2000 7 R
PMERLBE

THRAEFHR (ARHTH)
Joumal of Chonpging University{ Natural Science Edition)

Yol.24 No.4
Jul, 2001

WEHS 1000 - 582x(2001)04 - 0051 - 04

KA SR R SR B B 0 AT

ik R F R

(1o hF LA bk 315063 2 FZRERY RFERFFANAMITAN, £5  400042)

B EARATHESNMAAFEELRL LKA Z LT AR RBRRT TN AFTH,
SMAFELRBE AP ER TR LIPS ANBT SN RNEAGERMETALTTHL A
Laplace LM A, FH TR TR LA G ARRHHWER. ALAR, dTAAFTFAKETHY
B i, MR LIE — 38 A0 R AR AT CAUBE BAE AL,

E3:: SEREAY KR Tty 0 Oy
hE4r#E S :R318.01

AEMESAEEEN 0%, EEER.BAE
HItE . XA SRR AR RN IR, MEREME—
EFEEEME, AT T HEsMR SR, %
BB ST , 20 A T (R A | BRI
hFEgERE., Aot 7o ERXUCR, BRATFRT A
¥ B 5 AT B HE R Y S B I 5 MU i oA, R
187 —E R, I Carter 7 Hayes B35 T B E
3R B %o R 2E BB SR Pugh A LR BTIT T #
BB AR RO R B S R
FHEUNFEEHE . ARG TERGERERM
RTB# BR A8, L BCR HIE M B EDR i R
Hse iy hER e R IR 3, #0 B 1247 A BT+ 35
TEREHNHARESLES, B T5SFEHREXKBIT.
Bk R B ERERFMER B, # R
BRI E RN SER TR MBI L ERBOAE N
FHRHELZ

RRER—MRESILNERE S EMTF—#
HEREEHREILEEE, BERBRARK.
R FNR, B RHEHFES TE LSl
AR SRR AL, TR AR EEILE, A
Wiz, SAMRERENEL RS L. F5ES
AREBER i AR R L, R B RETE L
B3 ; R, X P HL s X & RIEFAFRENTRE, =
ERMERAH, WITREERE RHCEB A
MR E/ER, 7RG MR R RN IFETH,

« B EE :2001-02.13
E4HB ERTE SR 2598 G E 1998-93)

TEEARIAT A

1980 4F , Mow S5 TR A THEBRITH
B ESILARER, RTBEET X THREAE
FRT RN R IR AT, SRR
BT A S S R, SR 3 F0 H I HE R R R
BRI RS R BN E S BT T
WHFIT -

AR H MTE T - MNAEESAN R
ESILARGR BB EAT M BCF R 78 A
oW 11552 Y = e ek e 2o | IVAPAL g L VAR
5 1 BORR BT 25 L 0T 08 B L PR R A - e B A #n R
TENEFEESRSE. AHHERL. TEENAE
FRAEFE—H#H, B F B v B NEREER, H B
B BB A by — F S R & R R A 2L
. .

1 BRASRHS AR

FAT B o AL R R TR R R FT b
MM, BT R R E B T SN TN
SEESY 3 BILA R BT T R
Rl FE BT, SERAHEE0E FRE
Fla = s BREEE R . = f RRESEH), KRS
8 (AR & 1 # = 1), AR o, R
SEUNEERE o, , BILE R E RO 70, FLBR b
FE Y p HERRAS R R B, AR RS
FRAIEL 7 B B B PO S B B RS T 2, 5

ERAR N FRRO%65-). 5, WIIEE N EL WNEEEIF LW ¥R,


http://www.cqvip.com

92 FRREFMR (A RAFR) 2001 %
BB IRETE DTSSR N W2 R AR &R
& BT ARSI 5% 2.2 BRI
divi ¢, + ¢27,) = 0 (1) AR AR (A1, B R HEK A BT INE R R
puy = divle - #'gradp - B (2) ai(0,1) = f(£),p00,8) = O (6)
Pl = )¥gradp + Pl (3) HREHEREREZAMBHEESE ZBESNBE

b A T BIER S AL R B R
FRAMEME ARG R, WERA S T (Fa T
BH:

T. = 2up'e, + A°(e, - I)f.e, = ]T{gradu’ + grad'n’)

{4
oA e (F (P AT RIS AL ARG AR R
WH e, A LM H R R, A, R
HRT PLEiEN:
Pl o= oo, - ) (5)
AHEL P RETE - NSRS .
Fohir BUE AT B8 o, TR RO 22 & ]
FIRTHREALEME, o, = (F 77k 28 7 BRI
MILLER  k BREAASRIK 158 R oh, IR $
PR Y = il +e, - [V BT BiRe, - T 1.
Wl ¢ TE/NEREEINT LR 6.
ERAERTEILREASMERA. FED -
(5) BEHMAY HERGRARTHRRESE
WA FREM— H TN TR,

F2 R E R RS 7

q 0 R
BREMERESRELE SRR T — W
EEEENESE  EHTAE 8 i HER AR
HE RIS SAMER (R h S SR, WE 1. N
SMERPE R B2 EB, (RIS E AT B F W
BkF B, TR o R BE A A 7E— 4 i) bk (F40
) BHFEFRNE—ENHEEE. S - MERT
ISR, EANTEA F LSRR (0 I 2 #0@ 3

BiiR —HE T OU T B B R R A AL A A oz,
&%

[2v]

12

e

T RIE 8 B R SR
w(z,0) = 0. (2.0} = 0,4°,(2,0) =0,
. W, (2,0} = 0 (7)
IRIREBHR TR - 3) E—EHRTRHEDR
TR IR AW L E R (6) #(7). BEd
B2 {6 i 4 2 0T P TR 1 B AT B R e i R
B RSB B 7 BB AR e

N N J—
oifs.1) = 2\%Jqﬂr - r)e’:u-.n(iwr_—&-]

Y

—e e H(r - z)e + Ko - Vale 3 (8)
VT - gz

1
Pt = VG s 2)

(ol A, + ad (2,0)] (9)
L,
(z.0) = J;q(t ~ Plglz T)dr {10)

|
gle) = El:ajﬂf(r - et Ee)de )

N i -
%?-ﬁqﬂ(%f) (12)
v a -

fELLEREL A, L 12 A RIERBIEMTE
— B N SER e B, H(¢) B Heaviside B BR A XL, -T2
¥oa e HERDER.
_ (¢Pd + (#)p b
(FVHA 4+ 2"

SN 2
(13)
2.3 RpRih
*F 07 A BRI, & A HE i R & R

v

=

W1 feReEREHET M2

/s

) i FERE A

B3 MAmmafERER


http://www.cqvip.com

#2485 a0 FEEF RATEREGKEAL 93
&R R LR A iR RIS, K, 00(0,1) = 6.0
' (0,0) = f{¢).p(0,) = 0 (14)  kPa,u, = 2.0mm, ¢, = 10.0s. B PR RE A2

#(2,0) = 0.:4(3,0) = 0,4,(z,0) = 0, BT = 0.60.4 = 0.40.4 = 1.80g/en’ . g =
i, (2,0) = 0 (I5)  0.90gfen’, E* = 63.60MPa, o’ = 0.30,% = 0.0l mfs,

SeEarm Al i Ed R0 - (3) E—HfE
TR T, R AT i EE 0D
H015) . F T I i 5 BT 15 36 T 0 77 # 3th ) B8

B B A S SRR A
gelzat) == (A + 2,5 00aM" (2. 1) +
BAM (2.0 {16)
HH
Miz,t) = f!_[,f(t - r)e oy
W aD
[f’ /T - a“IJH[r - az)dr (17
Mz, ) M (s, c) o3 B e HoAT B ] g9 — v #n— By
RS BEENFAITRERES A
plz.t) = 2L 7; (R"(:) -

M"(:,I})+{TL}I(K’{I) - M=oy (18)
#H

) 1 b b
K = ﬁif(t _ et Ic,(— E)dr (19)

R(e) K7 Ce) A3 R EI B R
¥,

FELL b i 1 R S0 R AP Lo () REBIES
T N REIRBE. H( 1) & Heaviside FiEL R B 1~ &
¥ oo # 6 HIERS (13) AME.

2.4 B

R R b B G P 1 Ly s 3t B R AL
BB E A k(R (8) . (9) . (16) FI(18)), 4Rl
THEGHENRR, HE THMOE . H 2 f1E 3

Ly
= / [
© -5

-5

T .

E4 G B R fla] BE 2 Bl A E] B9 ARk

4 FR B 18 R B {4 B BUR R RER R 89 R £k
AR B R BN R R R AR
SEHE R Al B FE AU . 20 (B (4 3 v A 1R R Ay 5
IR ER | B 2R AR IR 403 J7 J3 J1 SE IR R AR - FE 28 A
AR TR ) 0 e 1 B P g ) R RN T O, LB R
TR A R S A — i (], A [ R B Al 1o A S
TEET B EEVHH 5 IR A8 E et
(8] (7 1l 5 &  TEF 0 BT IR B HE Y B D TE I 2
gl B SEIRG EHJLF R EBIRKE KR
fh i 44 0 1 A TR S PE B A 0 o B PR T LA
i BRI IR B 7 o] 7 B [B) 38 A 7E 8 TR
BB IR F) BaA LR, EERIG B E BLEE
FHRE V&5 RS Wsh, S 23 h E
48 B R X E R A R RS TE. AE 6
AT AR S R R B 7E K R 52 R A L T S
£ BT R EETRRIEE RIS, BT IATE R af i
RIS HAR RS B 200 ZE R BB T VBB MER
Wi 7 I B RIS, BB H IR TR R R R
FABIGLATEE B, T A ¥ SR H T B Ty )
ERBERE A BABT—H, B FEREME 7
B M TR RE MR, B NSRS mE >, #
B . TR AW ES B, E LT R
BERAE . BEERE G I E B KT — L[
B 7R ER B e T RERT e 5530 s A —
& Bt R, R A (A RERT LR AT A FLE R E
FEARE £V RE, ik E L Jgh BN RT, Bk
BREPR B AR —E, B2 E &g R
S

p,fhPa

[/} 200 400 L] 09 lood
i/s

B35 SR E AR ERE


http://www.cqvip.com

Q4 ERAFFR (aHHFm) 2001 5

|U \ HIN 4
_a Al Wl
i e 51
;:"h -3 ulm £ o4 Wi
s Ll 55. w
-5 = i om
%} LK "
7 i
"] i 131 150 4] U L 100 15U 200
s #'s
Bl 6 Lt A slest e i A B A (] i 2 £k, P 7 R A7 drad B Ok 7 B IE] 78 1t

[ [H 55 T B 2 ITP&]ﬁﬁﬁj%Eﬁﬁﬁﬂ%ﬁgﬁﬁ _1] CARTER D R, HAYES W C. The compressive hehaviour of bone
PE BT HYSERR BT LA BRI AE R4 1 A 4 SCRTR A 22 & o~ Thwse porous smerurel 1. J Bione o Surg, 1977,
MEREAM AR FERSRTAFEERE | P56 o
J::‘gﬁﬁiﬁug?%éﬁié%—ﬁ% U AR ¢ A 4y |20 PUCH I W, ROSE R M, RADIN E L. Flastic and viscoeluti

- e 1 properties of trabecnlar bone: dependence on stuctwre [J]. ]
PERERI DA RB EHY - Biomech, 1973, 6: 657 - 670.

3 %ﬁ‘iig [3] KEAVENY T M, HAYES W C. A 20 - vear perspective on the
mechanical properties of trabecular bone[ J]. J Biomech Engng,

5ot o i i R T . 1993, 115: 534542
| EAENA R AL MOUA G A THIBI ) g e m T o A A A SRR Y
ﬁﬁ E’jﬁ*ﬁgﬂ.ﬁ &ﬁﬁi.#ﬂﬂﬂ Laplﬂ.(!l‘i Iﬁ‘&*ult [J] *EWE%IE%E. m.|9(3): 272 - 275
Fﬂﬁ%#ﬁ%ﬂ%ﬁ@ﬁ*ﬂ?ﬂl‘ﬁ]@iﬁﬁ@i%ﬁﬁﬂ%@T (5] RIEESR., B35, WEH RSN ESTRAA[]). T
FA B R BB TR AR | AR A1 A B H ) STl ey FEE, 2000, 15156 - 59.
HRFHERENZMMBE LR A TREBTHEL (6 ZHE, fE. 15%. % k55T Rg
ST RIS ML B R IE— R T A R A A FLEARAY B9 )], B S EEKE ], 2001, 22(2),
frAMERFERIER . A ST mahilm ek adsy  o-®e o o
FAREHE B EFEANR MM ARFE PTG pedy 7] MOW VG, KUEDS C, LA6 WM, et al. Biphasic crecp and

42 B S0 o B\ B e 00K e T S T TR A I B ) O R stmss.relmwﬁun of a?ticula.r cartilage in compression: theory and
experiments[J] . J Biomech Engng. 1980, 102: 73 - 84,

T = 7 dEdHE B ;
ARG RETER IS5 "8] BOER D R. Highlights in the historical development of the parous
media theory: Toward & consistent macroscopic theory[ Y], Appl
S5k Mech Rew, 1996, 49(4): 201 - 262.

Numerical Analysis on the Viscoelastic Characteristic of Cancellous Bone

L{ De-yuan', CHEN Hai birt
(1.Department of Mechanical Engineering, Shantou University, Shantou 515063, China;
2.Research Institute of Surgery, The Third Military Medical University, Chongging 400042, China)

Abstract: A one-dimensional creep and stress relaxation response of cancellous bone to instant loading is investigated based on
the studies with scanning microscope. can cancellous bone be viewed as a cellar solid consisting of an interconnected skeleton
filled with medulla. A two-phase poroelastic model is introduced o describe the cancellous bone, in which the hissue
( material} densities of the skeleton and medulla are assumed to be unchangeable while the corresponding apparent densities are
changeable due to the change of volume fraction. The governing equations are derived for the case of a linear poroclastic solid
skeleton saturated with an inviscid medulla. Under the loading. responses of the skeleton stress as well as the medullary
pressure are obtained with Laplace transforme technique. The computational result shows that the cancellous bone is provided
with certain features similar to those appearing in viscoelastic solids, which means the responses do not only depend on time,
but furthermore depend on previous loading history. It is worth paying attention to the result that the medullary pressure can be
negative . This point is due to the recovery of the skeleton after unloading whereas the medulla is not squeezed out hut ahsorhed
into the pores by suction.
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