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Ti=x,_CosPAt, + Ty sinpéf:;+%-—(1~cospdt.-) (1.76 )

59 BTGB AR T SRR, F PR, B

-%-: —x,_,sinPAE, +—I—'§—‘-—_—cospdt,ﬂ+ %sin pAt: (1.76d)
KB Q.76¢) R Q.764d) REFMTRENK § 8T, THEER A TEANEE +1
EEDMEREOERAR, KBEAR, TUEEHFRSGE /4 B hE R %R Bk E
T ERGRE MR TR, BEERUBEREELNT,

FEFSHERESE (FBL.T6cFL.76d) , G-ERIFERNRMEARNE i 4H
EEBETRANER. B—HT%R, EPAHESER L, BEXAENEERFROR
E(Eﬁmtﬁ)aﬁ?%mﬁﬁﬁ, EF BT REAR,

sinpi, +————EQ,[C0$P(:‘ ~t;)—cosP{t, —t;.,))

fer

T;=xgcosP#,+

(1.76e)

HTHE 1.76¢) WET— B hETR KM, FUEREHE (1.765 ) R (1.76¢ )

TEMEINRACSE., Hit, EFEENT, YBTRENEIRAILIES, RERHH

B (.76c) B (1.76d) . A, MENBERE SN LNERN, BA B EH B
A.76¢) NMEGEN. ' .

AEEAAS BRGNS, L RHE I RRY EFERRL TERGIEE, HABES

. H—FEEEAT R, SHEERAL EET) &, HEHARTREHER DR

-

PRTFRAELEREDABERENEHERAON, THUEHER (xHx/p) NAERRY, $BENEARNEE
Al J. Lamoeoly “Etude grapkique des vibraticns de systémes 2 un seul degré de libert2” Rev.
universelle mines, Ser.s, Vol.ll, No.7, May 1935, R L.S,Jacobsen # R.S. Arvre ¢ Engineer-
ing Yibrations, McGraw-Hill, New York, 1958.
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(IR NE. TERELLAONASK (time step)¥, DL R s BT W
BHFREE, ‘%/‘U‘%ﬁ&ﬁ‘g‘?i*{%fﬁﬁgo XTBHXERE, AUSBESHNNERR.

BTN AR E R AR TR AR RO B— MEREE, M T ﬁﬁlﬁ}ﬁi%%m
W, EREERL SIS F’ﬂ, —B thEﬁ%’Efr‘JEﬂEBiuﬁb

=g "t 'e‘-I}[ socosPe(i~1, -1) + 1+:u: = Slnpd(t*t{ 1)]
I {_L-eﬂﬂtf-u-l)[cospd(t—r‘-l)-r . sinpd(r—t.--l)]}
K Py |
* fé?fi- {t“f.-_:‘ ?Jnx Fe "t [?Jn’- cosPelt—1,.1)
1 _ 2
- P;;Zp: sinPd(t—l.-_:)]} (t.77a)
Q
b I Ny \
Qi1
Qp——-

o
N

-y §

an . Ao Afg | At

B 1.57

RPLQ.=Q:- Q..o FHEL.770) HIE—54, %Mimmmmmmkm (A&
1.12—9), EREEBETL, B (1.770) &%,

-'I';‘:g_nd”[ lri-lcos_pddti-]- __7_1_'_;)}1_37.'-1 sin Py At
P

+ Q.‘-l 1—3—”‘“'( i n : ’

- i{ cosPAdt,+ 5. smpdd'tf)]

AQ, -n
+kA‘C¢:‘I- [Ai,—— inz O i (—~—-—-in cosp.;dh

pPi-n® .
= p‘tzp.d Slﬂpddf.-)] © (1.77b)

* HEAM RS, —
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YL FN, A5 .

II;—_I_sin AL+ —Q}-‘--‘—( 1 —cosPdiy)

T, =x,_c08sP AL,

4Q, :
At — 1.77
+— FhAL, -(PAt, —sinP J1)) | o« &)

AR L, B D R4,

_fp.i_:—x;_isinpﬁf,- +—"’};‘ cosﬂ/ft,--!—w_Qi.;JFsinPJ_’H,-
+ == AQ (1—cosPAt,) (1.77d)
PhAt, :

HFR (L77¢) fn (1.77d) AXQPTHERHBERHE U.760) T Q.76d) (ikhk &
Ko 0TI RERE AR, THEBHEY ~HHFE (B4 RRERED X%,

a . -1 -
.J:,--:xucos.ﬂ!.-—I— p“ smp:,-+mﬁ—l\z_‘%@)_][msp(:f—z;)

T=l

-—cosp(r.--f,-_1)]1— fﬁ-%[zﬂ;cosp(‘!{-h)-1- }; sinP{t,—1t;}

- }19 sinp(s,.—zf,l)}} (1.77¢)

HoE—25, BEMAEL 13— 45X,

C GIE B1.58eE1.58d BB B EA AN B AR ROEBRE T E, EF A X
Bk, PRERS:=1,/100EENRES K, MZHERNERME, HEE—HER 98
TeriE (HsrBEMNE . M58, 1.580H1.58c D, &HENKD LS
KIFh, SR THRMPS K Db dR R BRKBE. AT HRXLBE BE—R%
BENSEE S ) |

_ ¢ ;
Q—Qlcosgt} Ca)
ERFHEBAERME T (_fﬂ."f]@l.]S-——?) :
.‘L‘ZQT( cos L -cosggi-)ﬁ (0=Is<t,) (b))
A
. ]
’3 1~ (F/48,)° (e)
fEXO—MEENE, BRNSt. =1/2, H& () RH:
T = ;Cil { cos ;i — COS -;%) (d)

Wt E1.58¢ % 1.58d i REAERY, EEEE <1<, N, XEHLWFHEBEN
Bt R, RRIRAERGI ¢ = 0 DMV D o= 0, 7o= 0, EEHQ, R AEEEY 1,

#. HFHSHER, HASE (1.760) A (1.76d) , MAFE (1.77c¢) M (.77
d) BEEEMER. MEBHEBIESE, BRI B B St .=1/20, PAt,==/10=18
cosPAt;=0.951; sinPAt,=0.309; (1 —cosP.dt,) =0.0489 1 (PAt, —sinpPAt,)
=0.00514, %Aﬁﬁﬁ?&ﬂﬁﬁ:ﬂﬂéﬁm HTE-RERRENRFESR, HBTR
1.1,
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moH 1 msE — B WA Fl-1
1) o (2) (3 4) (5 (6 (7)
i :: 'fif' 0, %’% %(1~cospdf.) %-sinpdh x,.icos pAt,
0 ) — — - R - -
1 0.1 0.1 1.000 1.000 0.0489 06.309 0
2 0.2 0.1 0.987 0.987 0.0483 0.305 0,047
3 0.3 0.1 ’ 0.951 (0.951 0.0465 0.294 0.181
4 0.4 0.1 0.891 0,891 0,0436 0.275 0,388
5 0.5 0.1 0.809 0.809 0.0396 0.250 0.643
8 0.6 0.1 0.707 0.707 0.0348 6.219 0.914
7 0.7 0.1 0,588 0.588 0.0288 0.182 1.166
3 0.8 0.1 0,454 0.454 0.0222 _ 0.140 1,364
3 0.8 0.1 0,309 0.309 0.0151 0.095 1.477
19 1.0 0.1 0,156 0.156 0.0077 0.048 1.482
Hr¥
T8) Ty a0 0 am
d X osinpAt, x'“ l:osp.dz‘ =Lsinp A, x, —::;'-
0 - — - 0 0
1 9 b i 0 0.049 0.309
2 © 8,015 0.294 0.095 0.190 0.584
3 0.059 0.5585 0.180 0.408 0.790
4 0.126 0.752 0.244 0.876 ¢.901
5 0.209 0.857 0.278 0.961 0.898
& 0,297 0.854 . 0.278 1.226 0.776
7 0.379 0.738 0.240 1.434 6.540
8 0.443 0.51¢ 0,167 1.553 0.211
9 0,480 . ¢.201 0.065 1.558 : S—p.184
10 0.481 -0,175 - 0.057 1.432 - 0.608

Fiaht, WROAANTLLMIE L, MBHEs /P (EXRBERToH5 % =)
AL MEAR A AAE G2 FNHE TN TR, E_G88 (7) #EE Q0
P i 8 o | -

£ (7) 3, zgcosPdi, =10

E (8) F, xysinPLi,=0

H (9) 3, (a;ufp) cosPAt, = 0

£ Qo 7. (20/P) sinPAt, =0
EL;‘:‘J&:. r.ﬁlxlf‘P BfE, WIDIEBAR (1.76¢) A (1.76d) Xﬁkﬂﬂé, #é}% R3S
(D FFE A2 FH. K,

£ AL A= (5) A+ 7)) 7+ % 10

A2 FI=%F (6) # - %’ (8) #+&E (9) Bl
FAREERNEG, RESFOHEFEEA,

A R S RS, —Ilalﬁﬁéfuﬁjitktf_ﬂéo Fﬁﬁlﬂﬁﬁﬁﬂﬁﬁiﬁ%‘ﬂﬁﬁﬂmtﬁﬂﬂﬁﬂ
ﬁ‘ﬁl 2, XEAROMERATELION, HhMERATSEER. ohmdan,
B1HER (B1.58¢) Ml TARMEN LR, mE 2 fMER (E1.585) mHi%,
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BT RREAN TE, 23 MRS 4 BER (8 1.58cR1.58d) WS, LHESEHY
SRERY, ERREE L2 PERT, BREXH- -SEE IRHHEBEEETE
PR R - :

W oE 1 o®m & B %19

el BoRER £ RHiER E=RER % PR 1R woWw K
I

9.0 2 : 0 0 L] 0
[ | 0.049 J.048 1.04% 0.04% 0.049
0.2 0.1599 0.187 0.189 0.18% 0.150
T.3 0.408 0.357 D.404 0.403 0.404
0.4 0.676 0.652 0.£66 0,665 0.667
0.5 0,961 0.917 0,842 0,041 0.943
0.6 1,225 1.156 1.195 1.193 1.218
0.7 1.434 1.332 1.388 1.386 1.408 -
0.8 1.55% 1.416 ‘1,488 1.488 ' 1.504
0.9 1.558 1.383 1.475 1474 1.484
1.0 1.482 : 1.223 1.332 1,331 L 1.333
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20

!'[/"\\_
16 iy
12} /! 'I\ -
VRN N
8 N R 7
4 - N } I}l= ]/ :
- ) '
eon RSN | | \ b L
. | 3 ]
4 - Kk RS ERE
i i S |
~8 II [Vt \‘u }
| |
1 ' N/
-16 /
-20
o 0.2 04 06 08 ) 1.2 14 16
L)
{a)
5
. B | -
3 ] -
2 ] ’ - !
sty g | R /
) X /
) /
‘ /
=3 )
_ N v
-1 . AN A
— - [ ; | \f\“/
¢ 0.2 04 0.6 08 10 12 14 16
tig)
{b)
B 1.60

G2 g EERO—AEEEREEANERE k=10 /AR E 5 B Y
=108, TR QMM EMEL 60 FRAEK, QNEREATELINE (3)
Plth, JaEL00aFiR, RBRALL =0 BT S ENSBRUABRY, 58

T 0 B A TR o B v L AR B SR A . B (B BRI T A 2 e == 0 Rlro= 0. i
REHAHENRBE OO L.6RNRFNLE,

. WP E R, RATM At /r=1/12, PAt,=n!6 =30° cosP.At, =0.366,
sinPAt, =0.500 1 (1 —cosPAL) =0.13. K13 WEHETWFESE, E1.605 i3
HA fir £ % i 1] i il 4R 1



&1 = 2 m 3
(1) (2) (3) (47 (5) (6) (7)
1 . At Q. %— —(z-l-CI—cospAf,) -% sinpst, x, ,cos pdt,
(F) (Pl (g (ED () (HE CE1)
0 0 — - - - - -
1 0.1 0.1 2450 © 0,25 0.033 0,125 a
2 b2 .t 4,60 0.46 0.052 0.230 0.029
3 0.3 0.1 9.20 0.92 0.123 0.460 0.133
4 Dad 0.1 19.00 1.50 0.255 0,953 0.361
5 0.5 0.1 19,00 . 1.90 04256 0,950 0.820
6 3.8 Bl 6.60 (.66 0.088 0.33) 1.500
7 0.7 0.1 -9,20 ~ .92 -0.123 —0.48) 2.075
8 2.8 8.1 ~12.00 ~1.20 -~ 0.161 —0.600 2.064
8 3.9 0.1 —8.60  ~C.8d -0.112 ~0,42) 1,254
16 1.0 f.1 ~ 7,00 - 10.70 —0.094 ~ 0,459 - 0,126
11 1.1 0. -12.70 - 1.07 ~0.170 - 0,635 ~1.655
12 1.2 f. ~ 16,00 ~1.60 —.214 - 0.500 ~2,967
13 1.3 (ol -9.30 -0,03 ~0.125 -0.465 -3.817
¥ 14 .1 1.50 0.15 0.020 0.075 - 3.938
15 1.5 0.1 11.20 1.12 0,150 0,560 — 3,094
16 1.6 0. 1.z0 .12 0.150 0,580 —1.273
#E3%E
(8) €9, B (11} (12)
i Xroasin p At Xisloospdt, XiLlsinp A4, X, Lp‘-—
(%) (ESY L : {481 (%) (E 1)
9 - C - — 0 il
1 0 0 D 0,033 0.125
2 0.017 0.108 . 0,062 0.163 0.322
3 0,077 0.273 0.161 0.417 0.662
4 0.208 0.573 0,331 D.9486 1.3158
5 0,473 1,139 04657 1.732 1.616
6 D.866 1,399 0,508 2.396 - 0,863
7 1.198 0.748 0.:32 2,343 - 0.910
B 1.192 — 0.788 = 0,565 1,448 o~ 2,540
8 0.724 - 2.23 . - 1.290 - 0.148 - 3.378
10 - 0.074 ~ 2,025 —1.689 -1.811 -3.201
i1 - 0.956 - 2.773 -1.601 = 3.426 - 2.452 .
12 —1.713 - 2,128 —1.226 ~ 4.407 -1.210
13 - 2,204 -1.043 ~ 0,605 -4.547 0.63
14 ~ 2,273 0.508 -5 - 3.572 2,945
15 ~1.785 2.552 1.473 ~ 1,470 1.3498
16 ~ 0,735 4,242 : 2,449 - 1,326 5.537
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S] ® o4 1.15° |
1.15—1 REE, BFRFE (1.76¢c) FEROERER NS P FRmEEs B

»
X Iy

. D = —xsinlt, + D

cosPi;

L3> Q, [=sinptt, =t +sinp (1, =450
L15—2 REEHFHHE 1.770) F X ROTEELIE P FiROEEs &L
o

g2 —‘;’)‘_=~x.sinm,— + ";" cospf.-+——u};-—2 { Qi [-sinp(r.-—'-f,-)

=1

+Siﬂp(f,—‘—t;‘_1):|‘|' fég‘i[—ﬁf,SIIlp (t,-‘-f_,'}

4 ] cosp{t,-—t,-)———;)—cosp(f,-*f;_,)]}

P
1.15—3 HBH-DMEATHMEF KERFNORMEER, MEUTOREREN & E

RHHE (1.%c) FER (LAEL13—2) ,

s 1 ’. A4Q; _ | e
&, ..«:.-+-E-{ AQ, (1 —cosPt,) +§ It [/jr,+ 5 sinP(t,—1;)

1 .
- smP(t.-—t,-_I)]}

L15—4 RBENHE (1.766) Frmtum i fm bl . Bl Ml 0 BAR,

L] L]

£ -a . ) X "|"nI]‘_
=, D, =€ 4t -‘[—'— TiosinP A, + —-—L-ﬁ*—-—l—cospd,dti
d ) d
n ' . ' -._ tnr,, .
—.—~——( T cosP A8 + Fa TAE sinPyAt, ):‘
Py Ps
Q. ( n’ ) N .
+—=e""[ 1+ sinP.dt,
k jig a

1.15—5 WFLFL. 20 FH2 HERFALNES AAE1) . HARUEER
HHE (1.76¢) #1 (1.76d) HHEL IR, - ‘

1.15—6 HFLTRL.2ANTHE S HHNFTALNER (LHAE1L) . NHENRBEER
AHE (1.76c) 0 (1.76d) SE1.1MER. :

1,157 RKiELRL1.2HEMTHE LGRS EAO&EE (AME 1), MAEUEREN
AAE (1.77¢) §1 (1.77d) MELIMER BEFEHBRFD .

O EARTDFEREAFAMB—FHE, BRERFUHENSES, DELEMESHBEEIOEwNEPER. YL E
0, B#HABASICHSMEBETRNLH CONFORCE MBS (AT RS BEREEHELR » FIT R5HEA, S&
EREAANER, BHCONFORCEDNEAUBI—W2%4 LINFORCE (HFAR&EEDTRLD % B E
8
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1.15—8 . hﬁfﬁl S6FT R BRGNS, REHL LA ERRN—BBERE
AZIELA2—-THFBE D RBG B, RAe,=¢,/10 HGHNAIF K, HLSHEBEN

Ittt BEMERGEN l’n—*In—O, EEREQ MEEHN1., BERSRIENE
WAL ATIL R, Biftfi=1/2,

E. xo=4/3 GEERHD.

1.15—% WAEL.I7HPR REHRBHEES SE1.156—8,

1.15—10 Rt 12— Sth}%ﬁ%mjjﬁa@ﬁ%ﬁijﬁm.w—sn

B ore=2/3 @M

1.15—11 ﬁmalmm%rﬁ&&ﬁm%ﬁ%,Eﬁﬂﬁlm—m

1.16—12 @S 2 hfrR &4, AELSThHRSBEERNSFE, HEFLD (F

A 0 << ¢ <1.000) M TITHTE 1 % B0n R

' t.(B), 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Qi(#). —8.3 —13.5 —15.4 —14.3 —11.6 —8.2 —3.5 3.7 11.2°15.1 17.3
. Xyo=2.738 %,
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B AHERMBTN RS

2.1 FEEMRGHEHF

EE1EH, SR HHENEENDESSEN, ROLEBLEBRENGNEHE
ERLH. BITBIAAT, SNt RERECEEEROEHALES, RAEEH
SR . AT R AR LEE, AL 0WREET SXEREBERE S, 1,
RESERERHNERGE. Rk, XMERNSHHEY TEHFR/REEN, AEERRW
TR ,

mz+cr +hr=F(f) 2.1)

EATERFARRT ELROE, EELEIELORESEH, R, HEELH
ERARABOSRENSFE, FEMUBREZDNYERS, XHARNOFTETieks
RS,
MERMBERBATEMATREEE, 4, IMEHAFRENENTEN—RERTLE
3B 1R :

m;-rF(T,;‘ Fr=10 , (2.2
ROBRANRESEORAGFRERE, i ROV TN EEH 55 IR et
FE. BEMWAE, £F 1 EhRINENERRER THEREAS, i, nF- WA
REHEREEN, MU EAEORER RS EBMY, —ki, JEE8%EDREI%H
B, B 43R B8 0 T 3 '

P P
!
/ '|’
.-"L*
A1
,-/ f
L=k /
Al o
Q x x
/“/‘ /
- /
/f JJ'
!
Is
/
I
(a) (&)
B 2.1

H—HMENEENREHL SR RO, HB—AEEEEE, 2.6 8, 2T
#%ﬁ%ﬁ%“@@ﬁ%wm%mmswmm”%%ﬁﬁﬁ—ﬁﬁﬂ%,E£ﬁ$%ﬁﬁi.
WAMER. BTRERKERAGSHKREY, M Rz m %005 [0 E. %8
., B2.168d IR EEER “HRAHE (softening spring)” MIWR—LrRpdhee, X
BRI, EXEEGE—Ed, SR LR AR, FE AR R B
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s

M 2.2

L

B2.20, BR—PAAHMBRRENELREFENRENWT. —ARAE ﬁ m &
TREAN2HEEMRLABWE, ZHERZTHATSSETHOBLUN. HHEMNAFE

WA AWM BEIEE o, MAPERKE S, MA2.2600m, XH, FRETLE T 3 H
R, XMRENBIHEN.
AR A

| _m3:+2(5+—T...)sino:o | (a)
HEB(aWpir 5 4, FRIANERNENBEEEH, =t EEREg TR 2 EE5E ! 4
faEfl; 0FEAH2EEER ZAINEAH, REEH2.2eh LA 2R, 1%,

A=V sing =y~ Cb)
WXETRAS (), RIVBEH,
AE (VTZIT“‘TZ—_” |% =0 (2.30)
KA R BV AR iE 50 07 72 T LUE F | Bk R DUR R (@%%@%EE;’E) RT3
&,

m}+2[s+

2

e x

A%T sin.‘?m—!—' (c)H
BREATFRASLE(a), EH,
m':}.+25 r+A~—E.r3:0 (2.36)

d 1
Rt FREE » R —M, KU, BR2FEzly, afyse 7 SR
#, MEMBcRN, BAHTE (2.3 FHUFTITRBRERT, EBXEAET,H B
BRI PER TIEMESRNERNES, FN, YHRLAZE, RRENETEH2. 10 %R
RRA, HANE - BB REABNA, FLl 8RR EEREmHX,
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RES, E2.2¢ DREN
Y, BRFREBOILAHR
FWEE, TARHTFRaMY
SEL L AT R E T
BB, SE2.3HERY
W, REXYLHBERER, &
EEE4BHT 6 AR,
EEMERBLAC, H-1%
FWLsind 8 HiE. X,
o % 0 5 oL R B 3 R AR
%,

Té+Wisind=0 (d)
BERBORYEE [ =WLY/ g
ARRE, BROBI

G o
T sing= 0 (2.4a) B 2.3

T RNEE, sindTUHEFTA S, HEmtmfUERARIEED. WRERBARRA,

WAKE HESsindRUEF, sindTURABEFAURT. FEEABN AT HERAA B
{(2.4a) s @iﬂ;

¢+

b+ (o-L)=0 (2.45)

L

A 2.4

EXFHEET, RNEBR, KEHEMN SN R O LB SDMATRA, BB
EFEIRE R Do .

RERE (2.30) 1 (2.40) , BREEBE 4B, AE2AFRADHE A R4
F, XWMAREANFRKEEETEHNE, 7, ARTEFIDAL (AEETEDY
KHE) RNENKRRL AL BELEE, TUBIEMRS( isochronic oscillation)
REFE B, ' S
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B2.56 %0 2.6 £RSBE . o en
Wt SRR, B A
2.1a F12.1b m eS¢ 45 05 L
. B B 418 T @ 2.5a
F12.60 91 48 MR MR AU RIE S
B, HALEX AR IS
SM B E, ERFREIE , i
Engfi_gj,@ﬁn ﬁﬁ, _.ﬁ%\%}l% A s B S s e N 0 40 7
EABNE—E (LE2.5%) N o g
fEdmivd, i, ExAR, .

R INNE R R T (a)
— 5 3 G 1) BB 8 B B 305 81
FRH BB, P
MBI M8 YL S : _‘|2’=l+"="'"=
B — 545 12 /E 4B 1 A RS B 7
WEF, BBAFPELENEDRY :
FHER N, BAEEETHFE | Ton,
BETFEEBREEENRERRE L
i, BREERTRM AN S L
MRHLE S, AARKHBE, r ] o m m
R T RIS L8, N i ‘
w, RERFIMGEREBE S -~
HIREA, T4 dE W Y % 3
¥. v

B 2.7q # RETHOEZHK
M P EEBR B8 — 4 (b)

WAL HWEE, ME ' B 2.5
%¥%WE$?¥WQEME,mﬁfﬁ%%ﬂﬁk,%Aﬁ&ﬁﬁﬁ%%ﬁﬁhﬁm@ﬁ

. WRPRBc EKEP, AZEERS OLE 2.7b SRHONE) , P, fikH
Hﬁ%ﬁwoﬁﬁ,u%MEzw$i%ﬁkﬁﬁ%ﬂﬁﬁﬁﬁﬁ%%(ﬂ%%@ﬂﬁ&)
FVRIT, AR 2,76 o i ST RS A AT e B 3 — 545 £ B — AT TR 1 AR
% (WEENOES MESEER, MBEMALANHE, HarEE2.76 dik B O R
OWHs, FEOR, FEE G, TREY, NRBAENNP. MBRAMRNT — P (&
L BRIE ARSI RELRE, BAETEAMBERYAGELE (hysteresis loop)
X B A R T |

N

A A L T o e L oA o
. ¥

SRR

SR

MMM

r

*W.,Ramberg W.R.Osgood, “Description of Stress-Strain Curves by Three Parameters®,
NACA Tech.Note Ne,802, July, 1043, B0 5.C.Goel RG.V,Berg, “Inelastic Earthquake Response
of Tall Stee! Frames, "Jour,Struc, Div,, ASCE, Vol.24, No, ST8, August, 1968, pg.l907—1934;
EBEE.P.PopovFIE.R. Pinkney , “Cyclic Yield Reversal in Steel Building loints”, Jour.Struc.
Div.. ASCE, Vo:.,85, No.S5T% March, 1969, pp.327—333.
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Bl 2.8

mﬁﬁﬁﬁ#m%ﬁﬁﬁoEzsaﬂ%ﬁﬁﬁﬂﬁﬁmﬁFW AR R ERE
EGEETTE2.86 1, 0RY PE—RERMARGERSER S, AP X«
KHEE 2.8 PRHARDOALO. UERIMERIEFAMBUEL ORD £5, RNHE
EEMBNE B HEORNEO0, ERFWRT, RAREHNEOHO (CHOMRYS
FREEKE) LURNOMGHNE B KAR,

HBREEE, MEELdFERNE OENON ONERAED A, MK 2.8b b
EAE (QEAOE) WRASINGE, ALK EFETORA MEANE R AR,
ﬁT}—I‘ﬁj@FE?WJ—E?&?_t{jﬁ{J (rigid-plastic restoring force) AIfFHR, M TXREFM,
PR H M E AR RS AR A AR AL R RN, R, E—ER
H—AEREHRRONE, SR bR L.

MELI0WHE, Fil CAEBAE, BTRBMBI4, B aamiRa, M,
WRIE (R CHEEYFN” MR , HERTRETREEDNGKNEDS BILH 5
T x| REFIE, SSRGS RO R, MUERENHEETS F. &
0, S BRI ARG R B PRI RN BT i S 40 R B I 6 25 M, B BB M IR RS R R
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EELRIMEELS, XETHESRHNRTIE. MELET CEFREN" & BHE
BEE R, RTFENONREL FABHRE, -

5 B # 2.1

2.1—1 EFER—IHMBEERERTHARENRNTER, G—HBERFAE
¥ L, TR KEN!. BHE (o) BEEM > YK BEHNEREBEE TR,
() KErBEshta Gy 7R, U ()M B eain Rngnh R,

&, (a) mz 4 2br (2 =1}V 5z )y =9

(b)Y mz+2kr (1 +22/2I%) =0
Cc) mr - 2ke=0

I 2.1—2

2.1—2 ERHELS M2 1—1hiE, G—BHES r B ERAS 45°, & B
@) FRIEz HHALBNIESEETSE, () MMBHENOREEDHE,

%, (a)mz +2k{2r— :[ ! ' |

VL4171 +V 2 z/i)"

. 1 N ' ¥
V1+1/(1~V?.~m)2]}‘0 .
(b) mz +2hz= 0 | %’4
2.1—3 HEHMEFLHRZFNE, HHE 1 1\
(a) KREFHIEREERFE, (L)AE N
B MR LR R 22, N S\
- ' - , \
% (a) ¢ +~‘,£~—|:sinqz$ \ &) N
; | | | :
+ W cos(¢~¢) J: 0 -——Z—"f\/\!\f\!\ﬁi\!\/\f\/‘fv\r‘@'/g 1
} ’ w
FH HE 2.1—3

YR THFEENURSZNMNITiERIP.Den Harloy, Mechanical Vibrations, 4th ed., McGra
w-Hill, New York, 1956, B7 SR8 =,
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sz(s'ﬁ—;‘,singﬁ_!:); 0= taun- [I (l—t:cu'ad')]

cosf I, +1lising

' (b)¢5+( J +%) 1= Q)

2.1—4 ﬁﬁ@¢%ﬁ%%%,ﬁﬁﬂ@ﬁ%ﬁm%%ﬁﬁ@ﬁg,(Hx%@%ﬁw
OB AT mﬁﬂ,u&uﬂ¢%m£M%ﬁ&ﬁaﬁgc

. . , kg Iz _
B (@ +sing gt G101 oy sy Jrire = 0
L+ 9 g R ! B _ 1 _
”’M ZIQH 2[W(13”) 311] 0
(c)cﬁ--r—; ¢=0
1
¥
T
A
\
)
P ¢\ ¢
1 \
% e o
\ =
3 '8 ~ %

\NVV\N\Q{\N\/\I V

HE oz.1—4 HE 2.1—5

2.1—5 HEpRTZ— Aﬁ%é&ﬁ’ﬁ%ﬁ%?!ﬂﬁ?&éﬁ%%i%ﬁiﬁﬁ R E R
Bz, AESKPELBHRKO 5, wmEE

o REWRAKSIH T 5K aErE 7
S ER)TR, | f
: W,
. m.r—i—k[ r — lcosp }'*)j//’@ r
N
[ ({cosg— ) _ \ o
14 !2+:1:2—--§T'xc059:|_ \\(-/'_* 2
. \
2.1—6 —MEE, EHEHDOL, B N\
B MEER AR, nAFR. R N
B R RO K BB 0 TR M B R 5 R *ﬁ@ ———x
p- " +~H/-,‘,z 95—' sing= 0




+ 103 »

2.2 FHEMEAMHEERS

ERNEBBAEE SR ED. ﬁﬂttﬁiﬁbﬂ’ﬂﬁﬁﬁfé%ﬁﬁﬁgﬁﬂaﬁﬁho XN SR B B
A, |
C mz+F (x) =0 (a)
= ' z4pf (x) =0 (2.5)
Eaprf (x) =F(x2)/m—0, RERCRELAGCE - HRBEOEED. FE 2.5
HRITIERE, P TR RNARENSYRER,
dr _dr dr _dz 1 d(z)°

I

T B o e dz (6)
BERRAFR 2.5 , ®iTEH,
1 d(x)t _
‘2— dz .sz(-r)—() (c)

BB RRAKE DD f(2), HE2.OHMMBBH, K EAER TS AN 2. 0k
BXE, RITTLUSFE (o) KW, B,

,%;xz:—pzjf(md5=1ﬂjf(ads . (d)
pPlix)
0
’ x

| J f.
4 X

rd

/, k -
- P b g
. - - - X
éﬂ 2.9

B, MTRIDRAENT -6, HPUFRYIRSTE 2.9 b FEHESHERF
FORHIB. B4, EREMELFEANBATE, ROME LI VHITE .13 R4
>,

ot
2

(KE)..,=

it

Pt f(OrdE=(PE)... R

[l

B (d) BB B E R MR ¢ R

*(2.6) RABKEN YN Xkinetic energy (F188) WS, PEXN X polential energy (BHH HEE,
' —# i

L RLTRR L T A R PR VA ks v R e 8
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i=%§—ip.zjfcgd£ Ce)

MNE, —HAAEMSIOEAT M E ZxRIB R, Bif, HERERRY.

4 " dx
= ) j‘ am .
2 vTmar @0

k3

BE, nRBEINIFTRCEE, BAXRENEAEY, FTUEREFRE .1 1

ﬂ%%ﬁﬁaﬁ%,?%&E%%ﬁg5w5%ﬁﬁﬂﬁmm%x@mm%%%ﬁ,ﬂuMﬁ
E(LG)%ﬁﬁuWﬂﬂ$ﬁﬁﬁﬁMﬁ@&Fﬁwamﬁmm#ﬁé%%mﬁkﬁﬁ
REAN. K%, BARATIFEOT—0aEEH~aOB KB, XE— 56 =
E, AU S5RGYARALEGNBERTNTERS THE,

RAERNES R~ LB HEN, SNS rEAHRY REFKE 7 G, REN.

' Flay=g2"1 (f>
R n A LR, HE—ABHES Eﬁﬁﬂﬁn%(f)ﬁ%ﬂmﬁ(zmi% SEH4,
RIIRYE,

' * P
. X =4 7?— (g)

R‘j':F'n=19 E,ﬁijg-;m:ipxm; ﬁ__]‘:nZZs meiO.?O}_"PTrﬁ, %%o EK: %{”:l’g‘
(f) RARAFR 2.7, FH#He, B,

CavE( dr -
. P j;'l/xf."—;rz" 2.8a)
ST H AP DRI (= 1) , 55 =B, |
T’ |
4 (" dx 4 f__dw 4 3 oa
= J2 'E V' rl = x* o p 51/1--&;2 ~Tp LtO® IHJ\‘_“}?‘- ChD
Hhu=r/z,, %Un=2M, KEHS5 MM, HE 2.80) 310,
_ 4V '”A_______AV.Z _du .
P jV;r“—:r o L/l—-u ('1)
ﬁ%“)ﬁﬁﬂﬂ%mﬁﬁﬁaﬁm,f%%t%nﬂ/2aﬁu,Eﬁﬁ%%%ﬁﬁ&%:
_ 7.4164 .
T=te =P Pz _ (2.85)

ERBET, RIHBMSRERFE L. FE 2.8 MHERTE2.10T, & & -
2.20 ARG LAWLMFIBTH S % TFEHMMR,
MRE2.20 PWMLHNERNLAHE, $4, ?Ml]f%«ﬁﬁa?@ B rIPR A B, 11X b
BT, BURERARE HRETIELR,
PEf(x)=p"(x +ax®) (5>

" ABESRNRERN R,
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b, p?=2S/mifia=AE/2SI*, FEEREHT, HE 2.6) B

o= xPr, V1 tazifz . (k)
Wog= B, TR G, Pr. B THE
SHRHOAY, RNK (O SRATER ST f
2.7, BE;
”r:—d—j‘rﬂ dr 4 —
b Visi-zt) talzi—r')/2
ﬁ _f
r_“fi_nix"" dr . B 21
S Viacf.-xz)tl-%a{rifrz)/ﬂ
BT RXF—R AL EE 8 8 R Rk . |
&, ®iTHA TGS, 0 2 @ ;G
g o= M ov=arl i) ®m 2.10 b
FE.
4 j‘ du
T o ———
PV uh (i + v (0 +u®)/2)
% _
‘r:ii_ 2 du {(m)

. P Tj;V{1+u=)E(2+;v)/v+uzj'
EREBD £, RITLET AR, |
: : du 1 a ) ‘

1V (a7 —u®) (67 + u7) -:_E_F( ¢’ ) (")

HpF(afc, ¢) REFE-FMBERT. T8 () PFF cNIAFTHE N,
b _ N . C2
Ca—"ﬂz.‘i"bz m Slﬂzqﬁ——-&—f—(—g—z—:—ﬁ-

HEHR (m) I () PEERS, RIOEBER,

2 _ 1_ 2 +W
a 1 il bil= -

ArE,
¢ =]/_2_£1_L"f‘_3’_)_ ) é:sin_j(l)z%

Wik, HE (m) R4,

1 T
i (Va3 @9
mRBEFEERERETN, BA, BRITTU4e Giv) $T8. FREHR .9
BHAETREKE ANERG (1) KX, RZ, wRe FEv) Bk, B4, H8 ()
ROE IR R E AV, Wi, A Q.9 hi+ v—REUBERAET v, RN B
THIRIE | : : :

Ggpre e e OHEGEEEAR A T TMA A LA e T e e



+ 106 -

r:;::/ﬁ% | oo
HE (o) WMV e ZsE5HE (2.86) ME (BTHE (j) HIKFH¥ Plaxr* i &
EPizt) HTEMNTREREEZAGER, BB BV e/2(1 + v) BHE, MES
12 B8 7 17 46 B B 431 _
EEE SR, BRIVT®RT “BAME" R (MFREG)H), XRRE DO ER
fripi i, WALLROZBR “RAEBE” BT, HRRTIRE HKRIER,
| prf{x)y=p*(z —ax") (P)
SWEART LT, ROBASE Co) 5 (m) R B

r.=+pxV 1 —azij2 (q)
F
o4 1/ 2 j dn_ (r)
I v VO —eBHl2 = vy v—ut)]
MED, BINKH TFFIEN.
’ 1
r : o u 1 e
L/mhwh(wﬁmu“h f(b’dj (s)
AWsing=1/a; [LEHE (r) T (s by, #HIEBLEIE.
_ at=1 b= 2;U ‘ﬁ*%‘
R, HEB (r) W%, | |
_ 4T v T
YT ‘Vz-—vF( 2 v 2 ) (210

X, #FEEe v) W, ROAKEFRSE, TUMHE (2,100 55 BT Ed -
{go ’ i . .
BABEENE (/) (D) dygHeE e, BLLHEMERELRERBLREN
EMER. STRA—BHOER, S8 HE TS SMRL RN, FS600EKEFS %
AhIE*, : ' '
Prflx)y=pi(x+ax’+fBzx?)
FAE2.SHHEERTUBA™EENS -4 BREE A 7. BEEBRT, B30 782
X (RB2AMHE (2.4a) 1. -
qg + Plsing= 0

Ahpr=q/L, HT &R, HEQ.0/ C.7) WENNEIN:

d’ﬂ
(KE) =92 = 2| fW)d¥=(PE),., (2.110)

]

i

* IG.Duffing,Erzwungese Schwingungen bei veranderlicher Eigenfrequenz, Braunsweig, P,
Vieweg u. Sohn, 1913; HBILA. Weigand figxForsch.Gebiete Ingenieurw., Vol.12,1941, p.274.
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6
4
r=— jl/ (2.118)
C 2] FHdw
&
AT HE, XEFEAN:
o= £PV 2 (1 “cosh,) | CH)
1
e dd¢ _‘g‘:"‘ dé '
r'f_}’__j: V' 2 (cos¢—cosp,) P .! V' osin®(dn./2) —sin’(p/2) Cad
SISk =sinld./2YA—HTEL, N
sin(@/2) = ksind =sin{¢,/2)sinfd (v)
FAIKS.:
_ 2kcosid
déd=1 1 —k%sing (=)

B (v) RE(W)RRAFE (4) ,HEMHE (v) ZEI UM 0 BES M, MOBE
a2, WATFU,

:——f;—F(k, —) (2.12)

TEHRTE AR AER, KR, METE— kAN, R (212 bR ET
LU EEE, B |
LEMBR KKK AIBG. R, A EBR.N, ROTEEEZFE (2.12) F#) £*sin’g
B, TE, BT NEFr/2, RGN NEDNENEGRE c=21/P,
i1 BRE- TEHGENTHEHFE-TEENST, NSE L EHRE T B
b, MEFHTEREAKE MR EQE M.
Flx)y=ax® = (x)
AR ARBREANSTHRICE. ABEZRERANTHAENRKAE, ﬁlﬁ&bmﬁﬁéfﬂi)@
AE M M.
. Eﬁhﬁﬁ@ﬂﬁla‘]ﬁ, T?ﬁﬁﬁﬁbﬁﬁﬁ*ﬂzgkﬁﬁiﬁﬁﬂh’aﬁﬂﬁ%g AmERFEE (),
RAVGEIP f(2)=az"/m, HE (2.6) BHll:
(KE)p..=g9h=ax} ;Sm—(PE)mu
X,

73
FE? RS Sm2. 155 (WELIY) BEE, Mo<t/20RE “—FEH” 6>
T/ AT B BB R ERR,
B MEEEZER, BRNEH, YRARERCOMAAERKEBSELBL (f=a/2)
MUMBHESTESE, RELTESENBLRENEL Y,
A=1 (1 —sind)

Im:(amgf;)w | (¥

0 5 T 7 RO B8 |
(PE),...=kA*/2=4kI"(1 —sing}?/2

T L I 10 E T S T T A b <4 % e em
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LIRS T REOTBIEE, RATRE:

221 —sin)V B/ m (2)
fe “— FEHT Wk,

> A O 2.2

2.2—1 BRI FERERGLREN—AEHEREN, REEBE—ELNE, ANE
RUEF (2)=k (2 +a)WENKEH, KB L =4008/ %1, e=20%) 2, mPRkK
#pE W =38,6008, MEBREEAREEEHI0OE /B, RETHBENBAEL
REERMNNBAEE AR CAREN = 08 ) . BRREENFERSEHN R
B BB, HERIBRE - 2R SEN,

& r,=2.13%~, P,=8563%, v/4=0,308%,

P
|
i [ !
x 2 :
I
|
W . . g
N /I
——F ® A7
. m - |
P _
. s |
' i //J [
i ' . - A4 l |
i
0 l
/ Xy S‘
7
//
///
/
, .

W o2.2—1 N 2.2—2

2.2—2 BEIE22-IhREEANBEAS -ERE S EDRRRERE DN g
KH, MBI, 4k =4008/%, B2 %M HNES ARSI, =108,
R ERANB L BRI NP,

. 2,=4.75%~F; P, =23508, .

2.2—3 & S22 — 1 Uk B 2% 7 O T A0 8 55 5 4V oh O OF B8 R BOHE B
MM ERE, EXHERT, BREACHANMNE £ =1000 B/, TRERES
RORRIRIE S AR 1) P =100,0008F, W iTH 1T SR d RS B SNz 1P, (8,

E: r,=3.163~f; Pm=31705§0

2.2—4 BMBERORRERFRNKE HEE @223,

&y r,=3.18%; P,=31308,
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P
P
/ /
, _ .
oy ' [ 1 _//
] /’ . ll7
/ : . /
Py — PJ_"—L;___'__‘_
/f % S -
/ P, tanh ;,f < // Pl — e~ he/Ry)
y/
0 0
k4
yi x
A
/,
s {
L //f
A Fa

38 z.i—8 HEe.2— A

2.3 BHRIEIMDWECTGE

— B, FERRSTROSBEEAOEN, ARG -MIUR. T %R
T BATRTLUE 3 i R K — %**Ebr«ﬁmﬁﬂ@ﬁ%ﬁ?uﬂﬁ‘%ﬁﬁﬂo A5 RUR B R
KRB B %X o R O 2 :
BREEEE WMERERESREBEENN, BAXHEN— EEE%%%E&

ﬁﬁJ BhHE, T Fi’UfEﬁiUEﬁT\

_ x+-p’x+-af(:r:)=0 ; (2.13)
Hdve —ARAOET, f(2)HrWBRRARNT2H EHR, STHBE—Hih
S AN BRI RS, RATE.

f(;t‘):z:l:.rl:r‘l ; . (ad
-

A EREEMER, FRK (o) AW -_XRERAASTE 2.13) XEBE. FTREHHE
B 26 « ' _
T+ Pirtazt=0 ' (2.14)
R MR RE (quasi-linear system) BIEZTE, BEKEERE AR
= '

IERFIBBER A = 0R, RENWHENS b z=x, Mizo= 0, —AERNRERE
MBHE AR B R R S ERER, B FRE R |
) xr=x,cosp,i ' (hy
e, 5 P, R RABRAKNBEE, HE (b) WUBEHXN FHREVEAS FTHE
(2.14) QNS ENE. BTFETN, FURNTUESARE,, $A L EEKEA
GRIFME P REXE. TRERNTUSH,

¥ ﬂA.N;Kronff #N.Bogoliuboffl, #introduction te Nonlinear Mechanics, ¥ Ann., Math.
Studies 11, Princeton Univ, Press, Princeton, N.J,1943,
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Pr=pi+ (P*—p}) (e)

Rh (P2-pD B—ABUMGER. B () RRAFE 2.1 , RIVEH,
E+Plat (PP-pY) Ttari=g | (d)

REHE—REME (b)), TURAFE (d) LBRIYSEMNE A,

.a":+‘,0f:r=—.xm (PE— Py cosP,t~uxicos®p,f
HATEHESSR,
cos®P,t== (ScosP ¢ +cos3P, 1) /4
TR

2
36;’"—) r.cospPit — i

- 3
z+plr= —(pz-p? + 2" cos3 P ¢ (e)

W&, Eﬁ%ﬁ%iﬁﬁﬁﬁb@ﬂﬁﬁﬁﬂﬂ%v“’[‘E?E%ﬁ*ﬁ@ﬁﬁﬁ%%ﬁa wim, WHHE
AR -TARR MR SBRAGHERAE P, W LB, SHIE—WEE 2~ [E x
FRBLRAI B K AR FIREN S BRGFEORA, AT HEXHRBROLR, RN 4
cosPUMRMFT R R ~FRAEM T EME AR E, HYXK—H &P 80— EBIE,
X,

3axm

pi=piy (2.15)

BTPHEUEEN P WE —ECHE, A B (2.15) REE kM k3eri/4 AR
B2 3 4R .
MG (e BOFmsy, RATHRE &M FEa R,

- i1
z=CicosP #+CysinP, ¢+ 3‘;3;)"2 cosd P f - (H
1

ATHEFSETEHR G o=, To=0) , FEHLES,

.. _ axi : _
Cl_xm szi %ﬂ C:"" 0
Frll, S8 E I RME RN,
3 ‘ .
r=zx,cosP f+ 32pm2 (cosd3P it —cosh ) (2.16)

BE, FOUERYHERGE Scos3p MK MMNEEIEN, SRR S TE2.11e h 5
A EEMBEREHAEENXNBRETE T alM, It E, ﬁﬁﬁﬁ%ﬁf’ll&ﬁﬁﬁfﬁﬁc, i
Bl2.11 5 th AR (2.15) fYHI4 I BRI Re,

MRBERBHNEZILMUE, WATUEE GELE (HR2.16) RATE), H
BRILEIE, AT, ZHEEEE8RYE NEE—MLEaRFNET. S, ?Jtm%tﬁfji
B (.15 A (2.16) TUBRTAER,

P*=pliac,
T =g¢,+ad,
RN, FEMALBRYE S ERENREA S« BRI — KRR, T%RTT:& SR HE, B
{156 % F 31 8 308 WM I
T=dotod, +ald, +aidy+ . (2.17a)

gy
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pz:p?+acl+azcz+aafo‘3+"' (2.17{))

)
oz

RIS EA MM R, EREEYT, T2, 6.d REREHEDRE: .
Cov 0o BN WEG TN IR R E R A B0, B R T R A R AT BR
MR, EHNERPOTR ROTUSLBERITES RESEMNE. ETEWICH, RIM
HEMHERREOE e ETERENFER. $HE Q.17¢) # 2.175) £ A F B
(2.14) , BAIGH.
‘;;u'-'” a_si:’.l + azfgz"_’ as?;s
+ (Pitacy+atec,+ated(Po+ad, +atd, +a%dy)

el +ad, +atd,+atd,)i= 19 Ch)
ERTHRACRESE, HREFAESSTeWSRENERZE, RITTUATEERE
FHEE (h) .

(; P :U]ZQSU -|—a(q;1 A Pidy o+ P

+a* (¢, +Pido+codby+c1¢ +3d5d )
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+a? (§;3+p?¢_3+cs¢n+ci¢1 +.Cl¢2+ 3¢id, +3d:d3) =0
" (i)
BAGTERARNE e WEFARERY, ZERECHEARIE-IWEFEN R, X
B, HR (i) TUSERTABHA;

$,+ PG, = 0

b.+ Plgi=—c,d0— 1

bt Pigi=—cado—c b, — 3414,

by Dids= " cado—cud) — 163 —363hs — 3648}
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X, WITEE)
e Ta - _ '
| .Iqﬁz-— 102477 {cosiP ¢t —cosP, i) (r)
Iiﬁﬁ@%ﬁiﬁ:fﬂfﬁﬁiiﬁ: |
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* W.Ritz, “Uber eine neue Methode zur Losung gewisser Variations-probleme der mathe-
matischen Physik, ¥ Crelles Jour, f. d. reine ws ang, Math, , Nu. 135, 1908, pp, 1-61, F1B. G.
Galerkin, “Series solutions of Scme Problems of Elastic Equilibrium of Rods and Flates?
CAB U FRAFEE) , Vestnik Ingenerov Petrograd, NO. 19, 1315, p., 297,
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EH—MATF, ERIEFZERTR (2.14) HEZHFEHUBRESZE, DERITR
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HTrEFR. SABORIMTPELERMTE, FRERLEURESFRAAMKR
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H1.6 WhEL.22) WENEN
FR %

el  ( o@F q
T4 ‘( Pt~ 1)“‘+ pe
' (2.31)
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* LELSAT G, Dulfing,
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) * W K. Klotter, *“Non-Linear Vibration Problems Treated by the Averaging Method of
W.Ritz,” Proc, Ist U,5, Natl. Congr.Appl.Mech,,1551, pp.125-131.
* BT KFEG. Duifing. .
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* K.Klotter fiE.Pianey, “A Comprehensive Stability Criterion for the Ferced Vibrations
of Non-Linear Systems,” Jour, Appl, Mech., VoI, 20, 1933, p. §.
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HHE (2.65) . {x,),=0.08314+ (1.5256)(0.1)/2=0.15042

HE (2.66) , (a}'z)l:9~9(0.15942)—1.2(1.5256)=5.?345
CETEMME. |

FE (2.64) . (2,)2=1.2128+ (5.7345) (0.1)/2=1.4985

FHIE (2.65) ; (xy),=0.08314+ (1.4995){0.1)/2=0.15812

CHE (2.66) . (22)2=9—9(0.15812) —1.2(1.4995) =5.7775
%EJ&‘ME: : w

HE (2.64) . (-1:2)3:1.21284'(5.7775)(0.1)/2=1.5017
HE (2.65) . (z2)3=0.03314+(1.501-7)(0.1)/2=0.15823,

BB (2.66) 0 (2);=9-9(0.15823) ~1.2(1.5017) =5.7739
EmEME.
_ BB (2.64) ¢ (x,),=1.2128+ (5.7739)(0.1)/2=1.5015
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HE (2.65) : (x,).=0.08314+(1.5015)(0.1)/2=0.15822

B (2.66) ; (x,),=9—9(0.15822) — 1.2(1.5015) =5.7742

EHH R, ERESEUS Mk TRIGE X,

ot TF204- I EF KNSR IHH TR, 10113, KEALEY, sHRAUESHERAECAT
B () Bl HEi, GBI = aN%, X, B2.2ahRenitAsREtbg CREE
BEXBIAHE %, '

AEHnEZEZRBAE #2.10

,. seww E R R R
[} 0 - B 0
1 0.1 5 0.0416 0.0429
2 0.2 4 0.1382 0.16186
3 0.3 4 0.3319 : 0.3374
4 0.4 3 0.5419 0.5491
5 0.5 3 0.7667 0.7748
6 0.6 3 0.5860 0.9939
7 0.7 3 1.1821 ' 1.1888
8 0.8 3 1.3413 1.3458
] 0.9 "3 1.4345 1.4559

10 1.0 3 1.5173 1.5151

11 1.1 3 1.5307 1.5243

12 1.2 3 1.4975 1.4884

13 1.3 3 1.4271 1.4154

14 1.4 3 1.3289 1.3156

15 1.5 2 1.2143 1.2006

16 1.5 3 1.0948 1.0817

17 1.7 3 0.9803 0.5604

18 1.8 3 0.3803 0.8724

19 1.9 3 0.58014 o 0.7970

20 2.0 3 0.7477 0.7473

F-MAEUERTRE (2.55) WERNFIL, %%%#}JHLE&Q M%ﬁ‘lﬁﬁﬁﬂﬁﬁ%%

Bias—HESRARERRERTl, &ﬁ%ﬁm&, i} fa) 4 sz-.-m Ty & B AR (A
2.23) AILIE®HIT. '

, ;‘(f’)—;-ﬁr (; —;-1):";/:': (m)
At MERES R BER. BRENEEREEEL, %BA#HT“E@:EEEEM%*‘%?WC i
BYREEER =R T, X

xuwzx_l+£4;~r(i—Jgncwﬁ/mﬂn) ()

Ty =2, AT T (P25 (2 =2 ) ()36, (o)
TR R T4, BRI %.

=t (o, rx A8 02 (2.71)

Bo=m_ 4T, 42z, 42 (A6 (2.72)
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ﬁgczn>5¢ﬁmﬁgwmﬁﬁ<z%>mﬁ,L%Tﬁ<zm)sﬁ@(zw>¢,

CHHE ST S H. B (2.6 fRAFE 2.7 Ehérjsr , ﬁrﬁﬁ'ﬁ%zﬁ%r E’Jﬁl
BEMETR Ejiﬁatz.sn] ih‘, BRITEAHEXFHERLT, £REOEERY,
PR ) M P ‘ '
RY =~ TR (p)

¥HE (P) BHE (2.63) tbix, RPESEMNEESEMITHEO G A IA G LE T ENE
EERWEAEREMA, A0, BOm S84 nErsiEiaRHnhe, HFBEER
~ANREATERRERRATHT X K2, :Ffdjlﬂﬁﬁﬁi%%m%ﬁlﬂgﬁ!m, ERERE
¥ —H
RIUTHALWERSMEEFEFANF R M B 4 EIErEE, EXHFR Q7D 5

HEB (2.58) HA, FlhotEj RERDSERSHE 2.60) fH. % T B85, ke >
M EBXAR, RIDREFE 2.7 iz, HELERRAFE 2.72) B,

Tom (B, A )AE] 3t (dE)HE (2.73)
XH, BNSHc 0 KBRS ER0.
(z),=Bto i+ (3);44,/3 (2.7)
Ko, | | |
Bt =zt 2z, At )3 4z, (AN 6 ()

RratnadX (AR (2.6 f (2.68) & (2.69) ) quﬁdTJFﬁ“ﬁt FRPNE
R, |

HPE L PR RN, EERMR2 0 HREIMELT, o8
REBEMERKHR2. 10 dﬂ%iﬁﬂnﬁgﬁmﬁﬂﬁﬁﬁﬁﬁ{ao HABEREEEETX & H
¥, HERMBEAIHATIEEENH T,

B2 E2. 3B (RE2.1), Ef??ﬁﬁ*‘ﬁl&tmxﬂ:ﬁﬁ

& + Psing =0 (EH2.4a)
AHPl=9/L. MRRNASLERHLS5T9, HA Pr=1; RIOTEEMBEHLEY do=nr/2

Ro= 0, FEE2. 2, EENEBNEREERO S NHE 2.12) - BLF A1 & #
$o=¢.=x/2, BIAIVNHBERSEBHK=F (k, 7/2) =1.8541, BAE, N4> — 51
HT/A=K/P=1.8541%, F—Fb, MERMMP=k=1. 8541, AT/4=1 B BWHX
TRAR. BHEHERA,

B, BETRERETEN.

$ = —Pising— —~3.437687sing (r)

FAEMBRGE D, ) | -
- h,=— P sinT/2= —3.437687 (s)

22605 AT I B BRI B I B 20 MR IS K (ML =0.130) MR,
Eokh, ¢ HNBNSTE, SEEERBLO, WFEMEME SO N, R, B

* NoMJNewmark,"A Method of Computaticon for Struetural Dynamies,” Jour. Eng. Meck.
Div,., ASCE, Vol.85, No.EM 3, Proc. Paper 2084, July 1953, pp.67-94, -
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HENEGHERYOR R EG0=—1.5708 B . ¢ B PIE X IR 28 7R T 82, 250,

EEdEnEEEIROE Fo-lb
‘ > & Rox ® oGy &S T
) 0 —_ ] @
"1 0.1 5 0,0427 0.0429
2 0.2 4 6.1608 0. 1616
3 0.3 4 0.3359 - 0.3374
4 0.4 3 0.5471 0.5491
5 0.5 3 0.7727 0.7748
6 0.8 3 0,9921 0,993
7 0.7 3 1.1878 1.1888
8 0.8 E 1.3456 1.3458
g 0.9 3 ' 1. 4570 1.4559
10 1.0 3 1.5177 1.5151
1t 1.1 3 1.5283 1.5243
12 1.2 3 1.4935 1.4884
13 1.3 3 1.4212 1.4154
14 1.4 3 1.3217 1.3157
15 1.5 2 1.2064 1.2006
16 1.6 3 1.0867 1.0817
17 1.7 3 0.9731 0.5694
18 1.8 2 0.8744 0.8723
19 1.§ 3 0.7973 0.7970
20 2.0 3 0.7457 0.7473
b I - | : 9] & B #F2.2
te OB O e (3D
i w O Xk % '
#) EHmMABRE B &t hnEEE
0 ¢ — 1.5708 1.5708
i 0.1 2 1.5538 1.5538
2 0.2 3 1.5021 1.5621
3 0.3 2 1.4163 1.4163
1 0.4 3 1.2967 1.2966
5 0.5 " s 1.1442 1.1440
6 0.6 3 0.9608 0.9603
7 0.7 3 0.7488 0.7487
3 0.8 3 0.5154 0.5140
8 0,8 3 0,2648 0.2627
10 1.0 4 0.0051 0.0025
11 1.1 .2 - 0.2546 - 0.2577
12 1.2 3 - 0,5059 - 0,500%
13 1.3 3 - 0.7408 - 0.7444
14 1.4 3 - 0.9530 - 0.9564
15 1.5 3 - 1.1376, - 1,1407
18 1.6 3 ~1.2013 —1.2029
17 1.7 3 ~1.4123 ~ 14142
18 1.8 2 —1.4954 - 1.5007
19 1.9 2 -1.5522 ~1,5529
20 z.0 2 ~1.5708 ~1.5708
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2—.
I_
0 0{5
—1l-
- b
_PEI 2.25
B3 EAE-NEEEAT, TERAEFEABRENRENTIEHRE.
| mz '+ oz +h(z+azt)=Q(t) " (t)
ﬁ an " |
x+2nx + Pzt ax)y=9(1) _ (u)

MAE2.2—1 (LE2.2%) RITFE:
m =100~ 2/ F~f, k- 4008/ H~T,
PE=4F7F, a=2(FT)"*,c=QU)=10,
T XESHE, HREARBN, TR

T=—p r+az?)=—4(z+ 22*) (v)
WA L x, = 0 Fr,=10%F/BIRAFE (v) B,

2o=—4(0+ 0)=0 (W) =z
WRB RS E, BTF204 S .
KygsER (UAt=0.0258) & 2 |
F£2.30, s R RENHEYL ,
AR T @226, BARBE L
B62. 128~ R4 FH B te=
0.30BEH, XEXH.

BARWhIEERAETL o ok FE— L '

02 03 04 05
FHEFAVESRRK®R, BEEE ()
ﬁkﬁi@%%ﬁ?@”ﬁ%, B i R E ' B\ 2.26

BFIHEN. BoAEPMEREUY HAVACTIA, AVACZATIAVACIAR £ F it B &
FRFFAE1., 23, ZEBFEHL BASIC HHH, ATABBER. B N FTLL R &
WEG-BFHRDJUVTRAE ZEMAR A & 0 E B & £ 25 LINACIA, LINAC2AT)
LINACIAR R, 54h, ANWABLKNAZEIBWUAXEAERE F F LEERXRE,
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M B 3 B & =2 #*2-3

t, OB oM ox (kD
f b AV G {
(B ENMEER & B in

0 0 — 0 0

1 0.025 1 - 0.2488 0.2499
2 0.050 a 0.4988 0,49890
3 0,075 3 0.,7457 0.7461
4 0.100 3 0.9884 " 0.98%0
5 0.125 3 1.2234 1.2243
6 0.150 3 1,4457 1.4472
7 0.175 3 1.6490 1.6511
8 #.200 2 1.8256 1.5282
9 0,225 2 1.9673 1.9702
10 H.250 1 2.0665 2.0894
11 0.275 3 2.1171 2.1196
12 0.300 3 2,1158 2.1176
13 0.325 3 2.0628 2.0832
14 0.350 3 1.9614 1.9603
15 - 0,375 3 1.8178 1.8151
15 0.400 2 1.6397 1.6355
17 0,425 3 1.4353 1.4298
18 0,450 3 1.2122 ' L.2058
19 0,475 3 b.9768 6.9696
20 0.500 3 0.7339 0.7263

MBTEHRE (2.55) BB, I A B HE AR AR OEE A TN B, B TR (2.58)
ﬁczm>ﬁxﬁﬁ<h),xw&,ﬂu@ﬂmﬁm$¥ﬂmﬁﬁﬁmﬁﬁw%¢ﬁ&%
=,

5,.=Q:/m' | (2.75a)
m =m+cdt, )21+ E(At)2/4 ' (2.75 4

Qi=Qi—c (2 +2 1 dE,[2) =k (zyg + 2 It 2 ()] 4]

_ (2.75¢6)
HBQAENEP RALN, BHERY -HEHRFEHE. 58 2.75q¢) BUS K F B 0

Tooie T FT EEMER T MBRAR, EIRTERFR (2.58) M (2.59) £
e, T, K, RATEEAEER R G20 K EIMERTS,

B, TR IIME S AR — A R SR PR T 1
m,-_l/Jm.:,-+c;_,da:._,-+k,_1dx.-:.dQ.- (2.76)
ERHBT, dr. Jo. 2 RAQNE i S ENE, BE. MEZRAR O E B
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B moa, eo Fh AESRTRAGER. ARHMEE, S THEMEE J2,. 4

WA KBS, TUSBEANTHE 2.750) MERARY

B EHERORER (PG , ATFRESHECARUHNER K. RS AR
BEEAEN FTEYYBERNEE)BRROEMR AL, &, NERELEEREEN, B
4@%%E%Wﬁﬁﬁfﬁﬁﬁﬁﬁ,uﬁ&Lwﬁ%¢ME EERBFRER. XH,
HEEERRUER, RFRALETRNTGEE T —REETHE,

EERRESTH R D, SANHA E MR T ETRANES, BufnsER
RETERGHEHL BREGRL 2=F () MESHNEWZE, REETEHANES
BESAKMEMZ 2 BEMBERNT MRS RIEERHEEFIE (2.55) BROEH-
BrFE A RBE S BAB A~ T RNER, KE—FR, 58T 5 R 8,

i =y (2.77a}

Ly REHE (2.55) 41%5:, S,

v= e,y (2.776)
FE Q.770) T 2.775) R ERABRT—WEEAD, SATUE Ry WAERER
Be— AT BOE By, BRI RN B, BEESTRANE Q.770) HEHEE
(2.776) BABWBUBRX—FEL., HEBRENFHEDS, LREYy, AR SE%” RE
r,ﬁA%‘%ﬁ”ﬁﬁom%i#ﬁ,%éﬁﬁggﬁamﬁ¢mrmrmm¢&ﬁ%ﬁ
ARR B R W A R K AL

3 B o4 2.6

2.6—1 HEHEWMEL1, B2EMBEREEN T AEEE Q) =om, [¢HE KT
EHERWLHSHREE,
B 11,=0.760% T

2.6—2 MHE 1 BREEEL, BIRQH =0, HEWEEEY e 1 EFH 5=
— VRSB, WEAFA TR, RS0,
E-'L :":'111;Qﬁ 0 553%_‘1‘-0

2.6—-3 HEHM2, {H%%m«a%mﬁc&wm--mm—z 618 P&/ #ba [RIEEHY B
HH bﬁ&ﬁ}?%ﬁfﬁﬁﬂﬁﬁo

*E,.L Wilson, |.Farhomma:lc[WK.J.Bathe."Non]iuear Dynamic Anal¥sis of Complex: Stru-
ctures,” Int. J.Earthq.Engng. Struct.Dyn.,Vol,1,Nc.3, Tan.-March,i973,pp.241-252,

**L.%.Jacobsen, “Ona General Method of Solving Second Order Ordinary Differeatial Eq-
vetions by Phase-Plane Displacaments,"Jour Appl.Mech.,Vol.1%, No.i, Dec.1952, pp.543-55%.

§MB.Carnahan, H.A.Lutherfn),O, Wllkes, Applied Numerical Methods, Wiley, New Yor-
k,1969, '

ZC.Runge, “Uber die numerische Ausflosnng von Differentialgleichuagen,” Math,Ann.,

Vol.46, 13985, pp. 167-178; LB W.Kutta,"Beitrag zur naberungsweisen Integration totaler -
Differentialgleichungen,” 7. Math. Phys., ¥.ol.46, 1901, pp.435-453,

T Bashforthfz J.CiAdams, An Atrempt to Test:the Theorics of Capillary Atirsetion,
Cambridge Univ, Press, 1883; L BEF.R,Moulten, Differential Eguations, Macmillan, New
Yark,193,



=144 -

%, éwﬂfﬂllziﬂtﬁo ' ’
2.6—4 R IE2.1—-1ha05R%E E2.17) , AEYNEEY, REd9n & &

zo=1 /4 Mz,=Yo=Y,= 0B HEHEE. HARRUESFROARSZS T 7 5 M
8, k=109/%t; m=8-BI /&, [= 4%+, RHASERE J=0.1 BIES
RS &, 320 LR,

B Th.oml.6FF R,
2.6—5 HEHE21—6h M ES (L2014 AKETNEES BEdoass

¢a=0$n$o=1'0.64§1l1§/%1>%3§ BRI MW, i AN E s AR ARN TP S E,
W=51%. [ =10%~F, b, =1008-%~/ME, B20MFEME L1 =0.025 B9 SMA
#RK, HELHEHER, '

B Gn~=nm/20E,

2.6—6 EEMM3, HREMIE2.2—10, WHHRERIEREH B2 2—2h K1,
RETHMBERE, feRABieyEnn.

B x,~4.75%F; 1,~0.725%,

2.6—7 EEGIEI, ERMIE2.2-1EREHENE ST 2—4hiost, RA
HEMEEE, BERXUBMBRENNE.

B, ,~3.18%}; f,.~0.508,

2.6—8 WAFHMEEEKEIE2.5—2 (0% 2.5%)%, RRERDFISRME.
m= 18- ET, k=atF/EFy ko=4dky; x,=1%,

E: xa~1.5%; 1,~0.75%,

2.6—9 HHASWHNEEEKENE2.5—4 (RFE 2.5 )% ZESRETALSHNME,
m=) -/ EFy h=niB/ ¥ x, =1 TS,

B, r,~=1.58%~f; t,~1.22%,

2.6—10 AMBREMEEER E I E2.5-11 (LFE2.5 )% ZARERF FRER
B, m=18-8"/3% k=88 z,=1%, '

B, x,~3.24%F; ¢.~1.62%8,

Y lEB2.6—8, 2.6—0T2.6—10BR S RREN, EHRHEIRENED, KED—BNARBEHS—EHN,
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#=8 AAWIHHERRSR

3.1 BMAEHERGHNAF

EE1ENE 2 28, ROWBTRA—AHEENRE. EATRF—2h, RIE
HeAESABHENAR, EXRALT, BRELOAREFEISHENRE, KRS
RAMESERILERABREE, BEARMMSTERHREHED, -

3.1 AT ST, ELBO AT RORY BUO0 kR ke FOM AT RERO T B e A
me. BREFEANRRAFAUE = FAED, FERAGENATEEARLELROER. R
NEEFARBEECNHHTEYE BETRELEBE) WEBz R, EABETERE
EHHLEES. e hEERTEBETREm Am R HRKQ =F . (DFQ:=F . (1),
EFAES, E— BHEEECWE R TERR LA NES. 16 FiR, MASHES
EE, RIEEm Im, MEEHEN. : '

mzi';lz_kl-r1+kz($n_‘$1)+QL : Cad

mz-'r-z:_'kz(xz“xt)’l‘Qz (6)
R >r,, REXTAE, HAHAEXHELT, HE (a) ¢fﬁﬁ%§4‘ﬁ§t%ﬁﬁ@%
Bhk (2 —2)F—0S, ELHRE (&) dH-ES. MNFHFIXESREPED, #d.

m1~1:1+(k1'i'kz)171"k31‘z:Q: 3.1a)

mzﬂ.’;z‘“kzi'l‘f‘kzl'z:Qz 3.18)

(a)

& 2,

LU N . N
4
B 3.1

KEE, RIOVBBIMA B AW RMOK IR R HE. |
AT HREASBRLEOE aRD, RI140. MO HETE, BHUTAFKYE,

T L R S ELP TR IV E e, SIS TR E P
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ml-';l’-"‘(-"?1+k:)l'1_kzxz7:0 (c)H

Moy kyxy i kazy= 0 (d>
BERDNTRE—ARBENZENAR, RIVER TR0,

x,=Asin{Pt+ &) (e

ry= Bsin{Pt+ ¢) Cf)

XN T, %%ﬁ‘&iﬁﬁﬁﬂqﬂ, ERMEESBMNEAAMEXpMEASHE B & R
. ﬂﬁA*DBﬂﬁiﬁﬁﬁ@@hﬂ’J%kﬁﬁRﬁﬁo ¥hEE ey f1 (f) ﬁi/\ﬁ@ (¢) Fu
(d), PETHRAEFTE, —FEHRL,
(hy+ky=Pim)A—kyB=0 | (9)
| ~ky A+ = P'm)B=0 (i)
FTEFEWN—MEENRIA=F=0, ZESATERHEFNEL, FASHEAXEDIHH
', MY AﬁBH’\J%ﬁE"ﬂﬁﬁﬂiﬁ%T?N, REHFERATMUEFFEER, & '

(k.-i—kz—*Pzrm) _k .
. !— (i)
_kg (k - b mg) .
T FIR R I 1B,
(kl%-k;—pzml}(kg—szz)—k§=0 (J)
&k,
mym. Pt —(m by +m,(k, + k)P s Rk, = 0 (k)

ERBPIHORR, BARRGAIRETE (Eﬂtfﬁfﬁﬁﬁ) o BHBAMR RARIEE) ,
s fE Tl R R,

v

@ =mymyy b=—tmk,+m, (k48,0 ¢ =k by (m)
BXYHE () &, BSTHRATREEN, FUpifir] “AHEBALLR, BENERT
TWRINT — b, #FEFMRTEREN, BH, HE (1) B <0, EFJJ'J‘JQ’F'EHE’J X
¥, BUEFESBR I ETRDEE, SIERET RS OB,

WRIEE PEAD PLMAFERRBFE (9) & (h) , BIXIARBI ANEHE
LE. AMRESETUBTREINEET p 0 p ilEr,=A4,/B , fir.=4,/B.,
ﬂﬁ:

A ks __ ky~Pimy
By Rt k,~Pim, k-

r, —

(n)
r cAs ke k- Pimy
. : Bz é +k2'—.p§m ’ kz
| RERBLEAREAGHRERRY (Tﬁ’ii) WER, BTHRE (/) , BENEE
Y, O, I T B, my, by ik,
BRSO AREL, RENMNEBERL  HTHE Ced 70 (f) i, RIEH,
T3 :—rl Bysin(pf+4 ()
;=8 sin{F ¢+ ¢ (q)

(o)
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EATRERERT RHNE 'ﬁ@* BH LSRR, CHAIBRER A F
P, fﬂjrﬁf’aqb GRE S TEESAR, ERBEHCESE, F AN S/ S RE

rif8H. ERFEE AT, W]’i\ﬁﬁﬁhﬁd TR HCERNR, WEEMNRANIEEN]

B A E. ROODFBRBEAS LABRY, LEHTHE () M () BEX
ATEHARRAERR.
BRROABED MBNARBLL-RAZE () It (), BE
ri=roB,sinl Pt +¢y) (e
xE—stm(sz—i-géz_ (s)
EATTRE AN H RE, PIAFUBLIE R i iz 50, EHEmMEL, MERANMEALS . RE,
EXMENT, fi@btﬁm?@-ryfﬂ”z—rn
TE (¢) A (d) WEB#E, BFE (p) . (@), (r) F1 () fPREXHEZ
HE . X8, RIEBEL
ry=x1txi{=r Bisin(P,t+¢ ) +r.Bisin(Pt+ ¢ 1)
ro=x;+27=Bsin{Pit + )+ Bosin(Pat +é,) (u)
EXTFEELIMERRHR (B.. B.l 60 ¢ , BIFHEHERR =04, FHAER
WA BREREN O MG RERGR, HE ) R (u) BRTEALRBENR E &M E

3, BRAEEAREF P AP, HES R BAK, ﬁ%—ﬁﬁé%&ﬁiféZﬁiﬁﬁﬁ, BREA S

e iET B ZD,

Lt EMAEER, 8 hEN RS, ﬁﬂ]%‘xgﬂ]ﬁ%%ﬁ%’ﬁiﬂ?iﬁﬁ@ 3.1a PREFF
FRERMEHRERBREER. BOFESEERAANES T REARNESEER, I
PLXEE K B — 2 REERIER—F, EfEEAEZNERAS 4B hRERERERT

x

i G B 3.2 {b)

TR RARAEBERENE AT, BRES. 20 PIME— BEHO TR, Bh 5w
MEAHELETH-REN, SNAFER A, kM kb, BEZRBERTREEHE
FERHABR (r-y PE . XE, ENEHHENTEGCEEDINcSBRYDE (o,

* ERENE—#HESFA dirst mode of vibration) —F
R AERNERES TR Hundamental mode) | —

I s ey T R

[
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Ry KE, B3.20 Pism TR =AY 5 AERGEDIERQMQ,. DRRITA%E
BN, BABRERRTRRE LMBREAR,. RAIR, (RE3.26) , FLIEE Sit

TY¥HUELNEREAGEANEMAS, BEWES, ZREWEHTEHX:

i
mx, = E R.cosa,+Q,

io=1

: 3 )
A my,= > R.sina, +Q,
i=]

R, =—bk,(x,cosa,+¥,5ina,)

BER (2) RAFE (v) W (w) HEFHENET, RNEH,

3
may -+ Zki($100520.-+ Y.sin@cosc; = ()
i1
3

my, + Zk;(:clﬁina.-cosa.- t¥isinta) =0Q,
=1
& o 2
P ¢

[}

A 4 ! § B
7 kg g kpn V2, ks
| — I I __E\;
E2ord ™2 4
I w
' \jrl \_/Tz
B 3.3

(v

(w)
(x)

(3.2a)

(3.256)

ESSERBSANT, CAKEE M EORASAR, RRBET AARBAL, ¥ T
CSRD S RERATT, %3059 = B RA WE IR RSB b, 1o oo B hrse
AR T S R S e, B RS MR B AT A

T,o EXHMERT, EHEINHTRY.
I1‘51:_kr1¢1+kr2(¢z_¢:)+Tl (Y}
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