2020 4F 8 A
%38 B4

[ DA N e 3

Journal of Northwestern Polytechnical University

Aug. 2020
Vol.38 No.4

https.//doi.org/10.1051/jnwpu/20203840774

T8 F0 % FL58 M4 Timoshenko 2%z 77 i hz 7Y
"X BEHEZIZH

X T TR

(LPGHE Tl Ji2p 5 RSB, BEPY 7522 710072; 2. K22 k2% F4RE, BEpd J54¢ 710064)

B OERAT LS FHMAEAR AT RbeF % JUiE M Timoshenko 2 6937 5] #5-6-3h 7 ve o 45 14 |
MR H i A2 T L % FHX, A EE Preissmann Box BB XA &R L E F AT EME
iR E BHAX, BALREIT 5% T 5 & % FUSEPE Timoshenko &4 £ 893 A va it 42 54 L 30 /1 vf
A, E ARG SRR ARG K R AR @ § SLRURRE A F A B B AT A B AR A 2R
J R B R SALPT & 09 BF 1A 4 42 2 K am sL 3 K, BT & Bb ) e K| BLBE B AR AR AL AR 0 2 1 AR 3%
% Euler-Bernoulli & #4 %??f%}g\’fﬁ, R B R] e A% R B FR LR AR AR T A SN JILBURARE A X 1%

RN AR AR 0 BBIALR D, BAF T S S FHALIR £ 63T BALR D

x #

il 484 % FUA S ; Timoshenko £ 3 B4 £, B AR ;30 /1o s A 20 F) 5 LR ; Darcy

B ARG BRI A S F A LS F HAAE I B R A

HESEE 034 SMHERARERD : A

AN BT HARA RN EENRZ —, TF
BRTRERH AT Z N, AR TR
B, KA 2L g i DIoR AR ) far 480 3 sl )
e S AR [ 25 ih AR 2 R 3 AR 1= 9% R B4+
PRAF ) ITEEAESR 2R R T X 2L BTG 45 2K )
WAL AT QN A S DR B SRR PU KT
JE B 20 B AR N 22 L SR SRt ) B TR S
FRICHS X, I EE 53 A HA B8 F-£L B Hs g Bl B[] £
MR, Wang S5 45 H T 100F 22 L3t Ik B2 4 25 iy 25
TR = He A i, RS 3T Rl i Z LA
Jo B RN S AR R B F ] Fourier AU TT
ST TR Z AL 2R 0 B RS RRE

SR, W THRDHLEE | i T 57 U1 AR T &40 B 2, 1
MR BB IR AU EEBIRY . Timoshenko F2AR 7
HOS )2 N T4 Fh T ARZS A 1 43 R 5
(oA >0 S AE T BF ST T Timoshenko J2 Y%
PR IAIE, Z0HT T Timoshenko %2 (14 g4 45 4 F3k
SN . Kiani %[8] T Timoshenko Z2FH 5 Hl Biot
[ 25 AT 1) B8 B far 20VE T IO A A0 22 4L

%5 B #9:2019-09-17

X E 4T :1000-2758(2020) 04-0774-10

SRR SR AR PR Bl , 45 A B s T BT VAR TR AN
XFHELE Z LA TR R I T 2% Chouiyakh at)
WF5E 1% 8l gt ff 80 /E HT R Timoshenko %% Y ik 3l
TR Z2 4RGN 7]

X Z2 AL B B 45 1) 31 g el 1oz [R] A8, H A
W R Z BN 8 4 A BRICIE S TR SR
() EUY E AR rh 2 B Aok it R A e K B
EZE R E TR 2 G L, R 2 A Bk £
LA B ERE G R G AT LA B AT S,
THIX— A, AR SR FH LA BBy A9 90 0 D 22 Lt
PR AL B 3 g A,

X TRSF R B W8 e R G, FRIE M Z R
PR AP RORE i v AT R RS M 2 BRI Z
WRIE )2 e s A R AR B
RO WR5E T Fe W BEAS [ i AT 2R AR Ze vk 3 )
[l f, Medonald %" SR FH 22 2 B BIUMS SR 9% T2
LRV S FEIAT I . B2 A R AR
g e T B T L PR I AR 2R B Y VR B B S i )
B SRS AE R 2R Rk TR T I

EF BN XS HF(1980—) , 22, PHAL Tl R W5 A: , B Z AL BT AN AR S5 A T 5T



o541

XI5 A 25 . A F 22 FL IR Timoshenko 25l Jma 7 14 X 2225 $k (B 52 30 <775 -

K FARIR G M RGP F1 4L Degasperis-Procesi
TR AARZR RS . X T R A7 AEFE ROV Y JERR
S| PSSR U DA 2B I e 25
MR REE A, ARG TSR E 282
B SIS ST 2 R R 2R A
FOTEMET B T IEBRAEAE RS s 2 RS
JTXEERCE T R RN X BRI B e Z 38
PN RAE T X2 HUE RS

XF TR Z AL BURDRL R 454, T3] %
B, B I TE] B RS | A B SR R B A 41
AT AR A AT SR S A S R A [ Y R A
HYL28190 I AR SCF Timoshenko 245 Y i FH T
T Z LR R, IR T X2 R R
ORI ETBiE e e DA LIV S S N pA - 2 o A L D VA
PERITT R L2 BRI sURIAS R R R~y R B
Ak 3, BOE RS T P i 0] 92 0% 1 R 2 fL
Timoshenko B8 1E [ H 332 4 p i 4841 F ) 3l
i A A, 25 %€ T [ AR B8 B2 R[] A A 2800 T L
FLBIAL A e 3 55 28 0 A 8 o o7 4 P ] P {23 B
TR X lafiRzE R s E iR 2E R

HRAER IR ZE

1 AAEMF L FL3E % Timoshenko
R B9 [ 3h 7 e iz 4= EY

B IR A 5] 43 AT HAT g (x,0) BIEAI S Z
FLE 1 Timoshenko 32, QA 1 f7R , 2K L, B
B A, B S8 oy WHAOBERE N 1, B EAS
AE R AROWAN T R A0 A RIS T A R 5 1 [ 1 41 A
B, AR T AN K, I 20 i AF R R A 4%
FRT 7 R I ) ot 3 46 2 R 5 4

q (x,t)

AT

L

Bl 1 S A ey 2R BN AT R A A
ZALZ 4 Timoshenko 24k AY

X5 HAR SN SERBR TR ) — 2L 2 AL A B k4
Ay, AR AR =5 | S B i A A I 45 ol T3
HOREEA B R IR, AT AL BRI AR LU 3z 3

F, AT 2SR 0] 112 3, S A SO S oE FLIR
AT R Rz 5 . 20 SCHR[ 19 ], BOE BTAH
ANARTE GRS AT S TN 5 | 22 WL R I A
(G SISO , A AS BT AR N 22 FL A 1Y
REYsha 5 AL AR 2 & 07 Fe S AR B4 B0
2, IEHRH Timoshenko FEASERY{E 5"

J
—
’ ox

’;2 k ’ ;Z k b(a J

A5U0 T A F 22 AL 5 M Timoshenko F2 4 7] 3
M 1 Fo) 42 ol 7 R4

(:)2 aM a s
Erl T e —g) -
2 dx

ox ox
s azd)
(0 +p)I°2 =0 (2)
ot
O’ w '
sA R s { A —
kG (axz axJ (p”+p) Py 0(3)

BI5G  (n)? M,

3K® dxdt S, 9’

FErP AL w(x,0) VR M b (x,1)
R ALBR A T SR M (x,1) ARG
e At

0 (4)

M* = ﬂAza;;dydz

F* = ﬂAa'f;dydz (5)

M, = ﬂ4zpdydz

PLE&, B, G MK 5350000 AR B SR 0 4 FRAR
i B YA A Rk f Timoshenko F2 8T Y11&
EFF 0" AT 35, p° Fl o' 4331 Ay [ AH
TR 22 W i B o™ il e 43 310 Ay [T R B o 2
(A 2800 T R AR | p S FL BRIt A4 Fe 7, D [ T RS
HGYEFRES, 55 Darcy BiBREK WKFREN S, =
(n")*y" /K" Horb " A LS

2 F0Z FL3E M Timoshenko 224 0]
h N X BEEE

N TR IS, ST AL

X w' .z
x=—, w=—, z=

L’ L’ H’

M
o P
9M]) -

A= s
El

~| =



- 776 - W odb T ok ko E R 538 &
oy L Al? G 0 0 00O 0O OO
t=—, T= o SE UzkE, S

- VE 2 0.0 0 0000
7=ps *r K =75, @=ys, S __ Sk
ps ’ 1 ’ ’ v S(nf)2KsT’ 0 0 O O 0 0 O O

gL’ o o 0 5 0 0 00 0O (11)
q=——, O,=—0, O.=— (6) 2

El E kG

‘ . o . 00 00 0000
AH, s FLK, 233 7R R R 20 HL AN By b sk n; | n] 75 6 000 0000
Tt NI 2 ) 1 A1 22 £L 5 APE Timoshenko G245 1] 5
SRy AL 000 0 0000

VANEES ZH .
21 o : i 00 00 00O0O0
) » ow aP N
axz+ax+K(ax_¢)_Yﬁ_0 ) K=K +K-=
P w 0*w 0 e 1 1 00 0O
K)o v ® KoK
1
IM, 8’ 0 0 0 1000

+S =0 9
ox’ " 9xdt (9)

R T BEE, Lk R &GS HE N IE
KT FRn oW,

FIAHEA R 0.b =£,0, =¢,0,w =X,0,¢ =a,
dw=BIEXLz=[d, M, w, &, {, X, a, B] €
R® fERIRASAR i, nlI sl B (7) ~ (9) AT
B— B Hamilton fifst 5 75 FE4H

Moz + Kdz=V.2S5(z) (10)
o , Hamilton PR

1 2q 1 0 ®
S I VR S O S I V- R AON- T
(2) 2["’ KRS ¢ K KIB]
FBUERE Sy R
M=M" +M-=
0O 0 0 0 00 -X o0
Kl
Sz:
0O 0 0 “ 00 0 0
2
o o o0 000 o0 -2
Kl
SU
0 -7 0 000 0 0 |+
O 0 0 0 00 0 0
0 0 00 0
Y o 0 0 00 o0 0
Kl
o 0o 2 0 00 o0 0
K,

Kl
0 -1 0 0 00 0 O
0 0o -1 0 0 0 0 O
0 0 0 0 00 0 O
0 0 0 0 0 0 0 O
1
O —/— 0 0 0 0 0 O
2K,
1
— 0 0 0 0 0 0 O
2K,
0 0O 0 0 0 0 0 O
(12)
0 0O 0 0 0 0 0O
0 0O 0 0 0 0 0O
0 0O 0 0 0 0 0O
0 0 0 0 0 0 0 O
0 0 0 0 0 0 0O

T (1) 3R (12) A7 AR X FRAE R, 30— B
WMo IR (10) A 2R HAW 22
F R s P A AR RS e T E A, RIS (2
A HE O AT X — A AR BIRUNE 14 3) R FR
et LML, (10) YT L& R

A= |- %Sf,[deAd(a,f) +deAd(oM,) ] -

1
E[dd)/ld(apr) +dM Ad(0,¢) ] | <

o( A ,At,Ax* ,Ax) (13)



o541

XI5 A 25 . A F 22 FL IR Timoshenko 25l Jma 7 14 X 2225 $k (B 52 30 <777 -

iwj’\A ﬂ]i( Atzi,m "sz,folﬁ%W\ﬁj‘Jjj?@mgé‘b A, 7[ (0.M, 0, +9.dpM,) -
) X 2o spE AR 2 M2 Bl iR 2E, — ! '
Hamilton R/ /7 B2 4H (10) 31 L L2 a2 MM3¢+¢NWH (15)

pox

R 2E R e B 1R 22 43 I T )T X2 R B R, R

1
Ap = 11 t(f

OM, +M,0E) - Preissmann Box 25 #i#% 2" X AE W 8h 1 2% R 4%
n (10) FHEFT 4T $ofl B B

1
L S.(0£0M, +0.M,0,6) (14)
LEN -8 M - M el -y el —e,
K. A + + - =dlin
. x K, Ax Ax K, At
éuj,ill/z QVJL:H/Z +S ‘f,;ll/z B éﬂl:ﬂ/z -0
Ax ' As
m:ll/z X]L:H/z . qb’;l]/z _ d)]l}l/z ) E,Biill/z _Bm/z _ i 12 (16)
Ax Ax K, At K,z
+1/2 j+1/2 +1/2 j+1/2
_ i (bjt (bjl - _ i :+1/2 Mjpt+l Mﬁ)z {j+1/2
Kl Ax Kl i+1/2 Ax i+1/2
~ w’;i/z - wrl/z e b (bIHl/Z - ¢¢+I/2 —la/:”/z 2 w,:;/z - wﬁn/z :iﬁf:“/z
Ax i+1/2 Kl At Kl i+1/2 Kl At Kl i+1/2
%Fﬁﬁﬁﬁéﬁiﬁﬂ SIS IRZT X 2R A 2 R TR R A
|: (§]+]M§1j+ll - Mi]jl _ g]Miqul M] Mj+] §:11 §]+1
At Ax ' Ax 7t Ax
j _ g j+1 _ j+1 &l
Mgﬂ £ (Ea-& MM M -w & -]
r Ax Ax At Ax At
| (A1>>j I= max i+ 1 i+ 1 j i i+1 +1 i i
! LS i g/*l Mpu Mpu 1 _ é‘j Mpn Mpu 1 Mj+1 f’n T Sa-1 _ M/ é:ln - f’u*l _
4 v At n Ax n Ax pn A.x pn Ax
fj]‘l - fiz—] M;;zl - M;m + Mj Mim 1 é:ll.fl - fln i=n
Ax At Ax At ’
(17)
1 p1+] - MJ (bjt:+l - d)jt L+| (b, le:rl Mln
_ . + . -
4K, A¢ Ax Ai
+1 j j j+1 j+1
i MJH 1+1 - MJ d)ji+1 - d)jl " d)’i” M;;iﬂ M;” d) M;n+1 - M;)l ,
A" Ax ' Ax ' Ax
I (4,);]=max i=1,2,--,n-1
L pn pn 1 . d)l:l - d)]n + d)]n - {l—l . Mi;l - Mim
4K, At Ax At
+l j j j+1 j+1 j
1[ j+1 d)/n _ M] d)/n - d)/n—l + d)j+l Mjpn - Mjpn—l _ d) M;m - Mpn lj:| i=n
A" " Ax " Ax " Ax ’
(18)

TIHN, T LSRR 22 14 B RS 3t m] i
BB g KT R



<778 - fiodb T ok R ¥ ¥ R %38 &

Jw
w=0, MP=O,¢=0,*=O

3 18F0 % FL3¥ % Timoshenko 2 & 3 o (20)
T~ X % 3 30 10 Rz 5 i o0 =0
A L2 > — =] =)
SR FEUX S R SRR T %A%%%§Q=%;#%m0%mﬁﬁﬂﬁ
2<06,8,19] S 1 : I F b o
gD LA PR LRSI s A A R A
BAL, SR T L Z-E 5k T T A 2 £ 3M: Timosh- w=0,M =0, =0 =0

enko BE RIS S RIFAE . BRKOY LN H.,

> w (21)
HIRIETBUY A, P2 4 7835 P-P) , I U2 M=0, %20, Mgl o
PR Q) AT, FLAIIAAASTE A0 2 R o o
w=0,M =0,¢$=0, —=0, —=0,:=0
, 0@ ! ot ot
5 (22)
S SBEH Ar = 0.1 F1 Ax = 0.01 Jg i ] 54 Rz (8] 25
N K iy =09 By =3, Rk—ff, Q=107 %
e (16) AU Z ALFAE Timoshenko

B2 A a2 5 e A T i A 2 L
Timoshenko /8 GEAE Y

130 T A
I 3 B B R KA L | R R
B ) T R4 1 22 5 o 3000 9 90 344
T OUTE H S S AT WOBR IR s g eI I b L LR (A
ji*%éﬂ(7) - (9);?@13 ’ q(x,t) = O,Hli‘%%g'éﬁ/ﬂﬂ é’éﬁﬂﬁ*ﬁgﬁ‘@ Timoshenko %%%E@%*}%Eﬁ,ﬁ%

ARG Ao [ Ay 955 O 5 B 6 O RS L 2 FL B
w=0,M,=0,¢=0, %=0 Timoshenko F2 110 [ F 15 405 7R 4 BT A7 M 4%, AT
M, =0, M* =M, =0, (o) SLEAHREHRACK S ISR R

x =1L

o =1ea( 2 - 0] = 00,

6 6H
TS T’O
S <
= o HHMEY - D EEEEEEER,
ﬁ ﬁ x=0.8
o e 1 | 1 L .
i 2 H x=0.5

-_,_x;O.Z- -------- .;C;sz ---------------
ok —~1--'-266--—--&'----:‘60.----4 ~~~~~~ "-*-’-::-20(‘)5 ----------- 0-0 ------
I 1] IR 1]
a) s=10,5,=10 b) s=5,8,=10

K3 s BURNEME I A 22 FL 3 Timoshenko 228 GRS [R) R A 1 114) 1961 AH 452 88 mie o

ME 3 tnf £33, A AN LU R, B A B TRATIRBRIE (B, W BRI AR AT A 4 R 7R

T A A (B2 DA A28 S A ) :erx@_la} )
P Euler-Bernoulli %% 1 # H8 (5 (I B TR ), steer L2 3
XL, G 40 Ll K, 3t B SR Y 5Y U A% R0 &l 4 e Bl i B P AR RS S VE ] R 2L S, 3

JIN DU AH 38 B8 1 Bl (8 #3250 T Euler-Bernoulli K, HEITAR A K IAT ) R D IR Bl i R i, X2 vy



o541

XA, 45 - 1A Z AL5APE Timoshenko %

BEE IR ) L BUE SR <779 -

AR BHAT RIS RN, W 2% 2 B R, RETRERE
LD, AT 5 | 7 2% % 788 1 251 R 15 2 19 3 Dl I 3

6F

RERIEEE /107

200 400
gl
a) §=10,5,=20

ARG, (HATRR A AR R BOF AR A s 3t
be A (H

6-"‘
A
) ' x:I
= 4f
= H’ (!. ' | ' | IA {A\j ~
|

% | "1 .U A x=0.8
£ { TAVA , \ N\NANAA )
B H \f vV

' | f w, x=0.5

() " pu/\_/\/\/\/\_/-\/ S

,H ||’ ‘V' vx:O.Z

0 200 200
i iiJ
b) §=10,5,=10

K4 S, BUKNEME I 1 R Z2 FL3RE Timoshenko 8 G2 AN [ 465 170 11 [F AR BE o o7

Wit E 5 B, x=0.2, 0.5, 0.8 KRR 2=
0.5 {7 &, FEAHARE R I3 B 4R35 /a7, 5
Wit 37 [ P AF R 1 2R 8 S, 188 K, A R e v i

PN FE I 4 e, B2, 1k B4 H A
RFa 2 E , Hfe e (a2 40 1 5 AH Timoshenko &8
O_
‘}5 r S =08
S '.‘ i A P
2 l " ' ||I'H'lf\u/'\/\/'w-.-..
g \ i'”“” v x=02
E
=
6 200 300
i i)
Q) 5,-10,2205

B 5 A2 fLeE Timoshenko &k 32

I 6 AT LA B A A HLHE R, B
R FL Bt O 1 s 3 25 258 0 A 14 8 DRl I 35 3 7
KRG FRIIIOR s S 2, Bt AR AR & 1 28 2
R, FUBRALAAR T3 25 250 4 14 T ol i 3 i 7 ) 4
B, 38k, i TR A A LR R A T A A A
W% v AT Fe K IR B SE B iE  FLBIR AR )
SERM R o [ AT LA SRR A5 AT e 48 2
KenB5E B id , FLBR AR ) S0 AR R
I NERE

PEASCESCHR [ 6 ] % Fe, A B ek T Ui 11 P AR Y

PRy IE(RE TR ), HARERN S EPER
FAHN FAH Euler-Bernoulli 21 %a & 1E N F1{E . W
TG R R A VE R B0 K, BNR AR Darcy

B F AN AR 00 157 7 W (L0 o

NA f \j'\/\'--'-‘-—
. SR, x=0.8
= rL f\ x=0.5
~ T ' + v“r A\ ryNnr————
'R ly" /
E | |.|“' N i
= } HEY A e
= 3 H [V -
g ‘ I \ x=0.2
2|

_5 " 1 Il
0 200 400
I i)
b) §,=20,2=0.5

FEAN TR AR AT F) (85 AH A R8CE S T R (2= 0.5)

A ER, A Z LM Timoshenko B8 3% 1 [ AH
HARVERE RS, HAE G VR PRV B | ik 20
IR, A SCEE R 5 SR 6 ] i BF SR A R — L
Xof BUA SCEUB 25 R AN TR [ 8 ] b 32 %% gl fr 24 1 14
T Z AL 5P Timoshenko i) 37 %2 Eﬁﬁﬁﬁflﬁ@(ﬁ%
H, I A LBk K, 22 fL 3P Timoshenko 2211
[T AH R L | ?L%{ndllifmﬁlﬁﬁﬁﬁﬁﬂﬂ F14) Wi 7 B 42 3T
T Euler-Bernoulli %% (1) W 1 i #2 , W 35 4518 — 2K,
XS] L 45 R — 20 U B A SO A U A ) A v
FR T LR AR & B



- 780 - [ T N AP N 55 38 45
- . 100
(=1 (=
~ <
= 2 050
& &
S <
2 5 o0
& &
& & -0.50
N N
0 200 400 0% 400 800 1200
IR} 1] i 1]
a) S,=10 b) s=10

K6 s HlS, BURIFRIE R ZFL3E Timoshenko X 5 v i B il L B A4 HE 1 5801 1)

N T AR ST TS AR RSN T2 R G Jr b f
SERVERE , TR AEAE BN B9 0 i NS B 2 ) X
ZAE(13) AR HTHE B 7ETC i NI a1 B v e [0,
100] A, 70 0 B 2% 4% 1 A A0 22 AL 3 Timoshenko
RS RN R T L s AR 2 )T
Z R R ZE N L2 R R RE R iR 22, anlAl
TR PR, 3 FEUE R 2E B ECE P TE 107 5L

1.5F
. 05 |
=
~ I
< m.
-0.5
_1.5 1 1
0 Z 80
a) S,=1,s=10
& 7
o
D‘CO
=
e
N
-6

L
80

L
0 40

i Ji]
a)  S,=1,5=10

& 8

V078 LATF, LA 6 1t S0 A M M K o [
PR A TEFH R 5L S, MIBH 12K, B9/ (172K,
(MBI R KA s OB |7 S s At
22 45l T <A 2 1 B A S, 3 A
SRR SF RGBSR B | R GO TR F £
Gi. b BUHIRIE AE 2 22 ] B Y PR 2 A0 A

|

o

1 1
40 N 80
i 7]

b)  5,=0.1,5=30

TR ZFLHE Timoshenko & RS 1WA ) L 2 ~FIEHEUEIR 2E (1€ [0,100] )

W

0 40

N 80
gl
b  5=0.1,5=10

IR ZFLBAME Timoshenko B2 EE 3 J1 M B 1) X 23 RF sl Ul iR 2 (1 € [0,100])



4 XU, 25 A2 FL 3 Timoshenko Z23) 10 B F ) L5 5UE LB - 781 -
o
1.0f ‘ ‘
o Ak , | el
2 R . i\
= ool ] [ ~ g { h
S 0.0k I :ﬁ’an *1m'WhJ 3 "‘vli‘ ])I l’ I’ {l‘u l T‘Yl‘,l-' oy
3 ) 3 T |
ol 7 |
4‘ ’
-2.0 1 1 -6 1 |
0 0 80 0 40 - 80
a)  s=10,5,=0.5 b)  s=30,8,=05
K9 MRIZFLEEYE Timoshenko B/ B2l J1 RN ) X L3 R e M A HiR 2% (1€ [0,100])
4 &= B 2) DR ) [ AR A RN 738 2R 5 08Nk

AR SCGE A 5 ] R B AR 2 AL
31 Timoshenko 22 51 g Wi bz 42 1 7 #4164 — Bir
Tty 7 B2l PRt T X2 ks =X, I faf 1k
TR BESE T P E] B A 52 AR A 2
Z AL Timoshenko A 92 1) VAT [ A8 A e b 5 P
G KN

1) SR A [ AH B 2R M iR 3, IR 345 H
FRASE T A sk 1) Bt 224 240 LU A 388 R B it
RS G FH R BB i 4 e, IR B BEARR S (A
TG RBR S, HR A A LR IR A (R
N, T T AE N 22 L A 5 Euler-Bernoulli 92
(R R B AL, 3 0 B % 5 D AR T A5 8/ ) | G 5y 77 i
NI A B 22 50 22 FL 3P Euler-Bernoulli %2 f%) M Jif

SE K

A& RS VR AR L K, T8 AR R ) iR R ), IR
ARG, I 23R B A I A 5 Timoshenko S8
RGN ) A (8, EL & A A R B (8 R T 5
Euler-Bernoulli 2522 IE N J11H

3) LB ) SRR I, S v
BB 2R 20 b s/ T 4 6, T it T 8 4 P R 0
WK 8L, R AEFETE,

4) KRN BE 55 L2 B U =)
PRORGEAEIE | e AU 1% 25 M B SRR /D HER
MEFEHCSON, 19 2 08N, K D52 22 1 850 GOl
LR 22 B RS AT K ) i) £ (i8S 7 1
HARLRSF 28 G 10 A8 HURON BN 2R 58 2 3T R <F
R4,

[1] LILP, CEDERBAUM G, SCHULGASSER K. A Finite Element Model for Poroelastic Beams with Axial Diffusion[ J]. Com

puters & Structures, 1999, 73(6) : 595-608

(2] #9598, 25w, AT TRAR AL gE sl Sy me b A e AR [ T ], I8 2724, 2006, 27(2) @ 159-166
YANG Xiao, LI Li. Mathematical Model for Dynamics of Incompressible Saturated Poroelastic Beam and Rod[J]. Acta Mechan

ica Solida Sinica, 2006, 27(2) : 159-166 (in Chinese)

[3] WANG Z H, PREVOST J H, OLIVIER C. Bending of Fluid-Saturated Linear Poroelastic Beams with Compressible Constituents
[J]. International Journal for Numerical and Analytical Methods in Geomechanics, 2009, 33(4) ; 425-447

[4] JAREE, KiGE. #bEIE FASTT B i A 2Lt 20 B AR [ 1], 22 M3 TR =24, 2014, 40(2) . 118-122
ZHOU Fengxi, MI Haizhen. Free Vibration of Poroelastic Beam with Incompressible Saturated Liquid on Elastic Foundation[ J].
Journal of Lanzhou University of Technology, 2014, 40(2) : 118-122 (in Chinese)

[5] LOU P, DAIG L, ZENG Q Y. Finite-Element Analysis for a Timoshenko Beam Subjected to a Moving Mass[ J]. Journal of Me-

chanical Engineering Science, 2006, 220(5) : 669-678

[6] YANG X, WEN Q. Dynamic and Quasi-Static Bending of Saturated Poroelastic Timoshenko Cantilever Beam[ J]. Applied Math-



B
gl

- 782 - W odb T ok ko E R

ematics and Mechanics, 2010, 31(8) : 995-1008

(7] R0, TR/, @R, 45 ZE T BEEHY Timoshenko BEPHUN AT )], NHECAFITI%:, 2013, 34(12) : 1225-1352
WU Feng, XU Xiaoming, GAO Qiang, et al. Analyzing the Wave Scattering in Timoshenko Beam Based on the Symplectic The-
ory[ J]. Applied Mathematics and Mechanics, 2013, 34(12) : 1225-1352 (in Chinese)

[8] KIANI K, AVILI H G, KOJORIAN A N. On the Role of Shear Deformation in Dynamic Behavior of a Fully Saturated Poroelastic
Beam Traversed by a Moving Load[ J|. International Journal of Mechanical Sciences, 2015, 94/95(1) ; 84-95

[9] CHOUIYAKH H, AZRAR L, ALNEFAIE K, et al. Vibration and Multi-Crack Identification of Timoshenko Beams under Moving

Mass Using the Differential Quadrature Method[ J ]. International Journal of Mechanical Sciences, 2017, 120(1); 1-11

o, SRUEE, Tk, AF. BURRIE AR RN S ) SAR AR o IR Bk )] ksl S it 2013, 32(4) ¢ 179-184

GAO Qiang, ZHANG Hongwu, ZHANG Liang, et al. Dynamic Parametric Variational Principle and Symplectic Algorithm for

Trusses with Different Tensional and Compressional Stiffnesses[ J]. Journal of Vibration and Shock, 2013, 32(4) . 179-184

[ 11] Mcdonald F, Mclachlan R T, Moore B E, et al. Travelling Wave Solution of Multisymplectic Discretizations of Semi-Linear Wave
Equations[ J]. Journal of Difference Equations and Applications, 2016, 22(7) : 913-940

[12] Peng H J, Tan S J, Gao Q, et al. Symplectic Method Based on Generating Function for Receding Horizon Control of Linear
Time-Varying Systems|[ J ]. European Journal of Control, 2017, 33( 1) 24-34

[13] Hu W P, Deng Z C. Multi-Symplectic Method to Analyze the Mixed State of II -Superconductors[ J]. Science in China, 2008,
51(12); 1835-1844

[14] HU W P, DENG Z C, ZHANG Y, Multi-Symplectic Method for Peakon-Antipeakon Collision of Quasi-Degasperis-Procesi Equa-
tion[ J]. Computer Physics Communications, 2014, 185(7) ; 2020-2028

[15] HU W P, HAN S M, DENG Z C, et al. Analyzing Dynamic Response of Non-Homogeneous String Fixed at Both Ends[ J]. Inter-
national Journal of Non-Linear Mechanics, 2012, 47(10) ; 1111-1115

[16] HU W P, DEBG Z C, HAN S M, et al. Generalized Multi-Sympletic Integrators for a Class of Hamiltonian Nonlinear Wave
PDEs[J]. Journal of Computational Physics, 2013, 235(4) ; 394-406

[17] XEHG, XBFIR, SRS, MRS FLrr e 0 L ik RFEEUASEI [ T]. Pl oR2%254]) , 2015, 33(2)
265-270
LIU Xuemei, DENG Zichen, HU Weipeng. Generalized Multi-Symplectic Method and Numerical Experiment for Thermal Con-
duction of Saturated Poroelastic Rod[ J]. Journal of Northwestern Polytechnical University, 2015, 33(2) ; 265-270 (in Chinese)

[18] ZHANG Y, DENG Z C, HU W P. Generalized Multi-Symplectic Integrator for Vibration of a Damping String with the Driving
Force[ J]. International Journal of Applied Mechanics, 2017, 9(1): 179-190

[19] R, #h, #%8. ARTTEMAIZ L Timoshenko S22l Jymi i AR #RRL[ T ], 1811 J)~774i, 2010, 31(4) : 397-405
SONG Shaohu, YAO Ge, YANG Xiao. Mathematical Model for Dynamics of Incompressible Saturated Poroelastic Timoshenko
Beam[ J]. Acta Mechanica Solida Sinica, 2010, 31(4) : 397-405 (in Chinese)

[10

—



%5 4 19 XNT A, 5 AR Z2 AL 3 Timoshenko Z23f) 0 7 () S22 3245 {H 2 20 - 783 -

Generalized Multi-Symplectic Numerical Implementation of Dynamic
Responses for Saturated Poroelastic Timoshenko Beam

LIU Xuemei'”, DENG Zichen'

1.School of Mechanics and Civil Engineering, Northwestern Polytechnical University, Xi’an 710072, China;
2.School of Sciences Mechanics, Chang’an University, Xi’an 710064, China

Abstract : Based on the porous media theory and Timoshenko beam theory, properties of dynamic responses in flu-
id-solid coupled incompressible saturated poroelastic Timoshenko beam are investigated by generalized multi-sym-
plectic method. Dynamic response equation set of incompressible saturated poroelastic Timoshenko beam is
presented at first. Then a first order generalized multi-symplectic form of this dynamic response equation set is con-
structed , and errors of generalized multi-symplectic conservation law, generalized multi-symplectic local momentum
and generalized multi-symplectic local energy are also derived. A Preissmann Box generalized multi-symplectic
scheme of the dynamic response equation set is presented, the discrete errors of generalized multi-symplectic con-
servation law, generalized multi-symplectic local momentum conservation law and generalized multi-symplectic local
energy conservation law are also obtained. In view of the dynamic responses of incompressible saturated poroelastic
Timoshenko cantilever beam with two ends permeable and free end subjected to the step load, the transverse dy-
namic response process of the solid skeleton is simulated numerically, the evolution processes of solid effective
stress and the equivalent moment of the pore fluid pressure over time are also presented numerically. The effects of
fluid-solid coupled interaction parameter and slenderness ratio of the beam on the solid dynamic response process
are revealed, as well as the effects on all generalized multi-symplectic numerical errors are checked simultaneously.
From results obtained, the processes for solid deflection, solid effective stress and the equivalent moment of the
pore fluid pressure approaching to their steady response values are all shortened with increasing of fluid-solid cou-
pled interaction parameter, while the response process of solid deflection and the pore fluid equivalent moment are
lengthened with increasing of slenderness ratio of the beam. Moreover, the steady value of solid deflection is much
closer to the static deflection value of classic single phase elastic Euler-Bernoulli beam with increasing of the slen-
derness ratio. As time goes on, the solid skeleton of the beam will support all outside load, so equivalent moment of
the pore fluid pressure becomes zero at last. In addition, it is presented all generalized multi-symplectic numerical

errors decrease with the decreasing of parameters representing the dissipation effect for the dynamic system.

Keywords : saturated porous media; saturated poroelastic Timoshenko beam; cantilever beam; solid skeleton;
dynamic response; effective stress; porosity; darcy permeability coefficient; attenuation vibration;
dissipation ; multi-symplectic method ; generalized multi-symplectic method ; numerical implementation ;

local conserved structure
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