOHERE L<KbLTWD
HLOLEEIND.

FICEIC Q7)) R (FE 24 RN KB LU THRIMAHEICOWTRE L TR 5.
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r,=xr" (2.10)
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B, BIERZE EROAEIZT Z VABIEEAICL > TIToTW3) oA TEIRSZRTIX, n=2.7 %%

TW5., ZOX DI - JRBREORMEH»O S, [ o r” PRI, BRPICEHINT fer & &<
—HLTWB I ERbhs.

O(xy,¥,)

T (x;,3))
PF,

2.1 2 LEEET
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RTFHICRZEL TBY ., KRZEIWEBEEAR O -3k 0 HR0E FROYTIVEN » EHe ENERE
WTKEREH N & 2D M, J:jﬂ:f?,lu\fc LERETRIZLOEEDOH CEEEMPNBT2HENINEL
75,
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FEIE BRICOVT

3.6 MARD _LIHHEE L TEEEDBR

BIARDERI B REDOP T HD DFE L HEAR TITIECHIR, MER 2 PBE IS DEIE B R E VAR,
CRDHIEIBARDAERIZE blo TLEWIED T3, —J, B0l R CERERS 0BG, #Ako4t
RICEBROoTLIEWIZHMT 5. ZoXdic, #HERLHTHO By & IEHEY 0f%xD
I CHBR xR 5 & BTz,

ARIZE B2 I BADHESEORIGOEIT MBEHMy) L TEHEED) TRRE -7 FOBERAR L
Do, M EFELHTHEOMICIIN 8.2 TROND L HR—EOBERA LD LI, BABER
LTh ZOBEMRITRE S BT, SIFERICHER LTz, 32 2HHHELNRL I, HEEDOH
BRI LOVHMT 28, 2EOIZIE SWEE TH - 72,

BTHE £EH
5 AF
H £/
A PHIY
R S K 520
[ SRR A an ir s = s !
20 o~ 2 R —— ey .—‘!"'_.:'.‘;h_—-—-_—.. R A K
10
0 100 200 200 400 500 sn.o 00 0o 500 1000m"
Lt
Ml eEH

-—.a“

#—:-;h.am?iﬁ AR T, R i

100 Ae w4 RO 0o ™ e e 10w

BRI

X 3.2 ®REZXTHHIEE. MTHOEE
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HAE fRTFIE

F4E
RinF&

4.1 W

AE T, AR THWFATFHECOW AT 5. BB T 2HEMOXB 2T 57200
HWBRINERT OB BEL, ZOBITRRIC L > THEEDOWMBHEOMEEZITIZLITH 5.

WEDDH, HRCER EOANRINC LV EBLZT DHE. COBENOBNORIIZ. MBS L
BEYWBEOMHERE DTN ENOHBHRZLOTRES. WL, BEHOZO L XOERDIRE
IIRENEL LT Z 5 Z LB TE B0, ZORBEEIIINLS (ZREMBRLROBEEIC L 5B S
FOWBENRBIERD) ORBETH, HEDORSGFHE LA D D BEMLBEEAOKREEZHR LS
MEEEZ D LITRETS.

REMEAT I, BRIREREZ RO 2 BAEMBT L BNFEIC L 208 2RO ARS8 H 5.
EARERT T3, BAE. TobbEREDREEARDE— FARDOOLNE. ZhbHIXESELZ RS
T5ECRGERNRERTHD. BARREMNT CIX. BeRx 0% (5H, ik d) BRkdbh
5.

42 Tk, BOEFE~ M) 7 20ERXLERT.

43 Tik. BAERE SR OMIGINEEEIZ W TRT.

44 TiX. BAREBTICOWTOERNRENEZRT.
4.5 Tk, RBARBREEITIC OV TOEAN KR ERT.
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FAE BETFE

42 BROEXRTMYHIRADERIEL
421 WHFMERIXTIEREAME~-FY 7 X

X 4.1 REROMEAERERDYT. BRORSE], HIAORLETZ I, jERAD, HERDEREE x|
JEEE x ROMENS HEME u(x) . BRFEROENZ u,,u, TRT.

/

“, u(x) “,
A A

X 4.1 #EOBHEEIZEY HER

ERAME~ ) 7 22 ROBFIRE LT, ETERNORMS 2 MHBEEAV THREM TK T
ZO%HAE, BERNOEGHOBMBBBICELT 5 LRETH L

u(x)=c,+cx (CR))
T ¢ IEREERTH Y . HAEM L OBRIIKRKL 2D,

u(®)=c, =u, 42)
u()=c,+cl=u, 42

1 Ojje,| _|u
11 le = , (43)
1 0
{c"}{_l 1}{14,} (4.4)
cl ] l J
u(x)=[1—§ ﬂ{:‘}zm 45)

_llx x| 4l
N—[l ; 1]‘ d=lu, u] (4.6)

PEXY ., ERNOEMST u(x) PEREM Y, ,u, TRES.

< hYIRTERTL

EXzfE L

EX% (41 RTRATD L,

L. NedRROX IS,
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AT MATRIE

TIT, BHTMERICET 5O A B BRI,

&Y WFRERIIRT B — 0T A BRRIGRKE 5.
o, =FEs,
T, OPHTRAF IR ERD.
V= l_(&:),]E'Zexdﬂ
20

(4.11) Kz (48) XzRATD L.

Lo(eens 1 a1y
V=5LQJB Ededz)vb:—E[u, "j]—,{_l 1}{14}

J

Lo T, BFAERICAHT 2ERAME~ U 7 RFKRAE 2D,

[Klz%[—l 1 _11}
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(4.8)

(4.9)

(4.10)

(4.11)
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W4T MATFIE

422 HITERICHTIERRBIE~IY 727X

R 4211, BROMTER LR, MTH, ERNBOEEAOL DA% v(x) . BREMGATOLD
BAv,v,. k. FREATORDRO x \CHT DEER (AE) % 6,0, TRLTVS.

42 WM OBMITERICETIER

BRENOEMSME 3 ROZBEXNTIELT 5.

v(x)=c,+cx+c,x" +cx (4.14)

TZITL €ttty GIEREREERY. EXBx THEGTD L.

O(x)=c,+2¢c,x+3cx’ (4.15)
RENL & RERBEDOBERIL.
v(0)=c¢, =V,
6(0)=c =6,
v{l)=c,+cl+c '+l =v,
OD)y=c +2cl+3cl* =0

J

(4.16)

TOBFRET R I ATERRTDHE

1 0 0 0 (|c v,
01 0 0| |6
11 P = v (417
0 1 21 3|lc 6,

EXEfC L KRLRD.

1 0 0 o0
c, v,

0 1 0 0
al|3 2 3 1 (4.18)
c, oo Iy, '
c 2 1 2z 1 0
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WAE T

1XE (414) RITRAT D LERAD L S CBENOEM M 2HAEMTETIEHNTE S,
v(x)=Nd
TeiZl, E=l/xTHETELE, NediZROL>iTh5.

N=[1-3¢7+2& IE-28*+¢&") 3828 (=& +&)
d:lvi 6 v, 9]]

R~ —FAT—DRELY . x AOBE LD x FIEMIEKA LR35,
u(x,y)=-yo(x)

A7) &Y OTH—EABHRRI R E 5.
£, =-y6'(x)

235, WEMIORELY ., &, =¢,=y, =0THY, Eicy, =0LR%.
(422) A&, (419 XRERAT DL,

g =—yN'd=Bd
=7 L.
B=-yN"
N”:fix—l?:;lz—[—6+12§ (4165 6-126 1(-2+68)]

OFTHIRAF— 411) KT (423) KERATBH L,

12 sym.
1 1 1 EI| 61 4r
V=—[¢gEsdd=—[(][B EBdydz)dx=~|v, 6 6
JleBed0=_ (B EBddde=- 6 v, 6} "

6l 2rr -6l 4r

L7e3o T, MITERICK T 2 ERRE~ Y 7 RigRA e 2 5.

12 sym
6l 4r
[K]:EI
ri|-12 -6 12
6/ 2I* -6l 4r
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(4.19)

(4.20)

(42D

4.22)

(4.23)

(4.24)

(4.25)

(4.26)



AR fEATFIE

423 Z2HERR~OEH

LEOK@13) L RUP26) LHMAEPESD L, KD LHIThB.

12E7 6E] 12E] 6FEA

0 JE 2 0 - JE ]2
6E] 4EI 6FE1 2E1

2= 2= 0 2= 22

/2 ) I? )

12E1 6EI 12E1 6E]

O = ] 0 5 T
6E] 2EI 6Ll 4ET

0 —_— —_— 0 —_——
| 2 / 2 [ ]

b L DWBEDIDITIT, THE 31T 35T O L O TEVRINBHAESZLICE LD ORD LI KE

RLTBLLERTHD.

=
1
>

S =
X 0

- %
[T,
B>~

D
X
| —

- - .
12E1 6FET] 12EI 6ET
[Kii]= 0 B /2 [Kii]= 0 - 3 2
6E] 4E] 6E] 2EI
o — — 0 B ——
i ? [ | i ? I |
- - _
12E1 6E] 12E1 6FE]
[Kji]= 0 - R [Kﬁ]= 0 5 T
6E] 2FET 6El 4E]
0 - — 0 -— —F
i / [ L / /
U; u_]l —f; f]
ulz vz u_]= V] f;: gi f]: g]
0, 491 _M,. Mj

ZhvEAvhE, RE2DERD LS ICETS.

Kb+ K b, = f,}

[ b & b =
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4.27)

(4.28)

4.29)

4.30)

4.31)



TAE BT

Y
O
X
%
e
R o
o
SHEER
0) > X

43 HHEIERESEEERORE

INEEEEEROLFBNCETICE, BEEHROAK

u=Ucos¢+Vsin(o}

. 4.32
v=-Using+V cosp @32
f=Fcosp+Gsing

. (4.33)
g=-Fsinp+Gcosg

FRAORELWAEEOMEIIRK 43 BB, EEAIRBLIVCE—AV MM ZELL0EEZRFHVTHE
CAEIZ 72 5 O TEBROLEIL ).

INEFELDTC M RAOBTETEROLHICRS.

cosp sing 0| U

[ u
v |=|-—sin @ Cos@ 0l V 4.34)
6 0o 0o 16

f cosp sing O F

g |=|-sing cosp Of| G (433)
M 0 0 1||M
Tabb
_— (4.36)
f=lrlF -
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U [T~ v v 2 =

HAE FATPRE

cosp sing 0
[T]z —-sing cosg 0

0

THD. IhZEANWTR@A28)-RNE30)EBERIDERDIITRD.

0 1

..+ r, =l
[Kji][Tk[i +[Kji][T}jj = [T]F;

ComROFED NS [ oEE=< 1 v

cos@

[T} =|-sing
0

wrse, < 72 [Tla[r] corapes v~ vy s xicns,

Tbb

Tlrl=lr]

EWVWIHIHERDHDDT,

EFI I, [T [ o, = 7
[T]T [Kji ][T]Ui +[rT [Kji][T]Uj =r;

fy
fy
A

[Kii]: [T]T[Kii][T] [Ky]= [T]T [Kr}][T]

BRI, EREERTERD LLBMFRAIHR, ROL5iks.

7 A

sing 0
cosp 0
0 1

[Kﬁkﬁ+{Kﬁk]

k., +|x, JUj - 2 }
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(4.38)

(4.39)

(4.40)

(4.41)

4.42)

(4.43)

(4.44)



HAE FEATFIE

424 EE~< MYV 720ER[

HEOERm 13, B jOBINEEIC K> TAECIEE COADFROBMNE LTEESLS.

ORI, BRI L jORERERE AR ING. ERm BRATELLND. (35X 4.1)
m, = [y N"Ndv

ZZTy=y(x,y,2) TEM ALY OBRE T, dv IEROBHETHS.

DREINL, KA LERFE L FEPRAOHRNTEERLIOND. Lo TRK (L) 22bm, =m iX

HLHT, ZTEE~ N 7 ABRBTHEZ EERLTNAS.

T, BRAME= F Y 7 R RIS, BRENOEMEZITEIL., BA5H 2 HaEM TR
v(x)=N"Nd

L, E=l/xTRTL, NEdIRO LTk,

N=[1-3¢"+2& UE-2£"+¢&) 3828 U-¢ +¢&%)]
d=p, 6 v 6]
T EEDSAERIL.
m, =yafN'"Nd{

ZIZTC. aliXBoOWEETHS.
(447) X% (448) RIRAT I L, BEHITIEREE~ NI 7 AMELRS.

156 sym

[M]_ yal 22] 412
T 420 54 131 156

-13/ -3/* -221 4r
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(4.45)

(4.46)

(4.47)

(4.48)
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HAE fRATFIE

425 R~ M 7 2A0ERIL
AIRERIEICHIT 2 BB S NEBFRRIL, —REOCKDE 5 ICRTZ LHBTE 5.

[K o3+ [Cei}+ e Ji} = {7} (450)
I, CREBE- NI 7R THS.
BB ERAT OB AT, ERBFEA D 2 LI X > THEONERE Y 835 OR— R ThH
5. LLBAL, BABSEMITCBO CIIZ 0 X 5 R BRIEEA TR RV\en, Bi~ bY 7 x[M]

LRE~ Y 2 R [K]OBI#SE LChEZ B LRS. TRERBIREE VW, BRI LA Y —HEE L
Fh, B AVnbh TS,

C=aM]+plK]
a=200,(ho,-ho)l(0, -0) (4.51)
B=2ho,-ho)lo, -0])

ZTIE. o,k i ROBHRKE MR CHS.
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BAE NFEE

4.3 BEWRSE

HIRBIOD & 5 RARBANRAEL % 3Z20) 2HED OBHIRE 2T T 572D, MUNREERIME S L 10E
B RA L RENICHEY L THEED TO S EEMRDE (numerical integration) 2% < AV o 5.

|

(n+1)— ()

4.4

ZOFEE, B A4 iRT RS, Bl s CoRERED, L.} nanocns Ly, g
A gorg st aREy L. B EREcHE L, & OBMEZIEYRERY E LT step by step
KIRZRD T HbDOTHS.

WEBE S T IMEMOHRIERED X 5 ITETH BN SRS U CEBICELT 558 Th, #
NEEZ L CBHHOBILEERTH 2 LICk ), JERBERDTOL Z LB TES. KERS IOV
TREL OB RFEREL LN TWBE, I 2 CIHIHBSESFETIC LIZUISEVW LR A IEEEICS
NnWTEZ5.

BEBREBEE DO RFEREL LN TWA R, T2 TIIARZECHER L T S BINEEEIZ
DVWTHIAT 3.

4.3.1 BEMEREE

B/NERNOMEEELO LPERRETDH I LICL Y, MBREFRT CEDLE AWV b S IEEE
(acceleration method) ROARHELBH/OND.
1 BHEROBREHBEELEX5.
my +cy +ky = —my, (4.52)

Wzl BEOL, (=1 +A) BT BREE Y, T, T £T 5. L ICBITBEE, BaK 1, B35
EEIREETHS. tBIVL, BADHBIIEE j, 8L Oy, 1 ZOThbEaTHS.

WE, BUNKRE A THEESR 45 O XD ICEMINCEILT S LIRETS. ZDE &t <1<t ki
BIEE, BEEBLUEMRIROLSICRB.
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EAE BITTEE

0=, +22240) (45
)=y, +{ y(t)it
y, + ¥ 1 V=), (4.54)
= f— I nfy_
3.+, t.)+2 v (t-1)
W)=y, +[ ey
=y,+f’,(t"t,,)+%j?n(t-—tn)’ +%%yi(t_’n)s (4.55)
y
/ Yan
y ’ | g 1 .
V y”tl ’——%(yﬂl = J,)At "6.—(2yn +,V,,+1)At2
4N 7 St Y, Pt
5 /, 3 M;y Y 5 \ ) \
n-1 't j}" . ).'”
At A N
t -1 L, ” 2 el t l,,_] { ” tn-ﬂ t t,,_l [n t”ﬂ 7
X 4.5

IEREENE 1 A RT), AR 2 IR, B3 RA TR INS . (K45) ¢ BADOENB LI OEE y 7.,
i, (454) , (455) XTr=t +AMt 2B LICLVBELND. £, BBHHFBERX 4.52) Kivr, BT
YD, Zhhb, RO3ISOEEARBELNS.

VR P
Yo =Y.+ DA +g(2yu +3,, )AL (456)
o1,
Vou =D, +5(x +5,,)At 457)
. c . k .
BT Tt s (4.58)
m m

(4.56) ~ (4.58) ROBHELFEREML 2 LIckY, ¢ BEAOKERy ,y. 5. %1 X7 v FHOL
BB BEEAR Y, ), ) POEDD I LR TES. COFEE, MEEOTLERE L EELTNS

ZEnh, BEMEEYE (linear acceleration method) & FRITNS.
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AT MATFE

43.2 IEEWZ X 5%

(456) , (457) X% (458) RUTRAL, j, ICOWTHRITE,

S +3(yp +1;v;At]+5[y, +y',.At+lj>.At')
m 2 m 3
1%

TRV YV,
2m 6m

(4.59)

YVea =7

(459) XTRDTZy, & (456) , (457) RRATHIT Yy, OES L BEAAOENOLEESD. 0
FIEZ#YE L TR IRERDTHL . ,
HBISE I CIIMMIEEITER W =0)=0,7(r=0)=0 L 3<. LoL, BRI —KICIX
J,((=0)20THB20, MEE y OFHUEL 3t =0)=—y,(=0) & LAaFhiZizbiu.
RICHREISEOREEEZD L. ERAFERIRO L 51Tk 5.

my + ¢y +O(y) = ~mj, (4.60)

ZOHE, t KATODYENE (458) RORDYITEKOXTERINS.

V==V~ (4.61)
m

(456),(4.57) B LT (4.61) D 3 5D, 3TOFBBENFTERE 25, TNOEWRTD Y, 000,
HBIGELUC XV EDBZ LR TES.

bbb, j,2EELT 456) , 457 Kby, ., 2ED, (460) RIERALTHLW Y &R
W, TAPEEEE KT 2ECREHEZTY. j,OMBELLTIE, j 50X
25 -y 5+ -y ) BsAVSRE. . sEEhuEy  y. X (456) , 457 RLVRDONS.
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FAZE MHTFE

4.4 BEHEERHT

441 FFEEBHIER
3 BUTIRE LT B IRREER O B R A,

[M]{x}+[K1{x} = {0} (4.62)
EC, 1BERPOOEHICLE- T, ZHHEROHHIEER D,
{x} = {x,}sin(o1 +0) (4.63)
CARET D & INEHEE {X} i,
{X} = -0 {x,} sin(w? +0) = —0*{x} (4.64)
(4.63), (464) K& 465 RITRATHE, UT LR35,
(K]1- @' IMDix,} ={0} (4.65)
a) BERERBH
(4.65) ROFBRANEKE L ODIX, Cramer DIEAL Y,
[K1-oM])=0 (4:66)

BEROSMDEEZTTHD. WE, PEEROHAER R & THIE, 775X 4.66) ZEBTNIZ, EH
BTG A~ 0’ ZBTHn ROREGFEABELNSE. ZOREFBEROnHORE, ZORICBIT BT
B nEHOESE— FOESREZETLOLZLONS.

b) HBEHFE—F
(466) R v EFIEHESEE S LEBHRERX 465 13,

(K1- o, MDix,}, ={0} (4.67)

EREND. TbL (467) Nk, BAEERDROBEE S nERES. 2L, o OEIX (466) XLV
KOOI DEHD, (4.67) RTREDn wOELHFEAEZNICRI SIS, ZOEETHE{x} DEZRD
B LixcERVv. LaL, {x}0 1 0@ZEMEME LTRRERETHIE, fion-1EOMITRE
5. ZOIH L TROEZLON, BFE—FTH5. BEE—FR1KEDZY nBOREEZLD, nk
AREBZEIZRDEND, —HRICn*nOEFITHITRHEIN, [P]LFEINS.

-37.



BAE T FE

442 —BEHEERE
N BHERZRTEZ DI, 2HHAEHEBERT, ArDMOERLVZTRVERREBTHE LEDHOHY SV E2H

WCEZS. A0y anvid, BAELRBETRITS. AABERLRZORL, RIERTIORNNETTHY,
BERZOOTHIZERS L ETATETTH 5.

elie

4.6

SO

EEAZEREOMBEIZHSI L, BN ITROMAEMIZEGT 5. F2OERARTHRHYE>THDHDT,

m,x, +(k,, +kb)xa -kyx, =0
my%, —kyx, +k,x, =0 (468)

ZHDE 46 DROADHEY BN TH YV EHHFEXNTHS. Thik< ) 7 ATREE,

m, 0 ||%, k,+k, —k,|lx, 0
0 . (1 = 4.69)

LRB. RIIR@DEM L 2E2 5. ZORBIRERBAL CEI 5—BKBELE2TH 500, 2KOERIKIZR
—iRBEEZONS. £ T, REDRE, K2 FTHERBEEETREELT,

— Jsx = 2 Jou
X, =u,e X, =—0"ue
o , o (4.70)

= w2
X, =uze X, =—o"ue

K@K 4.69ERATHIE

-a’m, +k, +k, ~k, u,| [0
-k, -o’m, +k, ||u, 0 “.7D)

KETOBHEIT BB

u, 0 —a’m, +k, +k, -k,
= or 1751 » DFFFIAS
u, 0 -k, -o°'m, +k,

FEOLETHD.
AMENRPBILEREBOLXEZRTOT, BHAZEERRRV. 22 CHED THAXRE) OoXEHEATLL

2
-o'm +k +k -k
a a b b =0 4.72)

2
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HAE MATFIE

RATYE @ BT 5 2REERCHS. RUTDEEWT B &
(- o0*m, +k, +k, \-0*m, + &, )-k,2 =0
®° = A tpnT

m m, A2 —(mk, +m,k, +mk,)A+kk, =0

A BT s EAE®L,
P b++b* —4ac
2a
T

c=k.k, .a=m,m,
b=mk, +mk, +myk,
®® =159 AudECRBOT,

0’1=\/I 0, =4 (0 < ,)

R@A 1O B & &iTid, RETDO 2RERFA ORI DHDT, U, b uy OEFZHRHDDBZLITTEP, Tho6D

(4.73)

(4.74)

(4.75)

(4.76)

4.77)

(4.78)

4.79)

(4.80)

H
u
% _ g
ua
BROLIITRES.
2 A
o = (ka +k, — go, ma)__ k
L - 2
ky (kb_wl mb)
s
2
3 (e +k —07m) g,
2~ - 2
IIT, 2BYVO00 Lo, BbB0T, 2BYVYDu, Luy EHEF1, 2ILL-oTEH LAY P CETL,
1 N
1
e M R
1y~ - > 1 (?
b1 al 1 L
1+
. 1
b }_{uaz}_{ 1 } — Jl+a,
2y - > 2 [
Upy a, 1 2,

1/1+oz2 J
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HAE ATFE

KRATIH~GINRT LS 1C, RATHIREFOREM L K EI» ok, BEOKIRDOLESOR (£—F)
ZRTOT, BEE—F (natwralmode) & 5. EER@AIND @, & 0, 1%, ThThOBEFT— FORBOEEZ A

- HEETRTOT, BHARDE (natural angular frequency), ZhE 27 Tl 7= b O F EHED (natural frequency),
FOMWEIIEFRAY (natural period) &35

1
T=22 -
o / T

@ 4.81
2z “80)

IHETO 2 HHEROERE RO B RERTHETIIE
[M s} [x K} = {0} | a8
s, [Mlsmge o=, [Klemee s, G emsgsr o0, e orems [M]

r [K e nmoEssmmmncss.

(- o?[M]+ [k Do} = {0} (4.83)
fu }20 10,

- o*[M]+[&]|=0 (4.84)
R@-3DiX, ARBE O ZROLT-DORNTHL D, REEHFENX (frequency equation) & W\, FE 7R OFIEM K

[M]e [Kzwisocmmansns, SHHIBR (haaseristic cquation) & bu>5. Re@8ayE, KB 58

AR EH IR (cigenvatieproblem)  [Afx}= A§x} e nLmmgs o, —mEAmE (@nerlizd

eigenvalue problem) & L C#bh 5.

BA fEMEHT (eigenvalue analysis) %175 Z L IZ Lo CEHAT— F L EFRDROESZOBBELH CKIEITRES.
IRHDIHT, bol b/hIWVEARERE EARIRENL (fandamental frequency) . FHICHET 3 EA T — F 2 A
&— F (fundamental mode) &\ 5. IREHEBN/NIWVEI PO Fr BHOLOZ r REFESE, r kKEAT—FLvI.
BERERSH L EHE— FORKRIIOWTEZS L, SMEABRVEHZRET, I TCOHRECBWTEIINARE
DEVWAEBLIEFTEX LRI LB LEVIOBRHOHECI DL REHENERTHS.

U EOFETHETRIE, FEMICIICARBETCLRI T THP, EBICE, ZoFETE,

MEEREEEAZ . BIZREn BRI VEEITRED
IHBREOHELZITROTV (FIZTKEn PR EVNHEITELD

EVISRRD S B D/NIEOREIC LABRA TE . 2 CEHAEMEORENEEEZ > E<HALT, PELL
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HAE RN TFE

PORBE IS HETHIHFERNANAZRZRIN TS,
RERYI2 D DIT Jacobi ¥, —HRAL Jacobi 15, Householder ¥, ~_EFhs, VT AR—RERYRHS. SEIT—BEE
ERIEIZHES L OO THER LR — 4L Jacobi 2% AWV A Z 224 5.
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HAE T

4.43 —H#&1{k Jacobi ik
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