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ABSTRACT

Shore platforms are composed of a nearly

horizontal or a slightly seaward－Sloping rOCk surface

Which islocatedin the vicinity of sealevel．　Shore

Platforms arelargelY Classifiedinto two types：Oneis

a gently seaward－Sloping Platform which is extending

from the sealevel to the shallow－Water regiOn Without

any topographic breaks（Type A）；　the otheris a nearly

horizontal platform which has a steep descent at the

SeaWard margin　（Type B）．　　＝n contrast to these

landforms，　Plunging Cliffs are found which continue

beneath sealevel with no platform development．

Fieldinvestigations were conducted at twenty－five

StudY Sites which were selected from various parts of

Japanese coast．　　This study aims to examine the

f0110wing two conditions for shore platforminitiation

in connection with wave dynamics and rock mechanics：

（1）　condition for demarcating shore platforms and

Plunging Cliffs；　（2）　condition for discriminating

TYPe A and Type B shore platforms．

A formative condition for shore platforms and

Plunging　ノCliffs should be．equivalent to a critical

COndition whether cliff erosion occurs or not，and this

COnditionis giVen by fw　＝　fr where fwis the assailing

force of waves and fris the resisting force of rocks．

By representing these two forces by wave pressure，P，

Ⅴ止



and compressive strength of the rock body，　Sさ．

respectivelY，　a dynamic condition for delimiting shore

Platforms and plunging Cliffsis found to be giVen by

p＝0・081S芸

Shore platforms develop when p＞　0．081Sさ；Whereas

plunging Cliffs form when p＜0．081Sさ．

A formative condition for Types A and B shore

Platforms should be equivalent to a critical condition

Whether surfacelowering of the platform once formed

OCCurS Or nOtl i・e・l fws　＝　frs vhere fwsis the wave

assailing force which causes the surfacelowering and

frsis the rock resisting force against the lowering．

BY rePreSenting these two forces by shear force，T′　and

shear strength of the rock body，S…．respectivelY，a

dynamic condition for demarcating Type A and TYPe B

Platforms can be described by

て　こ0．005S…

TYPe A platforms develop when thelefthand side of this

equationis greater than the righthand side；　Otherwise

TYPe B platforms form．

Ⅴコユ



CHAPTERl

工NTRODUCT工ON

Shore platforms are composed of a nearly

horizontal or a gently seaward－Sloping rOCk surface

Which islocatedin the vicinity of sealevel．　Shore

Platforms arelargely classifiedinto two types　（FigT

1）：　Type A is a gently sloping Platform which is

extending from the sea cliff to the shallow water

reglOn Without any topographic break；　and Type Bis a

nearly horizontal platform which has a steep descent at

the seaward margin．　　Beside these two types of

landforms，　Plunging cliffs（Fig・1）developin some

Places on rocky coasts．

＝t is clear that shore platforms are tYPICal

erosionallandforms which are produced by the recession

Of sea cliffs．　The sea－Cliff recessionis caused by

erosion due to waves．　Many factors areinv0lvedin the

WaVe erOSion asillustratedin Fig．　2　showing possible

interrelationships among them．　The relativeintensity

Of wave assailing force′　fw，and rock resisting force，

fr，determines whether erosion occurs or not（Sunamura，

1983）．　0ffshore wave energY has a direct relation to

fw′　While topographyin shallow waterindirectly



influences fw・　The shallow water topography determine

the wave type　コuStin front of the cliff．　There are

three types of waves：　Standing，　breaking，　and broken

WaVeS．　Standing waves occur when the depthin front of

the cliff（front depth）islarge，　broken waves occur

When the front depthis small，and breaking waves occur

When the front depthis suitable for wave breaking．

Thus the topography in shallow water is also the

important factor affecting fw．

The resisting force of rocks，　fr，is closelY

related t01ithology．　The mechanical strength of rocks

is directly related to fr，　While the ge010giC

StruCtureS SuCh as　　コOintings．　　faultings，　and

Stratifications act to reduce fr　（Fig．　2）．　Chemical

and mechanical weathering plays a significant r01e in

SOme CaSeS，i－．e．．（1）S01ution onlith010gy which has a

Significant carbonate content（Wentworth，1939；　Emery

and Foster，　1956）　and　（2）　frost action in high

latitudes（Hudson，1983）．　＝mportance of bio－Chemical

activitY has been recognized：　boring shells encroach

the rockin some cases（Neumann，1966；　Ricketts and

Calvin，1968，　P．332－334；　Trudgill，1976）；enCruSting

Organisms facilitate thelithification of rock surface

in other cases（Focke，1978）．

DYnamic conditions demarcatig the above一mentioned

2



three types of rocky coasts should be obtained from

quantitatively evaluating fw and fr・　Actually fw and fr

have a pronounced vertical distribution．　The rock

resisting force fris strongly affected by the effect

Of weathering，　generally showing the reductionin fr－

Valuein the subaerial part．　The wave assailing force

fw shows the maximum value at around Still Water Level

（S．W．L），　and decreases abruptly toward the sea bottom．

＝n order toinvestigate the rocky coast ev01ution，it

isinsufficient to evaluate fw and fr only at a certain

elevation，　and the vertical distribution of the two

Should be alwaYS taken into account．　　From this

Viewpoint，the previous studies on shore platforms will

be critically reviewedin the f01lowing chapter．

3



CHAPTER　2

PREV＝OUS STUD＝ES OF SHORE PLATFORM FORMATZON AND

RELATED PROBLEMS

Shore platforms have been studied for thelast one

hundred and fifty YearS Since Dana　（1849）　first

described the formative process of shore platforms

（Gill，1972a）．　Until the early1960S，　TYPe B shore

Platforms had been studied bY Australasian workers as

Stated by Trenhaile　（1980）．　　Johnson（1919，P．221）

COnSidered this tYPe Of shore platforms as a transient

feature appeared in younger stages of his concept in

normal shore profiie of equilibrium．

工n contrast toJohnsonIs normal shore profile

COnCePt，　Bartrum　（1926）has stated that Tlthe abnormal

Shore platform，Whichisin truth by no means abnormal，

but must be regarded as an expectable consequence of

Shore－line erosion whereverlocal conditions comply

With certain requirements’’．　He has also stated that

there are two tYPeSin shore platforms；the well－known

H01d HatfI tYPe at Russell and the storm wave tYPe at

North Auckland，　New Zealand．　He considered that the

M01d HatH typeis formed by subaerial erosion down to

the level of permanent saturation（Mean High Water

4



Level）．　whereas the storm wave typeis formed by wave

action under storm conditions．

After the study of Bartrum（1926），it has been

Centered in the shore platform studies whether wave

action or weathering plays moreimportant r01ein the

formation of shore platforms．　Wentworth（1939），　Hills

（1949），　Tricart（1959），　Cotton（1963），　Bird and Dent

（1966）．　Toyoshima（1968）′　Johannessen and Feiereisen

（1982），　and Hudson（1983）have emphasized the r01e of

Weathering．　After reviewing the previous studies′

Hills　（1949）has stated that storm waves act onlY tO

remove the product of weathering．　Bird and Dent

（1966），　Who studied the shore platforms on the south

COaSt Of New South Wales，　have reported that shore

Platforms are well developed on fine一grained rock

formations subject to rock decomposition by weathering

PrOCeSSeS．　Thus，　a factor of weathering especially

Wet－dry weathering was emphasized．　ToYOShima　（1968）

has also emphasized the r0le of wet－dry weathering in

the development of TertiarY mudstone piatforms at

Kushimoto，Wakayama，Japan．

Recently，intensive studies on wet－dry weathering

has been performedinJapan on rock mechanics basis by

Suzuki et al（1970）and Takahashi　（1975，1976）；　the

former study was conducted at Arasaki，Miura Peninsula，

5



and thelatter was made at Aoshima，Miyazaki．　On these

locations marked washboard－like relief is found on the

Surface of shore platforms．　＝n these studies，Various

kinds of mechanical strength parameters were examined

in order to explain quantitatively the relationship

between the washboard morph010gy andlith0logy．　＝tis

found that thelith01igiCal difference appearedin the

Wet－dry slaking process plaYS the mostimportant r01e

in the washboard－like relief formation．　　Some

reserchers layed stress on the weathering processes

Other than wet－dry slaking．　Wentworth　（1939），　Who

Studied the shore platforms developed on calcarenitein

Hawaii，　emPhasized the s01ution process in the

Subaerial part of the platforms′　because this rockis

S01uble in fresh water and uns01uble in sea water．

Hudson　（1983）in his study of shore platformsin high

latitudes has stressed the r01e of frost action and

reported that the width of the shore platform reaches

800m in maximum in Shetland　＝sland′　　Antarctica．

Cotton－S　（1963）　studY Of shore platforms on the

tropiCal coast of Brazil indicates that the effect of

Salt crYStallizationisimportant．　Tricart（1959）has

also stressed theimportance of crystallization．　Work

Of Johannessen and Feiereisen　（1982），　COnducted on

Shore platforms of Oregon coastrindicates that sunnyr

6



SOuth－facing sea cliff retreatis many times more rapid

than the shady－Side cliff retreat．　　Thus′　　these

Weathering processes become a significant factor on

SPeCificlith010gy orin verylimited environment．

Edwards（1941．1951）has examined shore platforms

Which are actively developing．　The upper part of sea

Cliffs shows weathering occurred for a considerable

depth，　butin thelower part，i．e．．the section rising

up from shore platforms，　Weatheringis not pronounced．

He has emphasized the r01e of storm wave actionin the

Primary development of shore platforms and the

Subsequent planation．　Theimportance of the weathering

factor which gradually increases as the platform

develops is also described in his work．　　With

increasing width of platform，　the degree of weathering

in the cliffincreases facilitating wave erosion，　and

thus balancing the weaker attack of waves which advance

against the cliff．

The processes which are dominant in the shore

Platform development has not yet been thoroghlY

investigated．　However，　mOSt reSearChers agree that

WaVe erOSion is essential in the shore platform

initiation and weathering processes arelimited to the

SeCOndary modification（e．g．，　Bartrum，1938；Trenhaile，

1980）．

フ



Bartrum　（1938）　has payed attention to the

existence of a rampartr a rise on the outer margin Of

the platform．　and has emphasized the r01e of wave

erosion in platform initiation・　At the stage of

Platform initiationl the cliff surfaceis alwaYS Wet

and unweathered．　　With the development of shore

Platforms′　the cliff surface becomes dry on a calm

COndition and the weathering process operates on the

Cliff surface・　Howevert the seaward marginis always

kept wet andis not weathered，　SO that it becomes

PrOnOunCed to form a rampart which stands slightly

above the platform surface・　The height of the rampart

Shows the height etched by waves．

Sunamura　（1978a）　has also stressed the r01e of

WaVe erOSion in his study on the shore platform

formation．　Shore platforms are found not onlY at the

headlands but also along the sheltered waters on the

SOutheastern coast of thelzu Peninsula，Japan．　He has

introduced wave dYnamics and has concluded that the

Shore platforms of headlands are formed by the breaking

WaVeS and those of sheltered area are formed by the

interaction of broken waves and weathering・　His study

COnStitutes a valuable contribution to the study of

Shore platform formation．　＝n his study，　however，the

WaVe aSSailing force and the rock resisting force have

8



not Yet been quantitatively evaluated．

Ge010giCalinfluencein shore platform development

has caught the dttention of shore platform workers．

Gill　（1972a）　has described shore platforms in

SOutheastern Australia．　　　Gently seaward－Sloping

Platforms（TYPe A）are developed on the soft rocks such

as clay，Sand′　Claystone，Siltstone．decomposed basalt，

and decomposed granite．　Horizontal type（Type B）　are

Well developed on the s01uble rocks such as ae01ianite

and calcarenites．　On hard rocks such as fresh granite，

Shore platforms are not developed and plunging Cliffs

are common．　His study seems significant；unfortunately

his description on ge010gy and topography is not

quantitative．　Takahashi　（1974）conducted a similar

StudY in southwesternJapanin an attempt to examine

the relationship between coastallandforms and ge01ogY．

Dividing coastal rocksinto four categories such as

Neogene，　Mesozoic－Paleogene，　Paleozoic．　and igneOuS

rocks．　he mentioned that shore platforms are well

developed on the coasts of Neogene and Mesozoic－

Paleogene rocks′　　but scarcely on the coasts of

Paleozoic and igneOuS rOCks．　He examined coastal

ge010gy based on geologiCal maps and coastal features

using topographic maps．　Because he recognized shore

Platforms as．lreefs exposed at low tide－f，　Shore－

9



Platform typificationis not possiblein his study．

Bird and Dent（1966）has stated thatlith0logical

and structural factQrS are Of primeimportancein the

development of high－tide shore platforms and shore

Platforms are best developed on fine－grained rock

formations subject to decomposition by weathering

PrOCeSSeS．　＝n their study，itis worth noticing that

（1）high－tide platforms（Type B）are best developed in

the area whichis sheltered by headlands and islands

from waves and swell，　and on the more exposed shores

they are narrower or more dissected，and（2）at a place

Where the waves are armed with shingle a sloping，

intertidal platform（Type A）develops．　工n discussing

the influence oflith010gyin a dynamic study of shore

Platform formation，itis necessary to properly assess

the kind and degree of processes operating on a coast

under consideration，　and to make an effort to describe

them as quantitatively as possible．

The first attempt to clarify the dYnamic condition

for platform formation was performed by TsuコimOtO

（1985）on the eastern coast of Chiba Prefecture．He has

investigated the quantitative relationship between

tYPeS Of rocky coast and the lith010giCal condition

（resisting force of rocks against wave erosion）．　＝tis

found that withincreasing rock resisting force／Type A

10



PlattOrmS′　Type B platformsJ and plunging Cliffs appear

in this order in his study area．　　However，　a

generalized condition whichis applicable t0　0ther

regiOnS With different wave climate has not been

established in his study，　　because the reglOnal

differencesininput wave condition were not takeninto

account．

Type A shore platforms attract civil engineerfs

attention because sea cliffs located landward are

eroding rapidlY and the need of protection works has

been widely recognized．　Erosion rates of sea cliffs

have been recorded in many countries in the world

（Sunamura，　1983）・　　The erosioP rateS are mainlY

Obtained by compari－ng the position of the cliffline on

different editions of maps or　01d and new aerial

Photographs．　There have also been some studies which

attempt to directly measure cliff erosion rates．　A

miCrO－erOSiOn meter　（MEM）　technique originally

developed for the measurement of the change on bare

rock surfaces（High and Hanna，1970）was modified for

COaStal studies．　and the technique has been applied to

Studies of morph010gical changes of rockY COaStS（Kirk，

1977；Robinson，1977，a．b；Gill and Lang，1983）．　An MEM

is aninstrument with threelegs which has an accuracy

11



Of　　±　0．025mm．　The amount of rock surface erosion can

be measured by use of the MEM．　Erosion rates are

Obtained through repeatitive measurements．　Robinson

（1977b）　has measured thelowering rate of Type A shore

Platforms at Whitbyin northeastern Yorkshire，England．

He has revealed that erosion rates are15　－18．5　times

higher in places where thereis a beach at the cliff

f00t COmPared with those where thereis no beach．　The

erosion rate is also measured on the coast of TYPe B

Shore platforms（Kirk．1977；　Gill and Lang，1983）．

Kirk（1977）has measured the surfacelowering rate and

Cliff recession rate of Type B shore platforms at

Kaikoura Peninsula，　New Zealand．　The mean lowering

rate measured by use of MEM from1973　t01975　was1．53

mm／year，　and the mean cliff recession rate which is

Obtained from analysis of air photographs over the

Period of thirty－tWO YearS from1942　t01974　was O．3

m／year．　The erosion rates were generally higher on

mudstone than onlimestone．　Gill and Lang（1983）　has

measured the surface lowering rate of Type B shore

Platforms on the OtwaY COaSt，　Australia．　The rate

measured from　1978　t01980　ranged from O．02　t0　1．8

mm／Year aCCOrding to rock type and the degree of

exposure to waves．　From these studies′　itis clear

that the surface of shore platformsis now eroded and

12



the erosion rates are affected bylith010gy and wave

intensitY．　＝t is difficult toinvestigate the shore

Platform formation（initiation）by this manner，because

these studies only examine the modification of the

Surface of shore platforms once formed．

Apart from these field studies．　Some theoretical

approaches have been taken．　　Flemming　（1965）　has

mathematically treat Type A shore platform ev01ution

With a static sea level．　　The rate of cliff recession

in his model decreases with time，　but does not reach

Zer0．　　＝t is reasonable to consider that with a static

Sealevel，　there exists an equilibrium state．　■A、mOdel

in which cliff recession rate reaches zerois proposed

by Sunamura（1978b）．

Without making distinctions between TYPeS A and B′

Trenhaile　（1983）　treated shore platform development

COnSidering the erosion rates at the high andlow tide

levels．in his model，the difference between the rates

at the high andlow tidelevels reaches zero′　and a

dYnamic equilibrium stateis attained．

For the case of TYPe B，a mOdel for shore platform

development was proposed bYJutson（1939）．　There exist

two cliffsin thelongitudinal profile，　namely，　the

landward cliff and seaward bluff．　Shore platforms

develop as a result of the differences in the

13



retreating rates of these two cliffs．　As the width of

Platformincreases，　the differencein recession rates

Of two cliffs reaches zer0．　　His model has been

accepted by some researchers　（Cotton，1942，　P．416；

Edwards′　1951；　Toyoshima′　1967；　Trenhaile，1978）．

However，　this model contains a serious defect　，　that

is．　the retreat of seaward bluff．　＝tis difficult to

assume the parallel retreat of this cliff because the

force of waves acting on the bluff has a marked

Vertical distribution：　the maximum force exerts at or

Slightly above sea level and the force decreases

abruptly toward the sea bottom．

From the existing field studies on the formation

Of shore platforms，it is extremely difficult to

envisage the origin Of shore platforms．　　＝t is

difficult to discriminate in the field between

COntemPOrary Platforms and raised ones with ancient

Origin，　because of complicated natural phenomena such

as varieties of lith010giCal factor，　Sea level

fluctuations，　WaVe and tidal conditions′　and locai

tectonic influences．　T0　0VerCOme these difficulties，

laboratory approaches using a wave tank have been taken

（Sunamura，　1975，1976，1977，1982；　TsuコimOtO and

Sunamura，1984）．　＝n these studies′　a mixture of

POrtiand cement，　Well－SOrted fine quartz sand．　and

14



Water is used as a cliff material．　　Waves which break

］uSt in front of the cliff operate on a model cliff．

Figures　3　and　4　Show the profile change of cliff made

Of such material．　　＝t is found that erosion first

OCCurS in the vicinity of S．W．L．′　and a notch is

formed．　The notch is deepened with time，　but no

erosion does occur below a certainlevel；　the seaward

bluffis kept as aninitial profile of a steep drowned

COaSt aS Cotton　（1963）　has stated from his field

Observations．　Similar wave－tank experiment has been

Performed using plaster as a cementing material

（Sanders，1968）．　Plasteris s01ublein water and the

Strength of the plaster一mixed cliff placed in water

decreases with time．　　Therefore the erosion first

OCCurredin the vicinity of S．豆．L．extends to the cliff

basein time（Fig．　5）．　His experimentis helpful for

an understanding of the erosion process occurring in

the area made of s01uble rocks such as limestone．

Gillfs　（1972b）　discussion for Sander－S experiment

includes a topIC Of greatinterest．　0n the coast east

Of Warranb001，Victoria，Australia，narrOW Type B shore

Platforms are cut by present－day processesinto huge

blocks made of ae01ianite．　which have fallen from

adjacent high cliffs．　Such contemporarY Platforms are

a g00d example of proto－tyPe eXPeriments in which

natural waves have operated．
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CHAPTER　3

STUDY PURPOSE

As shownin the preceding chapter，　the previous

Studies have some basic problems uns01ved：

（1）　Many researchers have emphasized theimportance of

WaVe factorin the platforminitiation．　However，　the

effort for quantitativelY eValuating the wave assailing

forceis entirelY absent．

（2）　Cliff－forming rocks are described qualitatively，

and it is widely recognized that there exists some

Suitable rock type for shore platform formation．

Quantification of the resisting force of rocks against

WaVe erOSion has not yet been fullY COnducted．

（3）　Shallow－Water tOPOgraPhy whichis essential to

evaluate the wave assailing force　コuStin front of the

Cliff is scarcelYinvestigated．　The presence of the

SeaWard biuffis the mostimportant point with which

One Can discriminate between Types A and B shore

Platforms．　Most of the existingliteratures have not

described the seaward bluffinlongitudinal profiles．

1n order to s0lve the problem of shore platform

development，itis essential to firstinvestigate the
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f01lowing conditions for shore platforminitiation：（1）

COndjtion demarcating shore platforms and plunging

Cliffs；（2）condition discriminating Type A and Type B

Shore platforms．　This study therefore attempts to

examine these two conditions on a dynamic basis．

With this purpose．　twenty－five study sites are

Chos仁、n from Japanese coast and field investigations

Were COnducted．　＝n the field，　PrOfilelevelling was

Performed t0　　0btain precise information on the

Subaerial and subaqueous topographic features．　エn an

attempt to quantify the rock resisting force，　VariOuS

mechanical properties of rocks were examined．　The wave

assailing force was estimated from existing wave data．
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CHAPTER　4

STUDY AREA

4．1　Reasons for selecting study areas

Study areas were selected from various parts of

Japanese coast．　工n ch00Sig them，　Were uSed such

Criteria that（1）the influence of crustal movement has

been small in the recent several thousands years，（2）

Characteristiclandforms shownin Fig．1are found at or

near the present sealevel．　Morever，　tO aVOid the

difficulties in quantifying rock resisting force′　the

f0110wing iimitations were set up：（1）　beddings are

thick and the differencesinlithology（rock strength）

are smail；（2）rock mass does not contain the s01uble

rocks such as limestone and d010mite to remove the

infiuences of s01ution and bio－erOSion．

Based on aerial photographs and existing field

Studies，　　reCOnnaiSSanCeS Were first made and

Preiiminary field investigations were performed．

FinallY tWenty－five studY areaS Shownin Fig．　6　were

Selected．　工n these areas，　Type A shore platforms are

developed at seven areas′　TYPe B shore platforms are

found at eleven areas，　and the remaining seven areas
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are of plunging cliffs（Tablel）．These study areas are

in wide range of wave climate and lith010giCal

COndition．

4．2　Morph0logy and ge010gy of studY areaS

＝n the above－mentioned twenty－five study areas，

longitudinal profiles were measured atlow water of

SPring tide（Fig．　7）．　The measurementline was set up

in the area where characteristic landforms most

typICally develop．　Theline was perpendicular to the

general trend of thelandward clifflinein the case of

TYPeS A and B shore platforms．　Levelling of subaerial

PartS WaS COnducted using an aut0－1evel and surveyorIs

Stuff．　　Subaqueous topographY WaS eXamined by

SOundings．　The underwater profiles of Taito′　Ubara，

Kominato′　Bentenコima，　and Shinyashiki were measured

using a range finder andlead．

On coasts with Type A shore platforms′　a beach

usually develops at the cliff f00t On a Calm sea

COndition and the platforTn Surfaceis covered by a

Veneer Of beach sediment．　Under such circumstances′

levelling could not be performed and only a concise

Plofile sketch was made．
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11）Notsuka

The study areaislocated at the southern part of

the Tokachi Plain，　Hokkaido（Fig．　8）．　The Tokachi

Plain consists of alarge alluvial fan extending from

the f00t Of the Hidaka Mountains．　The margin Of this

large fanis eroded by wave action，　andis backed by a

Series of cliffs．　This fanis regarded to be formed at

the time of lower sealevel of Wurm glacial stage

（Kaizuka，1956）．　Several rivers originated from the

Hidaka Mountains cut down the fan and flow from

northwest to southeast．　The general trend of the

COaStline is perpendicular to these rivers．　＝n this

area，　Type A shore platforms are present．　　The

COaStline is almost straight and the heights of sea

Cliffs range fromlO t0　20　m．　Uncons01idated fan

deposits are made of p00r－SOrted gravel，　the size of

Which is varied from cobble to boulder．　Matrix of this

gravel layeris moderately－SOrted coarse sand（Matsui，

1973）．　The study siteislocated at northeast of the

Hir00　City（Fig．8）．　At this site，the alluvial fanis

Cut down by the Notsuka and Rakko Rivers．　Sea cliffs

Of this site have heights oflO t015　m．　The ciiffs

COnSist of a p00rlY SOrted gravel layer with a

thickness of about15　m．　Gravel of thislayeris　5　t0

30　cmin diameter and mainlY made of sandstone．　The
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gravel is relatively fresh，　hard and sub－rOunded．

Matrix of thislayer consists of fine to medium sand．

On a cliff face′　this matrixis eroded and the gravel

makes protrusion．　　Weathered v0lcanic ash with a

thickness of about　50　cm，　COVered by a thin humus

layer，　OVerlaYS the gravellayer．　SandY graVellayer

With a thickness of O．5　t01mis exposed to the sea

Cliff base against which waves attack．　This sandlayer

is the most sand－rich part in the gravel layer．

Samples for strength tests are taken from this sand－

rich layer because of the difficultiesin the strength

measurement of gravel－richlayer．　At the cliff f00t，a

gravel beach which has a width of　5　t010　m develops．

Beach forming gravel and cliff forming gravel are of

the same kind．　The cliff－Platform〕unCtionis　コuSt

located at L．W．L．（Low Water Lebel）．　From this point，a

gentlY Sloping Shore platform continuously extends

SeaWard without anY tOPOgraPhic breaks．　On this coast，

the sea cliff has receded approximately　25　m during the

Period of ten years from1964　t0　1974　（ToYOShima，

1974）．　　Long－term reCeSSion rate obtained from

different editions of maps（1920　and　1975）is　1．3

m／year on an average．　This result coincides with the

recession rate of thelast　6000　years，1．e．．1．25

m／year；　this value was obtained by the author based on
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the diagram which Yoshikawa et al．（1973，Fig．（3）－17）

plotted．

（2）Shichiri－Nagahama

The studY areaislocated at the western side of

the Tsugaru Peninsula（Fig．9）．　＝n the eastern part of

this area′　the twaki River flows from south to north．

Fluvial terraces along this river are classified into

four surfaces．　　The coastline of this area has been

SeVerely eroded eastward．　The first terrace　（the

highest tarrace）of the　＝waki Riveris now exposed to

the sea forming a coastal cliff．　The bedrock of this

terrace is mainlY COmPOSed of QuaternarY ClaYeY fine

tuff，　and peat and peaty clay areinterbeddedin the

ClaYeY tuff．　The terraceislO min height at the

eastern end and the altitude progressively increases

toward the western margin Whereitis　20　m high．　There

are manYiakes and marshes such as Otaki－numa and Hira－

numa on the terrace surface．　On the north of the study

area，　SeVeral sand dunes develop parallel to the

COaStline．　At the foot of the sea cliff，TYPe A shore

Platforms are foundin the marshy area．　A cliff does

not formin the dune area．　A studY Siteis installed

in the marshy area（Fig．　9）．　The cliff　6　t0　7　m high

develops at the studY Site．　Long－term reCeSSion rate
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Of the cliff can be obtained from different editions of

maps．　　in this area，　the sea cliff has recede

approximately　63m during the period of sixty－eight

years from1911t01979．　An average recession rateis

about O．9　m／year．　The base of the cliffis composed of

a peaty claYlayer on which peat with a thickness of　2

t0　3　mis overlaid；　a SandlaYelr　2　t0　3　m thick is

Placed on the peat．　On the top of this ge010giCal

SequenCeS，　dune sandis deposited with a thickness of

O．5　m．　　Notable discontinuities such as faults and

コOints are not present at the study site．　The clay and

Peatlayers are always wet，but the upper sandlaYeris

dry when the weatheris fine．　A notch formsin the

ClayeYlaYer at the base of the sea cliff．　The depth

Of the notch reachesl m，　and the deepest part of the

notch is located about1．5　m above M．S．L．（Mean Sea

Level）．　At the f00t Of the sea cliff，thereis a beach

with a thickness of about　2　m and　20　t0　30　m in width．

Beneath the beach，the Type A platform exists．

（3）Odosezak土

The study areaislocatedin the southwestern part

Of Aomori Prefecture　（Fig．　10）．　　The green－tuff

formation of Neogeneis widely distributed in this

area．　　Marine terraces with five to six surfaces well
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developin the study area・　The altitude of the

highest terraceis about150　m above sea level．　The

lowest terrace was formed at the earthquake occurredin

1793．　The ammount of upheaval bY the1793　earthquake

WaS O．5　t01min this area（Nakata et a1．，1976）．

Pyroclastic rocks of andesite which belong to the Odose

Formation of Miocene（Moritani，1968）are exposed to

the coast．　These rocks have been eroded by waves and

Type B shore platforms well develop　（Fig．　7）．　The

landward part of the shore platformislocated about l

m high above M．S．L．　＝n the seaward part，the altitude

Of the platform surface corresponds approximately to

the present sealevel．　Thelower platformis always

WaShed by waves．　The higher platform has a width of

120　m，　and thelower platformis12　m．　At the seaward

end of thelower platform，　thereis a steep cliff with

a height of about　4　m．　The surface of the higher shore

Platformis nearly horizontal and the platform slightly

increasesits height toward the seaward margin tO form

a rampart．

（4）0ga－Kitaura

The study areaislocated on the northern coast of

the Oga Peninsula（Fig．11）．　The root of the Oga

Peninsula is considered to be a raised sand bar
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COnneCting oga　＝sland with Honshu．　The altitude of

this area ranges from　50　t0100　m above sea level．

This areais of arcing coastline fringed by a steep sea

Cliff with a height oflO t0　30　m．

A study siteis selected aboutl km southwest of

Anden（Fig．11）．　The slope of the sea cliffis about

50恥　　The surface of the cliffis vegetated to some

extent．　At the f00t Of the sea cliff，　a beach with a

Width of　20　t0　30　m develops．　The width of the beach

increases progressively toward the east．　On a calm sea

COndition，　a narrOW beach develops，but waves directly

attack the cliff f00t under vi01ent sea conditions．

This is supported by a fact that sea cliffs of this

area has receded approximately　40　m during the period

Of sixtY－SeVen YearS from1911　t0　1978．　A shore

Platform of TYPe A develops at this site．　　The

Cliff／piatform　　コunCtion is slightly below L．W．L．

Cliff－forming materialis the Shibikawa sandstone of

Pliocene（Kitazat0．1975）．　At the cliff f00t，a COarSe

Sand iayer which contains many shell fossils is

exposed．The strike and dip of thislaYer are N10－20Ow

andlOON，reSPeCtively．There are few〕Oints and faults

on the cliff face．　　The surface of the cliff face is

generally sm00th．
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（5）Unosaki

The study areaislocated on the southern coast of

the Oga Peninsula（Fig．12）．　Marine terraces which are

Classifiedinto four surfaces well developin this area

（Katsurahara，1968）．　The altitude of the highest

terrace is170　t0180　m above sea level．　　This area is

COmPOSed of Tertiary sedimentary rocks such as the

Monzen Group of Early Miocene and the Wakimoto

Formation of Pliocene　（Fujioka，　1958）．　　These

Sedimentary rocks outcrop on the coast．　The coastline

Shows some irregularity and Type B shore platforms

develop in this area．　A study site　（Fig．12）is

located about　3　km southwest of Funakawa．　　The third

terrace and thelowest terrace（the fourth terrace）

Well develop at this site．　Thelowest terrace is

exposed to the sea，　bordered by a sea cliffl t0　2　m

high．　The cliffis now covered with concrete blocks to

PrOteCt a rOad which runs parallel to the cliffline at

the seaward margin On the terrace．　A typICal profile

Of the Type B shore piatform at the study siteis shown

in Fig．　7．　Note that there exists a marked seaward

bluff．　Shale of the Miocene Onagawa Formation outcrops

at this site．　On the shore platform surface′　hard part

Of shale makes a slight protrusion with a relative

height of O．5　t01m．　Most part of the shore platform
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Surfaceis situated at about L．W．IJ．　Thereis a rampart

at the seaward margin Where waves always break．　The

Water depthin front of the seaward bluff could not be

measured because of rough sea conditions．　The front

depth，　4　m′　WaS known from a hYdrographic chart

Published by theJapan Maritime Safety Agency（N0．148）．

（6）Ruj土

The studY areaislocatedin the northern part of

＝wate Prefecture，including the Bay of Kuji（Fig．13）．

The southern coast of　＝wate Prefecture，Well－known as a

tYPiCal Rias coast，is of highlyirregular shoreline．

On the northern coast，　On the other hand，a relatively

monotonous shoreline is stretched．　＝n this area，

TertiarY and Late Cretaceous sedimentarY rOCks make

embayments′　While lgneOuS rOCks and EarlY Cretaceous

SedimentarY rOCks form promontories．　A study siteis

located in the northern pa士t of Kuji Bay　（Fig．13）．

Sedimentary rocks of the Kuji Group（Late Cretaceous）

are found at the study site（Miki，1977）．　A shore

Platform of Type B（Fig．7）with alandward steep cliff

5　m high juts outinto the sea；　a Wide beach develops

in the adjacent area．　The platformis composed of

Sandstone．　The mean width of shore platformis　80　m．

Thelandward half of the shore platformis covered with
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Sandy deposits・　The platformis of a very sm00th

Surface which is situated about L．W．L．　　There is a

bluff with an average relative height of　2　m at the

SeaWard margin．　Thelandward cliffis usually wet．

（7）R土kuchu－Noda

The study areaislocatedlO km south of the Kuji

Study area（Fig．14）．　Tertiary Noda Group and Late

Cretaceous Kuji Group of sedimentary rocks are widely

distributed，forming embaYmentS．　＝gneous rocks′　On the

Other hand，　make promontories．　TYPe B shore platforms

Well develop at Minato and its adjacent regiOn．

01igocene sedimentarY rOCks of the Minato Formation

（Noda Group）　are exposed to the coast　（Shimazu and

Teraoka，1960）．　Coastal cliffs of this area are mainly

COmPOSed of conglomerates and tuffaceous rocks of

Minato Formation．　Type B shore platforms well develop

On a COaSt Where greenish sandy tuff is exposed．　A

Study site islocated aboutlkm northeast of Minato

（Fig．14）．　The Type B shore platform at this siteis

formed at or slightly below M・S・L・With an average

Width oflOO m（Fig．　7）．　The seaward portion of about

lO m widthis approximately O．5　m below the general

level of shore platform surface．　Both thelower and

higher surfaces are horizontal and almost sm00th．
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There is a steep cliff with a relative height of　3．5　m

at the seaward margin Of the platform．　The height of a

landward cliff，Whichis mainlY COmPOSed of sandy tuff，

is about　20　m．　Lenticular gravel layers with a

thickness of l t0　2　m areinterbedded in the sandy

tuff．　Cobble supplied from thelayersis accumulated

by waves at the cliff f00t With a thickness of　2．5　m．

（8）Okuma

The study areaislocatedin the central part of

Fukushima Prefecture（Fig．15）．　A marine terrace well

develops in this area．　The margin Of the terrace is

fringed by a series of sea cliffs with a height of

about　30　m．　TYPe A shore platforms are extending from

the feet of these cliffs．　　These cliffs suffer severe

WaVe erOSiOn．　Some previous studies have reported the

erosiOn rate Of this area and its surroundings

（Horikawa and Sunamura，1968；　Aramaki，1978）．　Mean

annual recession rates are foundin a range from O．13

t0　2．1m／Year．　Tertiary sedimentarY rOCks are exposed

to the sea cliffs．　At the study site，　the coastal

Cliff is made of Pliocene sandstone and mudstone．　　At

the top of the cliffl there are terrace deposits mainlY

COmPOSed of gravel（Horikawa and Sunamura，1967）．　A

narrow beach develops at the cliff f00t．　The thickness
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Of the beach depositsis about　2　m at the cliff f00t，

and diminishes seaward．　　The bedrock　（Pliocene

Sedimentary rocks）are exposed to the submarine slope

at a depth oflO m．　The cliff／platform junction is

located at L．W．L．（Horikawa and Sunamura，1968）．

（9）Byobugaura

Byobugaura，located in the northeastern part of

Chiba Prefecture．　consists of an upland with a height

Of approximately　50　m（Fig．16）．　The south end of the

upland is terminated with sea cliffs．　The sea cliffs

With a height oflO t0　60　m extend alongshore about　9

km．　A coastlinein the study areais nearlY Straight．

TYPe A shore platforms well develop in this area．

Pliocene mudstone named　＝ioka Formation　（Ozaki，1958）

is exposed at the cliff f00t，　and Quaternary deposits

Which are composed of sand and gravel are foundin the

upper part of the cliff．　The v01canic ash called

’．Kanto LoamHlies on the Quarternary deposits．　The

upper part of the cliff faceis dry on a fine weather，

and maコOr CraCks with a spacing of　30　t0　50　cm and

minor ones with　2　t0　3　cm are found on the surface of

Kanto Loam．　The surface of mudstone exposed at the

Cliff f00tis always wet．　Mudstone exf01iation with a

depth otflO t0　30　Cm occurs parallel to the cliff face，
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and vertical joints develop with a spacing ofl t0　2　m．

Pliocene Naarai Formationis slightly exposed at the

eastern end of Byobugaura．　A study siteis selected at

the western part of Byobugaura area（Fig．16）．　The sea

Cliff has a height of about　50　m and a slope angle of

700in thelower section of the cliff・　A Type A shore

platform with a slope oflOt020　develops at this site．

The platform is also made of mudstone of　＝ioka

Formation．　On a calm condition，　the surface of the

Shore platform near the cliff baseis covered by a thin

iaYer Of beach sand．　The cliff／Platform junction

COincides with L．W．L．　＝n this area，Cliff erosion

Studies have been performed．　Horikawa and Sunamura

（1969）obtained，　aS a Short－term reCeSSion rate，　the

Value of O．91m／year usinglarge scale topographic maps

drown based on two aerial photographs takenin1960　and

1967．　Long－term reCeSSion rate from1884　t01969　is

found O．73m／year on an average（Horikawa and Sunamura，

1970）・　Such severe erosion makes small rivers hanglng

Valleys except the　＝somi River．

（10）でa土to

The study areaislocatedin the eastern part of

Chiba Prefecture　（Fig．17）．　The rockY COaSt Of this

area forms an approximately north to south oriented
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COaStline of　2　kmlength．　The height of sea cliffs

ranges fromlO t0　70　m．　The cliff heightisin minimum

at the north end and increases toward the south．　　The

COaStlineis somewhatirregular．　The Plio－Pleistocene

Kiwada Formationis exposed to the cliff．　A study site

is situated at the northern end of the area．　　The sea

Cliff at this siteis aboutlO rnin height．　A Type A

Shore platform develops．　The cliff／platform junction

is located at about L．W．L．　The platformis inclined

seaward atlOt020without any topographic breaks．　A

narrow beach develops at the cliff f00t On a Calm sea

COndition．　　The beach sediment at the cliff f00t is

about lm in thickness diminishes seaward．　　The cliff

face is composed mainly of nearly horizontal mudstone

layer of the Kiwada Formationintercalated with a thin

Sandstonelayer．　The upper part of sea cliffis dry dn

a fine weather．　Jointsin this partis of primarY

Origin With a spacing of　30　t0　40　cm and weathering

CraCks develop with a narrow spacing ofl t0　2　cm．　On

the cliff f00t，　the ciiff materialis always in wet

State With only primary　コOints．　Theirregularity of

COaStlineis，in most cases，COntr01led bY the spacing

Of fault sYStemS；　the fracture zone with an average

Width of a few meters makes an embayment・　This study

area has been severely eroded and the cliff recession
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has continuied．　　Short，term reCeSSion rate for the

Cliff has been obtained from air photographs（Sunamura，

1973）：　the mean valueis about1m／year during the

Period of ten years from1960　t01970．　0n the same

area，long－term reCeSSion rate has been examined based

On tOPOgraPhic maps（Sunamura and Tsujimoto′1982）：the

mean value is about O．6　m／year during the period of

eighty－five YearS from1883　t01968．

（11）Ubara

The study areaislocated on the south coast of

Chiba Prefecture（Fig．18）．　The Boso Hills which form

the southern part of Chiba Prefecture are　200　t0　350　m

in height above sealevel．　The main divide of the

hilis is located near the coast．　The height of the

hilis gradually decreases toward the north from this

divide，　but abruptly decreases toward the south．

EspeciallYin the area south of Kamogawa，　the distance

between the divide and the coastlineis only O．5　t0　2．5

km．　The southern edge of the hillsis fringed by a

Series of sea cliffs．　The Mio－Pliocene sedimentary

rocks called the Kiyosumi，Anno，Kurotaki，and Katsuura

Formations　（Nakajima et a1．，1981）are exposed to the

Sea Cliffs・　The coastlineis fairlyirregular・　Type B

Shore platforms weil develop especiaily at the
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PrOmOntOries．　A study siteislocated at about　3　km

WeSt Of Katsuura（Fig．18）．　Sedimentary rocks of

Kiyosumi Formation，　mainly composed of sandstone．　are

exposed to the coast．　This site is composed of

alternatinglaYerS Of sandstone（1t0　5　min thickness）

and mudstone（30　t0　40　cm），　Which strike N　60－700w and

dip　10－20　N．　Sorne scoriaceous sandstone beds are

interbedded with the alternating layers．　　The

alternation of sandstone and mudstone crops out to the

Surface of the cliff and the shore platform．　The shore

Platform is generally flat and the above一mentioned

SCOriaceous sandstone makes a protrusion with a height

Of　20　to　30　cm from the generallevel of the platform

Surface（Fig．7）．　The shore platform，located at about

M．S．L．．is　250　min average width and has a seaward

bluff of about　4　min relative height．　The shore

Platformisindented due to the furrows developed along

fault l土nes．

（12）Kom土nato

The studY areaislocated about　6　km west of Ubara

area（Fig．18）．　The Boso Hills are close to the sea．

The divide is located onlY　500　rn awaY from the

COaStline．　The Boso Hills in this area are made of the

Miocene Amatsu Formation（Nakajima et al．′　1981）．　The
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Amatsu Formationis mainly composed of massive mudstone

interbedded with a scoriaceous thinlayer，　forming sea

Cliffs．　The coastline，i．e．，alandward cliffline′　Of

about　4　kmlongis nearly straight andin front of the

Cliff，Type B shore platforms well develop．　The height

Of sea cliff ranges from　20　t0　40　m and the shore

Platforms arelOO t0　200　min width．　A study site is

Selected at about　2　km southwest of Kominat0．　　A shore

Platform of this siteis horizontal and about　200　min

Width　（Fig．　7）．　The surface of shore platform is

Sm00th andlocated at slightly below M．S．L．　Thereis a

rampart at the seaward end of the platform and waves

break here．　The seaward bluff with a relative height

Of about　4　m exists at the seaward of this rampart．

The mudstone of the Amatsu Formation outcrops on the

Surface oflandward sea cliff and shore platform．　The

PrOtruSion　（less than　30　cmin relative height）on the

Platform surfaceis mainly composed of the scoriaceous

layers．　No slgnificant correlationis found between

the rampart andits forming rocks．　The surface of

Shore platformis wet and ditchesin the seaward part

Of the platformin Fig．　7．　Faults and joints strike N

20－300E and the axis ofindentation of platform outline

Shows a similar direction（Fig．18）．
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（13）Kamogawa－Bentenjima

A small island about150　mlong andlOO m wide

located in the west of Kamogawa Cityis selected as a

Study site　（Fig．19）．　The eastern end of Mineoka

Mountains，　Which stretch from east to west，　faces the

Sea．　　The Mineoka Mountains are composed of the

Paleogene Mineoka Group whichis mainlY made of shale

（Nakajima et al．′　1981）．　The mountains arelOO t0　400

m high above sealevel．　Northern and southern sides of

the mountains are fringed bylowlands made of alluvial

deposits of the Kamo and Soro Rivers．　Basaltic rocks

intruded into the Mineoka Group form dome－like

PrOtruSions on the Mineoka Mountains（Nakajima et a1．，

1981）．　The smallisiand，　Bentenコima，is one of these

dome－like protrusions．　The rock exposed to theisland

is d01erite，　the rock－forming grains of which are

generally coaser than basalt．　No platforms develop and

Plunging Cliffs are found at this site．　As shown in

the longitudinal profiler Plunging Cliff continues

beneath seaievel to a water depth of about　7　m，　Where

it is connected to a slightlY SeaWard inclined sea

bottom（Fig．　7）．　The sea bottom consists of the bare

rock with a thinlayer of sediment．　At the cliff f00t，

there is some gravel of　20　t0100　cm in diameter．

Littie weathering occurs on the cliff surface and
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Primary　〕Oints of several tens centimetersin spacing

are found．

（14）Shinyashiki

The study areaislocated at aboutl km south of

the Bentenjima site（Fig．19）．　This area is also

Placed at the eastern end of the Mineoka Mountains．

Basalt，　Which intruded into the Mineoka Group，is

exposed to the coast．　The rockis of finer grain－Size

than that of Benten〕ima．　＝n this area，basalt makes a

dome－like protrusion whichis about　700　mlongin east－

WeSt direction and about　300m in north－SOuth．　　Basalt

OCCurS in the form of pillowlavas（Nakajima et al．′

1981）．　Plunging Cliff develops at this site．　Nearly

Vertical cliff plunges beneath sea level and is

COnneCted to the sea bottom whichis gentlY Sloping

SeaWard（Fig．7）．　At the underwater cliff f00t，graVel

With diameters of　30　t0　50　cmis present．　The sea

bottom is composed of the bedrock and overlain with

SCarCe Sediment．

（15）Shimoda－Ebisujima

The study areaislocated at the southeastern end

Of the　工Zu Peninsula（Fig．　20）．　This area mainly

COnSists of hilly mountains．　　The crests of the
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mountains often show similar height．　　Significant

marine terrace formation has not been taken place in

this area during H010cene age（Sawamura et al．′　1969）．

This area is mainly composed of Miocene to pliocene

V0lcanic rocks　（Sumi，1958）．　which are narned the

Shirahama Group（Matsumoto et a1．，1985）．　A study site

islocated at the southern tip of the Suzaki Peninsula

（Fig．　20）．　The Suzaki Peninsula consists of hills of

60　t0　80　min height andis fringed by sea cliffs of　30

t0　40　min height．　Andesitelava and pyroclastic rocks

Of andesite form this peninsula．　At the study site of

Ebisu　＝sland，　a Type B shore platform well develops．

This islandis about150　mlong and aboutlOO m wide．

At the open sea side of thisisland，the shore platforrn

has a width of about　50　m．　At the sheltered side，the

Platform width is narrow with a width of　5　t0　10　m．

The study siteislocated at the open sea side．　The

Shore platformis generally horizontal withits surface

being at an elevation of aboutl m above M．S．L．　The

Platform has a seaward bluff of about　6　min relative

height　（Fig．　7）．　The eastern half of the shore

Platform in Ebisu　＝slandis composed of tuffaceous

Sandstone and the western halfis composed of andesitic

V01canic breccia，　all of which belong to the Suzaki

Formation of Shirahama Group．　　There is little
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difference in shore platform profiles between the

eastern and western halfs．　Although there are primary

］Oints with a spacing of aboutlm，the platform surface

is sm00th andirregularitYin surface configuration due

to the　コOintsis scarcelY found．　The surface of rocks

forming shore platform are wet even on a calm sea

COndition．　0n the upper part of sea cliff where waves

do not reach，　the rocks are dry and the honey comb

StruCtureS are Observed．

（16）Shimoda－Kakizaki

The study areaislocated，　SlightlY eaStWard of

the head of Shimoda Bay，　at the base of the Suzaki

Peninsula（Fig．20）．　This areais sheltered from swell

due to the presence of the Suzaki Peninsula．　This area

COnSists of a hill whichis　30　t0　50　min height and

Sea Cliffs are　5　t010　min height．　A plunging cliff

COaSt developsin this area．　The cliff selected as a

Study site plungesinto the sea andis connected to the

Sea bottom at a place where water depthis aboutl m．

The sea bottomis a slightlY SeaWard slope and overlain

With little veneer of sediments．　Rock exposed to this

Site is whity tuff of the Harada Formation of the

Shirahama Group（Matsumoto et a1．．1985）．　The Harada

Formation of this area is made of the tuffaceous
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Sandstone of Early Pliocene．　This tuffis vesicular

and soft．　Thereislittle evidence of weathering on

the rock surface．

（17）Shimoda－Akanejima

Akaneコima is a smallisland，　about　300　m bothin

length and width，islocated at aboutlkm southeast of

Shimoda（Fig．　20）．　The highest part of thisislandis

about　80　m above sealevel．　Thisislandis fringed by

a plunging Cliff with a height of　30　t0　40　m．　The

Study siteislocated on the side of open sea．　The

SteeP Cliff plungesinto the sea．　Theinclination of

the cliff is　400t0　500in the subaerial part and is

SteePer in the subaqueous part．　　This cliff is

COnneCted to the sea bottom whichis gently sloping

SeaWard．　The water depth of the cliff／sea－bottom

コunCtion is about　14　m．　A ciiff is composed of

andesite lavas．　　The andesite of this site is hard and

has primary　コOints with a spacing of several tens

Centimetersj．　Mini－Sized furrows develop along these

コ○土nts．

（18）でatado

Tatado area（Fig．　20）is composed of the hills of

lOO m high on an average．　The hills consist mainlY Of
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andesite lavas and pyroclastic rocks of the Suzaki

Formation，　Shirahama Group．　Type B shore platforms

develop on the area where pyroclastic rocks outcrop．

The study siteis selected at the center of this area

（Fig．　20）．　A shore platform at this siteis nearly

horizontal and about　25　min width（Fig．7）．　The shore

Platform／cliff junctionislocated at about　2　m above

M．S．L．　Thereis a steep cliff at the seaward margin Of

the platform．　The water depthin front of the bluffis

about　4　m．　This nearly vertical cliff is connected

With the sea bottom gently sloping SeaWard．　The sea

Cliff and shore platform are composed of v0lcanic

breccia of the Suzaki Formation．　　The breccia includes

manY hard angular blocks made of andesite which arelO

t0　30　cmin maximumlength．　The matrix of the breccia

is of sandY aSh．　0n the surface of cliff and shore

Platform，　the matrixis eroded away and the andesite

blocks make protrusions．

（19）Tsushi－Tsunokawa

This areaislocated on the western coast of Awaコ1

＝sland（Fig．　21）．　This areais consists of the Tsuna

Hills with a height oflOO t0　200　m．　The hills are

COmPOSed of Quaternary deposits belonging to the Awaji

Formation which is correlated to the Osaka Group
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（ikebe，1959）．　The upper Awa〕i Formationis mainly

COmPOSed of sand and gravel，and thelower partis made

Of silty clay．　Thelower Awa］i Formation outcrops to

the coastal area from Ei to Tsushi．　The promontories

Of Tsushi and Hotokezaki（Fig．21）are made of granitic

rocks　（＝kebe′　1959）．　The coastline of about　3－km

length runs nearly straight with sea cliff having a

relative height oflO t0　30　m．　TYPe A shore platforms

develop in front of the cliff．　The study site is

located in the northern part of the area andis about

lkm south of Tsushi．　　The sea cliff here is aboutlO m

in height and the shore platform extends shallow－Water

ZOne Without any topographic change．　A beach aboutl m

in thickness and　5　min width develops at the cliff

f00t．　The sea cliffis made of greenish silty clay．

Cliff forming material is wet at the cliff f00t，

Whereasin the upper part of the cliff，itis drY and

has weathering cracks with a spacing ofl t0　2　cm．

Long－term reCeSSion rateis obtained using topographic

maps with different editions．　　The mean annual

recef；Sion rate of this areais found approximatelY O．15

m／yea，r during the period of fifty－three years from

1928　t01981．
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（20）Nagao－Bana

The study areaislocatedin the central part of

Tottori Prefecture．　　This area consists of a lava

Plateau jutting out　2　kmin north－SOuth direction into

the Sea ofJapan（Fig．　22）．　The height of the piateau

decreases gradually toward north andit attains　80　m

near the coast．　＝n this area，　a PreCise survey has

been accomplished（Toyoshima，1967）．　Figure　7　shows

One Of his survey results．　Plunging Cliffs developin

the area．　The plateau of several tens meters make a

steep descent with　500　inclination．　This descent

extends to below sealevel．　The water depthin front

Of the ciiff ranges from　8　to ll m depending on

locations．　The water depth at the promontoryis about

ll m．　Andesitelava which forms the cliffis very hard

and has primary〕Oints with a spacing of several tens

Centimeters．　Thelavais wet and freshin the vicinitY

Of sealevel．　＝n the upper part of the cliff，　the

lavais drY and broken to thin plates due to weathering．

（21）＝wami－Tatamigaura

This areaislocatedin the central part of Shimane

Prefecture　（Fig．　23）．　The Miocene Togane Formation

（Sandstone，　COnglomerate，and shale）and the Kou Group

（tuffaceous sandstone）　are exposed to the coast
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（Murakami，1960）．　Coastal hills have a height of　50　t0

200　m．　The coastlineis ratherirregular．　The studY

Siteis selected about　6　km north of Hamada CitY　（Fig．

23）．　．TTatamigauraHis a place name termed to refer to

the flat surface．　Type B shore platforms well develop

at this site．　There are hills of about　50　m high on

the back of the site．　The hills are fringed by sea

cliffs　20t040min height and600in slope angle．At

this site，　COnglomerate and tuffaceous sandstone

OutCrOP On the coast．　These rocks belong to the Togane

Formation．　Shore platforms well developin the area

COmPOSed of tuffaceous sandstone′　but p00rly develop on

COnglomerate coasts．　No beach develops at the cliff

f00t，　from which horizontal shore platforms of about

200　m width jut outinto the sea．　There are bluffs at

the seaward end（Fig．　7）．　The water depthin front of

this seaward bluffis about　4　m．　The most part of

these shore platformislocated about　50　cm high above

M．S．L．　and the most seaward part about15　m wide is

located at about L．W．L．　The platform of this seaward

ZOne is probably having created under the present sea

level condition，because this area was uplifted aboutl

m at the time of earthquake occurredin　1872．　0n a

Calm condition，　WaVeS WaSh the surface of shore

Platform including the foot of landward cliff．
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Therefore，　Weathering　コOints do not exist on the

Platform surface．　The shore platform is generally

flat，　but many protrusions with relative height of

SeVeral tens centimeters are found．　These protrusions

are made of hard nodules which are　30　t0　　70　　cm in

diameter．　　The nodules are of coaser material than the

Other part of the platform and sometimes contain fossil

Snailsin their center．　Toyoshima（1973）Stated that

the top of these nodulesindicates the height of

Surface of shore platform before the1872　earthquake．

The upper part of these nodulesis now weathered with

CraCks having a spacing of a few centimeters．

（22）Yadakemen

Yadakemen is located in the northern part of

Nagasaki Prefecture（Fig．　24）．　This areais called

flTsukumo－〕imafIt Which literally means ninty－nine

i占Iands′　referring to manYislands．　The coastlineis

extremely irreguiar．　The study areais sheltered by

the islands，　SO that the energy of waves coming from

the open sea diminishes．　Plunging Cliffs existin the

Study area・　Cliff－forming material is sedimentarY

rockEr Of the　01igocene Sasebo Group and the Miocene

Nojima Group（Yamarnoto and Minoda，1973）．　A study site

is selected about　5　km northwest of Sasebo City．　This
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Site is sheltered by Maeコima　＝sland　（Fig．　24）　A

Plunging Cliff is connected to the sea bottom at a

Water depth of about　2　m（Fig．7）．　Well－SOrted coarse一

grained sandstoneis exposed to the cliff face．　This

Sandstone belongs to the Sasebo Group．　There are few

］Oints and cracks on the surface．　The upper part of

the cliffis dry，　and thelower partis always wet and

COVered with algae．　Many h01es with a diameter ofl t0

5　cm，　PrObably made by boring shells，　are PreSent On

the cliff face of the intertidal zone．

（23）Nagakushimen

The study areaislocatedin the northern part of

Nagasaki Prefecture（Fig．　24）．　Hiils with a height of

50　t0100　m face the sea，and rockY COaStS develop with

an extremelyirregular shoreline．　　A study site is

located about　3　km north of the Yadakemen Site　（Fig．

24）．　This site is sheltered bY many islets and

Plunging Cliffs develop．　The cliff of this site which

inclines about　300　plungesinto the sea with aimost

Sameinclination（Fig．　7），　and connects with the sea

bottom at　2－m Water depth．　The cliff inclination

COincides with the dip of cliff forming rock of

tuffaceous sandstone of the Miocene Nojima Group

Striking N　600E and dipping about　300N．　The cliff face
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is dry in the upper part of the cliff without any

Weathering cracks being present．　No noticeable　コOints

and faults develop on the cliff face．　The cliff

forming material is easily broken along the bedding

Plane to platy blocks with a thickness oflO t015　cm．

（24）Har土o

Hario is an island located in the northernmost

Part Of Omura Bay（Fig．　25），　Whichis about15　kmin

east－WeSt direction and　20　km in north－SOuth．　　The

Water depth of the bayis about　30　min maximum and　20

m on an average．　The bayis connected with the East

China Sea through narrow straits of Hario and Haiki

（Fig．　25）．　The energY Of swell entering from the open

Sea is negligiblein the baY area．　The core of Hario

＝Sland consists ofigneous rocks such as andesite and

basalt．　The marginal partis made of the Miocene

Sasebo Group　（mainlY Of sandston色）and the　01igocene

Kishima Group　（mainly of sandstone）．　TYPe B shore

Platforms develop on the coast where the sedimentarY

rocks are exposed．　A studY Siteis situated at the

head of Egami－ura COVelocatedin the southwestern part

Of Hario　＝sland．　This siteis made of sedimentary

rocks of the Kishima Group　（Magarikawa Formation），

Whichis mainly composed of verY fine－grained sandstone
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（Nagahama and Matsui，1982）．　A shore platform（Type B）

is flat and has a bluff at the seaward end　（Fig．　7）．

The relative height of this seaward bluffis aboutl m．

The platform made of fine一grained sandstoneislocated

at about M．S．L．　Joints with a spacing of O．5　t01　m

are found on the cliff and platform surfaces．　The rock

forming the platformis separatedinto blocks by these

コOints and the onion structure develops on these

blocks．　The spacing of cracks developingin the onion

StruCture、isl t0　5　cm．　Such joints and cracks make no

Significantirregularity on the shore platform profile．

（25）Oyano－Kodomari

The study areaisiocatedin the southwestern part

Of Oyano　＝sland，　Kumamoto Prefecture（Fig．　26）．　This

island is situated between the Ariake Sea and the

Yatsushiro Sea．　The study area，facing the Ariake Sea，

・is made of sedimentary rocks of the Eocene Kyoragi

Formation（＝noue，1962）．　A studY Siteis selected at

the southwestern corner of OYanO　＝sland（Fig．　26）and

COnSists of the KYOragi Formation，　an alternation of

Sandstone and mudstone．　A shore platform of TYPe B

Well developsin the area of sandstone where the study

Siteislocated．　The mudstone area makes an embayment，

Where a bay－head beach develops．　The shore platformis
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about　250　min width．　The active sea cliff（landward）

is not found because of the shore protection works．

Although the shore platformislocated slightly above

M．S．L．f the platform surfaceis always wet due t01arge

tidal range of this area（about　4　m）．　At the seaward

end of the shore platform，　a SteeP Cliff with a height

Of aboutl m exists（Fig．7）．　Thereislittle sediment

On the shore platform surface．
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CHAPTER　5

PHYS＝CO－MECHAN＝CAL PROPERT＝ES OF COASTAL ROCKS

＝n order to quantitatively estimate the resisting

force of rocks forming shore platforms and／or sea

Cliffs against wave erosion，multiple measurements have

been donein thelaboratory and the field・　Compressive

Strength，　tenSile strength，　Shear strength，　and

longitudinal wave velocity were measured for each study

Site．　Samples for these measurements were taken from

the bedrock whichis always wet even at thelow water

Of spring tide；　the size of samPles was approximately

50　cm high，40　cm wide，and　20　cm deep．　＝n the case of

the samples which were fragile by a shock，　muCh care

WaS takenin the transportation and handling．　All the

SamPies were kept saturated during the transportation．

The tests for the mechanical properties were performed

in saturated state．　　＝n addition to these mechanical

PrOPerties，　SPeCific gravity，　density，Water COntent，

and porosity were measured for basic physical

PrOPerties．
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5．1．　Basic properties of rocks

（1）　Specific gravity

Specific gravity is the rati0　0f the mass of a

bodY tO the mass of an equal v01ume of water at a

SPeCific temperature．　The specific gravityis anindex

Which shows the kind and composition of rock forming

materials．　　Quartz and feldspar have a specific

gravity of about　2．65，　and c010red minerals generally

Show a larger value．　Rock samples were broken into

fragments of l t0　2　mmin diameter and the specific

gravity was measured by using a pycnometer．　Measured

Values of specific gravityl Gsl rangeS from　2・6　t0　2・7

（Table　2）．　The specific gravity of Bentenコima and

Shinyashiki samples show thelargest value，　Which is

OVer　2．9．　　The reason for this is that basaltic rocks

COntain a large amount of c010red minerals such as

PyrOXene and magnetite．　　The smallest value of

Shichiri－Hagahama sample，　2．3，is probably due to the

PreSenCe Of many plant remains．

（2）　Density

Density is the mass of a substance　（usually

expressed in grams per cubic centimeter）．　Thereis a

general trend that thelarger the value of density，the
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firmer the rocks．　Wet densityl Pw／　WaS Obtained from

the measurement of the mass and v0lum占　of cylindrical

SPeCimen in saturated state（Table　2）．　Cylindrical

SPeCimen was also used for the measurements of dry

densityl Pd；　the mass of the specimen was measured

after　48－hour oven drying（Table　2）．　TheigneOuS rOCks

Of Bentenコima，　Shinyashiki，　Akaneコima，　and Nagaobana

Show larger values and the sedimentary rocks of other

Study sites generallY have smaller values．　Young

Sedimentary rocks forming Kakizaki，　Byobugaura，　and

Taito are of the smallest values．

（3）　Poroslty

Porosity is the rati0　0f the aggregate v01ume of

interstices in a rock to its total v01ume．　　＝t is

usually stated as a percentage．　Measured values of

POrOSity vary according t0locations from　5　t0　60　％

（Table　2）．

（4）　Water content

Water content is water contained in porous

Sediment or sedimentarY rOCk，　and generally expressed

as a rati0　0f water weight to drY Sediment weight．

This value shows the ratio of the void in rocks similar

to porosity．　The data shownin Table　2　are the water
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COntent in saturated condition，　Whax　．　Measured

values widely range from1．9　t0　67　％（Table　2）．

5．2．　Mechanical properties of rocks

＝n order to evaluate the resisting force of rocks

against wave erosion，　the measurements of mechanical

Strengths are of crucial importance．　Waves exert

stress in coastal rocks in various modes of forces such

as compression，tenSion，and shear．　Asindices for the

resistance against these forces，　COmPreSSive′　tenSile′

and shear strengths were measured（Table　3）．　Besides

these mechanical strengths，　the longitudinal wave

Velocity．　a frequently usedindex for rock strength，

WaS also measured（Table　3）．　Saturated samples were

employedin all the measurements because these indices

Will be adopted to evaluate the resisting force of

rocks against erosion of waves．

（1）　Compressive strength

Compressive strengthis theload per unit of area

under which a block fails by shear or splitting．　The

COmPreSSive strengthr Sclis therefore giVen by

Sc　＝Pc／A

53

（5．1）



Where pcis theload under which a specimen fails and A

is the cross－SeCtional area of the specimen．　The

Cylindrical specimen whichis　3　cmin diameter and　6　cm

in height was used for this testin which a strain－

COntr011ed testing machine with the maximumload of　20

tf was used．　Top and base of the spacimen were

finished within the accuracy ofl／300．　The rate of

Strain for this test was O．2　t0　0．5　mm／min．　For

Sedimentary rock samples，　all specimens were cored and

the load was acted perpendicular to bedding planes．

The number of test specimens is not sufficient．

Averaged values were obtained（Table　3）because there

is a small degree of scatterin the measured values．

The results widelY range fromlO t020000tf／m2（Table

3）．

（2）　Tensile strength

Tensile strengthis the abilitY Of a material to

resist a stress tending to stretchit or to pull it

apart，andis giVen by

St＝Pt／A
（5．2）

Where Ptis the tensileload under which the specimen
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fails and A is the cross－SeCtional area of the

SPeCimen．　The test which meets requirement of this

definition is called a uniaxial tensile test．　　The

disadvantage of this test are difficulties in making

SPeCimen and in equallYloading．　Because of these

difficultiesT the results of measurementsis not alwaYS

fully trusted（Yamaguchi and Nishimatsu，1977，P．123）．

＝n place of this test，　a radial compression is

generally conducted in the field of rock mechanics．

This test has the f01lowing advantages：（1）　Specimens

required for the test are core sample which can be also

used for the compression test，（2）precise specimens

are easy to make，　and（3）equalloadingis possible．

Although this test is not performed under purelY

tensile condition，　the strengths measuredin this waY

are in reasonable agreement with vaiues obtained in

uniaxial tension tests（Jaeger and C00k′　1969，P．162）．

The radial compression test hよS therefore been

Standardized in the Japanlndustrial Standard as a

tension test　（J＝S MO301）．　This test consists of

appiYing diametral compression between the plates of a

COmPreSSion testing machine to a rock cylinder which，

for convenience．is usually shorter thanits diameter

（Jaeger，1972，　P．42）．　The tensile strength，　St，is

Obtained from
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St＝2P／冗dl （5．3）

Where Pis theload under which the specimen fails′　d

is the diameter of specimen andlis the thickness of

SPeCimen．　Specimens which are　3　cmin diameter and1．5

t0　3　cmin thickness were usedin this study．　The same

testing machine as usedin the compression test was

emploYed here．　The strain rate was O．1t0　0．3　mm／min．

The measuredvaluewidely range：St＝1－1500　tf／m2

（Table　3）．

At the studY Sites of Notsuka，　Shichiri－Nagahama，

and Kitaura，SamPles are t00　Weak to be able to measure

through this test．　　Tensile strength for these

locations was therefore estimated from the compressive

Strength measured already，　　aSSuming that the

brittlenessindex′　a rati0　0f compressive strength to

tensile strength　（Yamaguchi and Nishimatsu，　1977，

p．108）′　tO belO．

（3）　Shear strength

Shear strengthis theinternal resistance offered

to shear stress．　＝tis measured by the maximum shear

StreSS′　based on original area of cross－SeCtion．　that

Can be sustained without failure．　　　Because of
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difficulties in direct shear tests of rocks．in this

Study，　Shear strength was obtained through calculation

using the values of compressive and tensile strengths．

Shear strength is generally defined as the value at

Which the Mohrls envelopeintersects the y－aXis as

Shownin Fig．　27（Yamaguchi and Nishimatsu，1977，　P．

130）．　Some methods are proposed to calculate this

Value．　The Mohrls envelopeis assumed to be a straight

line in the simplest method　（Fig．　27）　and shear

Strengthf Sst for this caseis expressed by

Ss　＝　Sc St／2 （5．4）

Where Sc is the compressive strength and St is the

tensile strength●　The MohrTs envelopeisin practice a

CurVe Whichis plotted by a b01dline（Fig．27）．　＝tis

found that the real shear strengthislarger than the

Strength whichis calculated by using equation　（5．4）．

The following equation whichis proposed by Kobayashi

and Okumura（1971）gives a more accurate value：

Ss　＝　Sc St／2　St（Sc－3St） （5．5）

The result obtained using this equation（Table　3）shows

a wide varietYin Ss－Value：2t03100tf／m2．
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（4）　Longitudinal wave velocity

Longitudinal wave velocity of rocks was measured

both on bedrocks in situ and on the cylindrical

SPeCimen in the laboratory　（Table　3）．　　The wave

Velocity propagating through the bedrockin situ，Vpf，

WaS meaSured at the study site by using an instrument

named　”pocket Seis‖（OYO C0．　Ltd．．　Model PS－1）．　The

Velocity was calculated from the average time whichis

required for the longitudinal wave to transmit a

distance of O・5　t02m・　The value of Vpf rangeS from

O．4　　t0　　2．5　km／sec　（Table　　3）．　　Wave velocitY

measurements for the cYlindrical specimen were madein

thelaboratorY bY uSing aninstrumentl Hson・ic ViewerfI

（OYO C0．Ltd．′　Mode15210）．　The specimen whichis　3　cm

in diameter and　6　cmin height was taken from the most

fresh part of the bedrocks which does not include

Visible cracks・　This wave velocitY，Vbc′is found to

VarY from O．9　t0　4．3　km／sec according to study sites

（Table　3）・　The value of Vbcis closely related to

Characteristic properties of rocks such as YoungIs

modulus，　density，　POisson ratio′　and shear modulus

（Yamaguchi and Nishimatsu，1977，P．187）．　The value of

Vpf decreases with increasein the degree of（1）

Weathering and　（2）　discontinuities such as faults，

〕Oints，and stratifications．　This valueis，therefore′

Smallerin general than that of Vpc・

58



CHApTER　6

OCEANOGRAPHICAL COND＝T＝ONS

6．1．　Tidal conditions of the study areas

The mean tidal range of each study siteis shown

in Table　4．　The mean tidal rangeis defined as the

yearly averaged value of the difference in height

between consecutive high and low waters．　This is

measured during five daYS before and after full m00n

and new m00n．　This value ranges from　0．4　to　4　m in

Places．　On theJapan Sea coast，　the tidal range is

generaユiy smaller with a range from O．4　t0　0．6　m，　aS

COmPared with the Pacific coast where the tidal range

is about　1．5　m．　＝n the embayment areas，　the tidal

range becomeslarger：aPPrOXimately　2．5　min the areas

Of Nagakushimen and Yadakemen，　and　4　m at Oyano－

Kodomari．　Although the Hario siteis situatedin the

embayment，　the tidal range shows a small value，1．0　m．

The reason for the small value is that the strait which

COnneCtS the embayment to the East China Sea is so

narrow that the tidal waves can not be sufficiently

transmitted．
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6．2．　Wave climate

Due to the location characteristics of study

Sites．itis difficult to estimate the wave climate by

a unified method．　Study sites are therefore classified

into three categories：（1）the sites facing on the open

Sea，（2）　the site situatedin the embayment，　and（3）

the sites situated in the sheltered area．　　The wave

Climate of each categoryis describedin the f01lowing

SeCtion．

Thelarger the wave heightis′　thelarger the wave

energYin deep water becomes・　＝n order to evaluate the

magnitude of wave energyt thelargest height of wavesJ

（Ho）max．is estimatedin each area・

（1）　Open coast areas

Wave climate at the sites facing on the open sea

is estimated from wave records which have been measured

at seven representative stations by Ports and Harbors

Bureau，　Ministry of Transport，Japan．　According to

Tanaka（1980）．Japanese coastal waters are devidedinto

SeVen areaS（Fig．28）．

The wave climate of these areasis shownin Figs．

29　and　30．　Figure　29　shows the relationship between

WaVe height and wave period．　　　The wave climate is
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Characterized by that thelarger the wave height，　the

larger the wave period．　This tendencyis pronounced on

the coast facing the Sea ofJapan as shown by Hamada，

Kanazawa，and Sakata data（Fig．29）．

Figure　30　shows the occurrence frequency of wave

height for the representative stations．　A general

trend shown in this figureis that the occurrence

frequency of waves with a height ofless than lm is

about　60　％（Fig．　30）．　Waves with more than　3　m high

OCCur　3　t0　5　％in frequency，　and waveslarger than　5　m

in heightis only O．3　t0　0．5　％．　At Kashima，Habu，and

Aburatsu，　all located on the Pacific coast，　the

frequency of waves smaller thanl min height shows a

Smaller value，　20　t0　40　％，　than the general tendency

mentioned above．　工n these coastal areas，WaVeS With a

height of more thanlm are dominant．　At Sakata，

locatedin theJapanese coast，WaVeSlarger than　5　min

height occur with thelargest frequency，1％．　Heights

Of waves occurring with a probabilitY Of　20　YearS are

listed in Table　4　for each coastal area（Takahashi et

a1．，1982）．　These values，　ranging from　7　tolO min

Places，　are regarded as thelargest height of wavesin

each area．
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（2）　Embayment area

Refraction is the process by which the direction

Of a wave movingin shallow water at an angle to the

COntOurSis changed．　The part of the wave advancingin

Shallower water moves more slowly than that part still

advancingin deep water，CauSing the wave crest to bend

toward alignment with the underwater contours　（CERC，

1977，　P．（A）－28）．　The study site of Shimoda－Kakizaki

is located in the shadow area at the head of Shimoda

Bay．　工n order to estimate the degree of wave height

reduction for this site，　refraction diagrams are

COnStruCted by using the orthogonal method．

Theincident direction of waves having the hicrhest

POSSibility to exert significant force on the studY

Site is selected as southwest　（Fig．　31）．　Waves

entering into the baY from other directions are of

negiigibly small energY due to the presence of the

Suzaki Peninsula and Akane　＝sland．　The waves coming

from southwest pass through a shoal with an approximate

Water depth of　3　m whichislocated off Toji．　Using

the well－known breaking criterion：　H／h　＝　0．78　where h

is the water depth at which waves with a height of H

breaks，　H becomes　2．3　m when h　＝　3　m．All waves with H＞

2．3　m will break at this shoal and dissiPate their

energy to actinsignificant force at the study site．
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The waves with H　＝　2．3　m are probably most important

and these are equivalent to deep－Water WaVeS having a

height of1．9　m（Table　4）．

（3）　Sheltered areas

The study sites which arelocated in sheltered

areas such asinland sea areas are not affected by

SWell transmitting from the ocean．　At such study

Sites，　WaVeS generated within the confined waters are

Of much importance．　Satoh and Goda　（1972，　P．　94）

StateS thatitis difficult to theoretically estimate

the wave generation and its growth for such

environments；　SOme empirical methods therefore have

been proposed for the wave prediction．

The Svedrup－Munk－Bretschneider［SMBl methodis the

most convenient system to predict wavesin deep water

When a limited amount of data and time are avaiiable

（CERC，1977，P．（3）－34）．　When a wind blows for along

time，the wave height at any placeis determined by（1）

horizontal distance over which a wind blows′　fetch，and

（2）wind velocity．　＝n addition to these factors，WaVe

reduction due to the bottom friction and the wave

breaking limits the wave growthin the shallow water

regiOn．　Bretschneider（1954）applied the SMB method to

Shallow water regiOn and proposed a method to estimate
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the wave height using（1）average water depth，（2）

fetch，　and　（3）averaged wind velocity．　Because the

Study sites under consideration are alllocated in a

Shallow water regiOn，the Bretschneider method would be

reasonable to apply to this study．　The water depth and

the fetch of each study site are obtained from

hYdrographic charts．　The average wind velocity is

Obtained from meteor0logiCal data．　Wind velocity at an

Observatory which islocatedin the vicinitY Of the

Study siteis measured once per hour and averaged over

a day．　This daily－aVeraged value during ten years from

1970　t01979　does not exceedlO m／secin maximum．　The

value oflO m／secis therefore adopted as the maximum

Wind velocitY tO Predict the maximum wave height．　The

results of the prediction are shownin Table　4．　The

WaVe height ranges from O．3　t01．3　m（Table　4）．
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CHAPTER　7

DYNAM＝C COND＝TlONS FOR SHORE PLATFORM　＝N＝T＝AT＝ON（1）：

DEMARCAT＝ON BETWEEN SHORE PLATFORMS AND

PLUNGING CL＝FFS

7．1．　Basic concept for shore platforminitiation

This chapter atternpts to establish a critical

COndition under which shore platforms（Types A and B）

are formed．　　＝t is considered that wave－induced cliff

recession resultsin shore platforms at the f00t Of the

Cliff．　＝n order to res0lve the problem on shore

Platform initiation，it is therefore essential to

elucidate a thresh01d for cliff erosion．　　The most

important factors affecting cliff erosion，　namelY，

Shore platforminitiation，are the resisting force of

COaStal rocks　まnd the assailing force of waves．　A

fundamental relation of cliff erosion bY WaVeS Can be

expressed as（Sunamura，1983）

Ⅹ＝¢（F′t）．　F＝fw／fr （7．1）

Where Xis the eroded distance of the cliff，　Fis the

relativeintensity of the wave assailing forcer fwJ tO
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the rock resisting force，　fr，　and tis the time．　No

erosion occursif F　く1（fw　く　fr），　While erosion takes

Place if F　〉1（fw　〉　fr）．　＝tis easily found that a

Critical condition for shore platform initiation is

91Ven by

fw　＝　fr （7．2）

The quantification of these two forces will be made in

the f01lowing sections．

7．2．　Quantification of assailing force of waves

7．2．1．　工ndex of wave assailing force

BY PhYSical intuition the assailing force of

WaVeS．fw′is assumed：

fw～m（du／dt） （7．3）

Where m and u are the mass and the horizontal velocitY

Of water particle．　respectively，　and tis the tirne．

The right－hand side of equation（7．3）can be rewritten

as f0110WS：

m（du／dt）＝　d（mu）／dt
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because the mass mis time－independent．　When waves hit

the cliff face′　Water Particle velocity uis brought to

ZerO in time dt and wave pressure exerts on the cliff．

The right－hand side of equation（7．4）′　1．e．，　the rate

Of the change of momentumis equal to wave pressureJ P：

d（mu）／dt　＝　P （7．5）

From equations（7．3）′　（7．4）．　and（7．5），the assailing

force of wavesisin proportion to the wave pressure：

fw　＝Ap （7．6）

Where Ais a nondimensional constant．　The assailing

force of waves actuallY COnSists not onlY Of

COmPreSSive force，WaVe PreSSure，but als0　0f shear and

tensile forces．　After a wave breaks on a cliff，　the

Water maSS Climbs the cliff face exerting shear force．

At wave recession，　the water mass exert tensile force

On the cliff．　＝tis easily assumed，however，that the

larger the value of du／dt，thelarger the degree of

both shearing and tensile forces・　＝tis possible to

quantify the wave assailing force sYnthetically by

knowing the value of the wave pressure′　Pr although the

COnStant A is unknown．
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7．2．2．　Estimation of wave pressure

Zt is obvious that wave energy in deep water

directly affects the wave pressure，P，Whichis adopted

here for theindex of wave assailing force．　However，

this deep water wave energy is diminished by the

friction in shallow water regiOn，　and energy of waves

approaching to the coastisinfluenced by nearshore

Submarine topography．　Topographyin shallow water and

WaVe Characteristicsin deep water determine the tYPe

Of waves　コuStin front of the cliff．　There are three

tYPeS Of waves：　Standing，　breaking，　and broken waves．

Standing waves occur when the water depthin front of

the cliff，　Called the front depth，　d，islarger than

the wave breaking depth，　db；breaking waves occur when

d　＝　db；　and broken waves occur when d　く　db（Fig．　32）．

The wave pressures of these three tYPeS ar畠　Obtainedin

the f01lowing manners，　reSPeCtively．

Figure　33　Shows the vertical distribution of wave

PreSSure　（dynamic pressure）　due to standing waves．

This distribution，　OriginallY Obtained from a

theoretical consideration，is simplized bY Sainflou

（1928）．　The maximum value appears at S．W．L．　and is

giVen by

p　＝

WoH

cosh（2貫d／L）
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Where His the wave heightin front of the cliff，　Lis

the wavelength，　　d is the water depth，

h。＝（7TH2／L）coth（27th／L），and w。is the weight of water per

unit v0lume．

Figure　34indicates the vertical distribution of

dYnamic pressure caused by breaking waves．　The result

is experimentally measured bY Ross（1955）．　The maximum

WaVe PreSSure′　P，aPPearS at Slightly above S．W．L．　＝t

Should be noted that the wave pressure abruptly

diminishes below thislevel．　The maximum pressure

Value of breaking wavesis obtained from（Ross′1955）

p　＝　35wo（Ho）b （7．8）

Where　（Ho）bis the height of deep water waves which

break justin front of the cliff．

Figure　35　shows the distribution of dynamic

PreSSure reSulting from broken waves．　Ztis found that

the pressureis uniformly distributed from S．W．L．　to a

height hc above thislevel．　The height hcis giVen by

hc　＝　0・78Hbr Where Hbis the breaking wave height・　The

dynamic pressure exerted by broken wavesis obtained

from（CERC′1977．p．（7ト169）：
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p　＝　0・5wohb
（7．9）

Where hb is the wave breaking depth・　As shown in

equations（7．7），（7．8），and（7．9）．Calculation methods

for the wave pressure differs with different wave

types：　Standing，　breaking，　and broken waves．　The

maximum value among wave pressure values for these wave

typesis adopted as anindex for the assailing force of

WaVeS．　The maximum value at the study siteis obtained

in the f011owing waY．

To elucidate the wave pressure at the study site，

itis necessary to know the deep－Water WaVe ParameterS

and the characteristics of nearshore submarine

topography．　The parameters of maximum waves which are

COnSidered t0　0ccur at eaCh study site are already

estimated　（Table　5）．　　Concerning the shallow－Water

topography，　knowledge of the water depth in front of

the cliff，1．e．．　the front depth，is indispensable．

The front depth can be estimated on the basis of an

initial profile whichis reconstrnctedin the f01lowing

（1）　For Type A shore platforms，itis difficult to

reconstruct theinitial profile because no topographic

features of theinitial profile do not remain in the

PreSent PrOfile due toinceasant severe erosion．　＝t
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Would be valid to assume that cliff recession has taken

Place maintaining the profile similar to the present

One（Fig．　36）．　The front depth known from the present

PrOfile is regarded as the sarne as the initial front

depth．

（2）　For the profile of Type B platforms，　there alwaYS

exists a steep cliff at the seaward end．　Cotton（1963）

SuggeSted that this seaward bluff would be the initial

PrOfile of a steep drowned coast and the erosion of

this bluffis negligible．　Theinitial profile of TYPe

B platformsis assumed to the plunging Cliff which was

located at the seaward end of the present platform

（Fig．　36）．　Wave tank experiments　（Sunamura，1975；

TsuコimOtO and Sunamura，1984）′　in which a model cliff

is made of a mixture of portland cement，　Well－SOrted

fine sand，　and water，　have shown the validity of this

assumption；＿　thatis to saY，　the platform cutting does

not extent to the cliff base，　SO that the underwater

SeaWard cliff does remain unchanged．

（3）　エn the case of plunging Cliff，itis assumed that

an initiai profile has been scarcely modified　（Fig．

36）．

Based on these assumptions，　the water depths in

front of theinitial cliff are obtained at each study

Site　（Table　5）．　　　The depths shownin Table　5　are
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measured from H．W．L．．　because the values thus obtained

PrOduce for most cases the maximum value in the

Calculation of wave pressure．

With knowledge of wave parametersin deep water

and the shallow－Water tOPOgraPhy，itis possible t0

0btain the height of deep－Water WaVeS Which will break

〕uSt in front of the cliff．　The relation between the

deep－Water WaVe Characteristics and the front depth at

Which waves break，　db′　is obtained from　（Mitsuyasu，

1962）：

db／Ho＝‰（H。化。了0・25 （7．10）

Where Ho and Lo are the wave height and wavelength in

deep water，　reSPeCtivelY，　and Cmis a constant which

depends on the shallow－Water bottom gradient，　tan　β．

The constant，　Crn，is formulated from Mitsuyasu（1962，

Fi9．14－6）as：

cm　＝　0．034／（0．038＋tan　β） （7．11）

The height of waves which breakin front of the cliff

is obtained from s0lving equation（7．10）for Ho：

（Ho）b＝（d／cm）1・33／L00・33
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Where　（Ho）bis the height of deep－Water WaVeS Which

breakin front of the cliff．　tn equation（7．12），dis

already known as the front depth（Table　5）and Cm is

given by equation（7．11）where tanβis obtained from a

hydrographic chart・　Two variablesr Ho and LoJ remain

unknown・　Because the relation between Ho and T has

been already obtainedin Fig・29r the Ho vs・Lo relation

is easily obtained using the well－known equation：Lo　＝

gT2／2¶・　Using this Ho－Lo relation and equation

（7・12），the value of（Ho）is determined through a

trial and error method．

When the value of（Ho）b thus obtained is larger

than that of（Ho）maxJ thelargest height of waves

OCCurring in each area，　WaVeS do not break at H．W．L．

＝n such cases′　the value of d whichinduces breaking

Of the waves having（H。）max justin front of the cliff

is obtained from equation（7．10），　by changing the sea

level within a mean tidal range・　The value of（Ho）max

is adopted hereinstead of（H。）bin equation（7・8）・

The relative height of H to（H。）b determines the tYPeS

Of waves which occur in front of the cliff：（1）if

（H。）b〉　H。　′　　then standing waves are created by

reflection from the cliff；（2）if（H。）b　＝H。′　then

breaking waves are produced；and（3）if（Ho）b　く　Ho′
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then broken waves are formed．　The wave pressure of

these three types can be calculated by using equations

（7．7），（7．8）′　and（7．9），reSPeCtively．

As an example′　Fig．　37　shows the result of

Calculation at the Kominato site．　　The value of wave

PreSSure is outstandingly large when（Ho）b　＝　Ho　′

namely，　breaking waves are produced　（Fig．　37）．

Pressure caused by both standing and broken waves is

Very Small．　Such a characteristic pattern of wave

PreSSure distribution is found at other study sites

except the Akane site．　At this study site′　due to the

large front depth，　all waves do not break to form

Standing waves，　and the pressure of whichis extremely

Smalユ．

At the Kakizaki site．　the effect of refraction

Should be taken into account．　　＝n the refraction

analysis，itis assumed that energY Of waves advancing

toward shore does not flowlaterally along the wave

CreSt；　that is to say，　the energy remains constant

between orthogonよis（CERC，1977，P．（2）－66）．From this

assumption，　WaVe heightin shallow water，　H′is giVen

by（e．g．，Komar，1976，P．110）

H　＝　Ks b。／b Ho
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Where Hois the wave heightin deep water，Ksis the

Shoaling coefficient，and bo and b are the spacing

between the selected orthogonalsin deep water and

Shallow water，reSPeCtively．　At the study site， 1厄7百

＝1／6・2　and Ks　＝0・94・　＝tis found from equation

（7．13）　that the waves which are1．9　m high in deep

Water（Table　5）reduces their heightin shallow water，

With only O．29　min height．　The waves with this height

in shallow water are equivalent to deep－Water WaVeS

having a height of O．28　m without considering the

effect of wave refraction・　This value（H。＝　0・28　m）

WaS uSed for the evaluation of（Ho）bin equation（7・8）・

7．3．　Quantification of resisting force of rocks

One should employ an appropriateindex which can

represent the resisting force of rocks against the wave

assault．　Because waves exert stresses in various modes

SuCh as compression，tenSion，and shear，itis actuallY

difficult to represent the rock resisting force by only

Oneindex．　However，itis assumed thatindices such as

COmPreSSive，　tenSile，　and shearing strength of rocks

are closely related and notindependent of one another

（Sunamura，　1975）．　in order to examine this point，

COrrelations of theseindices are examinedin Fig．38，
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which shows tensile strength，　Shear strength，　and

longitudinal wave velocity plotted against compressive

Strength．　This figure suggests thatitis possible to

use one of them as representative of the resisting

force・　Of theseindicesI COmPreSSive strengthr ScJis

a widely usedindexin the fields of soil sciences and

rock mechanics，and the testing criteria for thisindex

is well established．　Compressive strength has been

therefore employed for the recent studies which attempt

to dYnamically describe topographic changes　（Horikawa

and Sunamura，1967，1969，1970；Sunamura，1973，1977，

1982；　Takahashi，1975；Suzuki，1982）．　＝n the study of

Shore platformst Sc has been employed andits validity

is recognized　（Tsujimoto，　1985）．　　For the above

reasons，　　COmPreSSive strength is employed as

representative of the resisting force of rocksin the

PreSent Study．

Variousindices expressing the resisting force of

rocks such as compressive，tenSile，and shear strengths

are mostly obtained from specimens without visibie

CraCks．　These indices show the strengthin the most

resistant part of a rock bodY．　＝n actual field

Situations，　a rOCk body has discontinuities of　〕Oints

and faults with spacing of several tens centimeters to

a few meters．　＝t is clear that such discontinuities
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reduce the resisting force of the rock body．　＝t is

thereforeinappropriate to represent the rock resisting

force bY COmPreSSive force only．　By knowing the fact

that the propagation of longitudinal wave velocity

through a rock body decreases when discontinuities

exist in the rock（Tanaka，1970），　Suzuki（1982）　has

introduced a discontinuitYindex′Vpf／Vpc′in which Vpf

and Vpc are thelongitudinal wave velocity measuredin

the rock body in situ and measured for cylindrical

SPeCimen without visible cracks in the laboratory，

respectively・　The total resisting force of rocks′　fr，

is represented here by multiplying this index by

COmPreSSive strength：

fr＝BS。（Vpf／Vp。）＝BSさ

S芸　＝S。（Vpf／Vp。）

Where

（7．14）

（7．15）

and Bis a nondimensional constant・　The quantity S芸

is an index for the magnitude of the rock resisting

force・　The value of Sさ　widely ranges from13t05600

tf／m2depending on the study sites（Table5）．

At the sites of Notsuka，Shichiri－nagahama．

77



Kitaura，　and Okuma，　SamPles are so weak that the

longitudinal wave velocityin thelaboratory could not

be measured．　　＝f the measurement could have been

POSSible′　then one would obtain Vpf　く　Vpc・＝tis clear

that the actual value of Sさis smaller than S。（Table

5）．

7．4．　Dynamic condition for demarcating shore platforms

and plunglng Cliffs

A formative condition of shore platforms and

Plunging Cliffs should be equivalent to a critical

COndition between erosion and no erosion．　　This is

given by equation（7．2）：

fw　＝　fr

The resisting force of rocks′　fr，　Can be represented，

as drown in equation（7－14）．　by anindex whichis

Obtained from multiplying the compressive strength，Sc．

bY the discontinuityindex′Vpf／Vpc：

fr＝BS芸

，The assailing force of waves，fw′　Can be directly
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related to wave pressure．p，i．e．，from equation（7．6）：

fw　＝Ap

A dYnamic condition for delimiting shore platforms and

Plunging Cliffs is obtained from equations　（7．2），

（7．6），and（7．14）：

p＝CSさ　′　C＝b／a （7．16）

Where cis an unknown dimensionless constant．　Equation

（7．16）　indicates that the demarcation should be

expressed bY a Straightline with aninclination of450

0n thelogarithmic graph paper．

The data of Sさ　and p obtained at each site（Table

5）　are plottedin Fig．39．　＝n this figure．the open

Circle shows the site where shore platforms are formed

and the closed square denotes the site of plunging

Cliffs．　The subscript means thelocation number shown

in Fig．　6．　　At the sites of　1．　2，　4，　and　8，

10ngitudinal wave velocity of rocks could not be

measured．therefore the possibility of lower Sさ－Value

is expressed by an arrow．

Figure　39indicates that the two types oflandforms

are clearly demarcated by a s01idline，Whichis giVen

79



by

p＝0・081Sさ （7．17）

＝n the left－hand side area of thisline，fw iS ln

excess of fr and shore plattforms are formed・＝n the

right－hand side area，　nO erOSion occurs because of

fwくfr and plunging Cliffs are found・　Figure　39

Shows that only one data point of plunging cliff case

（the Kakizaki site）is plotted in the area of shore

Platform formation．　A possible reason for thisis that

maximum wave height，（Ho）maxI WaS OVereStimated because

the effect of shoal off Toji（Fig．31）was not properly

incorporatedin the wave estimation．
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CHAPTER　8

DYNAM＝C COND＝T＝ONS FOR SHORE PLATFORM　＝NIT＝AT＝ON（2）：

DEMARCAT＝ON BETWEEN TYPE A AND TYPE B PLATFORMS

8．1　　Basic concept for Types A and B shore platform

initiation

This chapter attempts to establish a critical

COndition for theinitiation of Type A or TYPe B shore

Platform．　Both types of platforms are the results of

Cliff recession．　　The most marked difference between

the two is the existence or non－eXistence of a seaward

bluff：TYPe B platforms have，Whereas TYPe A do not．As

is clear from the result of the wave tank experiment

（Figs．　3　and　4）′　the seaward bluffis the initial

PrOfile of a steep drowned coast．　　The critical

COndition between TYPe A and TYPe B can be determined

by whether theinitial underwater bluff disappears or

exists．　Disappearance of the seaward bluff is not

brought about bY destruction due to the direct wave

assault on the bluff face，　but by surfacelowering of

the platform once formed．　Because the force of waves

exponentially decreases downward as the water depth

increases below S．W．L．（Figs．33，34′　and　35）．　＝f the
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SeaWard bluffis eroded away due to continuous surface

lowering，then Type A platforms are created．　＝n Type B

Platforms，　the surfacelowering does not progress；　SO

that the seaward bluff is maintained．　　The critical

formative condition between Type A and Type B is

therefore determined by the occurrence or non一

〇ccurrenCe Of the surface lowering，　and this is

expressed bY　　　　　　　　　　　　　　　　　　　　　　　　　　　．

㌔S　＝　frs （8．1）

Where frs is the rock resisting force against the

lowering of the platform surface and fwsis the wave

assailing force which causes the surfacelowering．　The

quantification of these two forces will be made．

8．2．　Quantification of assailing force of waves

8．2．1．　＝ndex of wave assailing force

When the condition for platforminitiation which

is described bY equation（7．16）′　is satisfied，a nOtCh

is formed．　at the initial stage of platform

development，　at Or near S．W．L．　where the assailing

force of waves hasits maximum value；　thisis clear

from the profile change shownin Figs．3　and　4．　＝tis
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COnSidered that the critical condition for demarcating

Type A and Type B shore platforms is ultimately

determined by whether thelowering of the notch bottom

OCCurS Or nOt．

The wave assailing force on the notch bottom

COnSists mainly of compressive′　tenSile，　and shear

forces．　＝t is clear that the most effective agentin

the notchloweringis the shear force．　Then the shear

force′　T．is adopted as anindex for representing the

WaVe aSSailing force acting on the notch bottom，fws：

fws　＝aT

Where a is a nondimensional unknown constant．

（8．2）

8．2．2．　Estimation of shear force

＝t is extremelY difficult to directlY meaSure

WaVe－induced shear force in the field．　The shear force

is therefore estimated here by the f011owing way．　The

Shear force T′　Whichis caused bY the movement of water

Particles along the surface of sea bottom，is related

to the velocitY Of water particle，　U，bY（e．g．．Komar，

1976′　p．186）：

T＝CfPU2
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Where Cfis a nondimensional coefficient of friction

and Pis the density of water．　The velocity U is

Obtained by using s01itary wave theory which can be

applied in a verY Shallow water regiOn．　　The wave

Velocity of s01itary wave，　C，　is approximately

expressed by（Komar，1976，P．55）

C＝／盲（正后 （8．4）

Where H is the wave height and his the water depth．

Because the his approximately zeroin the situation

under r！nnSideration′　C becomes

C＝ノ軍「 （8．5）

＝n the very shallow water regiOn，　Water Particles move

OnlY horizontally and the velocitY distribution is

uniform．　Because the velocity of water particles seems

equivalent to wave velocity，　the velocity of water

Particles near the bottom Uis written as

U　＝l′石訂 （8．6）

From this equations（8．3）and（8．6），the shear forceis
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Obtained：

T　＝　CfPgH
（8．7）

＝n the actual calculation for the value of T　′　it is

necessary to evaluate the friction coefficient Cf・　The

Value of O．01is often usedin a shallow water regiOn．

However，in a very shallow water regiOn，the effect of

frictionis supposed to be more marked．　Kohno et al．

（1978）　have measured the reduction of wave height on a

COral reef where the water depthis very small，　and

have obtained the value of O．15　as the friction

COefficient・　Based on this resultr Cf　＝　0・15　is

adopted in this study．　＝n equation（8．7），　the wave

height H remains unknown．　＝tis necessary to evaluate

the value of H which giVeS rise to the maximum shear

force．　When waves produce the maximum pressure on the

Cliff face．　the horizontal velocity component also

attains the maximum．　Thisin turn would produce the

maximum shear force on the bottom．

When breaking waves occur］uStin front of the

Cliff，　the wave pressure shows the maximum value as

COmPared with other tYPeS Of waves such as standing and

broken waves，aS mentionedin Chapter　7．　The height of

breaking waves is therefore adopted to estimate the
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maximum shear force／Tmax：

Tmax＝　0・15pg■㌔ （8．8）

This result of calculation by use of this equation show

that the valueof TmaxrangeS from O・1t01・O tf／m2

depending on study site（Table　6）．

8．3．　Quantification of resisting force of rocks

＝t is reasonable to take shear strength as the

most appropriate index for rock resisting force，

because the assailing force mainly consists of shear

force．　The shear strength shown in Table　3　was

Obtained through calculation using equation　（5．5）

because of difficultyin conducting direct shear tests

On rOCks・　The resisting force of rocks，frs，is

represented here by multiplying the discontinuitYindex

Vpf／Vpc bY Shear strength，Ss：

frs＝b（Vpf／Vp。）Ss＝bS…
（8．9）

Where S；　（Vpf／Vp。）Ss andbis a n。ndimensi。nal

unknown c。nStant・　The quantity S…　is a quantity

Showing the shear strength including the effect of

86



discontinuitiesin the rock body・　The value of s；

widely ranges from2t0300tf／m2depending on study

Site　（Table　6）．　At the study sites of Notsuka，

Shichiri－Nagahama，　Kitaura，　and Okuma，Only the value

Of upperlimitis calculated assuming that Vpf／Vpc＝1r

because the measurements of Vpc were not possible・

8．4．　Dynamic condition for demarcating Type A and

Type B shore platforms

A dynamic condition for deliminating TYPeS A and B

Shore platforms is obtained from equations　（8．1）．

（8．2）．and（8．9）：

てこC－S…′　C一　＝b／a （8．10）

Where clis a dimensionless unknown constant．　Equation

（8．10）indicates that demarcatioh should be expressed

by a straightline with aninclination of450　0n the

logarithmic graph paper．

The data of S…　and T obtained at each site are

Plottedin Fig．　40．　＝n this figure，the open triangle

Shows the site where Type A shore platforms are formed

and the closed circle denotes the site of Type B shore

Platforms．　The subscriptindicates thelocation number
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Shownin Fig．6．　Arrows at the sites of1，2，4，and　8

sh。W the p。SSibility。fl。Wer S；－Value．　Figure40

indicates that two types of shore platforms are clearly

demarcated by the s01id straightline．　whichis giVen

by

T＝0・005S… （8．11）

＝n the left－hand side area of this line′　fws is in

excess of frs to form Type A shore platforms・　＝n the

right－hand side area，　n0　lowering of the platform

Surface occurs because of fws　く　frsl reSultingin the

formation of TYPe B shore platforms．
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CHAPTER　9

SUMMARY AND CONCLUS＝ONS

Shore platforms which are maコOr mOrPh010giCal

features on rocky coasts arelargely classified into

two types（Fig．1）：（1）Type A shore platforms which

have a slightly seaward－Sloping Surface without any

topographic breaks，　eXtending to the nearshore bottom；

and　（2）　TYPe B shore platforms which have a nearly

horizontal surface with marked topographic break at the

SeaWard margin．　工n contrast to these landforms′

Plunging Cliffs are found which continue beneath the

Sea level with no platform development．　A review of

PreVious studies showed that the degree of exposure to

WaVeS and the resistivity of rocks against wave force

are crucial factersin the formation of these types of

rockY COaStS．　However，the r01e of these factors were

not fullY eXPlained because the previous studies failed

to scrutinize this problem on a dynamic basis．

This study therefore attempted to quantitatively

examine dynamical conditions demarcating these three

landform types．　With this purpose，　tWentY－five studY

Sites were selected from various parts of Japanese

COaSt　（Fig．　6），　and field investigations were

89



COnducted．　　＝n the field，　PrOfile levelling was

Performed t0　0btain precise information on the

Subaerial and subaqueous topographic features．　＝n an

attempt to quantify the rock resisting force，　VariOuS

mechanical properties of rocks were examined．　The wave

assailing force was estimated from existing wave data．

Because wave－induced cliff recession results in

Shore platforms at the f00t Of the cliff，　a formative

COndition for shore platforms and plunging Cliffs

Should be equivalent to a critical condition whether

Cliff erosion occurs or not．　The most important

factors affecting cliff erosion are the assailing force

Of waves，fw′　and the resisting force of rocks against

WaVeS′　fr・　A critical condition for shore platform

initiationis giVen bY fw　＝fr・These two quantities

fw and fr are represented bY WaVe PreSSure，Pl and

compressive strength of the r。Ck body，　S芸′

respectively．　　Using these parameters，　a dynamic

COndition for delimiting shore platforms and plunglng

cliffsis expressed by p＝0・081Sさ（Fig・39）・Shore

Platf。rmS devel。P When p〉0・081S芸．whereas plunging

cliffs form when pく0・081Sさ・

The most marked difference between TYPeS A and B

Shore platformsis the existence or non－eXistence of a

SeaWard biuff：TYPe B platforms have the bluff，Whereas

90



Type A do not．　A delimiting condition between Types A

and B should be equivalent to a critical condition

Whether surfacelowering of the platform once formed

OCCurS Or nOt，1・e・′　fws＝frs where fwsis the wave

assailing force which causes the surfacelowering and

frs is the rock resisting force against the lowering・

By representing f and f by shear force，　T．　and

Shear strength of the rock body，S芸　′　reSPeCtively，a

dYnamic condition for delimiting TYPe A and Type B

Shore platformsis expressed by the s01idlinein Fig．

40・Thislineis giVen by T＝0・005S…・＝f theleft－

hand side of this equationis greater than the right－

hand side．　Type A shore platforms develop；　Otherwise

TYPe B platforms form．

A necessarY and sufficient condition for shore

Platforminitiationis summarizedin Table　7．
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Figure　3．　Profile change caused bY breaking waves

（after Sunamura，1976）．
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Figure　4．　Profile change caused bY breaking waves

（after Tsujimoto and Sunamura，1984）．
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Figure　6．　Location of studY areaS．

1Notsuka，2　Shichiri－Nagahama，3　0dosezaki，

4　0ga－Kitaura，5　Unosaki，6　Kuji，7　Rikuchu－

Noda，8　0kuma，9　Byobugaura．10　Taito．ll Ubara，

12　Kominato′13　Kamogawa－Bentenコ1ma，

●　　●

14　Shinyashiki，15　Shimoda－Ebisu］lma，16　Shimoda－

Kakizaki，17　Shimoda－Akaneコima，18　Tatado．

19　Tsushi－Tsunokawa，20　Nagao－Bana，21Zwami－

Tatamigaura，22　Yadakemen，23　Nagakushimen，

24　Hario′　25　0yano－Kodomari．
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Figure　7．　Coastal plofiles of each studY Site．
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西

十

Figure　8．　Study site of Notsuka．

LocalitY mapis′a part of topographic map published by

Geographical Survey Znstitute ofJapan（Hiroo and Taiki，

Withl／50000　scale）．
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七

Figure　9．　Study site of Shichiri－Nagahama．

Locality map　⊥S a Part Of topographic map published bY

Geographical Surveylnstitute ofJapan（Kanagi，With

l／50．000　scale）．
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新

Figure13．　Study site of Kuji．

Locality mapis a part of topographic map published

by Geographical Survey Znstitute ofJapan（Kuji，

Withl／50，000　scale）．
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Figure14．　Study site of Rikuchu－Noda．

Locality mapis a part of topographic map published by

Geographical Survey Znstitute ofJapan（Rikuchu－Noda，

Withl／50．000　scale）．
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大

Figure15．　Study site of Okuma．

LocalitY maPis a part of topographic map published

by Geographical SurveY Znstitute ofJapan（Zwaki－

Tomikawa，Withl／50，000　scale）．
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原

Locality mapis a part of topographic map published

bY Geographical SurveYInstitute ofJapan（Kazusa－

Choja，Withl／25，000scale）．
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市

Figure19．　StudY Sites of Kamogawa－Benten］ima

and ShinYaShiki．

Locality mapis a part of topographic map published by

Geographical SurveY Znstitute ofJapan（Kamogawa and

Awa嶋Furukawa，Withl／25，000　scale）．
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都

Figure　21．　StudY Site of Tsushi－Tsunokawa．

Locality mapis a part of topographic map published

bY Geographical Survey Znstitute ofJapan（Sumot0．

Withl／50′000　scale）．
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泊

Figure　22．　StudY Site of Nagao－Bana．

Locality mapis a part of topographic map published

by Geographical Survey tnstitute ofJapan（Hamamura，

With　25，000　scale）．

126



Figure　23．　StudY Site of Zwami－Tatamigaura．

LocalitY mapis a part of topographic map published

by Geographical Survey Znstitute ofJapan（Hamada，

With　り50．000　scale）．
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Figure　24．　Study sites of Yadakemen

and Nagakushimen．

Locality mapis a part of topographic map published

bY Geographical Survey Znstitute ofJapan（Sasebo．

Withl／50．000　scale）．

128



佐

Figure　25．

Locality mapis a part

by Geographical Survey

With　り50．000　scale）．

Study site of Hari0．

0f topographic map publishedT

Znstitute ofJapan（Haiki，
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Figure　26．　StudY Site of Oyano－Kodomari．

Locality mapis a part of topographic map published

bY Geographical Survey　＝nstitute ofJapan（Amakusa－

Matsushima，Withl／25，000　scale）．
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Figure　27．　Definition of shear strength（after

Yamaguchi and Nishimatsu，1977）．

Real Mohr－s envelopeis T）iotted bY

a boidline and enveiope assumedin

equation（5．4）is piotted by a thin

Straightline．
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Figure　28．　Seven coastal areas and representative stations．
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Period，T（after Tanaka．1980）．
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Figure　31．　Wave refraction diagram at Kakizaki site．

By the effect of wave refraction，SPaCing

between the seiected orthogonalsin deep

Waterincreases fortyf01dinshallow water．
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Figure　32．　Wave typesin front of the cliff．

Standing waves occur when the water depth，

d′islarger than wave breaking depth，db；

breaking waves occur wOen d＝db；and

broken waves occur when d＜db・
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Figure　33．　Verticai distribution of dYnamic pressure

CauSed bY Standing waves（after Sainfiou，

1928）．
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Figure　34．　Vertical distribution of dYnamic pressure

CauSed by breaking waves（after Ross，1955）．
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Figure　35．　Vertical distribution of dYnamic pressure

CauSed by broken waves（after CERC，1977）．
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Znitiallandformis plottedin a dashedline．
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tf／m2

Figure　37・　Result of wave pressure estimation・

Maximum vaiue of p，Pmax′is adopted as

representative of wave assailing force・
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On the cYlindrical specimen，reSPeCtively．
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Tablel．　Landform types

Location Landform types front depth erosion rate

（m）　　　　（m／y）

1　Notsuka

2　Shichiri－Nagahama

3　0dosezak土

4　0ga－KiLaura

5　Unosaki

6　Ku〕1

7　Rikuchu－Noda

8　0kuma

9　Byobu9aura

lO Ta土t0

11Ubara

12　Xom土nato

Type A platform

Type A platforrn

Type B platform

Type A platform

でype B platform

Type B platform

Type B platform

Type A platform

Type A platform

Type A platform

Type B platform

でype B platform

13　Kamogawa－Bentenコima Plunging Cliff

14　Sh土nyash土ki

15　Shimoda－Eb土su〕土ma

16　Sh土moda－Xakizak土

17　Sh土moda－Akanej土ma

18　でatad0

19　でSuShユーでsunokawa

20　NagaObana

21工wam土－Tatamユgaura

22　Yadakemen

23　Nagakush土men

24　日ar土0

25　0yano－Kodomarl

plungユng■　Cl土ff

でype B platform

plun冒ユng Cユ土ff

plunglng Cl土ff

TYpe B platform

でype A platform

plun91ng Cユ土ff

でype B platform

Plun91ng Cl土ff

Plun91ng Cl土ff

Type B platform

でype B platform

0．7

0．2

4．0

0．2

4．0

3．0

3．5

1．3

0．9

0．02★

0．5

0．05★

0．01★

0．02★

0．7　　　　　　0．1　－　2．1

0．7　　　　　　0．7　－　0．9

0．8　　　　　　0．6　－1．0

4．0　　　　　　　　　0．04★

4．0　　　　　　　　　0．04★

7．0　　　　　　　軍　0　★★

5．0　　　　　　　≒　0　★★

6．0　　　　　　　　　0．01★

1．1　　　　　　　　買　0　★★

14．0　　　　　　　　＝　0　★★

0．004★

0．2

11．0　　　　　　　　芋　0　★★

4．0　　　　　　　　　0．03★

1．8　　　　　　　≒　0　★★

2．0　　　　　　　≒　0　★★

1．3　　　　　　　　　0．004★

1．5　　　　　　　　　0．04★

＊　Erosion rate was obtained by dividing the width of platforms

by the time required for their formation（about　6000　years）．

＊＊　No cliff recession occurs．
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Table　2．　Basic properties of rocks

Location Gs Pw Pd n wmax

（g／cm3）（9／cm3）（宅）　　（篭）

1Notsuka

2　Shichiri－Nagahama

3　0dosezaki

4　0ga－K土taura

5　Unosaki

6　Ku〕1

7　Rikuchu－Noda

8　0kuma

9　Byobugaura

lO Tait0

11Ubara

12　Xom土nat0

13　Kam09aWa－Bentenコ1ma

14　ShinYaShiki

15　Shimoda－Ebisuコima

16　Sh土moda－Kak土zak土

17　Shimoda－Akaneコ1ma

18　でatad0

19　Tsushi－Tsunokawa

20　NagaO－Bana

21エwamユーでatam19aura

22　Yadakemen

23　Nagakushimen

24　Hari0

25　0yano－Rodomar土

2．30

2．57　　　2．21

2．63

2．58　　　2．12

2．66　　　2．15

2．54　　　2．01

2．67　　　1．68

2．62　　　1．82

2．62　　　1．98

2．63　　　2．05

2．97　　　2．83

2．94　　　2．87

2．69　　　2．14

2．55　　　1．52

2．69　　　2．36

2．79　　　2．32

2．71　　　2．02

2．73　　　2．58

2．72　　　2．33

2．83　　　2．37

2．69　　　2．40

2．65　　　2．33

2．67　　　2．21

1．98　　　23．0

1．82　　　29．5

1．84　　　30．8

1．67　　　34．3

1．30

1．08　　　59．5

1．32　　　49．5

1．55　　　42．8

1．68　　　36．6

2．77　　　　5．9

2．82　　　　5．2

1．81　　　32．7

0．85　　　66．7

2．16　　　19．7

2．05　　　26．5

1．62　　　40．2

2．49　　　　8．8

2．11　　　22．4

2．12　　　25．1

2．23　　　17．1

2．13　　　19．6

1．93　　　27．7

10．8

15．9

15．8

19．7

54．9

37．6

27．5

21．9

2．1

1．9

17．8

66．8

8．7

11．0

24．7

3．0

10．9

9．8

6．9

9．0

14．6

苦言

W

＝SPeCific gravitYt Pw＝Wet densitYl

＝　dry density，　n　＝　POrOSitY，

＝　Water COntent in saturated state．
maX
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Table　3．　Mechaniocal properties of rocks．

Location Sc St Ss Vpc Vpf

（tf／m2）（tf／m2）（tf／m2）（km／S）（km／S）

1NotSuka

2　Shichiri－Nagahama

3　0dosezaki

4　0ga－K土taura

5　Unosak土

6　Xu〕1

7　R土kuchu－Noda

8　0kuma

9　Byobugaura

lO Tait0

11Ubara

12　Rom土nat0

13　Kamogawa－Bentenコima

14　ShinYaShiki

15　Shimoda－Ebisuコima

16　Sh土moda－Kak土zak土

17　Sh土moda－Akaneコ1ma

18　でatad0

19　Tsushi－Tsunokawa

20　NagaO－Bana

21工Wamユーでatam19aura

22　Yadakemen

23　Nagakushimen

24　日ari0

25　0yano－Ⅹodomari
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Table　4．　0ceanographical conditions of

Study areas．

Locat土on Sea area
で土dal

range
（m）

（H。）max

（m）

i Notsuka

2　Shichiri－Nagahama

3　0dosezaki

4　0ga－K土taura

5　Unosak土

6　Ruji

7　R土kuchu－Noda

8　0kuma

9　Byobug■aura

lO Ta土七0

11Ubara

12　Rom土nato

13　Ramogawa－Bentenコima

14　ShinYaShiki

15　Shimoda－Ebisuコima

16　Sh土moda－Rak土zak土

17　Shimoda－Akaneコima

18　でatad0

19　Tsushi－Tsunokawa

20　Nagao－Bana

21＝wamirTatamigaura

22　Yadakemen

23　Nagakushimen

24　Har土0

25　0yano－Rodomar土

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

Open coast

EmbaYment

Open coast

Open coast

Sheitered

Open coast

Open coast

Sheitered

Sheltered

Sheitered

Sheitered

1．4　　　　7．0

0．4　　　　9．4

0．4　　　　9．4

0．4　　　　9．4

0．4　　　　9．4

1．4　　　　7．0

1．4　　　　7．0

1．4　　　　8．3

1．4　　　　7．8

1．5　　　　7．8

1．5　　　　7．8

1．5　　　　7．8

1．5　　　　7．8

1．5　　　　7．8

1．5　　　　7．8

1．5　　　　1．9

1．5　　　　7．8

1．5　　　　7．8

1．5　　　　1．3

0．5　　　　7．7

0．6　　　　7．7
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Table　5．　Estimation of p and Sさ

Location　　　（H。）rnax d　（H。）b P Vpf Vpc Sc Sさ

（rn）　（m）（m）（tf／m㍉Hkm／S）（km／S）（tf／rn2）（tf／rn2）

1Notsuka

2　Shichiri－Nagahama

3　0dosezak土

4　09a－K土taura

5　Unosak土

6　Ku〕1

7　Rlkuchu－Noda

8　0kuma

9　Byobugaura

lO Tait0

11　Ubara

12　Kom土nat0

13　Kam09aWa－Bentenつ1ma

14　Sh土nyash土k土

15　Sh土moda－Eb土suコ1ma

16　Sh土moda－Kak土zak土

17　Shimoda－Akaneコ1ma

18　でatad0

19　でsushエーでSunOkawa

20　NagaO－Bana

21　エWam土－Tatam1gaura

22　Yadakemen

23　Nagakushimen

24　Har土0

25　0yano－Kodomar土

7．0　　　1．4　　　0．6　　　20

9．4　　　0．4　　　0．2　　　　6．7

9．4　　　4．2　　　2．5　　　86

9．4　　　0．4　　0．2　　　　5．8

9．4　　　4．2　　2．7　　　96

7．0　　　3．7　　2．4　　　84

7．0　　　4．2　　2．5　　　88

8．3　　　1．4　　0．5　　　19

7．8　　　1．4　　0．5　　　19

7．8　　　1．5　　0．5　　　18

7．8　　　4．7　　　4．3　　150

7．8　　　4．7　　3．5　　120

7．8　　　7．7　　6．3　　220

7．8　　　5．7　　　5．7　　　200

7．8　　　6．7　　4．0　　140

7．8　　　1．8　　0．3　　　　9．8

7．8　　14．7　　　★★　　　　　9．4

7．8　　　4．7　　2．9　　100

1．3　　　1．5　　0．9　　　30

7．7　　11．2　　5．3　　190

7．7　　　4．2　　3．1　110

0．5　　　3．1　　0．5　　　25

0．3　　　3．3　　　0．3　　　10

0．8　　　1．8　　　0．5　　　19

0．7　　　3．5　　0．7　　　29

★　　　　★　　　　　13　　　く　13

★　　　　★　　　　　15　　　く　15

1．1　　2．5　　2600　　1100

★　　　　　★　　　　　14　　　く　14

1．0　　2．1　　2300　　1100

1．4　　1．4　　　630　　　630

1．3　　　2．1　1500　　　930

★　　　1．7　　　250　　く　250

0．6　　0．9　　　130　　　　87

0．6　　1．1　　　390　　　210

0．7　　1．8　　1400　　　540

0．5　　2．1　　2100　　　500

1．3　　4．3　　8600　　2600

1．1　　4．2　　20000　　　5100

2．2　　2．2　　　950　　　950

0．4　　1．2　　　140　　　　47

1．7　　2．5　　3000　　2000

2．0　　3．4　　　800　　　440

1．1　1．8　　　　68　　　　41

2．5　　4．2　　9400　　5600

1．0　　　2．2　　1500　　　670

0．7　　1．0　　　820　　　450

0．4　　　2．5　　1400　　　220

0．6　　2．0　　　820　　　260

1．0　　1．7　　　310　　　190

（Ho）max　＝　thelargest height of waves，d　＝＝　front depth measured

at fi・W・L・，（Ho）b　＝　the height of deep water waves which break

justin front of the cliffl P＝WaVe preSSure，Vpc＝P・WaVe

Velosity measured on the specimen，Vpf＝P・WaVe Velosity on

the bedrock′　Sc　＝　COmPreSSive strength，Sさ　＝　COmPreSSive strength

Of rock body．

＊　Samples are so weak that P．wave velosity could not be rneasured．

＊＊　Waves do not break．
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Table　6・　Estimation of T and S芸

Location

1Notsuka

2　Shichiri－Nagahama

3　0dosezak土

4　0ga－Kitaura

5　Unosaki

6　Kuj土

7　Rikuchu－Noda

8　0kuma

9　Byobugaura

lO Ta土t0

11Ubara

12　Rom土nat0

15　Shimoda－Ebisu〕ima

18　でatad0

19　Tsushi－Tsunokawa

21＝wami－Tatamigaura

24　Hario
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⊃

T　＝Shear force・Hb　＝the height of breaking waves，

Ss＝Shear strength，S…＝Shear strength of rock bodY・
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Tabie　7．　Conditions for shore piatforminitiation．

TYPe A piatforms TYPe B platforms plunging Ciiffs

p＞0・081Sさ

て　＞　0．005S★
S

p＞0・081S芸

でく　0．005S貴
S

pく0．081S★
C
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