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Fig. 4 Typical pressure~time curve of pres—
sure wave caused by underwater ex-
plosions of a naked cap and a cap
and a cap wrapped with polystyrene
foam
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Table 1 Example of symptoms observed on internal organs
(Can receiving pressure from head)

Peak pressure : 27. 9kg/cm?
Test fish No. |1 2]s|a|5]6]7]|8]|9]mw
Body length (cm) 20.0|21.2]22.2(23.0{20.5]23.5]21.5|23.5|22.0| 21.0
Body weight (g) 225{ 300| 300| 320 250} 300 | 280 310| 310} 270
Destruction of
: + |+ |+ +e ||+ [+ |+ |+ |+
Liver |-tissue
Congestion
Rupture of _ _
Heat | Ginus venosus e + + + + + +
Destruction of _ _ _ _ _ _ _ _ _ _
Symptom tissue
observed Air Internal _ _ _ _ _ _ _ _ _ _
blader | haemorrahage
Congestion - - - - - - - - - -
Destruction of | _ | | _ [ 4] 4+ |+ [++] + |+ |+
Kidney
Congestion ++ -
Initial observation just
after explosion S F F F F F F F Cc F
Injury index 3 7

Note : F : death on first inspection
C : Serious injury
S : normal in appearance

Table 2 Conversion rule of injury degree from
symptoms observed in main organs

N njury degree]
3 2 1 0
Organ
Liver Destruction of Destruction of Congestion Abnormarity
Essue ++ or + + +| tissue + ++4+~+ not observed
upture of : N
Heart sinus venosus Blank Blank Abnoi)malxty
+++~+ not observed
. Internal . N
. Destruction of Congestion Abnormality
Air bladder |00 ++4+~+ lrﬁ_m_f Tfage + 4+t~ not observed
Destruction of . .
. > Desruction of Congestion Abnormality
Kidney t;_s?:_ ++ or tissue + +++~+ not observed

BRI Ui b DIXFIORIBRA & 0 CHREEE
HEMAE <, v—7ER 25~30kg/em® BIE 0 F
NEEFRBI O 5 & BRIRBANE S L»iiElk
BAKEV, C—2FEMN 3Tkg/em® BEE Lics &,
WTFhOHH»GEELTLREETLATbE»T
FLWBrRds0¢, HEEEENRLE,
RO~ F 4 0HE, PRLLRETS L, BR
OFEDIARE {, MM HZE L 2 8ia iR BFmb R
PFLWHRGLZRT, 2vT5 28 50lENAE
o SEOSBRCRMRHOBALALORAbhN
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Fig. 7 Restoring time of deformed fish body
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Fig. 8 Typical pressure wave-form obtained

by explosions of explosion source (b)

and (c)

Table 3 Relation between extent of injury and time interval of pressure pulses

. ..
No. Peak pressure (kg/cm?) Time interval (ms) IR Ll
Pm1 Pm2 Pm3 T12 T23

1 22.1 17.2 - 35.7 - 10 3.50(3.93)
2 2.2 20.6 - 77.6 - 10 3.70(4.16)
3 23.1 20.0 - 197.2 - 30 4.30(4.14)
4 22.9 21.4 - 491.4 - 40 5.20(4.10)
5 26.1 18.7 22.2 14.8 18.8 10 4,10(4.70)
6 21.5 20.6 22.4 15.0 473.0 10 4.20(3.99)
7 26.2 22.5 23.6 227.1 324.3 30 5.20(4.73)
8 24.1 25.1 23.4 898.7 961.2 70 6.10(4.53)

Pm 1 : Peak of the first pressure pulse

Pm 2 : Peak of the second pressure pulse

Pm 3 : Peak of the third pressure pulse

T12 : Interval between the first and the second pulse
T 23 : Interval between the second and the third pulse

L.R. : Percentage of seriously damaged fish
L.I. :Injury index
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The study on injuries to fish due to underwater pressure wave

by Terushige Ogawa*, Ikuo Fukuyama*, Ichiro Itoh**

Injuries to fish due to pressure wave have the following features.

(8) Injueies to fish vary with the direction of pressure exerted on them.

(b) Generally, a fish recieving pressure from its ventral side has its kidney
injured more than other organs but a fish receiving pressure from lateral side has

its liver injured most.

(6) Injuries to fish seem to have corelation with energy flux density of pressure

wave rather than peak pressure or impulse.
) Injuries to fish vary with species.

(*Faculty of Engineering, Yokohama National University 2—31—1, Ooka,
Minami-ku, Yokohama **Faculty of Engineering, Kyoto University Yoshi-

dahonmachi, Sakyo-ku, Kyoto)
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