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Geomorphological features and erosion of
sea cliff on the Jzura Rocky Coast in Ibaraki Prefecture
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Synopsis
Methodology for the investigation of sca cliff erosion is summarized, and it is applied to
the study on the cliff erosion on the Izura Coast in Ibaraki Prefecture. In a geological sense
the stratum on this coast is classified into three types composed of (1) sandstone and pelitic
sandstone, (2) alternation of strata of tuff and mudstone, and (3) limestone. The shape of the
sea cave on the Izura Coast is classified into six patterns depending on the distribution of
these strata. In the cases in which the stratum is composed of sandstone and pelitic
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sandstone or the alternation of strata of tuff and mudstone cliff erosion is severe, whereas
considerably thick stratum of limestone confines the formation zone of sca cave. In a period
between 1980 and 1985 retreat rate of sea cliff was 1.4 m/yr at maximum and 1.1 m/yr on
an average. The sea cliff erosion of the Izura Ceast can be classified into three categories
depending on the probability of occurrence of wave direction, distributions of stratum and
sea cave, and retreat rate of sea cliff. On the southern part of the coast sea cliff can be
casily eroded and its retreat rate is large, because the alternation of tuff and mudstone or
sandstone and pelitic sandstone exists in the vicinity of the sca surface, and the probability
of wave incidence from the south is large. On the castern part of the coast sea cave and
nolch are liable to be formed because limestone exists near the sea surface. However, the
retreat rate of sea cliff is not large. On the northern part of the coasl retreat rate of sca
cliff is not large because of the low probability of occurrence of wave incidence, although
the same strata can be observed as is the case on the south part of the coast. Consequently
it is concluded that not only the wave characteristics but also rock features and distribution
of strata are important factors determining sca cliff erosion.

Key Words : Sea cliff, Rocky coast, Sea cave, Erosion, Stratum, Retreat rate of sea cliff.
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Synopsis

On overflow gates installed on river weirs or dams and sometimes on Sabo dams,
intensive nappe oscillations which cause gate vibrations and low (requency air vibrations
are occuring in a specific overflow depth. Since this nappe oscillation may make structures
instable and also has serious environmental effect by low frequency air vibrations, it is
indispensable to devise effective countermeasures to restrain the oscillation.

This study focuses on an oscillation mechanism which excites the nappe and investigates
countermeasures as well as measures to estimate Sound Pressure Levels by low frequency
air vibrations. In order to separate factors complicatedly concerned with the oscillation, we
conducted the three different hydraulic models, i. e. vertically falling nappe model, flap-
gate overflow nappe model and three-dimensional overflow nappe model changeable in
weir width. Main conclusions are followings ;

1) The nappe oscillates naturally, since configuration of a gate-leaf surface has rarely
influence on the oscillation.

2) Nappe may cause the oscillation under its natural frequency without a gate vibration
and the frequency can be shifted in case that a gate leaf has a natural frequency within
0.75~2.0 times the nappe natural frequericy.

3) Nappe oscillation frequency are closely concerned with fall heights and water fall
velocities.

4) Weir width, overflow depth, volume of an air cavity behind the nappe (including
existence of an air vent), downstream depth at a falling point influence the oscillation
range and peak levels.

5) On long-span gates, oscillation range is getting wider and an overflow depth which
generates the maximum oscillation level also increase.

6) ‘Spoilers’ are desirable to be instatled within about 2 m spaces to make sure its nappe
splitting effect.

7) Since sound pressure levels are influenced by the boundary conditions of both ends
of nappe, detaching the nappe from side piers is effective both for releasing air pressure
in a cavity and diminishing sound pressure levels.

8) Low frequency air vibration generated by the nappe oscillation forins a line sound
source at a falling point and its sound pressure levels can be estimated by water
potential energy corrected by nappe oscillation coefficient.

Key Words : Overflow gate, Flap-gate, Low frequency air vibration, Nappe oscillation,

Spoiler, Sabo dam
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CCEiREETCH B,
(5) JCKFEIE %4 2 5 RHEKGE

-6, 11 (), (b), (N7 L de PWL & BHOKBED HE
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B
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AT 5 L RO & D KRGS b & P —HE DK —20log £/B
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WS~z S 5 & 2 Sh A R A SURE)
DFHNRT -~ DB ER LI DO ThH D, K
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KA IR S D W L CHHREs %2 4D -
FHDITLJINTG v ARMHET LD TCH DS, F2HEL,
ARA IR TREET 5, OTRERL TENE
BT 5, boThh, S0 REHESE DL
TR BN IR S L v,

-7,3 1, BEM30mLlloy cviiio—9 4 —
MR & e A RA F O RBRE RS, 2 TH
TED L, ¥ — T, Sk COBmETH

(26)



BHOAY — 1 OIS HREH R 13

%,
P KIEHTH O 72 o DIRTHNIBE (CH AR o 12X
CAGRA T4k, 1050 0.5~0.7 {FlNssic Bt 3 %
LIRENTHBY, KDL 1=0.511, 0.71 %K
ECHRL T b ST LY, ST R
59 [=2.5~3.0m RN L bDMARATH B8,
BHEAS (%) 1B — b B IR U 2 72
DI I=1L5m IR LT ~AChH Db, Kulid A
A4 BRI S U, MLl bR <
RO e/ 50, MBORIIEHIE itz 5 ki
Waiun, LA Hichhbsd,1S2.0m BT L ¥
NG L e RN Uik B S 9, &2, (-7,
2 OYFEEILC 2 m BUE D S AU IR _R o HHE
THFLIehd, ThEHREIREEELONS,
$£72,123.0m OWPCHBIELEL CouhvnbD b
HoM, BUHMEDOTUEOWEBH LT 0, D%
HIRLCBMRIFIUER SRV,

8, #& i

AWRClE, MEBETAREBLV 79 v 77— b
WA A F W Fe TKIGE 70 B & UBKHER 33 & UvkB
SWOTREHR L L ZRFCT T VDO CRI U
2, WIS - PRI O A 3l ¢h b,

1) AKBHRENE Y — P RO ERIEEA YR

¥, K THROMEBHOBRREEZ N5,

2) KBEHE Y — MMRIG R D A K OB R T
REd 258, 7 — b RSSO BR IR KPR
O FEA P BD 0.75~2.0 ORI b 2 &
8, RBURTIFA A > 7 b3 S afEN D %,

3) IEBOFAE R ER =R E FE L S, ET
B & UK R L T b, B&RE 45k
HESEMOHE T BMS & e RO 5
LI EhaTilsh, TR 1.5~3mics
WC 20 Hz~25 Hz BT L5 2 5 v b,

4) BEYEE, BHOKEE, KEGFHROREEAR (N
KOFREBY), HTAOKGER X, AR
DFUAFUL B & CIRBIL R E 2 5 & ¥
Aohd,

5) RMRHIO L FUR I REINE YKL, Kt
— 2 5.2 5 BBUKESIINY 28NS 5,
6) IREMTILIE & U ORI 5T AL 2
i, EhENOBTER2IS L, KBURE) 2 5L
KIS Z L TER L THHIL VR
TaLHZ LW CHL, TOBEITE, ¥ —

B ETNREON 4 H 18 U, AIEACERD 2 m BUGLLT
DRYID BB LR D 2 EMRLEL W,

7) RBSINC & B IEMHATFIE v v KBRS 0O
HEN AL sy, Wi 5 A T4
12 & DSDRBRIOMNS L i L 425, B> T,
KBS ks 4 EAL A0 & B & &k, KBTI RO 2
S E B 5 O B dp & PPN b IEERH A
bHoHEHELHLNDL,

8) ARG & 4 (CF9 3 e SR LR B T s
BU LB EHBEADH D5, Fle, KD 20
A — (AR HRI K & A BHIE 2975 & L K D {ISH
WSRO Y — L~ hifilsEEn, ZhkD
LT B S BTV S~V BRI 5 L e
WfigL#H2oN5,

9, H & H &

P S — P ASEREE S LB BUIC B W I ERR O
I XY, MORBGHIRESE & W A& b HiL
i, ik ans 2 b#Ez2 o605, o ¢, KR
IREN DS VR R 2 DN H 5 2 & 2%
WU TBLSENDH D, £, EBOZBAw—75
— M B ARHIOC — 2 %5 2 5 BHKEER, K
R LB LD LD PPREVD, IHRETROMN
&L bR & B OKIEE & DRSS — M E
Rick>THRESTwERDEEISNS,

CARA Tk, BRI 5V T HKBIRBIOB L% 8
LLTHNRbDEEZSN LM, ZORRL T
BT 2RI S s bD L UL DHEEK
TAMBEZEL il a s itn, £, HiLL
AL LT, KEERHRCHTT S @', Bilidis it
R RR T U CORBE 2 BRI 2R & & ORI &
Biak. 9 5 BEREASREE & 41, JEEY — PR BL TR
HHEERTHLbDLHY, WEHERIC B S5EH
WBCHBH,

B, BHEHFTEL~LOTHIE DWW T, K
RIDARMD L AN F— b 2T A& —
&, B BEHOHT I A S S IR L K BRT) o 2 o
— DB AE DT H I, REERTRELLY
I DT, HBOFH T — 5 & b L0 ULREED
kb,

BB, AP E T E I & ST
YN CRWC X B — b B L URIRDIRENC MY 5
Ay (A 60~FARIT) B CHMBLELOTH S,

(27)



44 B I N 7 O

L} B

AW EFTIC L 2N B E, R E Wi e 18)
Wi AT RS A MBI b & Uil BFFTEEGIE
REICMEL £ 9, %, MBI URHORC
Bl BRI R L Tuie i uie ¥ AKT I 19)
Fa gAML U A I

20

& % Xk )
1) VISR Wi A OO, 15 25 [k

SRR WTIENTIR, 1970 4, 21)

2) hEs, R, WIN  BRES — b ORI W,
43 22 [l AP 2R TR S, 1967 45,
< 3) AMLIKE D 75w 7Y — b O IR DvwC,  22)
5 19 [ PRSI, 1975 415,
4) KM, KK 759y~ ORI OWCOM 23)
TR, AR, UV 238 8, 19754,
5) WHRES : 799 XYV — ROy 7O EBMR
o), dAEERCHE, Y 357 %, 1985 41, 24)
7) ME, WIS — M OKIRIRINC Y 3 5 8
Wege, TSI TE, 824, 1983 4,
8) iR, KR 7T v/ — b DARHRHE, LS 25)
wigikt, 24-5, 1982 4,
9) ME, KIF : IETE TR 7 L 5 7RIRIRE K
B, B 41 MRS SR IERFHTINR, 1986 4F, 26)
10) IEFEEY © FoibR oKD, 25, Widk)y, Dot
el
11) Taya, K., Ogawa, H. and Yamashita, M. : Noise 27)
Reduction of Water Fall, Journal of INCE of

Japan, Vol. 6, No. 4, Aug. 1982. 28)
12) KSR, M T T KR R, 25 43 [
AREESAER FHTRM WIS, 1988 4F, 29)

13) fa, KSR T 7 7 9 7% — D RERIR O IRITE 1,
o5 43 (0] e AR R, 1988 41,

14) B, 0 SRTCHEHIR L A ARBURIEE, 4 30)
44 [ R SR S TS, 1989 4,

15) f, PEs L AKBUREIO S RITEHE & RV <D
HESE B B E9E, ARG RS, 1990 31)
i,

16) Kolkman, P.A.:Instability of a Vertical  32)
Water-Curtain Closing an Air-Chamber, Flow-
Induced Stractural Vibrations, IUTAM/IAHR
Symposium (Karlsruhe), 1972. 33)

17) Triber, B.: Theoretical Study of Nappe Oscilla-

(28)

e

tion, Flow-Induced Stractural Vibration 17-33,

IUTAM/IAHIR Symposium (Karlsruhe), 1972.

Schwartz, 11 1. : Edgetones and Nappe Oscilla-

tion, Jour. of the Acoustic Society of America,

Vol. 3, 1966,

Naudascher, E.: Discussion on Nappe Oscilla-

tion by 11, Ivan Schwartz, Proc. of ASCE, 11Y3,

1965

Petricat, K.:Vibration Tests on Weirs and

Bottom Gates, Water Power, February and

March, 1958.

Unny, T. E. and Petricat, K.: Experience with

IFlow-Induced Vibrations, Proc. of ASCE, 11Y2,

1966.

Schwartz, IL.1.: Nappe Oscillation, Proc. of

ASCE. HY6, 1964.

Petricat, K. and Unny, T.LE.:Discussion on

Nappe Oscillation by Il. Ivan Schwartz, Proc.

of ASCE. 11Y5, 1965

Schwartz, I.1.:Projected Nappe Subject to

Harmonic Pressure, Proc. Inst. of Civ. Engrs.,

London, July 1964.

Frkk, BP0, REA C SEBRUMEMOHIRG I FE A9 B AER

AGIRINC B 2 —HE, 5 ARG, Vol 4-4,

1986,

Rockwell, D.:Induced Oscillation of Liquid

Jet-Gas Cavity System, Proc. of ASCE, HY3,

1977.

Binnie, A. M. : Resonating Water Falls, Proc. R.

Soc. of London A. 339, 1974.

Binnie, A. M. : The Stability of a Falling Sheet

of Water, Proc. R. Soc. of London A. 326, 1972.

Hagerty, W. W. and Shea, J. F.: A Study of the

Stability of Plane Fluid Sheets, Jour. of Applied

Mechanics, ASME, Dec. 1955.

Knisely, C. W.: Helmholtz Resonator Model of

Nappe Oscillation, Proc. of 6th APD-IAHR

Symposium (Kyoto), 1988.

Bl SOV, BUIL I S FEA T 5 IS B S

1) & S, A & HHSE, Vol. 15, No.9,

Hisit, SEM, 2085, kil BB 37 L S DFETEK

Wk BB TRIEA: & e JLE, HikbB 122, 1978

i

Skt F o 7: H DIRBIME | LA R,
Y2 9 B 3 AR



1+ R A OO A 4 N N g

FR, LEBE (BRER) O _
SIS & R R ERE b A BE 98 i

45185%5-1 19914341
% H M UK ER

L =]

FEAL A D13 LR BUIN AR 1 I D 3 & 8, SO Tl o L O B2 AT
iU e HUPEMNC RL S &, il o) Uit - Wesubding, SEKYs « WM, 15
PRSI AN & R, 2 AL OHUIO SRS G U, MU QWL 6 238 — 12 5)
R dLre, Wi« WBHITDE N EER Y » ST G RALHEL <, Mg Bodi
TR I VX HE PRI D T IRAG I % 154 3 2 R %2 §5 D, 198041~ 1985510 JIIN CHiFfLHE D H2
SHME 2300 4 &, SRR L. Am/yr, SIERUEL. Im/yr Td o ke, TLNHGEIRIOHLES,
TS, USRI KL, BRNLIRNS, HURGSMG, WERRD 230G 8 U HE AL O Bl
o ) 0 B EINTIECH S, WEBOHENECIE, BEHKY - VRTINS - RN
DIV 2 54 U, WD ASHEUE b #5\ a7z DML L O JHi A Uy WA 0D T30
HEOA XV, —F7, HEBONEAECIEE PO ASHIUE S MG <, A Wil s TR G A3
2 < S L C Vs B 2 D AR L B 0L 4 & WIS S 18, Lian L, HiFfUii
DESHHIE A & < v, F AL ONENE TR, SERY « IR T « VBRI
AT S U € D & DD, b S OB AFHFUE A IS > Fz O UELTEE EHA D]
U 13 LEE S . MBI O ULR A BGE Y 5 MBI L U Ok, BHARIEO A S YTEE
DHO DI TH 5 & LA E NS, .
f£——F  EBRiER, B, BRR, RS, SREOERMRE

MRS — b OBTKBRIRED 14 L K BE gk T A2
751855 -2 19914E3H

B Hh XARES PEEX

= =

FINDEE R &7 ADBBEENY — b 35 5 URPBI & A 851 50, MFORBUARR) 24 U,

ZAviz it ILf B
WEURMIARSEA: T 5 2 L 8D Do = OAFUKBURTIE, & h oW NGOt LB
P

LU bDI
S -T, IUREEC 45 2 S LK E <, SRV RBIEREMNTAIRTH S,

ABISE I, KB TIAS Y B IBAISE A IN A WIS s 35 L & b1, IRIIBHILOIIE 13 L U e AU
B b B ST L~V OHE IS DO CHEET Do RRHE, IRTEUIC BIEICIR) 5 RIS E 53R 5
Je s, SAMDE FKENT 51, 75w 7 — b BRHGKERTE 771 35 X ORI % TTZS & L s SOTCAR Tk
£ 7% U C AR BUIER IS K DAL TV D, HSNAEMARIRRB KO LB THS,

1) RBURENE S - b AROME R IT LA Y2, ETFROKBIOITOBEEHL Shvb,

2) JKESIE Y — b EEL & a0 A0 < C O AT O JANITCIRAD S 5 48, 77— b BRIKYE D [T TA) e BO s Ak BAR)
DI JHTAAD0 ., 75~2. O DM B D S i id, KREURISE L > 7 b 3 DaENEMSH 5,

3) JKBBI O &AM B BUL, FX 1 & UARMFGEIC IR L Ty D B diLs,

1) AN, ARHEATE, REVIYHOREBREGHOMHE LT L), B FMOKREL L1, KREURWO5E
EHE B Y CIRML SIS 5.2 5 B2 01D,

5) JKENRINDFE UGS IRISERINE ZIX &, RMIY — 2 £ 452 5 HUORELMRINDG S B0 H 5,

6) IREIBSIETISE & U CRBNE ST 3 2 C AN A 7, 2 RIES 5 WEI01x, 7 — PRI & kL <,
WHEACEED 2 o0 SRUEBUF ORI D B & et 3 5 2 LBRLE L,

7) KRR & B ASEETFIT L ~OU AR BRI O HEYE (U i B &, KB RN & AR SRS
Lid, KBNS DY 5 0 A de S FIBRIC GBI M H B EH X DD,

8) KEAIRRC & 5 IS A OUIRINKIGE TS B BT L 4 2 Sy, s/, Kt —
e ARBURENC £ B HNIEATT S C ko & DS HT v A OHEBEZTT D S L MWETH 5,

17— F  ERAAS— b, 7D 9T — b, (EARRNURR, JKEUIRE), AGRA S, BESY A



Geomorphological features and erosion of {}cllmlrgr_lolf“ l’\IVQI;ll
sea cliff on the Izura Rocky Coast o0l loo-1 Mar.
in Ibaraki Prefecture

by Takaaki UDA,
Koji YAMAMOTO

Methodology for the investigation of sen cliff erosion Is sumvmarized, and it is upplied
to the study on the cliff crosion on the Izursr Const in Ibaraki Prefeclure. In a reological
sense the stratum on this const is classified into three types composed of (1) sandstone
and pelitic sandstone, (2) slternation of strata of tuff and mudstone, and (3) limestone.
The shape of the sen cave on the Izura Const s classified into six patterns depending on
the distribution of these strata. In the cascs in which the stratum is composcd of
sandstone and pelitic sandstone or the alternntion of strata of tuff and mudstone cliff
croston is severe, whereas considerably thick stratum of Hmestone confines the forma-
tion zone of sea cave. In a periad between 1980 and 1985 retreat rate of sen cliff was 1.
4 m/yr at maximum and 1.1 m/yr on an average. The scen cliff erosion of the Izura Coast
can bhe classified into three categories depending on the probabijlity of occurrence of
wave divection, distributions of stratum and sen cave, and retreat rate of sea cliff. On
the southern part of the coast sea ¢liff can be easily eroded and its retreat rate is lnrge,
because the alternation of tuff and mudstone or sandstone and pelitic sandstonc exists
in the vicinity of the sea surface, and the probability of wave incidence from ihe south
is large. On the castern part of the coast sea cave and notch are liable to be formed
becnuse limestone exists near the sea surface. However, the retreat rate of sea cliff is not
lnrge. On the northern part of the const retreat rate of sen cliff is not large becnuse of
the low probability of occurrence of wave Incidence, although the same strata can be
observed us fg the case on the south part of the coast. Conscquently it is concluded that
not only the wave characteristics but also rock features and distribution of strata are
important factors determining sea cliff crosion. ]
Key Words: Sea cliff, Rocky const, Seca ceave, Erosion, Stratum, Retreat rate of sea cliff.

Synopsis

Characteristics of Nappe Oscillations Report of PWRI
on Overflow Gates Vol. 185-2 Mar. 1991

by Tetsuya SUMI,
Seiji OKUBO,
Yasuo NAKAJIMA

On overflow gates installed on river welrs or dams and sometimes on Sabo d:mms, intensive nappe oscillations
which cause gate vibrations and low frequency air vibrations are occuring in a specific overflow depth. Since this
nappe oscillation may make structures instable and also has serious environmental effect by low frequency air
vibrations, it is indispensable to cdevise effective countermensures to restrain the oscillation.

This study focuses on an oscillation mechanism which excites the nappe and investigates countermeasures as
well as measures to estmate Sound Pressure Levels by low frequency air vibrations. In order to sepiarate factors
complicatedly concerned with the oscillation, we conducled the three different hydraulic models, i, ¢, vertically
fallingg nappe model, flap-gate overflow nappe model and three-dimensional overfiow nappe model changeable in
weir width. Main conclusions are followings ;

1) The nappe oscllates naturally, since configuration of a uate-leaf surface has rarely influence on the

oscillation.

2) Nappe may cause the oscillation under it
+ Le shifted in case that a gate leaf has
requency.

3) Nappe oscillation frequency are closely concerned with fall heights and water fall velocities.

4) Weir width, overflow depth, volume of an air cavity behind the nappe (including existence of an alr vent),

downstream depth at a falling point influcnce the oscitlation range and peak levels,
v long-span gates, oscillation r e is getting wider and an overflow depth which generates the
imtm illation level also increase.
irable to be installed within about 2 m spaces to make sure its nappe splitting effect.

sure levels are influenced by the bound y conditions of both ends of nappe, dcl:ichlng the
nappe from side plers Is effective both for releasing air pressure in 2 cavity and diminishing sound pressure
fevels,

8) Low frequency afr vibration generated by the nappe oscillation forms a line sound source at a falling point
and its sound pressure levels can be esthmated by water potentinl energy corrvected by nappe oschliation
coeffictent.

Key Words : Overflow gate, Flap-gate, Low frequency air vibratton, Nappe oaciltation, Spolter, Sabo dam

Synopsis

atural frequency without a gate vibration and the frequency
1 matural frequency within 0.75~-2.0 times the nappe natural
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