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Experimental Study on the Maximum Pressure and the Duration Time
of the Horizontal Water Impact of Flat Plate

by Shinzo Okada, Member Yoichi Sumi, Member

Summary

This paper describes experimental studies on the horizontal impact of flat plates falling onto a still
water surface with a trapped air condition. In order to make clear the effects of the mass of falling
body, plate breadth, and impact velocity on the maximum impact pressure, we have carried out the
experiment of plate breadths of 0.2, 0.4, 0.6 m, in addition to those of 0.25,0.35and 0.5 m done in 1983.
The results of the data analysis confirmed the following effects
(1) The maximum pressure rises in proportion to the parameter Kn,

Kn=1/(1+Mu/M)
where, M is the mass of the falling plate and M, is its added mass of the water,
(2) The impact duration depends on B/V,,
where, B is the breadth of plate and V, is the impact velocity.
Based on these facts, we have developed the following empirical formula to predict the maximum
pressure and the impact duration 4¢,

Pre= MuwKn Vs

max =

B4t
Mw=%.owB’2
_1.= 3(_&)0.673
VT, 0.144 < 10 B

where, V5 in m/s, B in m, 4¢ in s.

The agreement between experimental and predicted results is remarkably good. The formulae
developed including the evaluation of the impact duration are suitable for the design of structures
exposed to water impact.
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Fig.1 Water impact pressure Fig.2 Pressure distribution and time history by
Wagner’s Theory (84=15 deg.)
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Fig. 4 Pressure distribution of a flat plate at peak of
impact
(Present experiment; B=04m, Vp=0.24 m/s-
3.25m/s)
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Photo 2 Test plate (B=0.4 m)

Tablel Test plates and experimental range

Breadth Drop Height Impact Velocity Mass of Dropping
B H A Body
600mm 10mm-600mm  0.12m/s-3.25m/s 83.5kg/m
103.5kg/m
133.5kg/m
400mm 10mm-600mm  0.12m/s-3.25m/s 77.5kg/m
200mm 10mm-600mm  0.12m/s-3.25m/s 68.5kg/m
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Fig.5 Definition of impact duration 4t

Fig.6 Mass effect on maximum pressures
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w

4 5

(6) REVERSINL-EHFREHHOBFE LR, KIE B »
0.2m, 0.4m, 0.6 m ZSEOREBETHY, 0.25m, 0.35
m, 0.5m & 1983 ££% 1217 > e KRR OBPEME T H 3, Fig. 7
SRR R BRE Vo M HEIL, WKIE B Hkpl+ 2

HREIBHZ ZER2RLTWS, 2O &k Wagner D

TEEERE L 1/ Vo(x BAKEE) B2 2 L EEmL
Tw %, Fig. 8 121 Fig. 7 THW 27— ¥ Ofttic Lewison,
G.et al” BEERSY DYIEMES Fay ML, Vo/B k&=
4t &£ DBERRRIZ, £ DIES D X ixH 3 48, FIEEERY
D BlVo iZ3§ 2 KEMIZH S » T, Fig. 8 13 ERERT 28
Vo/B DBAEITRENB I L #RLTWE, DI b,
ERIEH BVoOBKTEINS L LT, REE KT
RELTRDDBDEFEHLI-,

1/dt= a(%)ﬂ (9)

ZIT, a B IXEBRERTHS,

Fig. 8 icix &7z, (9) RDEBIE 2R U208, EBE
o BOFMZIZFig8 Truy Lz TOF—5 %
FHwa 7z,

3.3 e
B EDREED B2 5, UTOHERIES N,
= MuKnVo
max — Bdt (].O)

zzT, 11/1w=—g~prz

1.2

1
¢ Present measurements . °
o Expriment in 1983
o Lewison, G. et al.

o Miyamoto, T. et al.
0.3 5

1/At (1/ms)
=4
S

0.4

0.2

0 5 10 15 20
Vo/B (115)

Fig.8 Relation between V3/B and 1/4¢

%=0.144 X 103(%)"'673 11

(1) XOEHKE, Vo (m/s), B (m), dt(s) OBz x
TEH5HDTH 5,

Fig. 925 Fig. R C EBOR AV EBREHDO#E
& & BIZEDH# 2R T, Fig. 12 ® Verhagen® 0¥l E
2ROT, BOTRL—HERL T3, 4H Verhagen
DREDIRIES HA L LT, Verhagen & F UiKig (B=
04m) TCOXRBRET-THD, BEFTEEM Verhagen
DRELD bHAFLERLE VT H ST, FUAREET
Verhagen X S EIOERED 2~3 5O BRKEH 2B T 1n
% (Appendix D7 -3 2M]), ZDZ ik, SEDOEITT
BonlBRTh2, RNELAREENFUSS, BAE
TEEEZICHBIT 5 2 L s &R L2V, LiztisT
KD EERFETTIZ B=04m OERE L L TSET-
THIERER 2 vz, Verhagen O BISEHE & < BN 12 B
W-HIEEDOK & 2HHEDFEHEIE, Verhagen 0 EE Iz F
W AKEOHIE B=04m i LT, i 1mXZES0.4m
CHEBERNE ot CE VY BERD—D EEZ 5055, B
EDEIAE->ED Ui,

R, EREFOHEM &S EEIE L 72 ER R o
FEHDBRED % Fig. 13-a~Fig.13-c 127 L 77, s
& ERANC &5 FHET % 2RI H 2 48, HEEED

NI |- El ectronic Library Service



The Society of Naval Architects of Japan

386 H&E
250
200 -
- . Y‘/
§ 150 B=0.2m [
n.i 100 })V:Experimenul“‘
50 Formula —
0 et | ]
0.0 0.5 1.0 15 2.0 25 3.0 35
Vo(m/s)
200
P
—~ 150
5 . B=0.4m B 4 .
= =T
A.i 50 e °
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5
Vo(ms)
150 ‘
|~
= 100 B=0.6m P PN
% / 7
W L
i et
a 50 - ="
0 .__.—f'f
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5
Vi(m/s)
Fig.9 Predicted maximum pressure and measurement

Pun(kPa)

Pru(kPa)

Puu(kPa)

300
250
200
150
100

50

250
200
150
100

50

200

(Present measurement)

B=0.25m

0.0

1.0

2,0
Vo(m/s)

3.0

4.0

5.0

0.0

1.0

2.0
Vo(m/s)

3.0

4.0

5.0

Sm.

0.0

1.0

2.0
Vo(m/s)

3.0

4.0

5.0

Fig. 10 Predicted and measured maximum
pressure
(Experiment in 1983)

1200 ‘ ] I [
o
1000 " 5 | ewison,G. et al.(B=3.05m)
. 800 a Miyamoto, T. et al.(B=0.5m) 5 //
[J
% 600 7
ol e
400 =
200 "/A "
0 NSy o
0 1 2 3 4 5 6
Vo(m/s)
Fig. 11 Predicted and measured maximum
pressure
(Experiment by Lewison, G.” and Miyamoto,
T. et al. #)
350 ){
300 X
_ 20 [ VerhagenJ.H.G. (B=0.4m) ~ |
= e " Bl x X
& 200
=4 x
]
a‘n 150 :
100
50 % —
0 L ~ /
0 0.5 1 L5 2 25 3 3.5
Veo(m/s)
Fig. 12 Predicted and measured maximum
pressure

(Experiment by Verhagen, J. H. G.?)

F—F—RBRHEZ TR, TN ESRAARE
DWTHEMTHEZLBRLTVS, REHUIKES &,
KEERRO & 5 CHEHBWLHEOHSIE, MELLTVS
BEYOBRBAY OBECHEEREOTEMIEECH
%, HERRFELEEOEEASIGE I IERAE SR EE
ENBL, BRRFAFTELAKEL T, #HEOEEELT X
D HEBERELS T > LAV RIEBETE /NS CRE R
MEERORVFELEZONEIHOTH 2,

-

AT T, PR DA KEE SRR O EERE Sy & HRR
HOME 21T BT, IhETCeTbni e[ 5
WCIT-o /KB R D L ic L THEEREER L, UTo®HS
Bont,

(1) FHRIERUKEEERRCLEOHRE, BREN
FKEROESEEMICHFIL, UTD K, Ol E+
3,

4.

1
buax > Kn =300

ZI7T, M3EEROEE, M, 3ZOMMAEETSH
%,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

AR D KK ET T B 0D oA F7 & (BB 0 HER TS 387
1 " 2
B=0.6m ( B=0.2m
Ve=1.88m/s . LS T yel.88mis
Q05 Prues (pr ) < .
ﬁz /\ E: tr - Dmax (prediction)
= 0 “—'/‘ At(predicﬁon)kq‘—_:;_———‘- = 05 r ﬁ
) 2 4 6 8 10 12 0 e At (prediction) _[* g
) 1 2 3 4 5
05 t (ms) as? t (ms)
- 1r 2 r
B=0.6m L B=0.2m :
< os| Ve=2.66mis //\ - 1.5 Ve st P
) g 1+
= 9
% 0 _,._...”"'/ ) \ . E 0.5 - /
) 2 4 6 8 1 12 = ° _-M’M . —
1 2 3 4 5
05 L ¢ (ms) 050 )
15 f 25 -
B=0.6m - 2t B=0.2m N
«— br V¢=3.25m/s /“\ < 15k Ve=3.25m/s
A = L 3.25m/s.
- kS | 2 |
3 // ‘\ E, 0‘
=0 ' ! : ' =0 u«*“ﬂ . \ . v
) 2 4 6 s\-w—--—-q-z 0 —
-0.5 - . 05 ¢ 1 2 3 4 5

t (ms) t (ms)

Fig.13-a Predicted impact duration and measured Fig.13-c Predicted impact duration and measured

pressure on center of flat plate (B=0.6 m) pressure on center of flat plate (B=0.2 m)
1 (2) @RI B/Vo LK T 5,
1| VelStma (3) (1), (2)DBEFE»5LUTFORKAES & EEEH
- "5 ~t— Dmax (prediction) - o =
Lo T BT 3 ROREER £ B2,
0 = * At (prediction) l“w—'—‘ mex B4t
) 2 4 6 ] 10 12 z ,
05 ¢ (ms) I, Mw=§pw3
—1__— 3 _V__0_>0.673
~0.144x10°(-2 (11)

15 Wals
ADROEHIE, Ve(m/s), B(m), 4t(s) DEAIZ8F 3

/N bOTH S,
\\ 212, BRI Ka=l OB, M AEEK, B2 5 £ AR
: < : HENEMGLLZOBEORKEN£2ET,

{ 2 4 ¢ 8 10 2 (4) BREAOMERE L BIEE 2 L7 5E, Ver

p (kgflem’)
)
th

0.5 -
¢ (ms) hagen DEIEM % B &, #HIE0.2m~3m, UK
. 0.4m/s~5.5m/s DPEBEDOEEH THD TR L—H %2R
s | B=0dm ¢ U720 7272 L, Verhagen OBIFEME & OO ERIZTET

(5) EEREOHEEM L SEIT> 2 EBROENBE %
H&LUIHER, BEREOA - —3ERNICHETE 3

1k Ved2smr /\ 5,

p (kgt/cm’)
e
o

. .
s 2 4 6 8 10 1 MRS, IO LRAMECENTY, EHE

t (ms) HARPENTHL I L ERTHDTH 3,
Fig. 13-b Predicted impact duration and measured ATz S KIEE D 0° DB S DL 4 E 2 21
pressure on center of flat plate (B=04m) & GA#rBo 2 & v D EAAN £ EERE ORI

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

388 HREMYERLE $18 8
PHEETH S, RATH LI Fig. 5 TEH L 72 B L 193-215
At DIEERSHEERED 12 0 OB e — o DEE & 3) Chuang, S.L.: SLAMMING TESTS OF THREE-
EEATH D, DIMENSIONAL MODELS IN CALM WATER
RHEE R ER R 1 LT b0 Tib 3 & I 24 NAVY  NAvoL CeRARTMENT OF THE
Teo Tk, MTEEZNNIIGE, EEVLETH D, FI DEVELOPMENT CENTER, Report 4095, (Sep.
ZERKENKDOERHECLD, Co 2AkPTOEEL 1973)
LT 0uCuVo 282 2 2 L1375\, & D HVE B O HE 4 TEERR, BEE, LUOBK  FHROKEEERC >
S & CEADFMARIELLICTS A bc i, K oo SRS, 5590 5, (1951), pp. 69-75
BEUBRETOS 55 3TRILECHS L H 5 P REAR PHROKEERIONT OB 2H), EH
: ° BhEamsCE, 58 94 5, (1953), pp. 105-110
b LD, —ROAKERIEICIE, Wagner B ABEH 5 & 6) Verhagen, J. H. G.: The Impact of a Flat Plate
SRR O SRR (0°< 8<5°) OFSRE, % 7-, EEOMIG on a Water Surface, Journal of Ship Research,
~OBRICKEL Tk, #htkE 8 & OHESHES O MR AT Vol. 10, No. 1, (1967), pp. 211-223
RTH B L, & &1 (SRS & 5 8O E e 0 RIS, 7 Lhewison, ?.V;nd Maclean, W. M.: On the Cu-
N - . shioning o ater Impact by Entrapped Air, J.
REZCOREOEINTOE, ) Ship. Res, Vol. 11, (1968), pp. 116-130
BRI, RFRCELT, B2 CHE£B - EEKA 8) WiA#Ey, AHXE, MONS, SHEE NS
FRIPEEEI BB £, KD FROAFEAEEEOBE, HESMESS
2 = v & %, %; 153 &, (1983), pp. 235-242
=z 9 HEAR, AETEWEHICERT 2 EREEICO
1) Wagner, H. von: Uber die Landung von WT GBI, HEEMEXRE H156 =,
Seeflugzeigen, Zeitschrift fiir Flugtechnik und (1984) , pp. 297-305
Motorluftschiffahrt, Jahrg. 22, 1. Heft (1931), pp. 10) Iwanowski, B., Fujikubo, M. and Yao, T.: Analy-
1-8 sis of Horizontal Water Impact of a Rigid Body
2) Wagner, H. von: Uber StoB-und Gleitvorgsinge with the Air Cushion Effect, Journal of the Soci-

an der Oberfliche von Fliissigkeiten, ZEITS-
CHRIFT FUR ANGEWANTE MATHMATIK
UND MECHANIK, Band 22, Heft 4, (1932), pp.

ety of Naval Architects of Japan, Vol. 173,
(1993), pp. 293-302

Appendix BATICER L T—9

Table A-1 Measured maximum pressures
(Present experiment)

B=0.2m M=68.5kg/m B=0.4m M=77.5kg/m B=0.6m
ass mpact aximum Mass Impact Maximum Mass Impact  Maximum
Ratio Velocity pressure Ratio Velocity pressure Mass Ratio Velocity pressure
M \ Pmax M Vo Pmax M M Ve Pmax
 p.nBY/8 (m/s) (kPa) p.BY/8 (m/s) (kPa) (kg/m)  p.nBY/8 (m/s) (kPa)
0.42 8 0.42 5 0.42 3
0.42 10 0.59 11 0.59 6
0.59 13 0.73 16 0.73 9
0.59 10 0.84 21 0.834 12
0,73 16 0.94 24 0.94 13
0.84 19 1.33 35 133 23
0.94 28 1.63 49 1.63 33
1.33 47 1.88 57 83.5 0.59 1.88 39
133 47 1.23 2.10 65 2.30 57
4.36 1.63 63 2.30 78 2.48 67
1.88 84 2.48 82 2.66 78
2.10 105 2.66 97 2.82 82
2.30 114 2.82 101 2.97 91
2.48 140 2.97 109 3.11 95
2.66 159 3.11 1i6 3.25 101
2.82 161 3.25 128 103.5 0.73 2.66 89
2.97 162 133.5 0.94 2.66 101
3.1 201
3.25 213
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Table A-2 Measured maximum pressures
(Experiment in 1983)

Mass Drop Impact Maximum
Author Breadth Mass Ratio Height  Velocity pressure
B M M H Ve Pmax
- (m)  (kgfm) p.aB7__ (m) (m/s) _ (kPa)
0.196 1.96 52
Yamamoto, Y., 0.363 2.67 78
Ohtsube, H., 0.50 53.6 0.55 0.561 3.32 113
. Okada, S., 0.753 3.84 145
Sawada, M. 0.956 4.33 183
and Murakami, T. 0.200 1.98 69
(1983)° 0.399 2.80 114
0.35 49.8 1.04 0.582 3.38 160
0.794 3.95 199
0.912 4.23 233
0.195 1.96 72
0.387 2.76 128
- 0.25 46.4 1.89 0.578 3.37 193
0.746 3.33 237
0.931 4.27 292

Table A-3 Measured maximum pressures
(The data reproduced here were taken
from figures.)

Mass Drop Impact Maximum

Author Breadth Mass Ratio Height  Velocity pressure
B M M H Ve Pmax
(m) (kg/m) _ p.nBY/8 (m) (m/s) (kPa)

Lewison, G. 0305 245 230
- & Maclean, W. M. 0.610 3.46 414
(1968)” 5953 1.63 0.914 4.23 598
(re-produced) 3.05 1.219 4.89 770
1.512 5.45 1046
~ 4092 1.12 1.067 4.57 584
5271 1.44 1.067 4.57 654
7193 1.97 1.067 4.57 748
Miyamoto, T. 0.057 1.06 26
& Tanizawa, K. 0.135 1.63 53
- (1984)” 0.215 2.05 73
(re-produced) 0.50 55 0.56 0.270 2.30 92
0.360 2.66 113
0.400 2.30 121
0.435 2.92 133
0.535 3.24 149
Verhagen, J.H.G. 0.04 0.89 16
1967)° 0.04 0.89 20
(re-produced) 0.04 0.89 23
0.07 1.17 29
0.07 1.17 35
0.07 1.17 44
0.10 1.40 44
0.10 1.40 53
0.4 20 0.32 0.10 1.40 59
0.20 1.98 98
0.20 1.98 118
0.20 1.98 137
035 2.62 177
0.35 2.62 216
0.35 2.62 245
0.45 297 216
0.45 2.97 294
0.45 2.97 324
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