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Thblae 1 The viscoelastic properties of materials for model fish.

Materials|Thickness|Tempereture | § (degree)| 6’ (dyne/cmz) ’f {poise)
of sample| (*C)

{mm) —

5 46.5 7.708x107 _ |1.164x107 |

Hard 0.76 10 45.0 7.508x10% | 1.195x107
rubber 15 46.5 7.688x10°  |1.161x107

(Bone) T 20 46.0 7.607x10° _ |1.170x107

5 23.0 1.548x10° | 1.046x103
Sott 10 | 18.5 1.473x10° _ | 7.84x102
rubber | 0.59. 15 14.5 1.406x10° __ |5.37x102
(Body) 20 13.0  [1.314x10° [4.83x10°
Supersoft 5 31.0 1.687x10° 1.61x10°

rubber 10 29.5 1.525x10° _ |1.37x102 |
(Interna1| 1-08 15 275 [1.397x10°  [1.16x10%
organs) 20 26.0 1.326x10° .| 1.03x10°

Note 1)Frequency of strain in tests : 100Hz
2) ¢’ :Dynamic elastic constant
# :Dynamic coefficient of viscosity
§ tPhase difference between strain applied and
force measured

Table 2 Duration of first pressure pulse (Unit ; mS)

E.D.** | CCR**

Pressure wave Model | Surface* | ca. 0.6 ca. 1.3
in the fish
abdominal Inside* | ca. 0.7 | ca. 1.3
cavity

Actual | Kidney ca. 2.6 | ca. 2.6
fish —
RO Liver - ca. 1.4 ca. 2.0

Fig. 1 Model fish.

gr‘;gg;’eat;gve — | water |0.05—0.1]0.8—2.0

* Surface : Surface of viscera, Inside : Inside of viscera
** E.D. : Electric detonator, CCR : Concrete cracker

Viscera A
Head
h -
. Plan Viscera B
S
6 ‘
| $ "2y
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S o . s section 8
2 33 84 1

Fig. 2 Arrangement of strain gauges.
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Fig. 3 Relation between peak value of underwater pressure wave and that
of pressure wave in the abdominal cavity of young yellowtail.
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Fig. 4 Relation between peak value of underwater pressure wave and that
of pressure wave in the abdominal cavity of model fish.
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Fig. 6§ Relation between energy flux density of underwater pressure wave
and peak value of pressure wave in the abdominal cavity of model
fish.
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Table 3 Magnitude of strain on the viscera
of model fish brought underwater
pressure wave (Energy flux density

=200 J/m%).
Position Strain (10-¢strain)
In. of visc. A 353
Sur. of visc. A 3420
In. of visc. B 96.2
Sur. of visc. B 1430

In. : Inside, Sur. : Surface, Vics. : Vicsera
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Fig. 11 Microphotograph of tissue of viscera
of fish injured due to underwater
pressure wave.

— 93 —



BI® TR X S, RRALHRL LIcHRT
tX, KRBENBOE I ORI T HHRBE OB
BHEORIMEX, BRTOMY D LFRTOMOEMN
REVCEWCIREABOALS, BEARATIE, M
BREIM ORI 5 AR A0H!n
®ps, BRI (MEBBR) CENTEHERAR
DFHMBREFVZ EXRL TV S,

Eie, H 1Y TR, RAOHESE OHRIREIR
FRIEATAKBENED =5 0¥ —FIE L BuHBE
MRicd st EvmLis, REARRTIE, KHE
HEDO =0 ¥-FE, BBAEIBEOY~27ERLD
T BO A0 3 FOMT TR WENER
EBtho

HEDX i, RANSRET OB LRE
RAERONENTENEHEYRETH L, ANR
FORBERERETDOVPFROAEICKETHLEL
Y, TEOEPIIEDLD»TILHEMLTYS,

4 & B

HFHEANRGE L FRILTW A RBALEY, &
Y AVWTABENEY R RADGAYEETHE

NP OCCHBBCET 0T HROERELEN, K
RLHWTHBREDEYNEL, KEEHERZGT
LBEORKHNONFEHEELHEN L. TLT. Al
AOHEMEE L ROREBEIHE L OBGRIZONWT
HHB LT

ZORE, RBIZIERATAKPENWEDO=FLF~
B, MEAEHIEO - 7 ER X URBRO0T A
OXEED 3 HOMIIIANERD A Z LG
rofe ¥fz, RERFTORBEENRETOVTHOK
FRTHETDH L EL L, FRAYBVWRBRORT
ERLRBRRBOWUELRIZEDLDTIHELT
WABZ ihbrok, ,

Rz, ARRLT I DAY HAOHMAHLXEH
Fe K BT EGE R ERRRE O i kil BARK
BRI AT & ONT A IE E itk % 2 B D g
FRERLLICRMT D,

HELR

D /I, tEl, (REE D TRKE, 37, p.291 (1976)
2) 4, i, B0 TEKEE, 38, p.349 (1977)
D N, Wk, RA D THEKE, 39, p.195 (1978)

A study on injury to fish due to underwater pressure wave (IV)

by Terushige Ogawa®*, Ikuo Fukuyama* and Ichiro Ito**

Injury to fish due to underwater pressure wave is discussed based on the
dynamic response of fish body. Pressure wave in the abdominal cavity of actual
and model fish and strain wave in viscera of model fish were measured. Magni-
tude of strain of viscera depends on peak value of pressure wave in the abdominal
cavity, which nearly depends on the energy flux density of underwater pressure
wave. And an injury degree of internal organs of fish is thought dependent on
the magnitude of strain of viscera in the fish.
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