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A Calculation Method of Uplift Forces on a Horizontal Platform

Katsutoshi TANIMOTO*
Shigeo TAKAHASHI**
Yoshikazu IZUMIDA***

Synopsis

An estimation method of uplift forces exerted underneath a horizontal deck of platform has
heen proposed in the present report on the basis of experimental results. The uplift pressure p(x, )
is given as the sum of shock pressure component pi(x,¢) and static pressure component ps(x, 1)
expressed as follows:

pi(x, = zwgo on?K(x, )

[’s(x, ‘)=Wo{7)(xy t)——S] ) 7]2 $
=0 , p<s
where, w, is the specific weight of fluid, g is the gravitational acceleration, un is the upward normal
velocity of undisturbed wave profile at the surface, K(x,t) is a non-dimensional function, p(x, 1) is
the water elevation due to undisturbed waves, s is the clearance between the bottom of deck and
the still water level.

K(x,t) is the most important function to characterize shock pressures and formulated for the
following three states according to § which is defined as the tangential angle of wave profile to the
horizontal deck :

(1) B=Ba: the effect of air compression can be neglected at the impact instant of water sur-

face to the deck bottom.

(2) Pa=p=B.: the effect of air compression can not be neglected, however the air layer is

not enclosed at the impact instant.

(3) Pc=p:a compressed air layer is enclosed at the impact instant of water surface to the

deck bottom.

The method is applicable to the any value of 8, even if 8 is negative value which is defined
for the state where an air layer is enclosed geometrically by the undisturbed wave profile and the
structure at the impact instant. This state is occasionally realized for a platform bounded on the
shore end by a vertical wall. The experimental results indicate that B, is 4.77 degrees, f; is 1.33
degrees, and extreme maximum value of K(x,¢) is 250.

The calculated peak values of total uplift force on a deck give the upper limit of experimental
values, although the measured local peak pressures are considerably scattered. The wave profile is
to be estimated with a finite amplitude wave theory. In the present study, the third order appro-
ximation theories are apllied to both of progressive waves and standing waves.

* Chief of Breakwaters Laboratory, Hydraulic Engineering Division
#% Member of Breakwaters Laboratory, Hydraulic Engineering Division
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Thd, ThiE, KHEHBENTWSZ LT » THAR
IZBALAY 5 NEKENRER &, Bagnold 233 x 7-4%
REGSOEBIR O LIk 3L Bbh 3,

EHIT, TORBELRDEMHDREEEND DI,
EAFAOBHIZY 72 b 50, FIRY L IDESSH
DELKHHEPULDHEETDH LI L TEREZFTR-T
W3, R DY v BEFITEWNE EERNTICT
L, EHOBBHELFEnis LR Yo — 728 1
BbhaDTEAL, BerieIb ER VDL~ 7732
E3ERb N3 RBEINTEL 2 - LABREIhAE, =
NHITEM B EFRRICH VT, Lundgrenss
A% Compression shock &A1, HZEMIZZE4IBHES
LABWOENT, ThEeEETHEEIZELBEDERL
HEADLOT, \whp5 Bagnold BMOERETH S &
Vwika,

B-2.7 X Lewison & Macleans” 3§57 o 72RO
B X U ORI E L OREFTH D, Z DT
BIUEEITHY, Lavd 206 2/p A2 310cm L

10 B T [] RN
P Experiment by
- Lewison 8 Maoclean
(kg/cm?)
ol 210 = 310cm |
Vi =536cm/sec
M= 518g/cm
i PuloVa:-848 |
gs/em?
6 Lovat=1466
g/cm®
- Pt = 9.7 kg/cm? ]
Kp = 66.2
ar L2r~Pm.=7z7 7
gws/cm?
(r=15m sec) |
2 =
| |

t (m sec)

R-2.7 £=0° OEOEHREDORRKIZE(
(Lewison & Maclean ZEER)

BV L EBEEDNRBEMN, Kp=66.2 L&V,
EEDARI ZED=ZAFITEWETH Y, HFE 73
gs/em? L5 Tnd, ZORPEFRIATORKENS
HERLTRY, FRICL B EPRPRTREL, T
KREWTEHICIKTFTLTWwW 53, Zo Maclean 8T
3, Kamel % Chuang D FEEr L Rk £=0° CHER
DEAZDELY putaVa ITHYSETHIEHARELRATY
2, L7cd o T, Verhagen LREZ X DI, b=
0° Tt/ & 2HENTWAWERKE Tdh o T HIERD
BTRELE->THIEXOELFEMALIAYD, ThiC
Lo TENMINEL BB EEZZORELEBbIs,

3. BEHOUNERR

3.1 EBRO®RE
PLE, Kilnk OWEIC X VAT S EREICETHER
DOHFFEZFHB Lo AR TRAMMEOAKERRIZEI K
X 3BENDHEEEZRTT D DITh FED
OERISVTRD, R LHEEREOBRHRE4ET
v, FETRBEHOEDIAE 8L U wH TEH
LB OA - — 7Tzl 5,
FBROBEBUIAMNLTRDOIFETH 5,
(1) SETRIC X 3 RBTRIRERIE R (2 Poo)
(2) EHMEIC X 3 RBTMREREXES (2 Kk5T)
(3) SETRICE 2BESHASOEREIER (3R5T)
WEY—R—RDENT 4 v EBIRF - # 9 FFE°
7=, QHRGEZHRELEZLDTHDH, wWFhl
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65 Pressure Transducer fixed at X

Wove «fNo.l 2”.3 ‘4 ) 5 1= '\é‘fﬁeéﬁfe
s
) i =
—. 4 )
[o]
:h
_ i
R-3.1 EEFHZ X 2 EES (FmED

WimErReHz X 3, T RICEWEARIZ2E 160m, (F
10m, $EE 1.5m ORKET, HEEIZABROREP
Fiz B-3.1 ICFT X S I TS ERE WY 410 78
BB AROFE 240 L CRBIR—CEB L7 b DT
b b EEWOLA T DORMICAEBROE LB 3T

£-3.1 ¥ = g o
w o | BEED | BEERK | REED
No. [# I\ ehlwm K H | E &
(g/em?) | (Hz) (%) (cm)
1, 2 1000 225 3.5 1.8
3,4, 5 500 205 4.0 1.8
%£-3.2 AHIFORE
K B BER RS ZES (Hz) IR
(kg) {ip=32cm |lp=>50cm |lp=72cm (%)
30 25.0 23.0 20.0 3.0
£33 F B ¥ — X
& |1 EERHNC X B ETE (160mAkKE)
R\2 " A (160moAE)
| 5 AHONEHC X B BB SIMASET
3 (40mzK )
Rzl T | 2.98, 2.12, 1.56, 1.13sec D4 7 —2A
T
% 10, 16, 20, 24cm D4 7 — A
D | s | —4,0 4, Scm D4 —2
A |, | 152 160mARETrt h=82—scm
23 3. 40mKEOEAEIE h=74cm O—JE
e 1,2. 160m/AKBETi& Ip=50cm o 1 H{iff
WS ip| 3. 40mkETix ip=32, 50. 72cm
? o 3 HiFH

A B A - S E M - FoRmEIST

B, T ZiT, HWITH, EHEHORAEIAERD AR
BESERDBZNRVWPERFTEEDDOLOTHY, 2
WEAICBARHEDIZE AL IEBL T2E L UTHET
BEOBORIZH Y, HIBARIEREOBOPIH D
ZLEENT S, ZOERICAVEREEHBUSF—OR
EAZEHERS BT, TOFEERIR-3.LITRLTVWS X
5278 0.5~1.0kg/cm?, ZEfh TOEFEENL 205~
225Hz, WRFEEE 3.5%, THEFEEE 0.9cm TH5,
RO BRE AL KRR DA FHE O P D & - 7c

FEHEX CThob L, X=6.5,11.5,21.5, 31.5,41.5cm .

& L7,

@BNEFT7 4 v EMTERRE LT, £K 40m, if
1.5m, #&X 1.5m OABTHEHDOEAERE LD
DThHd, HANIDE Ip 2 32cm, 50cm, 72cm @
EHBRT, HERIAKIE 1.5m O 48% LT Th
Y, =S EmREZD TN 3,

BEHEHOWEICIE BE-3.1 ITRTIIARKSN
HERW, FORMEMIE R-3.2 DLBYT, EFR
THEAMIIEIROERIC X » TETF R4 D 20~25Hz
Tdhdo

BEFHZ L Z2WERTT — FAUHEDOY AT AiEK-3.2
WKRLIZEBY THD, ThbL, FEHESHELNE
WL, F—Fva—FiiEHTs, chixue—x

BE-3.1 X 4 # &

|

a o 2 F AD
p(')"{ Eicie l‘“"Lsum %

P1,Ps s PN
MAEDI5 k& = DT
GRIESH X 3515 :

O—/82
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KRB BEAIZBET 5%

AT 4NF—%IBLT 1/2000sec DY FY L7 &4
LTADZERL, ERRTOAETI VAT LATHS, ¥
FEORBMZLBEBREBIZ L > TRIIET2 X 5L
Thb, 6 5NMFHXBTF— SR HBEF v sT
Tt o Ti&EL, ThimnirR5I izl
7o

FEEry — A% K-3.3 2L TRY, 160m 7Kgz
31 B MERBR T, AEAROWE (p 1% 48cm O—FET
KEERA S 82cm DFESCEEL, AiE h & 86cm,
82cm, 78cm, 7Tdem X BT Lok D, #KmE & A
SR TN V75 A s #—4cm, Ocm, 4cm, 8cm
O AT E R, T2 s XARBAFICIBANTT
HAZEALTWBZ EE Kb T, 0m keI 515
ENEHOREER TR, FiR LA X 52 (p=32cm,
50cm, 72cm DOIEHTERD 3#T, KiEZ 74cm T—
FLL, BUOEEZEIBZLIZEVIVTS VAR
4fi T LS,

FERI T2 CHAIL T, JUM T A32.98sec, 2.12sec,
1.56sec, 1.13sec o 4 fi, AREE H » 10cm, 16
cm, 20cm, 24cm D 4FWTCHEOFBICLDER Yy — X
BRELWTI6r —RER B, 722 L, 160m KRIZBITS
FERTIE T=1.13sec i oW Tk AKBOEREEE H
=10cm DHZTIZr— A& Uiz Lehio T, #%E K
Pt S b ¥ - ERET 160m K¥E iz i) 5354104
r—2R, 40m KRicHiT5BEA1447 — R, BWEEQFH
LC248 7 —ATh 3, BIEHREIIAMICE - THLN
ERBERD6 ~8hk L Liz,

3.2 EOERKR

(1) #HTE

160m KEIZ I 5 ER TIIAERZ %FE LI AW
QUBEL L8kMF o L7 Y — MEDEBCH I Y fifis» S D
EOERRROBELHFL . ZODFET 7 Ak
Y OhRIEEAE (& 39m, §0.5m, & 1.0m)
RICRBOERI > 55 TREEZT R -7

B¥i-3.2(1)~(6)MY T=2.98sec, H=10cm, s=0cm
DEMHZ L BETEOBQOEDIEARREE R LI LD
THDo T—FNSATHATERTH 0.286sec =
LUIHGERE L2 Lo b 6 EBATWS, (WRTH
IZREHTET SHMORETH B, Wik FimoHEic
BNELER LY, HEAPLRIANTHWI015TBbHSH
5o (FFHELHORIRT, #HFDL EROLHD
LW ELGERB LA S TWS, EEETRENT
L bmo RV, Ktk LY oRMEiHT 5, 3N
ARG AR IFIGS & e 72EOIRIR T, FHideikiz
KEL T3, NI fUH & AKEENEED - L EOR

T 2185 |
BENRE  h-ren
834052998 3% 0em

FE-3.2 (IEOERRR (¢=0sec)
T=2.98sec, H=16cm, s=0cm

BENMNE }éilz,’?f“i; |

#34052%98 AL, B

FE-3.2 QEOERRIE (¢=0.286sec)
T=2.98sec, H=16cm, s=0cm

a3 fos2¥ 98

BVEOIEAIRER (¢=0.571sec)
T=2.98sec, H=16cm, s=0cm

FH-3.2

- T =2985ec )
BENME  f-sgat ¥
LT 2] B L L

Bri-3.2 4EOERARER (¢=1.143sec)
T=2.98sec, H=16cm, s=0cm
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FH-3.2

BEE-3.3

E&E-3.3

G OVERMRDL (¢=1.714 sec)
T=2.98sec, H=16cm, s=0cm

(6} DIERRIL (¢==2.000 sec)
T=2.98sec, H=16cm, s=0cm

(VEDIERIRIL (¢=0sec)
T=1.56sec, H=16cm, s=8cm

@B OVERRIL (¢=0.285sec)
T=1.56sec, H=16cm, s=0cm

BETNBE
134052% 98

BEE-3.3 QNkofERIRI (¢=1.143sec)
T=1.56sec, H=16cm, s=0cm

BE-3.4 (DEOEARR (¢=0sec)
T=2.98sec, H=16cm, s=8cm

$EN B
B30 S2% 94

BE-3.4 (QEDOEMRI (¢=0.286sec)
T=298sec, H=16cm, s=8cm

FH-3.4

B DOERRE (1=0.571 sec)
T=2.98sec, H=16cm, s=8cm
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BE-3.5 (WO ERIRDL (¢t=0sec)
7T=2.98sec, H=20cm, s=4cm

BH-3.5 QK0 EMARER (¢=1/3sec)
T=2.98sec, H=20cm, s=4cm

BHE-3.5 QMEOEMARBR (¢=1.000sec)
T=2.98sec, H=20cm, s=4cm

R, SNETANRMNZET LTV & EDORBEEFRT,
ST L/AKEMAENATB D, FTHRIZ2WTW SIS
MSTIRIZ A Do (BT ZMHTEF LKES L HITER IR
RETT, EEizsri VHA TV S,

Bri-3.3 (1)~@3)x T'=1.56sec DEEDERIKIR,
BT-3.4 {1)~3)if T=2.98sec T s=8cm HOHL D
ERREEFRLTWS, T=1.55sec DB AIITHITHR
OETHRELITEF L I Bil, ROBDIERILEE
> THY, P IRKEAELHEAEFHLRADLA TS,

BI1-3.5 (1)~13) 3 Hhhiz X 3 IEHHROLBES
EMOUDERREEF . —DDLES Ip H 50

BR-3.6 (WEHENOERARR ((=0sec)
T=2.98sec, H=16cm, s=0cm

FE-3.6 QBEBEEOIEMARER (1=0.286sec)
T=298sec, H=16cm, s=0cm

He 16 iy el

3o 52%92
Seom b

EFi-3.6 QEFEROERRKR (¢=0.571sec)
’ T=2.98sec, H=16cm, s=0cm

cm, fRE 5.5cm, s=4cm T, T=2.98sec, H=20
cm Thb, HIREHOE[D, S LEF~NETTS, <0
e, Aoty e, WHcb4Ers,
(2) BER

BI1-3.6 (1)~6, 3.7 (1}~ 3), 3.8 (1)~3) i:ffTik
DEFI-3.1~3.3 LFEI&KHIZHENT, KEMBAMICESL
REE T - EERAMC X AEOERARRER L LD
Thb, BII-3.7 (1) itHRBMFINEALHRD L IiZ7 )
T 5 AN QIR ST 3 AR T G & T SZBE & DR
ELGHRBLADLNIRETENRERA T L%
Vo
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BE-3.6 @EHBEEOMEMKE (¢=1.143 sec) BE-3.7 QWM ERIRE (¢=0.286 sec)
T=298sec, H=16cm, s=0cm 7'=1.56sec, H=16cm, s=0cm

EHE-3.6 (GIESEKEOEMRER (¢=1.714 sec) BE-3.7 QVEBHEOIERRE (¢=0.857 sec)

T=2,98sec, H=16cm, s=0cm T=1.55sec, H=16cm, s=0cm

BH-3.6 (OEBEOERRS (1=2.000sec) BE-3.8 (VEHEOMERE (1=0sec)
T=2.98sec, H=16cm, s=0cm T=298sec, H=16cm, s=8cm

: : , i : ,
FE-3.7 (VEHKEOERARER ((=0sec) BE-3.8 QEHEOERRER (1=0.571sec)
T=1.56sec, H=16cm, s=0cm T=2.98sec, H=16cm, s=8cm
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ﬂﬁ-ﬂ’ii ;‘,Z,‘= I$»nairy
18452595 Se2m |

X -
FE-3.8 QEHEEOEMRER (¢=1.143sec)
T=2.98sec, H=16cm, s=8cm

3.3 BEFICLZIERELURH2S

(1) EfTE

H-3.3~3.6 {x T=2.98sec, H=16cm, X-3.7~
3.10 i T=1.56sec, H=16cm DOi#ETHRILLZFh
Fh s=—4cm, Ocm, 4cm, 8cm DA DOWIEICE
EHIRLIE DD TH B, 3.1 TR7- X 5 Iz BEBNEE
L@ RE L b D THBN, ZOBPESOr — 2R
T 4NE—DH v MNEKEX 300 Hz TEREHOBEIR
AL D bTEL, T Yo7y LU F A Ald 172000
sec THHDTHEFDOEELREZOTETRDLILD
DEER B,

SEICEEHOBEFRSTELATE Y, Ficipi

HFVOREBRIZ WA, BRI B-3.3 0 X=
41.5cm (BB AFNEDIL TV & S iZPfioalk
SEH MY 6D HREORS & ThITE B RZE
{LOBHEHDBH L I OR- TWD, Eiz, H-3.40
HRIZRHONB L 5 B RTLORBEOWMIA
DIkt -THY, ADBEAIBETI I LHBbhr B,
L LAAS, 5 LicHBaZeoRibhkix, Eo
SR YT T L ARUBIESRIC L > THETRL Y,
s=8cm DL, T=2.98sec TIREREDHNBAID
R T=1.56sec Tx#Ed ThTh LrEABERETE
{Li/han,

RICEFOEBINEILIZER $ 5 L EOERS A
5IFAIOB R~ - THHL T Z BB, B
-3.11, 3.12 it s=0cm {zxL T, T=2.98sec, 1.56
sec DIFADILEE H v b AHEE 100Hz & LTRL
LOTHD, BEHOBEFEHISHENTHO MRS
A, FREDOLE—7EERREL 5, TOAIZO>NTIR
3.4 KBWTHLLERBZ LIZL, TITREYAX
3 100Hz Th v b LRI X 2% AV THBA
FIREES T & B TH B,

B9-3.13~3.19 i3 E-3.3~3.9¢ R—&Mo0EEI->
WTHEL DR A FNERCEKREL & 3RORBESE
FLIbDTHB, BREMCISEAEELREEL X h

~ Ny W
10
M 315 cm
10+
X>215cm
w
X=6.5¢cm

e e

E-3.3 MERE GHEfFY, T=2.98sec, H=16cm, s=—4cm)
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WEREE (T, T=2.98sec,
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|
1
o A\ . X=315cm
J
o }Mk' 21.5¢cm
r ’l
or J X= 6.5¢m
B-3.5 WEAEEk GEfTl, 7=2.98sec,
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A Xe 315cm
; s
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1sec
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H=16cm, s=4cm)
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5 1sec
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o
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X= 315cm
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5
r . Xz 2165 em
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N e
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IJOT 5 RZE TN =2 i D 22035
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25 T T T T
p 1o Progressive Wave
{g/cm?) Flot Plote « ,T' :'263“
= 16¢m
00 20 /'\‘0 g‘"“‘"“"“"lgl 'X'Qte - h=86cm,s=-4cm
X (cm) i . —_
o s ) Incident Wave unit ;ﬁsec
®-3.13 FEFREST GEfTH, T=2.98sec, s=—dcm)
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s=4cm)
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3.14 DOIAIE X=6.5cm, X=1lcm {ZWW TR
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i35.9° EETHEREL, ETHOELILRTETHS-
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