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2. Study on Design Wave Forces on Circular Cylinders
Erected upon Reefs '

Yoshimi Gopa*
Tatsuhiko IKEDA**
Tadashi SASADA***
Yasuharu KISHIRA***

Synopsis

The magnitudes of wave forces to be employed in design of cylinderical structures
on reefs such as light beacons are examined by hydraulic model experiments and by analy-
sis of ‘the performance of existing structures under heavy sea.

Experiments employ two model reefs of circular and ledge types with the height of
46 cm above the bottom at the water depth of 36 to 56 cm. Waves with the height of 10
to 30 cm and the period of 1.3 to 2.3 seconds are applied on poles with the diameters of
20 and 30 mm, and measurements are made for wave forces and their moments as well
as for wave characteristics. The experiments show that wave crests rises higher than
those in water of uniform depth by the presence of reefs, especially in low waves.
Upon reefs, waves are transformed into an almost-uniformly-distributed flow with the speed
of about ~/gH. The intensity of wave forces per unit projection area of cylinders is
about (0.3~0.5) woH without being affected by the parameter of Hh. The heights of
application of wave forces are slightly below the middle points between wave crests and
the top of reef. Retreat of a cylinder towards the shore on a ledge reef reduces the
height of wave crests, but the decrease in wave forces is small in the range of x| TN gH
less than about 0.3.

Based on the above results, the following method is proposed for the estimation of
design wave forces on structures upon reefs. The design wave height is the maximum
height, which is the lesser one of the breaker height at the distance of 10H:/, from the
structures or the height of 2Hi/,. The wave crest is at the level of the higher one of
[0.55Hmax+0.7 times the reef height] or 0.75Hmax above the design water level. The wave
pressure of 0.5 w, Hmax is uniformly exerted upon the area of projection of a cylinder.
Along cylinders the wave uprush of 0.5Hmaz above wave crests should be taken into
account for the design of horizontally projecting members.

The formula gives reasonable estimates of wave forces for the cases of two light
beacons, one survived and the other damaged under heavy sea.

* Chief of the Wave Laboratory, Marine Hydrodynamics Division
** Member of the Engineering Division, Navigation Aids Department, Maritime Safety Agency

*** Member of the Wave Laboratory, Marine Hydrodynamics Division
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heD, BHRE XD LTE L S EHROMHED30~60
BREC Lk biv, Ebic, HOFHATGEEELS
L, BEDE LTEEHRC X AED U~ KITAFR
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Thhl, FHETHRELLEEIOEIINE L5,

O3 RERYRTAHEENERCE YL OT
5HEDEIYERHCTRF LERY, KBERBN%,

£-3 FHEHFHERK
¥*% 8 JIR HF R BEFOHE SHOFE*
2o r=fm| Br B F M
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FgoERE D(m) 0.2,0.3 | 0.81.2
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—=0D: TROBRER L b0 L#fETEERS,

e 2

Ik, 0: iEoEfA (707 v)

KRR BMEIE O Fih —RAFO fE LT ELRHE
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BUEMRIEVE VR B,

(4) ROBRES

EoERF B vie ERT5 KigosE s LT
1, HEELEO0.5Hmix OB Al vwrEbh
Bo Tiehb,
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fDEHEE R IV HA Lo B b & 0E S YE
ETHHERE, ROBENEEBTH0OMn—ELEb
h3,

Pu=Cuwo(0. 5SH+ Ymax—2)

G RREL pmax<Lz<R (46)
2, Cu: BESGRE CERS X O AEmHes L
T2.0, AREHHEHLTLO 2 35)
COBEHOERRTHEG, BH-2, 4, 5 7 & byl
FTHESLE DA DT, FROERDI0~20%E
Eths,
ez, KAEIEL S LT vo=~gH T & Hng
H33d0r LTEIR L 2EEOLE(LLRD, Fitic
NTHHNE LTHEN RS2 b DT, Cu=Cp TH
Bo XL, ERIZ X AMFLITR- Thiv-0T, B
EHomsEL#E TS BCoAFEHTNETh 5,
Eh, RHENEOHERE LV EVBE T, ET0H
FEERLES &5 et FciHET50n8E L

.o

4.3 R LB FNHEEOKE

(1) EBF—FICHT B85

PAEARE LB N0 HE RO T8 v T 5
b, ZONHEYETLHEOERT - 2w LTHEBELT
Itce EHELIHIIAR O~ L SR X UKD R L
%, EENSICEERRCST 3 NE—2 v 2 E
Hlies ZofERYEZEREMC RIT 5 RIS E kL
7o [-29, 30 T 5, ‘
EHENOBE, WEE Fueas. DOKRZSFNTFHEE Feal.
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06 T CIRCULAR LEDGE
L (sec) REEF  REEF
04 L 13 030, 20,30em
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GBLith, T— AV FDBETEENKEL DD,
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HEC AT = v 2 v — b CIRM3E TR & h BB R
Wtk B, B, THHCHEIH8m, KB4 mD
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UTiswtik, RTEoBEFRRNEEDLERL
OO EED 5,

R ZoFEReo>nWTR, FRARREEOBA» bR
B2 R 2 T, Hmex=12m BEOE I EH L1
LHEELTW3B,

DR & &

REHEE & LT, H)IBMRET, WETE0BR R
BRI X 5 FAW Ho=8m, T=11sec 23\ bh,
HEoBRMT e — 2 v T ERERIZ2.2Th -
o SEAMOPMIRDO LI Th Do

B £ : D=92mm
B JE:t=16mm
¥ E: SS41 (BRIENE 0y=2,400kg/cm?)
HITE RS : Zs=11,056 cm3
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i) WHEFERERS X ORRBTFE—2 v
ITHEMOFREL LTit, RO=>50FLbh b,
) FRRR R
@) WARELEEROHE
O FREHWEEY LEAEOER
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50
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2V —PRIVEEIHEERD Z L, FRLERRIOK
&0 BEJRIG B b

o:r=0.194 E%———G, 780 kg/cm?2> gy

LBRIGHE LD AREVZ L FOTEMENT,
BRTERROBRTH -t EXL bR D, Fiz vy
Y — MEER, ZORREFE-2 v v RS
BHHEETH B, PEMFCL~N TR0 &
W5 SERREEIESD Y B B 035, SENEEMAE O A B RIS <
DL LTHELR, ZoffE, #RRfiFe—-2v i
Ko L5 eiEsh5,
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i) ¥R

128 3 H O REFEICIT, HABREOZETKD
X5 RRREAEBIE h T 53,
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FriRTEEE (Hi3)max=3.76m, Tij,=13.1 sec

BEITE# (Hiyp)max=7.26m, T1/,=10.4 sec
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Z0 5 LFRE - BEORE LM L KR THEV DR
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%,
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TIBRERIEIA T Ch - o LB &3, BRE DD
BIRbHADOTHS TERVHThE D, 12ZA3HOET
BHSBREEI L BN E R FA LD T
sk Bbhd,

HEoREYMETS L, FBRE TR LLENOHA
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#0.8 DEEEISHO 2B LI L & S=322t Thd,

i) EFRFET

FER464E 1 B 4 ~ 5 H O IREBIHO B 2w TR,
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Bh T 2%, HIrE W THEYRET SRS -T
%, ¥ EREREERED0. 90 LT, ¥, i
RIRE R 0 pEENRFHREH © Bt ek 3
&, H1,=9.29m, T1,=10.7sec Tk, Bt &A
TWIBERFRL YT B LV YD, HEDEE W
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Frmox : & HORAM (t)
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