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Fig.1 (A) Lateral view of crucian carp. the skins and muscles within the black frame were excised,

two scales far away from the lateral line. (B) A typical transection of crucian carp body. where the

numbers show the muscle samples taken into experiments.
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Fig. 2 Measurement on thickness of crucian carp’s skin
(A) A typical picture taken under environmental SEM;

(B) A typical slice of transection of crucian carp fresh skin and muscle under a stereo microscope.
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Fig. 3 A typical uniaxial tensile test result on crucian carp’s skin and muscle sample
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Tab.1 Published data of Young’s module for skin and muscle of different fish species

(= [EOTE ¥ A it E(MPa) #E
Hebrank, 1980-"*- eel skin 3.5442.52 n=10, longitudinal
Norfolk spot skin 2.4142.26 n=13.longitudinal
Hebrank and Hebrank, 1986
Skipjack tuna skin 6.9244.25 n=19, longitudinal
Naresh,et al. ;19970 Shark skin 24~32 ultimate stress

found no data for the passive
Cheng,et al. ,1998-- muscle 0.1
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Fig. 4 (A) G(1) experimental data of crucian carp’s muscle (n=4) and skin (n=5) samples.

(B) A typical experimental data and its fitting curve of muscle relaxation.
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Tab. 2 Computed G(t) for crucian carp’s skin samples

I G(t):yo+alexp(*f)+azexp(*é) G(o:yﬁmexp(—f)
AR Mo a t az ty ) a t
No. 1 0.417 0.263 411.7 0. 235 25.6 0. 451 0. 324 221.4
No. 2 0. 419 0. 254 400. 1 0. 239 27.2 0. 452 0. 324 207. 8
No. 3 0. 438 0. 255 466. 5 0. 230 22.7 0.476 0. 298 244. 8
No. 4 0. 450 0.232 329.9 0.228 20. 8 0.476 0. 296 181.2
No. 5 0.612 0.219 290. 8 0. 135 19.0 0. 642 0. 246 167.5
SEHME | 0. 467 0. 245 379.8 0.213 23.1 0. 499 0.298 204. 5
Frifi 2 0.073 0.016 62.2 0.039 3.0 0.072 0.028 27.7
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Tab. 3 Computed G(t) for crucian carp’s muscle samples

WA G(t):yo+alexp(*f)+azexp(*é) G(t):yo—‘-alexp(*é)
AR Mo a t az ty Mo a t
No. 1 0.273 0. 287 320. 9 0. 338 23.1 0. 303 0. 404 164. 2
No. 2 0. 370 0.257 214.8 0. 281 12.8 0. 399 0. 334 114.4
No. 3 0. 420 0. 260 234. 8 0.251 15. 6 0. 453 0. 333 123.1
No. 4 0. 365 0. 246 198.8 0. 308 12.0 0. 392 0. 338 101. 2
SEXME | 0,357 0.263 242. 3 0.295 15.9 0. 387 0. 352 125.7
FRUEE | 0.053 0.015 47.1 0. 032 4.4 0. 054 0. 030 23.5

F1E :No. 1 BUFABBETE 4 1000s, No. 2,3,4 24 600s, X b7 B9 FBER AR KA 10. 3%, 15.6%, 8. 7% H 13.6%.
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Fig. 5 Several visco-elastic models

(A) A standard solid model; (B) (C) (D) Models containing two damp pots.
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Study of Skin and Muscle Mechanical Properties
of Crucian Carp (Carassius auratus)

ZHOU Meng"?, YIN Xie-zhen', TONG Bing-gang’
(1. Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, China;

2. The Lab for Biomechanics of Animal Locomotion, Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract; When a fish swims in water, the interaction between its body tissues and organs that
participate in bending deformation and surrounding fluid media yields different swimming patterns and
deformation ways. To better understand fish body deformation mechanism during swimming and
provide fundamental experimental data for future fluid-solid coupling numerical simulation, this study
was performed to investigate the mechanical property of biomaterials such as crucian carp’s skin and
muscle based on typical uniaxial tensile tests on a universal testing machine. Young’s modulus and
reduced relaxation function were determined by failure experiments and relaxation tests, respectively.
Constitutive function taking into account the visco-elastic properties was determined for both crucian
carp’s skin and muscle samples. A conclusion is drawn that crucian carp increases its effective
stiffness during swimming with only a little energy dissipation based on a simplified standard solid
model.

Keywords: crucian carp (Carassius auratus); skin; muscle; Young’s modulus; reduced relaxation

function; constitutive equation; mechanical property



