5 5 3 #2007 4F9 A
1672-6553/2007/05(3)/238-6

oo s ERF R

JOURNAL OF DYNAMICS AND CONTROL

Vol.5 No.3
Spe. 2007

JE 2 T4 A B B B0 1 M Bz 53 A

.57 A3

(1. BRI R, Rl BTECE I 20500, L

3 a

200072) (2. BN R HIBE SHR R, L 200234)

#EH

BE  BUENEEA RN —F 3 RARKEA M A, (RIS HERCE T 9 PSR -, 2T Timoshenko %2946 I
BN X Hamilton A2 73 S5O ST 1 ARSI AR RE S )1 247 o 70 M i e B, BRI HE 1 3 M
R 2 A3 ARz R Y LA, A 25 18] SR A Hp 0 22 20 X, 1) SR T 1) S 22 23 4% 5, T3 A
OIMT T ARZRAE B A 52 A1 ST A i 328 8 A0 R A 1 R o 8l 19 B TR, B 5 TR

LR R JTOGH 28 R 2l = 137 (4 52
REEIA ARKPEFER R, Hamilton 2873 J5URE,
IR

5l

I

MRS —Fh I B TARGE M, ) 12 U T
TR G TR ARG | TR 25 E 1
TERL, FRE AL SE AR Ltk 3 J1 2447 Mo BT TE R
ZHAEOUT T R T 1 ARt A —1
F14) ) 5 R 4, A — - A A B A R DA R 28 1) 2 3
IR R B R J1#AT oA — O AR 2 4
(1), 2R I S i ) 24 A B A T 9 0 2 EL ¢ TR
1), 200 5 S AREE T - R 3e R AT
FOMESE B ST . EAsAet T AR ERG B
FEAE MRS SRR A T il R % B S 2 1) I 2 g 7 fig
Wrfde. SUR IV B9E T MR SE AR 24 50 7
SEAT R, A B R TR A TR, S v RS B A A
B PES BT 1 3h 25 e [0 i 26 1 F F 45 A o)
X, HHE T ZRESE T Wfa gt m. £
FRRAEAREN T 42 b s O\ 18 3R B0 i 2
Wrfde. B4t A0 1 BELE B PV AR AR
Mz . (T RIREE R A T A L SR i
ARG B B RS ). Novak 7 1 /v
FURESEAT T L) 1 IR I T 5. Reese .07
Neill “*" 5 ich phy 2856 58 S 06 75 31 9 X6 A7 4 15 2k
Lk AR AR AEE T, S AE - HAEL AT A
HEFT T WF5%. Nabil "' 1 Rollins " 45 F & 36 7 32
WEFE T 3248 1 47 AR I I D = FIORS £ Hp i Bk 1

2007-01-15 YL F|45 1 5 ,2007-04-10 Y 2| & i .

AR Sz 8l, S i,

R IES AL

P AR, S FARLAMEAR L Bl g 24 Wi 1 0 A 19 AR
B Z.

ARSCIY H S BIF TS AR 2k 5 A R A 114 3
JIZER N . B G, T 4211 Timoshenko 715 Fil Ham-
ilton JEREEE ST T S AN LR s B AR L i
PR SE Sl g2 e 157 A 4 B AR, e (RS R
eI/ BERE RO AT T — b 3 AR AR A R A
FE SR ZR KA I, [5) AN AP 225 07 2 P L F) A L,
2R Winkler F5ETRUAAR DL BE Al XA 1 15 0. el T
FOBHRAELNE: , DR, 2 1 o0 T R A0 0 1R 0 57 2%
PEARJEARLRANE 1. VR N BEA BT B, AR A R
ZETPIRIRIE T ARLEAENESE A Bl 16) 32 B A RS
Bl g T AR ROEAR , 75 3 1 00 A% Bl ] A
ZS AR, RIS 55 1 ARZR P e Jo 0 ok 5k 2l
T L Y.

1 EAXRIR

FELE 1 I BT O B A b R S AT AR
[e 2R A ' FH 8 48 K 118 30 g 2 ) R 3t Ay T ) v
PR, A AU A ABTIE TR0 RS e S T Y
AR K B BN VR T4 i i i) — 0
= J3 A3 R A TR, 7 s A 52 v iz g VR .
HRAE Timoshenko ZERHIE , 4741 N YA F5

w, =ul(x,t) +yp(x,t) +ap(x,t),
w, =w(x,t) (1)

vy :U(x7t) ’

* [FI5 H AP 3R G (50278051) , b9 Ry Ak i s SR A0 75 T 4 BOMBHIT & T 5 ML 9 I =2 BHT IS B2 4



553 3]

AEPURA G - AR LR AT S 0 3l 0 157 A7 239

0 N
x px)
RN
—A>
A7 7 5 T y
y
CREEe

Fig.1  Model of beam

Horbu,v,w S PPERI AL RS, @, o 2 AT 1R 5 2l
¥,z 2 B FP PR AL A

JU[ S 2 - AT R/ AR (R AL 7348

o a
Y Ty T T, +

(2)
A I ZR < ABRBOE I A LR — P AR L S A
BEIFA I AR KR
oc=E e+E¢& +E3g3 T =6y, 7, =Gy, (3)
LB, B R B ER EE E, FIE, 275 AR
ARLAERZ MR | SRR XA 5C 2 R LA
TR SEFIEEE AR Jy 2

——+
Es ox yax

2 Hamilton T4 R IE

A Hamilton 2873 Ji PR AfE T AR 2Pk 3P AR
FEHINIRS w,v,w0, ¢, L1128 B o0 T e At 5t

Mt
Hamilton A543 J7 B - 76396 /2 JLA] 7 #2063k
FEEAE AR IR I 222 1E i 21 BAT 8 38 3h i
— DA REAI S T, LIRS w0, w, 0,4 THIZ R

T T

H:fHdt:f(U1+U2—W—T)dt (4)

ICE(EL, Horb T oA S5 B BE, U, A U, 5350 4 i
TEN AR, TR AS 5 | A AZRE , W3/ i) SN Ay |
S 1 37 ) FNRERM B B G 2. e AT 10 5 SO

ll ou\ 2 .2 ow, 2
Tz(f)gp%ﬂ(g) + (5 (57 +

9@ 2 o2
L2y 41 (27| e (5a)

v, = [158EY?
%IE(—@) +1E(JB)2 ou

A7 5 09
LLE (B

b AB () L (B

3 U2 dp\2
+ 3 1E 222y

[E (—‘/—’) IyEz(%'f)zz—Z+

SLEEY A 4 B ()
3 9¢y2 9yo
1,5, (29)2 (82 g (5b)

1
A A G
Uy = [[556k¢" + 5 Cha” +ACh " +
0

+AGk1¢g—: + AGk

A w2 0w\ 2
SOk () SO (G I (50)

W = f(qv + pw)dx + Nu(l) —gbﬂ(g_zy

)2 ]dx - fu +w]dx (5d)

t\)‘w

AL LT R
AR IEE P R e 1B PR L, BPOL

T AR AR TETAS y B 2 Bl

= ﬂsz,]z =
ﬂy dA, I, = ﬂzzsz I = ﬂz dA, I = ﬁydA Ky

Ml k, E*ﬁﬁﬁfy iz ﬁﬁﬂ’];&ﬁf’kﬂigﬂ Bl
FE R R A A b B I AR O E R R B B
1Bk R SEA AR R %L

X5 A TAR Gy B H A R A OIT =0 o, 1%
B ETEWIIR I ZI A28 1L 20 550 A s g s 8,
W, FE =0 Flt =T B} Su,év,6w,5¢,58p RZE. [6]H}
HEBTEXIL[0,1] 0 su,dv,6w,80,8p T EE
TE S35 Su,8v, 8w, 8¢, 8 HIAT B, WA HERS ) X
B8 w,v,w, @, W /2 133 S i) T A A i g Y
SUE U

Eiﬁﬁﬂlﬁﬁﬁz

auau zau

AE— U T 3AE(—) Ei’—‘f

Ei_l/z +6LE _99_423”+

e Ox

2@‘9) —pAii  (6a)

8
3LE, —l;<5§§ )Y+
6VE35!T/1 4"121 au

Ack(ﬁ 2)+q+N— —kv=pAi  (6b)

AGk(—‘E o )+p+N Y hw=pAic  (6c)

2
1 o +311E3(£ y e +21E2@ @ o1, 9% %
X

1 2
ox

il; +6[E3@&LQ@

2
i = +3LE, a—“;—7(@)2 +6l_E, a
o X gx~ ox o~ ox ’ ox

i‘l_f@.@ I E Q,L/izi.@_/l 9 =ol &
axZ ax+3 yz B(ax) axz le((P""ax)_szD

(6d)



240 ST

I I 2007 455 5 &

2 _ 2 2
1Enin ™Y 31 (X 20U o 20 g«
! o Y0 T o Y ’

J 2 2
QIA a_l; +Gw‘ 3 @ 8_1; % 'E3 8_‘%(%)2 +GWZE3 X
0 Ox 770X gx Ox T o ox )

@éi@@@ [EQSQNiZLA_A @_1-
o axZ ox +3)z 3(8.%) axZ af’l(lp-'_ax >_p)'¢

(6e)
AL IR TF R w v, w, 0,4 H)—AREG HYE
LM il T R AL
R A RS T R

Jdu - Uy s 9p 2
[AE, o +AE2(ax) +AE3(ax) +IZE2(ax) +
Wfyaqa 1 2 du o
I”Ez(ax> }8u|0+[3IZE3(ax) o +3]9’E3(6x) X
M 10-Nowu(1) + [ AGK, (-g-22) +N 9 Ja01} +
o 0 : ox ax 0
0w MW 0 0P 7 0Py
[AGk, (=i ax) +N ax]8W|° +[LE, o +IZE3(ax) +

21k, 020 31 g (94y2 90 3y g W)z
0x 0x 70 0x” ox 7 ox

IP1s i W o s W gu
ax]&plo +[]},El o +I},E3(ax) +21 E, o o +

35,2 Wy 2202 Mgy 0 (1)

AP 72 02 x = 1,0 B =
v =6w =8¢ =&p,HIt, (7)o r. Wk x =0 i &
x =B S ), T B 55
LS A . I,

(1) =SSR Jo N AR 2% P

Qe du du e
AE, o +AE2<ax) +AE3(8x) +11E2(8x) +1E, x

e a2 u Wy ou _
<8x) +3IZE3<ax> o +3I)E3(ax) ox =N (8a)

(2)x =13 AZ B IERZ&IEA

w
0x

AGE, (-go%) N oo

ow ow _
Ackz(-lﬂ-afx) +N67x =0
(4)w =1 3 A2 B AR I A1

LE, %2 4 [ E (92)* o1k, 2201,
0x 0x 0x 0x

(8b)

315, (94290 3 p (9292
0x 0x ’ 0x 0x

1B 1 B (2 o, 2 0u
T 0w J ox TS 0x Ox

3B (2 W3 g (22 Wy (s
0x 0x . 0x 0x

ATLVE R, TR R AR L, g i A s 7 4%
P2 ARLR LY. TR, TR REA S A A PRI R 1Y, —
HRE TR 7 55K B

WA Z5 1 OHEIEAE ¢ <O A0 T AR, B Y
=0 Wi RN W HR Z A

ul,_g=u’,ul,_y=u"wl,_y=0",0l,_,=1°

wl,_y=w’,wl,_,=u’,0l,_=¢",0l,_,=0¢"

Ul =yl =9 (9)
b’ w0 0”06 " g AL e
x AT RV E BRI KL, 200 1R I 20 S Al A T Lk
B EODE.

3 #HAMERASHESS

3.1 JRZtEig MR R EE S

(1) 45y 7

QERFRATT R 2 g iy il 12 S, 3 I Iz Bl i

Gy TIRE(6) G FEAE(T) FWIAG 551 (8) ¥ 45 1 oK

fEAR S A SR A gt el i Bl ) R ) T NIE XY
B B T R R, R

*U oU 9°U

R WU 0U 2 °U _9°U
(‘)XZ + 24y 8X2 +E33(6X) 8X2 = 87’2 (IOa)
LU LU LU
le:o—O,[aX +2 Ezz(aX) +3(8X) ]Iy, =N
(10b)
Ul _0—0,3—% =0 (10¢)
Hrp, TN E X

x u 2F, 3E, N
X_Z’U_l EZZ_Ev1 7E33_E1 7N AEI,
r=t/E ./ (pl*) (11)

(2) BEH 5 S 45 050 b

TEAS[A] bR P b0 225046 X AR ] B SR 0]
Ja 2% 2,6 (10) AT B, X T8 — i) el 2
KAG8|—H i IE LR B R, R e R A
Newton — Raphson 3£ {X 75 1 3K i 25 Sk 5 #2 41, 7T
DA B0 30 0] 3 (10) A BUE A, B T3 4
AT 2 b PR X B I T B R AR £
PR R4, PR SBAE T

[=20m,p =2.4 x10°kg/m’ |E, =2. 1 x10"Pa

E,=5.5%x10"Pa E, =2.5 x10"Pa,

A=1m’(m=n=0.5m) ,N* = 0.005.



553 3]

AEPURA G - AR LR AT S 0 3l 0 157 A7 241

300

0 1(0-4)

B2 UREX A7 R0
Fig.2 Response of U with X and 7

(3) ZHH

H (1D BRI, L B, B{ER AR S Bk A7
b BEEINERT N I ICE, S EAREUE(E, =2.1 x
10Pa) [y 8 5, (RS U BT + (728l Tl
3 v TRIE R R B, R, SRS

3.2 FEMHEENTERSEE

(1) Fifil 75 A

AT g =0 W, WIAEREAE wy — F 10N K2
il XA 0 =0,0 =0. 1231 J57FE(6) GUFFZM(8)
AR ER A (9) 25 H SR A AR R AENESE - S 52
SR AE .

Je i I AR T R

@_,_E&GZU (7)261] L) JQJQ
) ) OF) ¢ 3E2gx aX2
E il(‘)U +F (JQ)
3 338X aXZ aX 3 33 XZ
LOW 2W
G,k (aix X2> NS R WS (12a)
I, By 20V p T g SO,
ox 5 Es o Eox Yo aX2 ax "
oU gU (U, oW,
TG 0B 3 1420 =T
l“ﬁ’ﬁn /ﬁﬁ:j‘?
v=0, w=0, ¥_0, x-=o0
0X
U, 1p Uy 1 R/
oX 2E( E( ) E( >+
oU
T O =N X =1
_ W _ _
W=0, £¥=0, X=I (12b)

XML, BB v =0 A 52,0 = L ZHTIE, IFAE 2
7 Ik [ 7. %ﬂﬂnmﬁﬁﬁ

sz =0, W—

i
or or _O¢ =0

(12¢)

o, RS SN -
xX==2 v=% w= W.E 2 p 35
l l l/j D= E ’ 33_E ’
k EA’N AE, _EIA’GI_EIJ_ZZ,
=t/ E/ (pl’) (13)
(2) BT 585 R o b

3

x10°

600

2O 1 200 d00
0 1(0-8)

B3 UREX H 7 (065
Fig.3 Response of U with X and 7

//////////////////

/////////

10" £(0-10)

B4 U KX AT (W
Fig.4 Response of U with X and 7

5 WHE X T (RN
Fig.5 Response of W with X and 7

RV , e B] bR T A0 22 04 5K, 7 vk 1]
ARG 2200 A% 2O (12) #EAT B, X R —
[ RAGRI 41T U, W,y BRI
K7, R Newton — Raphson 35 (U771 3K i B Al
T R4, m] AR B0 00 () (12) i (e A , 1]
3-FES5 HAURIT U,W,¢ BRI 7 097284k BRT
il AL T R A I AR SR BT R 4
PSR E T



242 N % 5 B W % M

2007 445 S %

[=20m,p=2.4x10’kg/m’ ,E, =2.1 x10"Pa

E,=5.5x10"Pa E, =2.5 x10"Pa,
A=1m’,N" = 0.005,p" =0.001,k =0.

£(0-10) 0 o

16y Bl X A7 B0
Fig.6 Response of ¢y with X and 7

800

400 600
£(0-10)

EIC VI

0 200

F7  UKEXF 7 0
Fig.7 Response of U with X and 7

£(0-15)

K8 URKEXFI 7 B0 N
Fig.8 Response of U with X and 7

£(0-10)

B9 WX Fl T (R
Fig.9  Response of W with X and 7
(3) ZHLHY
F e (13) , Y25 78 bk far P AL N B, HUE, 2
JERBUE(E, =2. 1 x 10" Pa) 19 2,8 {51, U, W,y
BlRSTE] = AR AL e TR 7 - B 12 . m] DLE

2, BE%E E, IR, DIRS IR AR I8N

il '/I//llll///
“/////////// Wl "'I/'li JI// il
f////////l/’//[%,’l, lm ”” ' llll / "'
0

/ s
L //I// ’/I '/'m U l"'

1000
500

1(0-15)

10 WRE X A1 7 B0 L
Fig. 10  Response of W with X and 7

1(0-10) 0, - x(0-1)

BT o B XA 7 fR 0 )
Fig. 11 Response of ¢ with X and 7

1£(0-15)

12 o BlX 7 B R
Fig. 12 Response of ¢ with X and 7

4 Zig

A SCHRAE Timoshenko F2 4R % A1 Hamilton J5
BT T/NBIE ST, 3 AR M sk 44 R Bk
BN 15 AT R AT AR AR iz AR R4

SR B A BIR 22 i o Al e M s e A
(1% (1328 20 A1 TR 7532 3h i 3 o O R A 3 2%
AT T B, 985 R ] Newton-Raphson 25487 %
KA BB AELAEARBO R, IF B A5 3 1 )
OB | R I, 75 380 1 57 % il B 1] R 23 ] ) 22
k. BT AR AR TRV BT (BRI S PR AR o ) X
SER B 3 N R . 1] DU B AR 2 b
LR )12 S A RS G s s RIIE 3, AR L
PR BT I (A2 B0 ) BRAE ), 3R AR 2%



553 3] AEPIE A A LML 1) 20 0 13 53 243

crete single piles under the action of axial forces. Journal of

72% % 3'[ Fﬂ-}( Vibration and Shock ,2001,20(4) :6 ~9(in Chinese) )
6 Tk B, MMM T LA B
I EAte SRR R APE TR RS BB, B3 SRR 2005,3(1) 29 ~ 33 (Ren Jiusheng,
S BRI 5. 75 2 2% L2002, 275 455 ~ 464 ( Wang Cheng Changjun. Chaotic motion analysis in piles of nonlinear

viscoelastic materials considering the motion of ground soil. Jour-
nal of Dynamics and Control ,2005,3(1) :29 ~33(in Chinese) )
7 Novak M,Grigg RF. Dynamic experiments with small pile foun-

Kuihua. Vibration of pile embedded in soil with multi -
components viscous elastic model. Acta Acustica,2002,27
455 ~ 464 (in Chinese) )

2 Tt RS X Voigt HuBE RSP IR B4 BT S dations. Canadian Geotechnical Journal ,1976,13(4) :327 ~386
PR T I A 2 22 4R, 2002, 36 (3): 565 ~ 571 ( Wang 8 Reese LC, Cox WR, Koop FD. Field testing and analysis of

Kuihua. Vibration of inhomogeneous viscous-elastic pile em- laterally loaded piles in stiff clay. Proceedings of the 7th Off-

shore Technology Conference. Houston,TX,1975:671 ~690
9 0O’ Neill MW ,Hawkins RA ,Mahar 1.J. Load transfer mech-

bedded in layered soils with general Voigt model. Journal of
Zhejiang University ,2002,36(3) ;565 ~571 (in Chinese) )

3 ERIIN AR T A WEResE My M Je B ) 2 AT anisms in piles and pile groups. Journal of the Geotechnical
Sy, R CSE 22 472000, 33; 545 ~ 548 (Jia Qifen, Yan Engineering Division 1982 ,108(12) ;1605 ~ 1623

Min, Chen Yushu. The nonlinear complex dynamical behav- 10 Nabil F. Behavior of laterally loaded bored piles in cemen-

ior of foundation piles. Journal of Tianjin University 2000, ted sands. Journal of Geotechnical Engineering, 1990, 116

33(2) :545 ~ 548 (in Chinese)) (11) ;1678 ~ 1799
4 TR R BRI, 43R s R R 20 e 11 Rollins, et al. Lateral load behavior of full — scale pile
/Ui 73 N S PR1_AA. 3 1
WHERFsE. S28h 5wt 2001,20(1) 55 ~ 58( Wang Hongzhi group in clay. Journal of Geotechnical and Geoenvironmental

Engineering 1998 ,124(6) ;468 ~478
12 SR, 48 m 2RI 5%t dbat:

Chen Yunmin, Chen Renpeng. Semi-analytical solution for vi-

bration of pile with variable section in layered soil. Journal of

Vibration and Shock 2001 20(1) ;55 ~58(in Chinese)) ST My i T, 1993 (Zhai Jinmin, Zhai Jinzhang. Anal-
5 B4 R TR VR T IR GE S, RS ysis and design of tall-building foundation. Beijing: Chinas
W1z 2001,20(4) ; 6 ~9( Yu Jinyun. Chaotic motion of con- Construction Industry Press,1993(in Chinese) )

DYNAMIC RESPONSE ANALYSIS OF NONLINEAR PILES

Hua Yuchao' Zhu Yuanyuan® Cheng Changjun'
(1. Shanghai Institute of Applied Mathematic and Mechanics ,Department of Mechanics ,Shanghai University ,Shanghai 200072, China )
(2. Department of Computer Science and Technology, Shanghai Normal University ,Shanghai 200234 , China)

Abstract  The material of piles was assumed as one of the nonlinear elastic materials, which obeys a thrice non-
linear constitutive relation, and the pile was located on an elastic foundation. Following Timoshenko theory of
beams and the Hamilton variational principle, a mathematical model of dynamic behavior analysis of nonlinear e-
lastic piles was established, in which three displacements and two angles were contained. As application of the
model, the axial movement and the plane coupling movement of nonlinear elastic piles were computed by using
the finite difference method and Newton — Raphson iteration method. The corresponding numerical solutions were

presented. The effects of the nonlinear elastic properties on the structural dynamic response were considered.

Key words nonlinear elastic material, = Hamilton variational principle,  coupling movement of nonlinear

piles, dynamic response, effect of nonlinear elastic parameter
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