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Determining the number of preconditioning cycles by calculating the
decay rate of strain energy in uniaxial tensile test on soft tissues

WANG Hui', QIAO Yuan-hui*, LIU Zhi-cheng' (1. School of Biomedical Engineering, Capital Medi-
cal University, Beijing 100069, China; 2. Beijing Friendship Hospital, Capital Medical University, Beijing 100050,
China)

Abstract . Objective To investigate a method determining the number of preconditioning cycles in uniaxial tensile
test on soft tissues by calculating the decay rate of strain energy. Methods The abdominal skin of healthy New
Zealand rabbits was selected as study object, from which strip specimens were obtained in directions parallel to
linea alba (0°)and perpendicular to linea alba(90°). Then the uniaxial preconditioning tests with 15% precondi-
tioning strain were performed on these specimens. Load-displacement preconditioning data were obtained, and
transformed into the stress-strain data correspondingly. The preconditioning cycles ( nvalues) , at the decay rate
of strain energy being 5% and 10% , respectively, were then calculated by MATLAB programme when n values
% x100% <5% or<10% ( W, signifies the strain energy loss in the nth pre-

n-1

satisfy the inequality n =

conditioning cycle). Results When the decay rate of strain energy was 5% , the number of preconditioning cy-
cles in 0° and 90° direction was 11.11 and 13.67, respectively. When the decay rate of strain energy was 10% ,
the number of preconditioning cycles in 0° and 90° direction was 6.67 and 7.78, respectively. Conclusions By
calculating the decay rate of strain energy, the number of preconditioning cycles in uniaxial tensile on soft tissues
can be quantified, which could help provide the research basis for standardization of biomechanical testing on soft
tissues.

Key words: Soft tissue; Tensile testing; Strain energy; Stress; Decay rate

W s HHA:2012-11-13; (&[] HHF:2012-12-18
BIEEE NEN, #24%, HE2E 500, Tel: (010)83911559; E-mail ; zcliu@ cemu. edu. cn,



T O, % M AT RE TR E KA R B R TE R

WANG Hui, et al. Determining the number of preconditioning cycles by calculating the decay

rate of strain energy in uniaxial tensile test on soft tissues 603

AL Iy 2k, 22 15 1 U S AR
FITTE R A 15 05 vk AR A 1SR R A
PR 1 T LA B o R i S 56 R S —
MNIATT 1 A AT B S 45 o, B0 3 R P 3 A
PRFTES PR A= 4 1 AP B e, T 7 B A s
Korbo TR SUR MY AR B PR AT R, B
P, SCTE AT A3 A i, 0 5T AT T S 38, LA
BT S PR R I, AT fik R 2H B B — M ARUE Y R]
A BAERIRES

20 HZE LK, B AR 22 m R A B, 15
M AR B s gLl AL Rk . 20 22 70
AR TCMT R Y BT SRR S 5 Hh S IR
Bl 3 ~5 W, XA WE B 28 BAT LS =
o SCHRE3-11 ] AP RABZ Ik VA AR L /N i 3
[ESWN=1I SIS POE OB PO i ENA L g0 ST
A W) 3SR s TE AT T S0 I, TR R ECh 3
~30 WA,

H1I AL D, 56 T 0 ORCBEA T B S ik 437 1 73
TASCIR ARV o B 5 2R W A SR TR B8O TE A 1
WEMHR S AAEEE L ASCUHE
R ER B PR S 5808 4, 452t LAV 28 E T Uik
SRUT LSBT0 R, Dy it — 28 i E AR )
HA T YR T Rl

1 HRSF

1.1 A#H&5NE

R FHAERR A AT 7Y 22 R A, P XK R 2 ke,
AF 4 ~5 A St E AR BRI IR S
Sttt o MR S8 R 27 R0 Sl ) AR R 2 S, SR 25
SRRTENS N2 S S W) B G ki 4 20 ~ 40 mL
2RI BTN, 2B AR ic IR H . H)
Fr ORI R B IR AR ] L BRI AR W o # B2 IR
JBTRE ARz b, B ) U B R BT
(0°) \TEE (90°) i J7 ) LA 50 50 mm x 8 mm
g2 ke , 3L 240 >0 Fi] Keyence SO RA A
LK-Navigator FAHMELREZE 3 ML B RS
JE ORI 4R, I 3R AR AT AR S
1.2 BBk RiE LR

K HIBS g BOSE3330 #4464 122 52 e AL, o LA
AT IR AR5 50 225 N 25,4 mm (1584,
KEEESM00 1/3 NJ10 o Ff Il B8 R I B

TRFESEATIERE, R B 1k 76 Sk e T8 S 56 Ao A
T, ORGSR FHIE 5% RSl , RAEATR Sy
100 Hz, IE5%IEMEM AN 1 Hz, 7E 15% L A8 K-
TR AR 50 YK,

FRH R, R IR AV B R 0. 9% (1) 4= B AR K
2 IR EERRTE 25 C A2 AT, A3iF— & B I B2
T B AR A BEERSE o MIBURE 0 2 58 BB S 0 FE
Bl e 3 h N, DARIEAL U A P T
1.3 #HiEaIE

H RIS ATL AR 28 A 157 B8 52 36 B4l , 1 A EX-
CEL rh iy 5747 sRAL average 47 5 s P25 1
i

o =— (1)

g=%<AL:Li—L) (2)

P -0 AR R o AR R S A T S g
i URE (R AR T T AR S AR o] DL 2, e o
KNETT 58 RNEAS s F, SR INER T 5 L S 1IN a8Ua ke
KB L AR
1.4 MATLAB %72 4032 3R BUF A A 25

I AR RE WA P AR AR T i R I A AE AR PSR A
P B IS 2 A8 bt 2 77 AR N AR RE Y
B W1 R, A B 2 DX s R Sk Al 2
IR — AR A N AR B

1.2
1.0F
0.8
0.6
0.4
0.2}

ok

-0.2 :
-0.02 0

Stress/MPa

1 1 1 1
0.02 004 006 0.08 0.10

Strain

E1 SABRRALANS-NEX R L

Fig.1 Stress-strain curve of a typical soft tissue
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Tab.1 The numer of preconditioning cycles in two directions when

the decay rate of strain energy was 5%

Jri/(°) BEE M bRifiEzE SD
0 12 0.928
90 14 1.225
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Tab.2 The numer of preconditioning cycles in two directions when

the decay rate of strain energy was 10 %

Jrial/ () TR A M trifE2E SD
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