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HEFTBC AR M AR H At b 00 48 J8C 32 R PR AT 28 2 d5 B AT A HH 2 BRI A — 88 )5 2275 73 A8
et ] DL 2k e Al 1 O A3 IR S iR — T A R DT 1
9 = ik

e SR A T SR S i B bR R — SR T 5 TR A U R AR AR DA RS
B0 IS T R0 X 1 B A L 0T, B8 1 B R 7
TR

5 [Adi=5[(r-11)d =0, (70)

;H\:EFl 1 1

T=fjfll%p(um)2dv, (71)

Hf‘ - JJ'JL(; €8y _f;'ui) dv - jL) p; uds. (72)

X (72) I, J— e IR TTFELIHN B2 bR

T = agey, x; €V, (73)

e; = é( w,tu ), x, €V, (74)

u, —u, =0, x, €S, (75)
XFSIABER (72) B w, Fl e, RYZEPHRAE, W45 Euler J5 2N

[(6,&+ukyi)0'kj]'j -f£ =0, x, €V, (76)

(3, + W, )On; =p,;, x;, € V. (77)

N3 (semi-inverse method ) R — ) SCHREIZ 0K 1T, , AR
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“j( eitmey ~ [, +F)dv—pruds—Jf(u—u)Vds (78)

K (78) I F, il v, B SIATIRREL, BT ARLIZ R (73) ~ (75) e FIWT, F,
Nt e, BYBREL RT3 (78) AT P AR BB e, 100 S EEAH, WIS Euler J7 2N
JF,

ey e =0, (79)
ToRA
F ==, +F,, (80)
X F BTN, S e; JoK. T &5 — Lagrange PRELH
L= ; ejaey — fin, —e;o; + F,, (81)
ST LLEIE, F, o, MRS (S1) B o, B0 SR A 4 Fuler )7
oF,
Tty =0 (82)
do;
T4
Fy =%(”m‘ Tt )0 (83)
o TAF
v, = (9, + W) o, (84)
TR S
”J'{ ejauen ~ fii — O-if|:e£j - %( Wit + uk,iuk,j):l } dv -
J[ pnts =[] u = LG w o T, (85)
5,
ﬁfX%Wmiﬁ
o [A,di=d["(r-11,)di =
t 1 , 1 B
SJ {jfj':p(u") _(2 /klekl fuj:|dU+J'Lppi,uidS+
”f {6 - *(u tu, + uk,iuk’j):|dv +
”V(ui —u)[(3,, +uk,i>0kj”des} de, (86)
XHL A AT AT
10 B H

101 AREEREBESEENF/NBERERERN N A

O, DA BRA A BE ISR AR R /NS T R BRI — A S A B R
KGR RN Z 8 R 30,

B 1 (a) A—FERAR I A N AR B R T2 181 1(b) S5 180 1 () AHX R 32 HG R 2K
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A P A8 FEE B A BRI 1 (b ) 2 6 5 i 1 25 2 oA LA B PR 25 M, BB 1
H S B R ELHE HE O o, WUAS IR R B BB RS PR R SE AT 1 ().

B I iR 2 LU R T R B A0S, m] 22008 W 1 () 7 i {F R B8 B2 B SR S B AR 48— 26
AL RS R AR B RIF ¢ 0, BORE R AL SR AE

. a A4 1 62 "\ 2 1
afAZdet afz (;"j dx - OEJ( ””2) dx+f0q'w'dx_
1 1 4 N
f EF{ ( ) } dx+M’( ”’) —w;();:l}dt:o. (87)
0o 2 ox x ) ._, |
gsin(wt)

SR IR IR S I S I

EEEREEREEN }E .

/ i

G

s

=

1(a)  BIATIEBRIEH T R B 3

Fig. 1(a) A cantilever beam with large deflection under uniformly distributed harmonic load

HHHHHHEHE X

/ i

s

S

B 1(b) A (B 17T Rbe e i 4

Fig. 1(b) A cantilever beam with large deflection under uniformly distributed amplitude load

VA )
T
B 1(c) BAIRMEEAAE T KD B LR R 4t
Fig. 1(¢) The actual system of the cantilever beam with large deflection
under uniformly distributed amplitude load
WEIE, ' (xc,e) Fil ! (x,0) Y006 2 ¢ ﬂénﬁfr?u ty I w0’ (w,t,) Flu' (x,t,) HIEE R,
MRS (87) Tt T A S R LB S R (4 BT S S L2

SIT =sjl Ly d)” —ipwzwz—qw dx +
2amp ol 2 da? 2

| du 1 (dw dw
LI I LR I R 7 e 50, =
Jo 2 le T [dxj } g O(dxl_o t Q. =0, (88)

Forb w S AVFIRIEERIE | w 59 A VRIR (B 0 A28, 30 (88) AROMIR(E — 28T & 20 i 3V fE.
IR E 2R IR A AR B BEE S A TR R B S 1 I s

w(x) = iAmsin(amx), 0<sx <. (89)

m=1

7EX(88) i X 1T, BUA, il w (AR S3AR A6, U453
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- l [ l 1
—EJal + —Na? - —pw’ |A, —q—[1-(-1)"] -
Z{[z Joi,, + - Na, 2pw} w1 (=D

My, + (= D)"EJa’ uT,}aAm + (Ndu)) - fl iivaudx =0, (90)
o NI TS R DI AR o R
8( - u,N, +u,N,) =0, (91)
4R vk g e B, = (90) Al 15
_ ! fa20 1. .
ot mA(N(ED) (/) = A (/) \EJ «° [ (=071
2]‘470[2 m m+1 2 3 — =
T ¥+(—1) ¥m w,}, 0sx <, (92)
iiv:o, 0<ux<I, (93)
u, =0, x =0, (94)
u, =0, x=1. (95)
H(92) RAK(89) , 15
3 ! (a2 0y
W)= 2 AV BN () = A B T DT
2MP
TS —tsin(a,x) +
3 1 'HZ—mBMTsin x
21 m* + m*(N/(E])) (I/w)? —/\4(1/17)4(_ b m ! (o)
0<«x <. (96)
?Eiﬁﬂm]'?f(/% 81),f
(-1)"m’ _
'2_1 it (N CED ) me () = (i (@) =
1 (al.smh(alx) Blsm(ﬁlx)j . (97)
a; + B sinh(a,l) sin(B,1)
ek 20] Th(AT5) A
2MP & 1
TEJ] D SNCED)) () = by (@) =
% 1 [_sinh?al(l—x)) +sin(,€3l(l—x))} (98)
EJ] o} + 8 sinh(a,l) sin(B,1)
F=(97) T (98) FRARK (96) Hr, 75
l4
w(x)—z ! 1277[] -(=-1)"]sin(a,x) +

simt +m (N (ED) (U/w)? =AY (/) E] =

M, 1 [_sinh(al(l ) sin(By(l —x))} .
E] ot + 8 sinh(a,l) sin(B,1)
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. 1 z(a%.sinh(a]x) +B?§in(ﬁlx)ju/[, 0O<x<lI, (99)
aj + B sinh(a,!) sin(B,1)
X H
2
O“:J/;g] +A4+TZ}’
(100)
\/’\/ 2E] 2E]
SN LIRS
dw
(dx)po =0, (101)
NI L] (dw)?
Ml z[dxj . (102)
d*w dw
[_EdeS+Ndxl=1_O’ (103)

W5 N, M, Flio, T2 1] A5 .
10.2 AEEERINNMNESEEERNA
EUJ“FEU(P‘FH By 7 (R R ) Ty 0 B 45 e R SR figp L 3R ] R
A AE TR A VR B /NS FE TR S R AR R S8, i 2 B AEE] 1 (e) s IR AE
jt?%&%’%m%%%éﬁ%ﬂ@ 2 T /INGE BE T SRR R G 2 () o FH 2 ) B A5 L, DA

! d*w ) —(dw
w(&) - ‘;;MZJO[‘] + NE ++ pw ijl(x,f)dx + MO(d%JX_O. (104)
3
0
Ay x

B2 /NMEERSCRIEARSE

Fig. 2 The basic system of a simply supported beam with small deflection

fiig

w(&) = ;Amsin(amf), 0<¢<d, (105)

w(x) = iAmsin(amx), 0<ux <, (106)
SRILARY

()=t 2 o sin(e,x)sin(a,f), (107)

EJ = (
K3 (105) ~ (107)1J:§'JT(104)EP 2R T WA (92) K (92) FRAFL(105) , FEARHE X
(97) 3K (98) HEATHA, 15
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_N 1 i%i - (-1)"]sin
= 2 NN (V) = Ay B m L (D (a8 ¢

M1 [ swhel-0) anBi-0)],
EJ] o} + B sinh(a,l) sin(B,1)

1 (al.smh<a1§> +ﬁ1.5in(ﬁ1§)jw“ 0<é<l, (108)
a; + B\ sinh(a,l) sin(B,1)

2 (108) F=(99) HHIE]L ULEH T RHERE 32 — 2R A 78 o fe /N FH o D B ) T A

1145 e

1) PN AORES , BISFE HT AL RA P T RO BE S W5 | A B BROLES BRI 34 5l )
S T R R T S R R S B P /N P D R A A P S L

2) FIELIRE AR AL, IR AT IR IS A I B4 E L T TR G
A8 e/ N P DR A X — SR (SR8 7 0 A A 7 0 A e 45 R 5 B Bl - i 7
e IR TN AL RS A5 Euler J5 72,

3) BLAIARLE T3k % e 20 1 5 A PF i A2 AL, 5 R A BRAE A% B Y D 1) 1 2% 7 B
ST IR A S R A (A 1 P DL A — DR B e W g 6 RS R A EON A A
LR TEONAL- N KR AT F AN Buler J7 72,

4) NP7 REHE BRI RE S BE W) A9 ¢ R 0T 2RIR AR i BV i IR VR T U433
R R SRR AR BTSN AR AEE A pRL =R R
A P X (2RSS S W AL, WA LA -0 1 SR &R s gl V- e i 134
FARNERNL R AT 25 A0 Buler J5 8. =SRG2 M ARAE RIS AAS I A7 7 AZ e B B
OPYEAE, WIAR R -0 AE S 28 AR (iR 5 A NEAS I R 2R AF RN J1 i 26 A0 Euler J7 7.

5) BRI T LT 1) SCRAR R B SCA R o
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Principles of Minimum Potential Action and Stationary
Complementary Action With Dual and Triple Mixed
Variables for Linear Elastodynamics of Finite
Displacement Theory and the Application

FU Bao-lian
( College of Architectural Engineering and Mechanics, Yanshan University,
Qinhuangdao, Hebei 066004, P.R.China)

Abstract: 2 new concepts, potential action and complementary action, were first introduced
into the variational principles for linear elastodynamics. On the basis of the concept of potential
action, the principle of minimum action ( Hamilton’ s principle) was renamed to the principle
of minimum potential action. In terms of the concept of complementary action, the principle of
stationary complementary action was proposed for the first time. Next, the principles of mini-
mum potential action and stationary complementary action with dual mixed variables of dis-
placement and stress were derived in view of the boundary condition changes by means of the
reciprocal theorem. And then, through the application of the relations between the strain energy
density and the complementary energy density to the above 2 principles with dual mixed varia-
bles, the principles of potential action and complementary action with triple mixed variables of
displacement, stress and strain were derived. Finally, the generalized principles of potential ac-
tion and complementary action were given with the Lagrange multiplier method, in the mean-
time, the principle of minimum potential action with dual mixed variables of large deflection

beams was applied to the calculation of a bending cantilever beam under forced vibration.

Key words: potential action; complementary action; reciprocal theorem of finite displacement
theory; principle of minimum potential action with dual (triple) mixed variables;

principle of stationary complementary action with dual (triple) mixed variables
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