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工　　　工NTRODUCで工ON

i・i Purpose of the studY

Three－dimensional topographic surveYS are rePeatedlY

Carried out，in order to obtain sufficient time－Series

data of beach change on an unbounded coast．　As a result

Of these surveYS′　the sequential topographic changes

Observedin each storm cYCie are classifiedinto a few

tYPeS bY focussing special attention on（1）iarge cusps

developed near the shoreiine and（2）a bar and trough

formed on the sha110W Water bottom．

The fiuctuations or difference in the environmental

VariabiesI SヽlCh as wave characteristics and grain size

Of beach material are considered to control the temporai

Or SPatiai change of foreshore zone topographY．　The

OCCurrenCe COnditions ofindividual type of topographic

Change are determined bY taking account of the correlation

between each type of topographic change and the environ一

mentai variabies during each surveY Period．　Ali tYPeS

Of topographic change are arranged on the basis of their

OCCurrenCe COnditions and a new three－dimensional beach

model is constructed．

1．2　Previous studies

Coasts can be generaiiY Classifiedinto twolarge

1



groups．　Oneis called a depositional coast whichis

COVered with unconsolidated material．such as sand，Shin－

gle，CObbles．and the otheris called a cliffed coast

Whichis composed of bed rock．　Based on theidea of Davis，

匂eographical cYCle，・Johnson（1919）proposed theidea of

marine cYCle；thatis，the process of shoreline develop－

rnent could be expressedin terms of the ma〕Or StageS Of

youth，maturitY and old age，andindividual shore form

Observed on anY COaSt COuld be developed at the specific

Stage．　Aithough he treated coastallandforms over a suf－

ficient span of－geologiC tirnein hisidea of marine cycle，

he noted the shore forms which repeatedly appear or dis－

appear on depositional coastsin a short term（Johnson，

1919，PP．457－532）．　Such topographic change．ComoniY

found in the foreshore zone，Can be observed in a short

Period by the fluctuations of the characteristics of waves

approaching the shore（エnman，1950；Shepard，1950；Vesper，

1961；Dariing，1964；Gorsline，1966；Bali et al，1967；

Sonu and Van Beek′1971；Fox and Davis，1978）．

Distinctive topographic featuresin the foreshore

ZOne are（l）large cusps formed near the rnean waterline

and（2）a few kinds of bar systems developed on the shallow

Water bottom．　Both features form a rhYthrnic topographY

OCCurringin the nearshore zone（Hom一ma and Sonu，1963）・

2



Two kinds of tYPICal rhYthmic topographY areillustrated

in Figuresi and　2．　Early work on this subject was done

byJohnson（1919）and Evans（1939）．　Theirinvestigations

Put StreSS On the description of the configuration char－

acteristics and qualitativeiy discu軍Sed the fomative

prOCeSSeS・

Later studies on the foreshore zone topography placed

emphasis upon the measurernent of sorne environmentai vari－

ables such as waves，CurrentSi Wind，and attempted to

understand the characteristics of topographic change on

the basis of the measured data（King and Wiliiams．1949；

Brunn．1954；Mogi，1959，1960；Hom一ma and Sonu，1963；

Sonu and Russei1，1967）．　Mogi（1960）found that a system－

atic relation exists betweenlarge cusps and bar systems・

Sonu and Russell（1967）emphasized that three－dirnensional

topographic survey shouid be made for the field study on

unbounded coasts．　Hom－ma and Sonu（1963）stated that the

f01lowing two fundamental conditions are necessary for

the formation of a crescentic bar sYStem：（1）a beach

must belocated close to a suppIY SOurCe Of beach sand

and（2）the bottom rnust be sufficientlY gentlein the

Shallow water zone．

On the other hand，reSearChes on beach profiie change

Were Carried out by someinvestigators（Shepard．1950；

3



Ba亭COm，1953；Darling，1964　et al．）．　Theseinvestigation

resultsindicate that the beach profile on a depositional

COaSt Shows a cyclic changer thatis′　during the period

Of small wave activitY（ordinarilYin summer Or POSトStOrm

亘eriod）the berm・advances seawやrq●t（Summer－tyPe PrOfile）．

While during the periqd of storm wave activitY（usuallY

in winter or stom period）the bem－forming sandis

Carried to the offshore zone and a beach profiie with

no berm occurs（Winter－tYPe PrOfiie）．　Shepard（1963，

pp・178－181）Pointed ou’t that beach profiles change

Periodica11Yin・reSPOnSe tO the periodic change of the

Characteristics of waves reaching the shore・　He also

Stated that two kinds of periodic changesin wave char－

acteristics are corTmOnlY found；Oneis a seasonal change

（Seasonal cycle）and the otheris a change associated

With a stom（Storm cycle）．

Since the earlY1970ls′investigations on the three－

dirnensional topographic changesin the foreshore zone

have been conducted on the basis of the concept of beach

CyCle．　D卑Vis and Fox（1972）constructed a process－

response rnodei for displacement of the bars and changes

in shoreiine configuration・1n their rnodeit theY aト

tempted to giVe an eXPlanation of topographic changes

in a stom cycle by dividing the cycleinto several stages・

4



The result of their field survey demonstrates，however，

that two peaks corresponding to the pass oflow pressure

SYStemS Were foundin the．recorded time－Series data of

WaVe height，and each post－StOrm Period was so short that

a sequential topographic change during a storm cYCle

COuld not be fullY COmPleted．　Sonu（1973）stated that

CreSCentic bar systems could be foundin rnany parts of

the world and the crescentic bars forrned between head－

lanas are generated bY a Standing edge wave′　Whereas the

bars formed on an unbounded coast are developed by sand－

WaVe trains which result frominstability of the surf

ZOne bed perturbed bYlongshore currents and waves．　He

aiso developed a three－di＿menSional model on discontinuous

bar sYStem based on his ovn survey data．　Applying the

edge wave theory expanded bY Eckart（1951）and Urse11

（1952），Van Beek（1974）attempted to elucidate the mecha－

nism of the rrhythmic topography formation．　After

performing the field surveyr he poirlted out that rhythmic

bars built up on the shallow water bottom had two super－

imposed sets of rhythms of different wavelengths and

the formation of these bars was governed by two kinds

of standing edge waves・Greenwood and Davidson－Arnott

（1975）conducted a three－dimensional topographic survey

and analysis of aerial photographs on theinner andもhe

5



Outer bar sYStemS・They consequentiY describedin detaii

the sequentiai topographic changes of these bar sYStemS・

The timeintervais of their topographic surveY Were

COmParativelYlong，e・g・r tOPOgraPhic surveYS Were Carried

Out ten times during three months．Owens（1977）simu1－

taneousIY Studied on two coasts which have different

tYPeS Of wave clirnate．　He found that，On a Sheltered

COaSt，SeaSOnai variationsin wave energylevel result

in topographic changesin a seasonal cycler and′－On an

exposed coastr the variations of wave energylevel associ－

ated with anindividual storTn reSultin topographic

Changesin a storm cycle．

Based on the dailY WaVe reCOrds′　aerial photographs

and the results of beach survey．Short（197Ba，1978b，

1979）constructed a three－dimensional beachqstage model．

ThisInOdei consists of accretionary and erosional se－

quences；the fomer beginS When wave height decreases

foliowing a storm period or a period of high swell and

thelatter beginS〕uSt before the time when wave height

increases foilowing along term oflow swell・　He stated

that this．’i・Odeiis applicable to all open coasts that

arelow to moderate bottom gradient and are composed of

rnedium grained beaches．　There exist，howeverr a few tYPeS

Of bar systern（Sonu，1969；HaYeS，1972；Davis and Fox，

6



1972；Davis et al・r1972；Davis and Fox′1975；Owensr

1977）which Shortts rnodel does noti云clude．

The1970－s researches on topographic changesin the

foreshore zone rnay be briefiY Surnmarizedin the foilowing

Outiine．　Three－dimensional topographic surveYSin the

nearshore zone were conducted bY SOme reSearChers and

COnSequentiy several beach－Stage rnOdels were proposed by

them．　Ail of these models except Short－S，however，Were

not constructed on the basis of fuily detailed data on

topographic changes occurredin a stom or a seasonal

CyCle′　and these models areincomplete．　On the other

hand，Short－s modei appropriateiY eXPiains the three－

dimensional topo9－raPhic changes concerning crescentic

bar system but the model can not expiain all the top0－

graphic changes concerning other types of bar systems

Observed on open coastsin the world．

A review wili be giVen On the previous experirnental

Studies using a wave basin on topographic changesin the

foreshore zone．especia11y bars andiarge cusps．　Such

experimental studies were generallY Carried out under

COntrOlled conditions by changing SOme Variables such as

beach gradientr grain size of beach materialr wave height

and period．　＝tis possible that the．results of these

experirnentai studies enable us to evaluate theirnportance

7



Or the effect of each variable on topographic chapgein

the nearshore zone of natural beaches．　Horikawa and

Sasaki（1968）conducted alaboratorY eXPeriment and ob－

SerVed the process of topographic change of the bar formed

bn the bottom ofIwave basin under the action of oblique

waves．　The restilt of their observation is surnmarized as

follows．　At first a continuous and straight bar was

forrned parallel to the shoreline．　Zn the next place the

bar was dividedinto a few parts and these bars were

COrreSPOnding to each cusp formed near the shoreline・

These bars eventually connected with the horn of each

COrreSPOnding cusp．　xomar（1971）carriea outlaboratorY

experirnents by the use of two kinds of wave basins．　He

POinted out that nearshore celi circulation affects shore－

iine modifications andlarge cusps deve10Pin thelee of

the riP CurrentS．　Bowen and　＝nman（1971）theoreticaliY

SuggeSted that standing edge waves provide a satisfactory

explanation for the forrnation of crescentic bars．　TheY

PerformedlaboratorY eXPeriments to ascertain the validity

Of their theoretical suggestions・　Their experimentai

results i11ustrate that（l）the formation of crescentic

bar sYStem might be governed by drift velocities associated

With the presen？e Of standing edge waves and（2）the existq

ence of standing edge waves whose periods were　30－60

8



＄eCOnds was necessarY for the formation of such a bar

SyStem OnlongF Straight natural beaches・　VarYing deep－

Water WaVe SteePneSS，Tamai（1974，1975）perforrned a

laboratory experirnent and observed bar sYStemS developed

in a wave basin．　The result of his experiment shows that

When the value of deep－Water WaVe SteePneSS WaS greater　一㌧

than O・016，a CreSCentic bar system was always developed

andlarge cusps were forrned by the predominant water

Circulations occurringin a breaker zone．　Sunamura，

Mizuguchi and Ann（1977）conducted alaboratorY eXPeriq

rnent on rhythmic topographY．1n their experirnent，WaVe

Period was kept constant and wave height was varied．

The resultsindicate thatlow waves forrned steps on the

Shallow water bottom and deveioped a rhythmic topography

near the shoreline；On the other hand．high waves built

up a few elongated bars and troughs on the shallow water

bottom paraliel to the shoreiine and higher waves forrned

CreSCentic troughs on the shallow water bottom．

A series of previous fieid studies on nearshore zone

topography has made clear that rhythmiclandforms with

a few kinds of bar systems can be observed on aimost all

depositional coasts．　Butif we closelY eXaJnine these

bar systems we would find that each bar system hasits

OWn COnfiguration having temporal and／orlocai changes．
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LaboratorY eXPeriITlentS On rhythmic topography could show

bar systems probablY COrreSPOnding to a discontinuous

Or a CreSCentic bar sYStem Observed on natural beaches．

The fundamentalimportance of wave steepnessin building

up these bar systerns has also been confirmedin alabora－

torY enViroment．　But the followingitems have been

Stili veiled：（1）the effect of beach gradient，（2）wave

incidence direction and（3）grain size of bottorn rnaterial．

Although a few rnodels of topographic changesin the fore－

Shore zone have been proposed′　there are sorne differences

aInOng them．　This suggests that these models do not

COntain sufficient generality・　工ncompleteness foundin

these modelsis due tolack of the ample tirne－Series data

Of topographic changes during each storm cycle．　A few

researches have tried to explain the rnechanism of the

rhythmic topographY formation on the basis of edge wave

theory．　The vaiidity of such studies′　eSPeCially for

the case of unbounded coasts′　Shouid be checked using

the data of edge waves actuaiiy measured．

10



工工　　　STUDY AREA

The Kashima coast，工baraki prefecture，Japan′is a

neariY N－S oriented，70－km・long，Pacific coast whichis

bounded bY the Tone River at the southern end and bY Cape

Ohlarair a Cretaceous promontorYt at the northern end・

The studY areaislocatedin the northern part of this

COaSt（Figure　3）・　A diluviai upiand having a height of

40　to　45　m（Sakamoto′1975．p．1），Caiied Kashima terrace．

develops aiong the hinteriand of the studY area（Figure

4）．　At the seaward base of the terrace，Sand dunes deve1－

0P With some being protected bY Sand fenFeS七uilt after

tムe World War　工工．

Underwater topography・（Figure・4）．which was drawn

based on a hYdrographic chart（Japan maritirne safetY Board，

1977），indicates that LO－　and　20－m COntOuriines run nearq

iY Paraiiei each other to the coastiine with the20r一m COn－

touriine slightiy diverging near the northern end of this

COaSt．　TheirreguiaritY Of　25－．30q，and　40－m COntOur

iines represents that a marlne terrace，nOWlocated at a

Water depth of　25　to　50　m，WaS dissected bY SeVerai valleYS

When the sealevel rise haited during the Fiandrian trans－

－　greSSion（Mogi and Zwabuchi，1961），although these contour

iines were drawn bY SrnOOthing out the minorirregularitY・

Thisirregular topographY WOuidinfiuence waves approaching
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the shore．　Shallow－Water bottom material in this area’is

fine to rnedium sand（MOgi．andlwabuchi，1961）・

Zn order to understand the seasonal characteristics

Of waves on the Kashima coast，mean annual occurrence fre－

quencies of wave period and height were examined on the

basis of the data of the daiiy rneasurement at OhIarai harbor

（MinistrY Of Transport，1977）locatedlO km north of the

studY area（Figure　4）．LA representative resultis plotted

On Figure　5，’which shows that waves having a period of　6

toiO sec dominate throughout the Year，and vaves more than

3min height occur oniYin．summer（June－August）and auturTn

（SeptemberNNovernher）．　This wave－height occurrenceis a1－

most aiwaYS aSSOCiated with the passage of a tYPhoon or

alow pressure system．

Tides are mixedi－　SPring rangeis O．9　m and neap range

is O．3　m at ObIarai located at the nortbern end of this

COaSt（Japan Heteorologicai Agency′1977）．

Two sites′located with a distance of approximateiylO

kmin between，Were Selectedin the studY area；the oneis

Dainigorizawa and the otheris Tamada（Figure　4）・Figures

6　and　7　show nearshore topography at the Tamada and the Dai－

nigOrizawa sites，reSPeCtivelY；the underwater area deeper

than a water depth of　3　to　4m was surveYea uSing a depth

recorderinstailed on a boat，the foreshore－backshore area
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WaS meaSured using aieveiF SurVeYOrTs rod′　and taper and

the surf－ZOne，Where the application of these two measur－

ing techniques was not possible，WaS reCOnnOitered by the

author equiPPed with a hydroscope and fiippers・　A contin－

uous outer baris rnarkedly present at both sites′　While

aninner bar configurationis not so noticeable．　Offshore

distance from the shore to the outer bar is190　to　220　m

at the DainigOrizawa site and150　t0170　m at the Tamada

Site，With the former having a slightiYionger distance．

A monotonousincreasein water depthis seenin the offq

Shore region from the outer bar at both sites（Figures

8　and　9）．Figure10illustrates a generalized beach

PrOfilein the study area．

The beach materialis well－SOrted，fine to medium

Sand at both sites．　The result of a sieve analysis of

beach sand sampledin1979　Showed that the mean grain size

WaS O．20　mrn at the DainigOrizawa site and O．33　rtm at the

Tamada site．　The mean sand sizes examined by　＝jima et al．

（1964）and Ministry of Transport（1972）were O．20　mm and

O・19　mrn at DainigOrizawa，reSPeCtively．　Since the beach

material size slightiy variesin relation to time，a reP－

resentative mean value was obtained by averaging these

three data for each site；this resultsin O．20　mm for the

DainigOrizawa site and O．27　mm for the Tamada site．
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工工工　　MEでHODS

Reference stakes wereinstalled at about　50－Trtinter－

Vaisin aiine nearly parailel to the coastline（耳igureS

ll ahd12）．　The absoiute altitude of each stakes was

based on a benchmark on the Kashirna terrace．　Three－

dimensional topographic measurements of the foreshore

ZOne Were COnducted atlow tide，based on these reference

Stakes．　Beach profiles were surveyed onlines norrnal to

the general shoreline trendt uSing alevel，SurVeyOrfs

rod．and tape．　The surveY WaS eXtended to thelimit of

Wading．　Figuresll and12　Show the areasin which the

beach surveY areaS Were aCtuallY COntrOlled by wave and

tidal conditions．　The surveys were repeatedlY Carried out

every three or four daysin order to obtain the time～Series

data of topographic change occurringin a storm cycle．

At each site，a Visual observation station was set

up on the seaward edge of the Kashima terrace．　The obser－

Vationincluded（l）offshore wave conditionsincluding

approximate height and period，andincidence direction，

（2）characteristics of breaking waves，i．e．，their tYPeS

and angles，and（3）the foreshore topographic features．

Photographs were also taken．　Continuous wave data obtained

at Kashima port（Figure　4日20km south of the studY area），

are available・　Wave rneasurernent has been performed by
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the MinistrY Of Transport u＄ipg an ultrasonic－tyPe SenSOr

installed at a water depth of　21m．
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ZV DATA COLLECTZON

4．1　＝nvestigation resultsin the sumTler Of1978

4．1．1　Wave conditions

The wave data during the surveY Periodis shovnin

Figure13・　Storm waves accompanYing an abruptincrease

in vave height occurred during the period from AugtlStlst．

to　2nd・　These waves were caused bY tl1e tyPhoon（7807）

passed the offshore of the study area．　Posトstor‡n WaVeS

had slgnificant heights of O・4　to O・7　m／OCCurrir】g till

August16th．　Theselow vaves vere swell wh（⊃Se WaVeinci岬

dence directions were E to ESE・　A slightincreasein wave

height，Observed during■August17th to19th，WaS aSSOCi－

ated with thelov pressure system developed at the eastern

offshore area of Hokkaido which is Iocated north of Honshu

（Figure　3）．　During this period，nOrtheasterly wind waves

generated by thisIow pressure system superimposedin

the study area on swell approaching from ESE direction・

Around Au9uSt　20th′　a Slightincreasein wave height a9ain

OCCurred・　This、佗S CauSed bY SWeil withincidence direc－

tions of E to ESE，Which was propagated from the typhoon

（7813）area located at the far southern offshore area of

Honshu・Owing to the trouble of the wave recor（∃erF there

WaS alack of data between August　23rd and　24th・　No no－

ticeable changein wave climate was visualiY Observed
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during this period．

4．1・2　TOPDgraPhic change at the Dain190dzawa s主とe

Topographic surveys were conducted one time before

the occurrence of storm waves and six times after that

event（Figure13）．　The results of topographitl stliveY are

Shownin Figure14．　Thelower part of this figure shows

the alignment of the reference stakes which were shown

by open circles with the stake rlumber．

（a）July　30th′1978

Fi（Jure14岬A shows the result of　こuly　30亡h′　When a

SWelトhke forerunner　0王　the typhDOn一一generated WaVeS、招S

Observedin the study area．　BefDre this topD曾raPhic sur－

Vey a Calm weather condition had　と〇三1t土nued for aと1east

10　days・　Durir19　this period a wide berm was formed．　A

berm crest was located near the O．75十m COntOur line which

isindicated by the dashediine，and the beach face was

Of nearly uniform g■radient．

（b）Au9uStlst　と0　4th′1978

PhotograPhl shovs　とhe storm waves of Au9uSt1st・

The waves apprDaChing the shore broke far offshore from

thelocation vhere the outer baris usuaiiY found under

a calm weather condition・　Spilling－tYPe breakers were

Observed′　Which are shown bY the open arrow on this photo－
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graph．　The heavy andlight solid arrows show the break－

ing vaves respectivelY under which outer baris usualiY

andinner baris someti謂eS fou＿nd durlng a calm weather

cbndition．　The svash limit was located at the baSe Of the

Sand＿　dune．

Althougn a rapid decreasein the height of the storm

waves occurred10n Auqustlst to2nd（Figure13），POStq

StOr‾m WaVeS Were Still bign On the following fewr days・

ヽ

This prevented the meaSurement of foreshCre tOPOgrapny・

The topograPhic survey VはS COr）ducted o三1Au冒tユSt　姓h・　The

resultis shownin Fi冒urel　岬B．　A compar son betWeen

FigureS14－A and14－B　土ndicates that the shDreline receded

12　to　26　m．　The stOrm W己VeS Carried the bem－formlng Sand

offshore．At this st粥e．aninner bar waS for‡Ⅵed′　Whi七b

WaS elon守ate ar浸　pa・rallel tO the coaSt11ne・　The vave

break poirit VJaSlocated aと　the′SeaWard of this bar・　The

bar crest WaS　ユocaとed l．1to l．2　m below！、乍S工．．　The mean

waterline（denoted bY the Oqm contourlinein Figure14）

WaS almOSt Straight．

（C）AuguSt　8tb t010th′1978

LowlはVeS dominated from Au9uSt　4th t0　8と▲h（Fig‾ure

13）．The beachヒOPOgraphy st汀Veyed on Alユ管uS七　日this shown

ln Fi冒ure14－C・　Comparing Fi曾ureS14－B、正とh14－C′　We nOte

that theinner bar migratediandward and was separated
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into three parts bY rip channeis（Figure14－C）・　The rip

channel spacing・WaS　250　も0　300　m・　An observation sho、ed

tbat Sea Waterin the su＿rf zor】e VaS flo甘h唱　Out Offshore

to NE direction through these riP Channels．　The vaves

approaching the shore broke at the seaward of these bars．

The mean waterline became slightly wavy．

Phot0graP上IS　2　and　3′　taken respectively on Au9uSと

8th arldlOth．showl拍VeS breakin9　0Ver theinner bar．

The rip chanrユels　て柁relo（二aモーedin the discCnthuDuS F透rヒS

of the breakerliはf Which are sho¢n by the arrOVJS On

these photograPhs・

は）Au冒uSt12とh′1978

From AuguSと　8号二h t012tb′　Sユgnific己nt VaVe heightS

Were almOSt COnStant with their values bel‡1g betWeen O．4

and O．7　m　仔i9urel封．　Fi冒ure14疇D shows top⊂増raPhy of

August12th．　A topDgraPhic dはnge f工■0m　加誓uSt gth to12th

is characterized by furtherlandward migraとion of the bars

Vith the middle one being separated bY a S汀iali rip channel

into two parとS COmPare F巧ures14－C witb14－D）．　The rユP

Chan∫iel spaclng became　三はrrOWer andit was about150　m・

The trough developedin front of the reference stake No・

2l on Au冒uSt　8th（Figure14－C）was buried at this stage・

The wave break・point wasIocated at the seavard of these

bars．　The mean waterline showed a wavy confi9uration
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With a vavelength of about　300　m．

（e）Au9uSt17th，1978

Figure13　Shows that the period between August12th

andi7th had nearlY the safne WaVe COndition as the forTner

Period（AuguSt　8th to12th）．　Topography of August17th

is plottedin Fi9ure14叫E．　The bars still m19ratedland－

Vard and welded onto the beach．　The average mlgration

SPeed of these bars vas　4　to　5　m／daY．　The rip channels

showed a north拍rd d Onぢ計J。′re　汀き0Vement；forinstが】Ce′　a

rlP CⅠはnnel formed　主n f－rCJn七　〇三　the reference stake No・24

0n Au9uSt12th（Fi冒ure14－D〉　誉灯Ved to the po主ntin front

of St読e110．23・by this day Fi与urel　…封・侮、アeS broke

dbout　65　rn offsh（⊃re from the shoreli＿ne．irhe mだan Water

l土ne became：mヨrkedlv simCuS and the waveler19とh was150

t0　300　m．

（f）Au誓uSt　20th′1978

Durlng the pedod from良明uSt17th t0　20thJ a Slight

increasein vave height was observea（Figure13）．　Figure

14－F shovs the survey result of Au冒℃St　20th・　T oo　ノna〕Or

riP Channels mOVed alor－gShore tovard the northr・While a

minor rlP Cha11nel formedln f工・Ont Of Stake No・20　Dn Atユー

gust17th（Figure14p－E）vas completely fiiled up bY this

Sヒage（Fi曹urellFト　The　㌔柏、7el〕reak po主nt、沌S PreSent

about　60　rn of shore from the shorei ne．　A well・－developed
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berm crest was located between the O．75－　and l．0－m COntOur

lines．　Large cusps were clearlY forrnedr Which are rep－

resented bY the wavy mean waterline on FicTure14－F．　Com一

Paring Figures14－C with14－F，We nOte that the horns of

large cusps with a wavelength of about　300m moved toward

the north．　The approximate distance of thislongshore．

movernent was120　min12　days；the average speed of the

rnovement was aboutlO m／day．　The northward movernent of

two riP Channels approximateiy kept pace with the rnovement

Of the cusp horns．　The riP Channel moveTnentisiliustrated

in Fi9ure15．

Photog■raPh　4．taken on AuguSt　20th．Shows the wave

COnditLion and some topographic features．　On this phot0－

graph a first breakerlineis shown bY the heavY SOlid

arrow and a horn oflarge CuSpis sho～m by thelight

SOlid arrov・　The open arrow on the right of the horn

denotes a dark coIored water－Surface under which a riP

Channei was formed．　Photograph　5　almost cQVerS the saTne

area as potograPh5；the hom oflaf・ワe CuSPS and tもe dark

C0lored water－Surface are shown bY thelight solid arrow

and the open arrovr respectively；a berm crest composed

Of drY Sandis shown bY the heavY SOiid arrow．

（9）At埠uSt　24th．．1978

From AuすuSヒ20th to　24th′　WaVe heightすradually de一・
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CreaSed（Figure13）．　TopographY Of August　24this shown

in Figure14－G．　A shailow water bottom vas partlY erOded；

SO that sornewhat complicated topography appeared．　This

WaS CauSed by the slightincreasein wave height occurred

immediatelY after the topographic surveY Of August　20th

（Figure13）．　The wave break point was situated near the

l．25－m depth contourline．

A qualitativeinvestigation on nearshore currents was

Performed near troughs and／or rip channels during the sur－

Vey Period．　During this periodlongshore currents were

flowing to N－　tO NE疇directions．　The currents were stronger

When rip channels were formed（August　8th to12th）in com－

Parison to when rip channels were not forrned（August　4th）

Or being buried（August17th to　20th）．

The summarY Of the topographic change at the Dai－

nigOrizawa site during the surveY Periodis as follows．

The beach having had a wide berm before the storm vaves

arrived was eroded during the stom period and the beach

PrOfile from backshc）re tO foreshore becafne SrnOOth with

a smal19rad．ient．　The pDSトStOrm WaVeS CauSed theland－

Ward migration of theinrler bar．　During this migration

the bar was di．Videdinto a few parts by rlp Channels．

These riP Channels were formed at approximate regular

intervals・　The divided bars migrated furtherlandward
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and welded onto the beach to form a pronounced berTn CreSt．

Zn theiatter half of the surveY Period，large cusps were

forTned and their horns rnoved toward the north．

4・1・3　Topographic change at the Tamada site

Topographic surveys were carried out one time before

the arrival of storm waves caused bY the typhoon（7807）

and six timesin the post－StOrm Period・CFig‾ure′13）．　Fig－

ure16illustrates the result of the topographic surveys．

（a）July　29th．1978

A swel1－1ike forerunner of waves propagated from the

typhoon area was observedin the study area．　The beach

topographY SurVeyed on the　29th ofJuiyis shownin Figure

16qA．　A berm crest waslocated slightlylandward from

the O．75－m COntOur line．　A wide berrn was forrned between

the berm crest and the l．50－rn COntOur line．　Waves broke

25　m offshore from the shoreline．　The mean Water line

Showed a vavy configuration without noticeable regularity．

（b）July　31St to AuguSt　3rd′1978

BetweenJuly　3lst and Augustlst a distinctincrease

in wave height was observedl Which resulted from the pas嶋

Sage Of the typhoon near the studY area・　The storm wave

COndition of Augustistis shown on photograph　6・On this

Photograph the open and solid arrowsindicate the spilling－
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and plunging－tyPe breakers，reSPeCtivelY．　Thelatter

was observed near the location where an outer bar was

usuallY found under calm sea conditions．

Figure16－Biliustrates the topography of August　3rd．

A comparison of Figures16－A and16－B shows that the shore－

1ine receded　5　to　20　m and the wide berm disappeared．

The beach extended from backshore to foreshore had a srnall

gradient・　An elongate and shallow trough developed par－

allel to the coastline in the　210ne between Stake Nos．12

to15．　The waves approaching the shore broke about　55・m

Offshore from the shoreline．　The rnean water line was

alrnost straight．

（C）Au9‾uSt　7th．1978

A gradual decreasein wave height occurred from Au－

gust　3rd t0　7th Figure13）．　The topography of August

3rdisiilustratedin Figure16qC．　The elongate trough，

developedin front of Stake Nos．12　to15　0n August　3rd

（Figure16－B），WaS thoroughly buried bY this daY（Figure

16－C）．　Sirnuitaneousiy the beach was accreted；the sana

fill attained O．40m at the rnaximum depthin the area

betweeh the mean water line and the l．OO～m COntOur iine．

The wave break point was present about　40m offshore from

the shoreiine．

（d）Aug‾uStllth′1978
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Waves were approaching the study area with almost

COnStant heights of O．4　to O．5　m during the period between

August　7th andllth（Figure13）・　The beach topography

WaS SurVeyed on Augustlith．　The resultis shownin Fig－

ure16－D．　Beach cusps with wavelengths of　30　to　40　m

were observed in the▲area between the O．25－　and O．75－m

COntOuriines．　A sand fi11with a rnaximum depth of O．40m

took place againin the area between the mean waterline

and thei・00－m COntOurline．　A berm developed weliin

the vicinity of the O．75－m COntOurline．　The wave break

POint was present　畠bout　35　m offshore from the shoreline．

The mean waterline shows thatiarge cusps with a wave

length of150　to　350　m were forrned．

（e）August16th，1978

Frorn Augustlith to16th waves approaching the studY

area were srnall，i．e．．0．4　to O．7　min height（Figure13）．

The surveY reSult of August16th was giVenin Figure16疇E．

Sand humps began to formin the area between the O．50－

andl・00qm contourlines．　The wave break point wasIocated

near thei・75－m depth contouriine・

（f）Au冒uSt　21st′1978

A slightincreasein wave height occurred two tirnes

during the period between August16th and　2lst（Figure13）．

These minor events were associated with wind waves gener－
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ated by thelow pressure sYStem and swell by the typhoon

（7813）．　Figure16－F shows the topography of August　21st．

WeiLdeveloped humpsr denoted by the cIosed－COntOurline

Ofi．O m，Were Observed near a berm crest．　The waves ap－

PrOaChing the shore broke about　45　m offshore from the

shoreline．

（9）August　23rd．1978

Wave height graduallY（】ecreased frorn August　2lst to

23rd（Figure13）．　The beach topography of August　23rd

isillustratedin Figure16－G・　Comparing Figure16－F with’

16－Gt we note that marked sand accumulation occurredin

the area between the mean water line and the O．75－m COntOur

line，While slight erosion took place at about O・5　m below

MSL．　The wave break point was situated near thel．75－m

depth contourline．

The topographic change at the Tamada site during the

SurVeY Periodis summarized as follows．　A wide berTn deve1－

0Ped during the pre－StOrm WaVe Period・　Then the storm wave

activity cut back the berrn to produce a beach profile with

Smaii gradient．　After the storm an eiongate and shaliow

trough was fomed para11el to the coastlinein the fore－

Shore zone．　After a while，howevert the trough w貝S COm－

PleteiY fiiled up with sand・During a cairn weather condi－

tion′　a distinct sand fill occurredin the area between
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the rnean water iine and the1．00－m COntOur line and even－

tualiY Sand humps were forrned．　Throughout the surveY Pe－

riod the sinuositY Of the mean wateriine was obscure with

alack of noticeable regularitY．

4．2　Znvestigation resultsin the surruner of1979

4．2．1　Wave conditions

Figure17iilustrates the wave conditions during the

SurVey Period′i．e．，fromJulY17th to August　9th．　A baiu

front activitY CauSed storrn waves occurring betweenJuiy

18th and19th．The significant wave height was about　4．0m

during this period．　The storm waves decayed rapidly and

WaVe height becarne O．60　t01．00m．　Suchiow ampiitude waves

COntinued tiil August　6th．　These waves were swell，Which

WaS aSSOCiated with some tYPhoons or tropical depressions

rnoved the far southern offshore area of flonshu．　Wave in－

cidence directions were E to ESE．　A lack of the wave data

Seen betweenJulY　27th and　30th（Figure17）was due to a

trouble of the vave recorder・During this period，any

PrOnOunCed changesin vave condition were not visuallY

Observed．

4・2・2　Topographic change at the DainlgOrizawa site

Topographic surveYS Were COnducted seven times during
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the surveY Period・　The first one was doneimnediateiY

after the storm waves and the remaining six surveys were

PerforTned bY August　5th under calm sea conditions（Fig－

ure17・）・　Figure18　shows the result of these topographic

SurVeyS・

（a）July19th to　20th′1979

FromJulY18th to19th the storm waves．closelY re－

lated to the activity of the baiu front，Were Observedin

the study site．　photograph　7　taken onJuly19th shovs

the storm wave condition．・On this photograph the open

arrow shows waves broken far offshore from the location

Where an outer baris usuaily found under a calm weather

COndition；thislocationis denoted bY the heavY SOlid

arrow．　Theiight solid arrowindicates thelocation of

aninner bar whichis considered to be forrned during the

StOmy Weather．

The first topographic survey．carried out onJuiY

20th，did not cover a deeper portion of the study site，

because the post－StOrm VaVeS Were Still high（Figure17）．

The resuitis plottedin Figure18－A．　A smooth and gentle

beach developed from foreshore to backshore．　The mean

Waterline was almost straight・　The wave break point was

PreSent about　45　m offshore from the shoreline．

（bHuly　24th′1979
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BetweenJuly　20th and　24th the storm waves graduallY

Subsided and requced to swelトdominant waves（Figure17）．

The，beach topography surveYed onJulY　24this shownin

Figure18－B．　Comparing Figure18－A with18－B．we find

that a sand fill occurred in the area between the O．25－

and O．75－m depth contourlines．　A crescentic bar sYStem

（Figure　2）was observedin the foreshore zone．　A shoal

WaS PreSentin front of Stake Nos．23　to　24．　0ther two

Shoals were also foundin front of Stake Nos．15　and　30，

respectiveiy，both of which werelocated outside of the

SurVeY area（Figure12）．　An arcked bar connected the

Shore by these shoals．　On Figure18－B the baris not

Plotted because the troughs were so deep that the top0－

graphic survey could not extend to the bar area．

On Photographs　8　and　9　taken onJuly　24th the posiq

tions of shoals and a protruded bar arc are denoted bY

the open and solid arrows，reSPeCtively．　The wave break

POints werelocated at the seaward of the bar．

（C）July　26th，1979

The result of the topographic survey，COnducted under

Calm sea conditions on the　26th ofJuly（Figure17）．is

Shownin Figure18－C．　Two tongue－Shaped protuberances

formed at the landward side of the bar were iocated in

front of Stake Nos．17　to18　and No．20，reSPeCtively．
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The O．25－　tOl．00－m depth contourlines showed the forTna－

tion of alarge cusp with the horn corresponding to the

Shoai．　Three riP CurrentS flowing northeast were visually

Observedin front of Stake Nos．18　to19′　No．2l and Nos．

25　to　26，reSPeCtiveiY．　These riP CurrentS are denoted

bY the arrowsin Figure18－D．　Th占wabes，Yapproaching the

Shore broke at the seaward side of the bar．

（d）July　28th．1979

Figure18ND shows the beach topography of this day・

A comparison between Figures18－C and18－Dindicates that

the bar migratedlandward and the tongue－Shaped protuberq

ances advanced furtherlandward burYing the troughs．　工n

response to this，the O．50－　tOl．50岬m depth contourlines

PrOtruded seaward showing the formation oflarge cusps

With a srnaller wavelength as compared to theJuly　26th

CuSP rePreSented by the mean wateriine on Figure18－D．

The wave break point was situated at the seaward side of

the bar．

（e）July　30th′1979

Smail waves were dominant fromJuiY　28th to　30th・

Figure18－Eillustrates the beach topographY SurVeYed on

JulY　30th whenit was neap tide・　The small tidal range

madeit difficuit to survey a deeper arear so that the

baris not shown on this figure・　A reconnaissance con－
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firTned．however，that the bar actually existed beyond the

troughs and had some tongue－Shaped protuberances．　The

mean waterline showed a wavY COnfiguration．　The wave

break points were present at the seaward of the bar．

（f）Au9uSt　3rd．1979

During the period fromJuiY　30th to August　3rd the

WaVeS aPPrOaChing the studY area Were Smaliin height

（Figure17）．　Figure18－F shows the surveY reSult of Au－

gust　3rd．　The bar slightlY migratedlandward and the

troughs were being buried bY Sand・　The rnean waterline

became markedly sinuous and the wavelength of the sinuos－

itY WaS about　200m．　The waves broke at the seaward of

the bar．

（9）Au9uSt　5th，1979

Between August　3rd and　5th a slightincreasein wave

height was observea（Figure17），Which was associated with

alow pressure systern crossing the northern part of Honshu

from west to east．　The beach topography surveYed on Au一

gust　5this plotted on Figure18－G・　Comparing Figures

18－F with18－Gt we note that the troughs were widened and

partiaiiY fiiled up with sand．　The wavy configuration of

the mean vaterline showed thatlarge cusps with wave

lengths of150　to　250rn were being developed・　The wave

break point was at the seaward of the bar．
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（h）August　9th，1979

Waves during the period between August　6th and　9th

Were rlOt reCOrded（Figure17）．　According to the result

Of visual observations，however，WaVeS aPPrOaChing the

Shore were small and no pronounced changesin wave activ－

ity occurred・　During this period′　the bar migratedland－

Ward filling the troughs with sand and eventua11y welded

OntO the beach．　ConsequentiY a SteP WaS formed near the

WaVe break point and shallow riP Channels wereieft on

the foreshore bottom．　Some photographs were taken on Au－

gust　9th（PhotographsiO，11，12　and13）．　On Photograph

10，the heavy andlight solid arrows show the breaking

WaVeS under which the outer bar and the step were found，

respectivelY・　The bottom topographylandward of the break－

erline denoted bY thelight s01id arrow was almost flat．

The dark c0lored water－Surface denoted by the open arrow

SuggeStS a Shallow rlP Channel fiowing to the northeast－

Wards．　Photographll taken toward the northeast covers

nearlY the same area as Photograph10．　The same dark

C010red waterqsurfaceisindicated by the open arrow and

a horn of thelarge cuspis denoted bY the heavY S01id

arrow・　Photograph12　takenl00king the north－nOrtheast

Shows the beach topographY Of this area・　Thelight solid

arrow on Photograph12indicates a berm crest．　The heavY
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SOlid and open arrowsindividuallYiliustrate the same

horn and water－Surface as shown on PhotographlL This

Photograph shows that thelarge cusp fullY developed．

On Photograph13，the open and soiid arrowsindicate the

dark coiored water－Surface and the berm crest，reSPeC－

tively．

Duripg the surveY Periodlarge cusps with the horn

COrreSPOnding to each shoal were first formed（Figure

18－C）and cusps with the horn corresponding to each

tongue－Shaped protuberance were secondlY formed（Figure

18－D）．　工n this paper the former wi11be called　■’primarY

large cusp一■　and thelatter wili be named　■’secondarylarge

CuSp一一．

The sumnarY Of the topographic change at the Dai－

nigOrizawa s－ite during the surveY Periodis as follows・

A crescentic bar system（Figure　2）developed at this site

irnmediatelY after the storm period・Duripg a smaiLWaVe

activity′　the bar connected the shore bY Shoalsleaving

a troughin between，and migratealandward to fom some

tongue－Shaped protuberances at thelandward side of this

bar．　Afterward thelandward bar migration temporariiY

halted・　The troughr howeverr was rapidlY buried・　Even－

tuaiiY the bar welded onto the beachieaving a shallow

riP Channelin the foreshore zone．　A primary and secondary
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large cusps were formed near the mean waterline・　The

horn of the former corresponded to each shoal and that of

thelatter to each tongue－Shaped protuberance．

The crescentic bar systeminvestigated by King and

WilliamSis formed by the waves coming from two predomi－

nant directions more orless at right angles to each other

（King and Williams，1949）．　Our surveY reSults demonstrate′

however，that such a bar sYStemis developed bY the waves

from unidirection．

4・2・3　Topographic change at the Tamada site

Topographic surveYS Were Carried out only two times

during the surveY Period．　Visual observations were done

SeVeral times and simultaneously some photographs were

taken at the visual observation station．　These investi一

gation results are shownin Figure19　and Photographs14

and　15．

（a）JulY　29th，1979

After the storm period betweenJuly18th and19th

Small－WaVe aCtivitY COntinued10　days up to this daY（Fig－

ure17）．　Photograph14，taken onJulY　29th，Shows the

WaVe COndition and some topographic features・　On this

Photograph two riP CurrentS are denoted bY the arrows．

Visual observations showed that the bars separated by the
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riP CurrentS With a　＄PqCing of about　300m partiallY COn－

nected with the beach．

（b）Augustist，1979

The beach toppgraphY SurVeyed on Augustlstis shovn

in Figureト19－A・Though the toppgraphic surveY COuld not

COVer all the studY Site．the existance of a riP Channel

in front of Stake Nos．13　to14　was confimed bY Wading．

The wave break point was about　45　m offshore from the

shoreline．

（C）Au9uSt　3rd′1979

The topPgraPhic survey was conducted on August　3rd

When smali waves dominated（Figure17）．　The resultis

Plottedin Figure19－B．　A comparison between Figures

19－A and19－Bindicates that the riP Channel formedin

front of Stake Nos・13　to14　0n Augustlst was completely

Piugged up with sand by this day・　Another rip channeir L

located between Stake Nos．18　and　20，Still existed．

The waves approaching the shore broke about　35m offshore

from the shoreline．

（d）A堅uSt　9th′1979

From August　3rd to　9th small waves were（ヨominant

（Figure－17）．Some topographic features and waves are

Shownin photograph15・　This photographindicates that

a wide berm developed wellin the backshore zone，While

35



the shailow water bottom of the fo羊eShore zone was sm00th．

This sm00th features were due to the filling of the troVgh・

Though the topographic change occurred at the Tamada

Site during the　9　daysimmediqteiY af’ter the storm period

is unknown，the subsequent topographic change observed

during the survey periodis surnmarized as f01lows．　The

foreshore zone topography on the10th daY after the storm

event was that the bars formed on the shallow water bottom

Were SeParated bY riP Channels whose spacing was about

300　m．　Each bar partiaiiY COnneCted with the beach．

Then the bars migratedlandward and welded onto the beach．

Sha110W riP Channels wereieft on the shallow water bottom．

They were shortiY filled up with sand and a well developed

berm was formed in the backshore zone．
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V RESULTS AND DZSCUSSZON

5・i Factors affecting beach chaPgeS

On a sandY beach二tWO Characteristic beach profiies

are generated bY the changein the properties of vaves

reaching the shore・　The one fo工1ned by s叩ailer swell waves

is characterized bY a Well deveioped bermin the backshore

and a smooth bottom vith no bars in the near’shore zone．

The other deveioped bY StOrm WaVeSi．Siiiustrated bY a

SmOOth subaeriai beach with no berm and the presence of

nearshore bars．

Johnson・（1949）found that such beach profiles could

be classifiedもY the parantbter of deep－Water WaVe SteeP～

ness．　Zn his wave channei experiments′　he found that when

亡he deep－WateT WaVe SteepneSSis二greater than O・03an｛）ffq

Shore baris aiways－fomedr while一一when the steepnessis

iess than O．025　an offshore bar is never formed．　－Since

thenit has been considered that the value of deep－Vater

WaVe SteePneSSis cioselY related to the bnshore－Offshore

Sed土ment transport・

RecentiY WaVe tank experiments have been conducted

taking the effect of grain size of beach materialinto

COnSideration（e．g．＝wagaki and Noda，1963；NaYak／1971；

Sunamura and fIorikawa，1974；Hattoril and Kawamata1980）・

Sunamura（1980）aiso examined the grain size effect using
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fieid data・These studiesindica・te that the．grain size

Of beach materiaiis anotherimportant factor for beach

Changes・

ConsideriTlg that the breaker・height has a ciose re－

1ation to the size of bar－trOワgh sYStem fomed on the

foreshore zone，Davis and Fox（1972），Owens and Frobei

（1977）and Short（1979）monitored the breaker height char－

acteristicsin the fieid．　Based dn the field surveY，

Short（1．979）reiated the breaker height to beach stages

in his beach modei．

As statedin the chapter ZⅤ，different tYPeS Of top一

〇graPhic change were observed duripg different surveY

Periods or at different studY Sites・　The occurrence of

these phenomena seems to be controiied by the three facq

tor芦‥（1）Deep－Water VeaVe SteePneSS（Ho／Lo）′（2）Hean

grain size of beach s占diment（d50）and（3）Breaker height

（Hb）・・These three variabies are examinedin the present

Study．

5・1・i Deep－Water WaVe SteePneSS

The computation of deep－Water WaVe SteePneSS（Ho／Lo）

VaS based on the wave data obtained using the wave gage

at a vater depth of　21m（Figures13　and17）・　Deep－Water

WaVe height（Ho）was obtained bY uSe Of Equation（1）：
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2cosh2kh

S土nh2kh　＋　2kh
（1）

Where his sti11－Water depth′　kis wave nu血ber and X iLS

Shoaiing coefficient・Deep－Water VaVeiength（Lo）was

91Ven by

（2）

ち‘

Where gis the gravitationai acceieration．　The resuits

are shownin Figures　20　and　21．　These figures denote‥

that the；maXimum wave steepness during the stormsis

O・0313in1978　and O．0509in1979．　The average steepness

during the calm sea conditionsih1979is siightiy g■reater

than that in　1978．

5．1．2・Grain size of beach sediment

As describedin the chapterll，the mean sand size

（d50）is O・20mm for the Dainigorizawa and O・27mm’for

the Tamada sites．　The beach materiai at the Tamada　岳ite

is siightiY COarSer than that at the DainigOrizava site・

5・1・3　＿Breaker height

Waves approaching the shore are affected bY the to－
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p9graPhy of shaiiow vater bottom・Wave refraction dia一

grams were constructed using a hYdrPgraPhic chart pub－

lished bYJapan Maritime SafetY Board（1977）．　The pre－

Vailing wave direction was detemined b吏the graphicai

method of obiique terrestriai photographs（Shino，1976，

PP・214－217）usipg the35－mm Siides and　8－mm Cinefilms

taken during the surveY Periods．　Figure　22　shows that

irreguiaritY Of the　25－　tO　40－m Submarine corltOurlines

CauSeS WaVe COnVergenCe at the DainigOrizawa site and．

divergence at the Tamada site；・this suggests that・a dif

ferencein wave height near the break point shduid occur

Breaker height（Hb）was computed using Komar and

GaughanTs（1973）reiation．The computation procedure☆as

as follows：

li】From the wave refratction didgra皿S，refraction coeffi－

Cients（Kr）for both studY Sites were qbtained using

（3）

Where b and bi are the spacing between two orthogonais

On the refraction diagramin deep and shaliow water，re－

SpeCt土Ⅴ戸ly．

［2】Shoaiing coefficient at the5－m Water depth（Ks）5m
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WaS Caicuキated usipg Equation（1）・

f3］Assumipg that waves vith the same deep－Vater Charac－

teristics approach to both studY Sites′　VaVe height at

the5－m Water depth at each site（H5m）rwas obtained usi甲

H5m＝（Xs）5m・（Rr）5m・Ho
（4）

Where（Ⅹr）5mis the refraction coefficient at the5Tm

Water depth．

［4】Using the value of fI5m′deep－Water WaVe height・VaS

recaicuiated from Equation（1）．　The wave height thus ob－

tainedisimaginary andis denoted bY㌔・This was done
because Komar and GaughanTs reiation does not contain the

effect of vave refraction．　　　．

【5］Using the foiiowing equation（Ⅹ9mar and Gaughan，1973），

the breaker height was◆caicuiated for both sites．

0．563

（㌔／も。）
0．2

（5）

The computed breaker heightis piottedin Figures

23　and　24・　Breaker heights measured′uSing a su工VeYOrls

rod and handlevei are aiso plottedin Figure　24．　These

measured vaiues do not quantitativeiY aCCOrd with computed

Values but quaiitativeiY do．　These two figuresillustrate
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that even、if the deep－Vater WaVe he再htis of the same

Vaiuein the offshore area the breaker’height at the Dai－

nigOriォawa siteis greater than that at the Ta皿ada site，

due to the wave refraction effect．

5・2　Temporai changes of mean waterline

Ztis weii knovn that the position of mean wateriine

recedesiandward under stormY COnditions．whiieit grad－

uaiiY advances seaward under caim sea conditions．　Figures

25，26　and　27　show the temporai change of the meanlwater

iine・　On these figures the open circie and the verticai

iineindieate the average and the range of the data scatter，

respectiveiY・　Since no topographic s一ユrVeYS Were Carried

Out at．the DainigOrizawa site］uSt before the stom event

in the surnmer of1979．the resuit ofJuiy　3rd surveYed on

oniv two traverses of the referさnce stakes Nos．25　and　26

is piotted for referencein Figure　27・鵬ather maps duripg

the．period betweenJuiY　3rd and the storm vave arrivai

（JulY18th）denote that caim sea conditions continued：the

POSition of the mean waterline would probabiY Change as

Shown bY the dashediine（Figure　27）．

Figure　25indicates that the mean waterline at the

Tamada－Site retreatediandward during the storm period and

afterwardit advanced rapidiY tO attain the pre－StOrm POSi－
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tion bY Augustllth・　工n contrast to thisr the Dainigori

ZaWa Site shows that the mean waterline did not reach

the pre－gtOrm POSition bY August　24thin1978（Figure　26）

and August　5thin1979（Figure　27）．　This means that the

beach did not recover the pre－StOrm POSition within the

SurVeY Periods・　The data scatterin Figure　27　becomes

larger during thelatter haif of the surveY Period；this

SuggeStS that the mean waterline became verY Sinuous．

ActuailY，iarge cusps developed weii near the mean water

line during this post－StOrm Period．

Comparing Figures　20　with　25，We find that the mean

Waterline at the　史amada site recededlandward during the

Period oflarge deep－Water WaVe SteePneSS under the storm

COnditionsr while theiine advanced seaward during the pe一

riod of small deep－Water WaVe SteePneSS under the caim sea

COnditions．　similar phenomena are also noticeable bY COm－

Parisons between Figures　20with　26　and between Figures

21with　27．

A comparison of the temporal change of mean wateriine

（Figure　25）and the time－Series data of breaker height

（Figure　23）indicates that the breaker height has aiso a

Similarinfiuence upon the shifting of the mean waterline

to the deep－Water WaVe SteePneSS．　From Figures　23　and　26．

itis found that the greater the value of breaker height
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during the storm period was，theiarger the recession of

mean waterline occurred；mOreOVer，theiarger the reces－

S左JOn distance of mean waterline occurred，theionger the

time required for the return to the pre－StOrm POSition of

theiine became．　The change of the mean waterline ob－

SerVed at the DainigOrizawa sitein the surnmer Of1979

（Figure　27）was examinedin connection with the time－Series

Changein breaker height（Figure　24）．　This examination

led to that the breaker height greatlY affected the tem－

POral change of mean waterlinein the similar waY tO that

in the summer of1978．　However，nO quantitative discussion

COnCerning the temporal change of mean waterline can be

done because thereis no surveY data about the position

Of mean waterline］uSt before the storm event．

Using the data of mean sand size describedin　5．1．2，

a comparison between Figures　25　and　26　Shows that the mean

Wateriine at the DainigOrizawa site composed of finer

Sediment was morelargely retreatediandward during the

Period of storm wave activitY than that at the Tamada site

COmPOSed of coarser sediment．

5．3　Bar migration and related topographic changes

A bar－trOugh systemis a distinctive feature found

in the foreshore zone on sandY COaStS．　The beach profiles
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Which were first surveYedin the post－StOrm Period are

P10ttedin Figure　28．　This figureindicates that the

Water depth at the trough obviously differs with one an－

Other，and the trough on　26th ofJuiY，1979　at the Dai－

nigOrizawa siteis the deepest of the three．　Comparing

this figure with the data of breaker height（Figures　23

and　24）．We find that the trough depthincreasedin pro－

POrtion to the breaker height during each storm event．

Let us examine thelandward migration of the bar

using the beach profile data（Figures　29，30　and　31）．　A

COrnmOn Phenomenon denoted bY these figuresis that the

bar formed during the storm period graduallY migrated

landward and welded onto the beach to form a berm under

the post－StOrm Period．　The troughs shownin these figures

Were graduaiiy filled up with sand whiie the bars migrated

landward．　The1978　trough formed at the Tamada site（Fig－

ure　29）was most quicklY buried of the three．　A comp・ar1－

SOn Of Figures　23　with　29　0r　30　shows that as the water

depth at the trough developed bY the breaking waves・during

the storm periodincreased．the time required for the trough

burial also increased．

Ztis cornmonlY Observed on unbounded coasts that as

a bar migrateSlandward，the sea waterin the surf zone

beginS tO f10W along the shore and the resuitant topographY
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in the foreshore zoneindicates pronouncedlongshore vari－

ations．　Such three－dirnensionai currents and topographY

（rhYthmic topography）qwere schematicaliYiliustratedin

Sonu－S（1973）modei．　He also proposed that the mechanism

Of the rhYthmic topographY formation was attributed to

instabilitY Of the100Se Surf zone bed perturbed bYlong－

Shore currents（Sonu，1969）．　Short（1979）expressedin

his beach－Stage mOdei that the three－dimensional topog－

raphY COnStruCted on the foreshore zone bottoIn（crescentic

b早r SYStem）is developedin the accretionArY SequenCe and

itis built up bY edge waves generatedin the foreshore

ZOne．　However，these views has not Yet been fuliy accepted．

Then the effect of bar migration on the formation of the

Current SYStem and the resultant topographYis examined．

Based on the radiation stress concept，Longuet－HigginS

and Stewart（1964）theoreticallY Showed that the change

in the mean sealevei should occurin the nearshore regiOn

Of a piane beach・This phenomen0㌢．known as wa豆eI－setNuP一’

Or．Tset－downT，，WaS thereafter confirmed experimentailY

（Bowen et a1．，1968）and was observedin the field（Sonu，

1972；Hotta and M・izpguchi，1978）・

When waves approaching the shore break over a bar，

a certain volume of sea wateris broughtinto the surf

ZOne・　Aithough part of the seawater returns to the off－
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Shore flowing over the bar，itis ciear that the bar pre－

VentS tO SOme eXtent SuCh a return flow and brings about

the rise of the mean water ievei in addition to the wave

”set－uP■一　Caused bY radiation stressin the surf zone．

Moreoverin the case of that the water depth above a bar

isiarge（Figure　31），the seawaterin the surf zone returns

easiiY tO the offshore；While when the water depthis smail

（Figure　30），itis verY difficuit for the seawater to go

back to the offshore．

To examine this phenomenon，a WaVeqtank experiment

WaS Carried out using a mortar一made fixed bar（Appendix

A）．　The result of the experiment cleariYindicates that

the smaiier the water depth above the bar crest becomes，

the higher the mean waterieveiin the surf zone rises

（Figure A－13）．

Ztis expected on the actual coast that the water

depth above the bar crest becomes small as the bar migrateS

iandward and consequentlY a distinct rise of the seaievei

in the surf zone should occurr with the seawater having

much potentiai energy．　When a return fiow toward the off－

Shore zone excavates furrows across the bar to form riP

Channeis，the sea waterin the surf zone beginS tO fiow

alongshore as a riP feeder current and then three－dimengionai

Current SYStemis established．　The current sYStem generateS
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a pronouncedlongshore variation of foreshore topographY．

5．4　Three－dimensionai beach modei

The topographic changes observed at the two studY

Sites can be dividedinto three types．i．e．．TYPe A（JuiY－

Aug．1978，Tamada），Type B（JulY－Aug．1978　andl979，Tama－

da and Dainigorizawa）and TYPe C（JuiY－Aug．1979．Dai－

nigorizawa）；their sequential topographic changes during

a storm cycle arei11ustratedin Figures　32，33　and　34．

These schematic diagrams are based on the assumption that

WaVeS reaCh at angies to the shoreline and the storm cYCle

COnSists of four or five stages．　The characteristics of

three types of topographic changes are summarized as fo1－

10WS．

TYPe A（Figure　32　and Tablei）：As a storm subsides，a

Shaliow and elongate troughis formedin the foreshore

ZOne Parailei to the coastline（Stage　2）．　Thereafter the

troughis rapidiY filled up with sand．　A berm grows while

Calm sea conditions continue（Stage　3）．　Eventua11Y Sand

humps are formed bn the seaward portion of the berm（Stage

4）・　During the post－StOrm Period．no pronounced develop－

ment oflarge cusps occurs．

TYPe B（Figure　33　and Tablei）：With decreasing wave heights

f01lowing a storm，a COntinuous and eiongate bar－trOugh
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SYStemis formedin the foreshore zone parallei to the

COaStiine（Stage　2）．　During time Oflow waves the bar

graduaiiY migrateSlandward andis dividedinto a few

PartS bY rip channels（Stage　3）．　Thereafter these bars

migrate furtheriandward and eventuailY Weld onto the

beach to form a berm（Stages　4　and　5）．　During the．1atter

half of the period of10W energY COnditions，1arge cusps

With regular wavelength are formed near the mean water

line．

TYPe C（Figure　34　and Tablei）：During decreasing wave

heightin a post－StOrm Period′　a bar forms connecting

adjacent shoals developedin the foreshore zone（Stage　2）・

Afterward the bar migrateSlandward and troughs are grad－

ualiY buried under caim weather conditions．and primarY

and secondarYlarge cusps are fomed near the mean water

iine（Stages　3　and　4）．　The bar shifts furtherlandward

and finaiiY Welds onto the beach to fom a berm・　Shaliow

rip channeis areleft on the foreshore zone bottom（Stage

5）．

The characteristic foreshore change observed at the

Tamada sitein the summer of1979　StronglY SuggeStS that

this changeis probabiY equivalent to TYPe B：foreshore

topography shown on photograph14　corresponds to Stage　4

and the topographYin Figures19－A and19NBis similar to

49



Stage5・The data of preliJTtinarY field surveY（Appendix

B）indicate that the topP9raPhic chan9e Observed at the

DainigOrizawa sitein April1978is equai to TYPe B・

The accretionarY SequenCein short．s model almost coincides

With TYPe C of the present classification．

To determine the occurrence condition of the top0－

graphic changes，a neW parameter WaSintroduced．　This

is Hb／d50・in which the bar means the time－aVeragein each

StOrm Period．　Figure　35　shows the relationship between

Hb／d50and翫with thelast being the time－aVerage Of
deep－Water WaVe SteePneSSin each storm period．　＝n com－

Puting these parameters，the values describedin　5．1．2

Were uSed for d50′and24－hour average values of the data

before and after the climaX Of storm waves were adopted

for Ho／Lo and Hb・On Figure35the data points showing

Types A and C are respectiveiY P10ttedin thelowerieft

and the upper right，While TYPe B data points are faiien

in the sandwiched area between the two dashed iines．　Some

PreVious field data of Sonu（1969）and Owens and Frobei

（1977日Tabie　2）are also plotヒedin Figure　35．

Three types of topographic change based on the above

discussion are putin order and a three－dimensionai top一

〇graPhic model for the foreshore zone on a sandY beachis

COnStruCted（Figure　36）．1n this model the determination

5＿0



for what tYPe Of topographic change wiil occuris made

during stage（1），and asillustr争tedin Figure　35　the oc－

CurrenCe Of the tYPe Of topographic changeis determined

bY the parameters，Ho／Lo and Hb／d50・
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Ⅴ工　　SUMMARY AND CONCLUSlONS

Topographic changesin the foreshore zone on sandY

beaches are closeiY aSSOCiated with the properties of waves

approaching the shore and the grain size of beach materiai・

工n this studyr two studY Sites were chosen on the Kashirna

Coast，＝baraki prefecture，Japan．　Oneis Dainigorizawa

and the other is Tamada．　The mean sand size of beach mate－

riai at the DainigOrizawa siteis siightiY Smailer than

that at the Tamada site．　Topographic surveYS Were rePeatq

ediY Carried out to elucidate the characteristics of top一

〇graPhic changesin the foreshore zone at both studY Sites

during each storm cycle．　On the basis of the survey result，

temporal changesin the foreshore zone topography were

examined using the wave data and the sand size data．

Zn the first place．temporai changes of mean water

iine were examinedin connection with the deep－Water WaVe

SteePneSS，the breaker height and the grain size of beach

materiai．　The results show that when the deep－Water WaVe

SteePneSS under storm conditions wasiarge，the mean water

line retreatediandward，While when the wave steepness

under caim sea conditions was smail，the mean wateriine

gradualiY advanced seaward・itis also noted that the

larger breaker height during a stom event brought about

thelarger recession of the mean waterline andit needed
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more time for the mean waterline to recover the pre－StOm

POSition・Zn contrastr the differencein grain size of

beach material converseiY affected the shifting of the

mean wateriine；thatisr the smalier the grain size of

beach material wasr thelarger the recession of the mean

Water iine occurred．

＝n the next place，the processes of bar migration

during each surveY Period wereinvestigated・Theinves－

tigation results show that the bar formed during a storm

Period graduaiiY migrateSlandward and welds onto a beach

to form a berm under the postNStOrm Period．　Ztis aiso

found that when the breaker height during the storm event

WaSlarge．the trough became deeper and the time required

for the trough buriai becamelongerin proportion to the

Water depth at the trough．

Such bar migrations have animportant effect on the

topographic changes occurringin the foreshore zone・　As

a bar migrateSlandwardr the water depth above the bar

becomes small and the bar prevents to some degree the sea

Waterin the surf zone from flowing out to the offshore・

ConsequentlY the bar hindering such a feturn flow brings

about the distinct rise of the mean water level in the

Surf zone．　A similar rise of the mean water ievel caused

by radiation stressr known as wave tTseトupM′　also occurs
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Simuitaneouslyin the same area．　To make sure of these

two effects，a WaVe tank experiment was carried out using

a mortar一made fixed bar and the result－ClearlY Showed that

the smaller the water depth above the bar becomes，the

higher the mean waterleveiin the surf zone rises．　The

Sea Water having much potential energYin the surf zone．

returning to the offshore，WOuld probabiY eXCaVate furrows

across the bar to form rip channeis．　At this stage，the

CurrerIt sYStemin the surf zone becomes three－dimensional，

glVing rise to the pronouncedlongshore variation of fore－

Shore zone topography．

Topographic changes observed at two studY Sites were

Ciassifiedinto three tYPeS，Which were schematically

iilustratedin Figures　32，33　and　34．　The characteristics

Of the three tYPeS are described as follows：

TYPe A：After a storm event a shaiiow and elongate trough

is foundin the foreshore zone parailei to the shoreline．

The troughis quickiY filied up with sand during theinter－

Vai of small wave activitY．　A berm develops weil and sand

humps are formed on the seaward portion of the berm．　No

PrOnOunCed deveiopment oflarge cusps and barsis observed．

TYPe B：After a storm event a continuous and eiongate

bar－trOugh sYStemis foundin the foreshore zone para11el

to the coastiine．　The bar begins alandward movement under
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Calm sea conditions．　Rip channels separate the barinto

a few parts．　FinaiiY eaCh separated bar welds onto the

beach to form a berm．　Large cusps with a regular wave

length develop near the mean wateriine during thelatter

half of a storm cycle．

TYPe C：During a storm wave decaY Period a crescentic

bar sYStem develops．　The bar beginS aiandward migration，

and primarY．and secondarYlarge cusps are formedin the

VicinitY Of the mean wateriine while calm sea conditions

COntinue．　Thereafter the bar migrateS furtherlandward

and welds onto the beach．　A well deveioped bermis con－

StruCted in the backshore zone．

The repeated topographic survey revealed the different

tYPeS Of topographic change were presentin different sur－

VeY Periods or studY Sites．　This rneans that the occurrence

Of each tYPe Of topographic changeislargely dependent

On（l）wave characteristics during each storm period

and（2）beach sediment size of the studY area．　The

time疇aVerage Value of the breaker heightin each storm

event divided bY the mean size of beach material at a studY

Site（Hb／d50）and the tirne－aVerage Value of the deep－Water

WaVe SteePneSSin each stomperiod（Ho／Lo）are adopted

in order to determine the occurrence condition of topograph－

ic changes of the three tYPeS．　FinailY，three types of
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topographic change were putin order and a three－dimensionai

beach modelin the foreshore zone on sandy beaches was con－

StruCted（Figure　36）．
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Fig．3　StudY area．
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Iara土　harbor

Daln190ご1ZaVa

Ⅹashima harbor

Wl：The position of wave gage（Oh－arai）

W2：The position ofwave gage（Kashima）

Fig．4　Study sites and their surrounding tbpography・
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Fig．22－A Wave refraction diagram．
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Fig．22－B Wave refraction diagram．
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Fig．22－C Wave refraction diag■ram．
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Fig．22－D Wave refraction diagram．
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Fig・22－E Wave refraction diag・ram・
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PHOTOGRAPHS

Photograph

1

2

10

11

12

13

Storm wave condition（Dainigorizawa，1978）・
1530　hours．Au9．1

Wave condition and some topog・raPhic fea－

turesin the foreshore zone（Dainigori－

ZaWa．1978）．1340　hours．Au9．8

Wave condition and some topographic fea－

turesin the foreshore zone（Dainigori－

ZaWa．1978）．1412　hours．Au9．10

Wave condition and some topographic fea－

turesin the foreshore zone（Dainigori－

ZaWa．1978）．1100　hours，Au9．20

Large cusp formed near the mean waterline

（Dainigorizawa，1978）．1120　hours，Aug．20

Storm wave condition（Tamada，1978）．1445

hours．Aug．l

Storm wave condition（Dainigorizawa，1979）・
1430　hours．Jul．19

Wave condition and some topographic fea－

turesin the foreshore zone（Dainigori－
ZaWa．1979）．1130　hours．Jul．24

Wave condition and some topographic fea－

turesin the foreshore zone（Dainigori－

ZaWa′1979）．1130　hours．Jul．24

Wave condition and some topographic fea－

turesin the foreshore zone（Dainigori－

ZaWa．1979）．1100　hours．Au9．9

Topography from backshore zone to foreshore

ZOne（Dainigorizawa，1979）．1130　hours，

Aug．9

Large cusp formed near the mean waterline

and rip channei（Dainigorizawa，1979）．

1130　hours．Au9．9

Rip channel and berm（Dainigorizawa，1979）・

1140　hours，Aug．9

116



Photo9raph

14

15

Wave condition and s9me tOPOgraPhic features

in the foreshqre zone（Tamada，1979）．1440
hours．Jul．29

Wave condition and　＄Ome tOPOgraPhic features

in the foreshore zone（Tamada，1979）．1000

hours，Aug■．9
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APP耳ND‡Ⅹ　A

WAVE TANX EXPERIMENT ON THE CHANGE OF　門EAN WATER LEVEL

‡NTRODUCTZON

Zn a surf　2：One a COmPiicated fiow patternis estab－

1ished bY a COmbination of（＿1）the to－and－fro water motion

PrOduced bY WaVeS and（2）wave一土nduced currents．　Since

Longuet－HigginS and Stewart（1964）presented the concept

Of the radiation stressin water waves，：muitipie studies

On a nearShore current system or a rise of the mean sea

ieveiin the surf zone have made a rapid progress・The

experiment on wave fIset－uPr．andlIset－downll caused bY the

radiation stress were conducted by Bowen，tnman and

Simmons（1968）using a wave tank with a uniform beach

Siope．　The resuit shows that the theorY based on the

radiation stress concept predicts weil the wave　一■set－down”

in the・Offshore area beYOnd the breaker zone and the wave

一’set－uP’．inside the surf zone although the theoretical

Vaiues of＿．the wave　一一set－downM near the wave break point

are somewhat greater than the experimental bnes．　The

fieid measurement on wave　一！set－uP．一　was carried out and

WaVe PrOPerties were simuitaneousiy measured by Hotta and

Mizuguchi（1978）on the Ajigaura coastin　工baraki prefec－

ture′Japan．
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The wavellset－uPn muSt OCCurin the surf zone of the

亭tudY area・As statedin5・3　a bar migration during the

POSt－StOrm WaVe Period was a characteristic event observed

at the studY Sites．　When the bar migrates）landward beYOnd

a certain point，a distinct rise of the mean sealevel

WOuld occurin the surf zone due to（1）the preventive

effect of the bar on the return flow plus（2）the radia－

tion StreSS effect in the surf zone．　Such a seaievel

risein the surf zone wouid have animportant effect on

the nearshore current system and the resuitant topograPhic

Changesin the fereshore zone．　Zt has not been fullY

understood，however，how the mean sealevel rises when

a baris presentin the surf zone．　Mizuguchi，Tsujioka

and Horikawa（1978）made a wave tank experiment and

PreSented a modei which estimates a distribution of wave

height within a surf zone．　At the same time they examined

a change of the mean waterlevei when a bar，is formed on

the shailow water bottom but theY did not quantitatively

discuss on this point．　Therefore，an eXPeriment was done

to examine the change of the mean waterievei when a bar

is present on the shaiiow water bottom．

EXPERIMENTAL EQUZPMENT AND METHOD

Aiaboratory experiment was conducted using■　a WaVe
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tank at the Environmental Research Center of the Univer－

SitY Of Tsukuba（Figure A－1，Photographs A－l and A－2）．

The wave tank was16miong，0．5m wide and O．75m deep．

A beach was made of a smooth plYWOOd with ani：20　slope

and thirY h01es　3　mmin diameter each were drilledin the

Center Of the plywood at10－cmintervaisin aiine．　As

Shownin Figure A－i each h01e was connected by a vinYi

tube to the water gagein order to measure the elevation

Of the mean water ievel．　The modei bar used in this

experimentis made of fat claY andis schematicaliy－i1－

lustratedin Figure A－2．　A series of measurements of the

characteristics of（1）breakers，（2）broken waves and

（3）swashes were made（Figure A－3）．　Three cases of the

experiments were conducted：a bar was absent（CASE A），

a bar was present（CASE B）and a bar was present but the

Water depth above the bar was smaller than CASE B（CASE

C）（Table A－1）．

RESULT AND DZSCUSSZON

Ail the experimentai results are shownin Table A－2

and the tYPICai ones are plottedin Figures A－4　to A－12．

These figures show that a rise of the mean waterlevel

always occursin the surf zone whether or not a bar exists

On the shaliow water bottom．　A comparison between the
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experimentai results of CASE A and CASE Bindicates that

therei＄　nO　芦lgnificant differenceirl the rise of the

mean waterievei（Figures A－4　to A－9）．　The experimentai

results of CASE C demonstrate，however，that the rise of

the mean waterleveiis pronouncedin the surf　2：One（

FigureS A－10　tO A－12）．

When waves break．most of the－Water maSS forming

breaking waves rushesin the surf zone・The water mass

is approximateiY PrOPOrtional to the breaker height．

Figure A－13　shows the relation between the breaker height

（Hb）andtheaveragevaiue。fmeanwaterieveirise（雷）
Which was obtained by averagiPg the eievation of the mean

Waterlevelinside the surf zone．　This figureindicates

that the experimental results of CASE A and CASE B are

denoted bY the s01idiine as a general trend．　On the

Other hand．the results of CASE C have a tendency as

Shown bY the brokeniine with the gradient being much

larger than that of the soiidline．
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Tabie A－1　Test cases and conditions．

Still－Water WaVe Period deep－Water deep－Water

depth wave height wave steepness

CASE N0．　ho（cm）　　　T（SeC）　　Ho（cm）　　　Ho／Lo

A1－1　　　　　40．0　　　　　　1．78

ー2　　　　　1l

－3　　　　　1l

－4　　　　　　11

8．65　　　　　　0．0175

6．88　　　　　　0．0139

5．51　　　　　　0．0111

2．95　　　　　　0．0060

A2－1　　　　　　日

－2　　　　　　－－

－3　　　　　　日

9．39　　　　　　0．0295

5‘．99　　　　　　0．0188

3．88　　　　　　0．0121

A3－1　　　　　1I

－2　　　　　It

－3　　　　　1I

8．66　　　　　　0．0555

5．13　　　　　　0．0329

3．6－3　　　　　0．0233

B1－1　　　　　1I

－2　　　　　　1l

－3　　　　　1I

－4　　　　　11

8．39　　　　　　0．0170

7．08　　　　　　0．0143

5．51　　　　　0．0111

3．00　　　　　　0．0061

Bar

M

ll

lI

B2－1　　　　　1l

－2　　　　　Il

⊥3　　　　　－－

9．61　　　　　0．0314　　　　1I

5．88　　　　　　0．0192　　　　11

3．79　　　　　0．0124　　　　　－1

B3－1　　　　　1l

－2　　　　　1l

－3　　　　　Il

－4　　　　　　日

1．00

1I

II

II

9．24　　　　　　0．0592

7．96　　　　　　0．0510

5．94　　　　　　0．0381

3．71　　　　　0．0238

C1　　　　　　35．0　　　　　　1．78

C2　　　　　　　－－　　　　　　　1．40

C3－1　　　　　1I l．00

－2　　　　　11　　　　　　　　11

2．61　　　　　0．0053

4．06　　　　　　0．0133

5．41　　　　　0．0347

3．35　　　　　　0．0215
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Fig．A－4　Mean waterlevei on each measuring point．
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WAVE HEIGHT

十十十十　十十

100
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Fig．A－5　Mean waterlevel on each measuring point．
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Fig．A－6　Mean waterievei on each measurin9pOint・
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CM
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十

500cM

Fig．A－7　Mean witef－level on each measuring point．
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Fig．A－8　Mean watef Llevel on each measuring point．
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Fig．A・，9　mean waterlevel on each measuring point．
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Fig．A－10　Mean watef∵1evel on each measuring point・
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Fig．A－11　Mean waterlevei on each measuring point．
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Table A－2　wave characteristics and the elevation of the

mean waterievei at each measuring point．

CASE A1－1　Ⅹu＝60C叩　Ⅹb＝285cm

X（cm）h（cm）H（cm）n＋（cm）n－（cm）f（cm）

2

2

2

2

2

2

2

2

1

1

1

1

1

1

1

1

1

1

－

　

■

　

－

」

0

0

7

5

4

3

2

ュ

0

9

8

7

6

5

4

3

2

ュ

O

 

Q

ノ

8

7

6

5

4

3

2

ュ

　

　

ュ

2

3

5★14．2512．75　9．75　－3．00　　　－

0・13、50　　　　　　　　　　　　　　　－0．15

0　12．5010．88　8．25　－2．63　－0．15

0　12．00

0　11．50

0二　11．00

0　10．50

0　10．00

0　　9．50

0　　9．00

0　　8．50

0　　8．00

0　　7．50

0　　7．00

0　　6．50

0　　6．00

0　　5．50

0　　5．00

0　　4．50

0　　4．00

0　　3．50

0　　3．－00

0　　2．50

0・　2．00

0　1・59
0　　1．00

0　　0．50

0　　0．00

0
伊
0

－0．50

⊥ユニ．00

－1．50

一一0．20

8．63　6．00　－2．63　－0．25

7．32　5．01

7．44　5．40

6．62　4．74

5．78　4．11

5．96　4．29

4．80　3．33

4．24　3．05

3．、68
二▼二

一■l

＊break point
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－0．15

－2．31　－0．10

－　　　　0．00

－2．04　＋0．05

＋0．05

－1．88　＋0．05

＋0．15

－1．67　＋0．20

＋0．25

－1．67　＋0．35

＋0．40

－1．47　＋0．45

＋0．45

－1．19　＋0．60

＋0．80

＋0．90

一　十1．00

＋1．10

＋1．20

－　　　＋1．30

＋1．40

＋1．55

1．・　　＋1．65

＋1．75

＋1．90

＋2．00



Tabie A－2　（continued）

CASE A1－2　　Ⅹu＝51cm Xb＝240cm

Ⅹ｛cm｝b（cm）H（cm）れ＋（cm）

27013．50　9．43　　7．05

25012．5010．22　　7．82

240★12．0010．80　　8．36

230　11．50

22011．0010．58

21010．50

20010．00　9．32

190　9．50

180　9．00　8．12

170　8．50

160　8．00　6．43

150・7．50

140　7．00　5．55

130　6．50

120　6．00　5．01

110　5．50

100　5．00　4．37

90　4．50　　－

80　4．00　3．92

70　3．50

60　3．00　3．55

50　2．50

40　2．00

30　1．50

20　1．00

10　　0．50

0　　0●00

－10　－0．50

－20　－1．00

－30　－1．50

＊．break point

8．31

7．35
＿　‾　　－●

6．21

4．76

4．05

3．75

3．36

3．10

3．09

－　　　　　　－　　　－

1145

れ（cm）百（cm）

二2．38　70．10

－2．40　－0．10

－2．44　－0．05

－0′．15

－2．27　－0．20

－0．20

－1．97　－0．20

－0．25

－1．91　－0．25

－0．20

－1．67　－0．20

－0．20

－1．50　－0．10

＋0．05

－1．26　＋0．10

＋0．20

－1．01　＋0．25

－　　　＋0．40

－0．82　＋0．55

－　　　＋0．60

－0．46　＋0．70

＋0．90

＋0．95

＋1．10

＋1．20

＋1．30

＋1．45

⊥　　　＋1．55

＋1．65

＋1．75



Table A－2　（continudd）

CASE A1－3　　Ⅹu＝44cm Xb＝180cm

Ⅹ（cm）h（cm）H（cm）¶＋（cm）

27013．50　6．81　4．95

25012．50　6．81　4．93

240　12．00　6．95　5．19

230　11．50

220　11．00　　7．42　5．81

210　10．50

20010．00　7．82　6．02

190　9．50　　　　　　　－

180★　9．00　8．55　6．75

170　　8．50

160　　8．00　8．54　6．83

150・7．50

140　　7．00　6．82　5．34

れ＿（cm）吉fcm）

－1．86　－OJ15

－1．88　－0．10

－1．76　－0．10

－0．10

－1．61　－0．15

－0．20

－1．80　－0．15

－　　　－0．15

－1．80　－0．10

－0．05

－1．71　－0．15

－0．20

－1．48　　－0．15

130　　6．50　　　　　　　　－

120　6．00　5．67　4．28　　－1．39

110　　5．50　　　　　　　　　　　　　　－

100　5．00　5．16　4．03　　－1．13

90　　4．50

80　　4．00　　3．92　2．99　　－0．93

70　　3．50

60　　3．00　3．15　2．51　　－0．64

50　　2．50

40　　2．00

30　1．50

20　1．00

10　　0．50

0　　0．00

10　－0．50

20　－1．00

＊　break point

‾‾▲二

二　二
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－0．05

－0．15

＋0．05

＋0－．05

＋0．20

＋0．25

＋0．35

＋0．45

＋0．55

＋0．65

＋0．85

＋0．95

＋1．05

＋1．20

＋1．40

＋1．50



Table A－2　（continued）

CASE A1－4　　Ⅹu＝32・Ocm．Xb＝120C叩

Ⅹ（cm）b（cm）H（cm）れ＋（cm）れ＿（cm）吉fcm）

27013。50　　　　　　　　　　　　　　　　　－0．15

25012．50　　－　　　　　　　　　　　　　　◆－0．10

24012．00　3．52　　2．53　－0．99　－0．15

23011．50　　　　　　　　　　　　　　　　　－0．15
22011．00　3．90　　2．83　－1．07　－0．15

21010．50　　　　　　　　　　　　　　　　　　－0．15

20010．00　4．23　　3．08　－1．15　－0．20

190　9．50　　－　　　　　－　　　　　－　　　－0．20

ユ80　9．00　4．56　　3．32　－1．24　－0．20

170　8．50　　　　　　　　－

160　8．00’4．73　　3．64

150　－　7．50．

140　7．00　5．35　　4．18

130　6．50　　－　　　　　－

120★　6．00　6．17　　4．95

110　5．50　　－　　　　　－

100　5．00　5．75　　4．74

90　4．50　　－

80　4．00　3．53　　2．71

70　3．50　　－

60　3．00　2．82　　2．23

－0．10

－1．09　－0．15

－0．25

－1．17　－0．20

一　　　二0．20

－1．22　－0．20

－　　　－0．15

－1．01　－0．15

－0．15

－0．82　－0．10

＋0．05

－0．59　＋0．15

50　2．50　　　　　　　　　　　　　　　　　　　＋0．20

40　2．00

30　1．50　　－

20　1．00

10　0．50

0　0．00　　－

10　－0．50　　－

20　－1．00　　－

＊　break point

】
■
i
■
；
■
；
■
□
■
『
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＋0．30

●

　

－

－

　

1

　

－

－

＋0．40

＋0．50

＋0．50

＋0．70

＋0．90

＋1．20



Tabie A－2　（continued）

CASE A2－1　Ⅹu＝49cm Xb＝230cm

X（cm）h（cm）H（cm）Tl＋（cm）Tl（cm）；（cm）

27013．5011．10

25012．5011．59

240　12．00

230★11．5011．80

22011▲←00　11．31

210　10．50

20010．00

190　9．50

180　9．00

170　　8．50

160　8．00

150　7．50

140　7．00

130　6．50

120　6．00

110　5．50

100　5．00

90　4．50

80　4．00

70　3．50

60　3．00

50　　2．50

48　2．00

30　1．50

20　1．00

10　0．50

0　　0．00

－10　－0．50

－20　－1．00

－30　－1．50

－

．

●

　

●

一

・

●

　

・

一

　

●

－

　

●

－

　

●

一

　

●

－

　

●

二

9
　
　
0
0
　
　
6
　
　
6
　
　
5
　
　
4
　
　
3
　
　
3
　
　
2

8．08　－3．02　－0．29
8．72　－2．87　－0．12

－0．30

8．91　－2．89　－0．19

8．59　－2．72　－0．18

－0．17

7．39　－2．53　－0．12

－0．18

6．94　－1．95　－0．15

0．00

53　　4．99　－1．54　＋0．15

＋0．30

00　　4．93　－1．07　十0．45

－　　　＋0．47

44　　4．39　－1．05　＋0．55

－　　　＋0．62

63　　4．09　－0．54　＋0．80

＋0．85

68　　3．57　－0．11　＋1．02

＋1．14

02　　3．09　＋0．07　＋1．25

＋1．37

31　　2．74　＋0．43　＋1．40

十1．45

－

＊break point

＋1．55

－　　　＋1．60

＋1．70

－　　　＋1．75

＋1．90

＋2．05
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Table A－2　（continued）

CASE A2－2

Ⅹ（cm）b（cm）

27013．50

250　12．50

240　12．00

230　11．50

220　11．00

210－10i50

200　10．00

190★　9．50

180　9．00

170　　8．50

160　8．00

150　　7．50

140　　7．00

130　6．50

120　6．00

110　5．50

100　5．00

90　　4．50

80　　4．00

70　　3．50

60　3．00

50　2．50

40　　2．00

30　1．50

20　1．00

10　　0．50

0　　0．00

－10　－0．50

－20　－1＿00

Ⅹu＝38cm Xb＝190cm

H（cm）¶＋tCm）

7．50　　4．97

7．62　　5．13

8．21

8．69

9．06

8．61

6．98

5．53

4．86

4．41
二二＝

3．67

3．08
三雲±■

▼二三＝

二＝二

★　break point

2

　

　

′

b

8

3

　

　

9

　

　

0

0

　

　

8

　

　

3

　

　

6

　

　

2

0

　

　

6

0

ノ

7

　

　

2

　

　

9

　

　

6

　

　

4

　

　

7

　

　

3

－

－

・

－

　

●

　

●

　

●

－

　

●

－

・

－

　

●

－

　

●

－

　

●

－

　

●

－

1

一

－

■

　

■

一

■

6
　
　
　
6
　
6
6
　
　
　
5
　
　
3
　
　
3
　
　
　
3
　
　
　
2
　
　
　
2

149；
′■轟t：■

れ（cm）；（cm）

－2．53　－0．13

－2．49　－0．15

－　　　－0．17

⊥0．15

－2．19　－0．09

－0．10

－2．03　－0．10

－2．08　－0＿．15

－1．88　－0．15

－0．16

－1．69　－0．15

一　　　一0．17

－1．55　－0．15

－0．12

－1．18　－0．06

＋0．10

－0．98　＋0．24

＋0．30

－0．91　＋0．40

＋0．55

－0．76　＋0．60

－　　　＋0．74

－　　　＋0．84

－　　　＋0．95

＋1．00

－　　　＋1．15

－　　　＋1．25

＋1．35

＋1．43



Table A－2　（continued）

CASE A2－3　　Ⅹu＝30cm Xb＝120cm

X（cm｝b（cm日日cm）n十（cm）れ（cm）；（ch）
27013．50　4．24

25012．50　4．26

24．0　12．00

230　11．50

22011．00　4．45

210　10．50

20010。00　4．82

190　9．50　　－

180　9．00　5．06

170　　8．50

160　8．00　5．41

150　　7．50

140　7．00　6．02

130　6．50　6．35

120★　6．00　6．64

110．5．50

100　5．00　4．60

90　　4●50

80　4．00　3．54

70　3．50

60　3．00　3．28

50　　2．50　　－

4012、．00

30　1．50

20　1．00

10　0．50

0　0．00　　－

－10　－0．50

－20　－1．00

＊　break point

2．87　－1．37

2．87　－1．39

3．23　－1．22

3．47　－1．35

3．75　－1．31

4．28　－1．13

4．84　－1．18

5．21　－1．14

5．48　－1．16

3．77　－0．83

2．89　－0．65

2．56　－0．72

▼‾‾一

一＿‾

■■‾

丁

150

ー0．08

－0．08

－0．06

－0．05

－0．02

－0．03

0．00

－0．05

－0．08

－0．12

－0．10

－0．13

－0．13

－0．15

－0．12

－0．14

－0．05

－0．03

＋0．08

＋0．13

＋0．25

＋0．32

＋0．37

＋0．45

＋0．58

＋0．73

＋0．86

＋0．97

＋1．23



Tabie A－2　（continued）

CASE A3－1　Ⅹu＝33cm Xb＝250cm

Ⅹ（cm）h（cm）

30015．00

27013．50

250★12．50

240　12．00

23011．50

220　11．00

210　10．50

200　10．00

190　　9．50

180　9．00

170　　8．50

160・8．00

150　7．50

140　　7．00

130　6．50

120　6．00

110　5．50

100　5．00

90　4．50

80　4．00

70　　3．50

60　3．00

50　　2．50

40　　2．00

30　1．50

20　1．00

10　0．50

0　0．00

－10　－0．50

－20　－1．00

－30m．・1．50

H（cm）巾＋（cm）

8．78　　6．36

9．32　　6．94

9．44　　6．96

8．94　　6．60

7．90　　5．91

6．75　　4．95

5．85　　4．26

4．58　　3＿36

4．34　　3．28

3．57　　2．93
■‾■‾

3．02　　2．82

2．16　　2．13

1．94　　2．13
▼・－－－－

■

　

－

　

■

　

－

－

＊　break point

れ（cm）盲fcm）
＿一▲‘

－2．42

－2．38　－0．22

－2．48　－0．23

－0．16

－0．18

－2．34　－‘0．15

－0．16

－1．99　－0．16

－　　　－0．16

－1．80　－0．14

－0．08

－1．59　JO．04

－0．03

－1．22　＋0．10

十0．22

－．1．06　＋0．36

＋0．45

－0．64　＋0．60

＋0．72

－0．20　＋0．78

＋0．84

－0．03　＋0．90

＋0．94

＋0．19　　＋0．96

＋0．96

＋1．05

＋1．20

＋1．30

＋1．36

⊥　　　　　　　　＋1．50

－　　　　　　　　　＋1．62

151



Table A－2　（continued）

CASE A3－2　Ⅹu＝28cm Xb＝140cm

X（cm）h（cm）H（cm）n＋（cm）n（cm）官fcm）

270　13．50　　5．25

250　12．50　5．44

240　12．00

230　11．50

220　11．00　　5．16

210　10．50

200　10．00　　5．46

190　9．＿50

180　9．00　5．44

170　8．ち0

160　　8．00　　5．82

150　●　7．50

140★　7．00　6．31

130　　6．50

120　6．00　5．80

110　5．50　　－

100　5．00　5．59

90　4．50

80　4．00　3．68．

70　3．50

60　　3．00　　2．59

50　　2．50

40　　2．00

30　1．50

20　1．00

10　　0．50

’0　　0．00

－10　－0．50

－20　－1．00　　－

＊’break point

√3．56　－1．69

3．66　－1．78

3．47　－1．69

3．75　－1．71

3．94　　－1．50

4．27　　－1．55

4．90　－1．41

4．41　－1．39

3．68　．－1．88

2．84　　－0．84

2．00　－0159

‾　■

152

－0．10

－0．14

－0．08

－0．15

－0．08

－0．04

－0．03

－0．08

－0．12

－0．08

－0．10

－0．14

－0．14

－0．16

－0．12

－0．16

－0．06

－0．03

＋0．13

＋0．27

＋0．42

＋0．52

＋0．62

＋0．70

＋0．77

十0．82

＋0．92

＋0．97

＋1．12



Tabie A－2　（continued）

CASE A3－3　　Ⅹu＝22cm Xb＝100cm

X｛cm）h（cm）H（cm）n＋（cm）n（cm）首fcm）

27013．50

250　12．50

240　12．00

230　11．50

220　11．00

210　10．50

200　10．00

190　9．50

180　‾9．00

170　　8．50

160　　8．00

150●　7．50

140　7．00

130　6．50

120　6．00

110　5．50

100貴　5．00

90　4．50

80　　4．00

70　　3．50

60　　3．00

50　　2．50

40　　2．00

30　1．50

20　1．00

10　　0．50

0　　0．00

3
　
3

3

　

　

3

　

　

3

　

　

3

　

　

　

4

　

　

4

　

　

■

4

一

　

　

4

　

　

2

9
　
3

5
　
つ
ん

7

　

　

7

　

　

5

　

　

4

一

　

　

八

U

　

　

2

　

　

2

　

　

⊥

　

　

7

3
　
　
　
5
　
　
6
　
　
9
　
　
0
　
　
2
　
　
　
7
　
　
3
　
　
8

＊　break point

ュ
　
ユ

ー
一

2
　
2

3
　
9

●

　

●

－

つ
ん
　
ュ

■

　

　

●

－

　

●

一

　

●

　

l

　

　

●

　

l

　

　

●

一

　

●

－

　

●

2

　

　

　

2

　

　

つ

ん

　

　

　

2

　

　

　

2

　

　

3

　

　

3

0
　
　
　
4
　
　
　
0
　
　
　
7
　
　
　
5
　
　
　
0

2
　
　
　
4
　
　
5
　
　
7
　
　
　
9
　
　
2

07

一

　

　

－

　

　

－

　

　

－

　

　

－

　

　

－

…7つ
ー

ー

　

●3

二20

一

　

●

－

－

－

－

－

－

2
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1
■
　
　
⊥
　
　
⊥
　
　
ュ
　
　
ュ
　
　
ュ
　
　
ュ
　
　
ュ
　
　
0

－

／

　

ュ

　

　

　

　

　

7

　

　

　

3

　

　

5

　

　

7

　

　

　

5

　

　

2

　

　

2

　

　

4

一

　

　

5

2
　
3
　
　
　
　
ュ
　
　
⊥
　
　
ュ
　
　
ュ
　
　
0
　
　
0
　
　
0
　
　
0
　
　
8

●

　

・

1

　

－

　

●

一

　

●

－

・

一

・

一

　

●

－

・

一

・

一

・

－

・

－

－

－

－

－

－

－0．12

－0．15

－0．14

－0．14

－0こ06

－0．02

・－0．00

－0．08

－0．13

－0．02

－0．05

－0．12

－0．12

－0．18

－0．20

－0．18

－0．12

－0．12

－0．08

－0．06

＋0．04

十0．25

＋0．32

＋0．42

＋0．52

＋0．68

＋0．74



Table A－2　（continued）

CASE B1－1　Xu＝57cm Xb＝250cm

Ⅹ（cm）b（cm）F（cm）

30015．0011．71

28014．0011．52

27013。50

26013．0012．18

250★12．5012．30

24012．0010．55

23011．50　8．72

220　9．92　9．64

210　7．55　9．86

200　7．00　7．77

190　9．50　6．23

180　9．00　7．92

170　8．50　6．68

160　8．00　6．20

150　7．50　6．05

140　7．00　6．05

130　6．50　5．46

120　6．00　5．25

110　5．50　4．92

100　5．00　4．62

90　4．50　4．37

80　4．00　4．04

70　　3．50

60　3．00　3．00

50　　2．50　　－

40　2．00

30　1．50　　－

20　1．00　　－

10　0．50

0　0．00

口．（cm）れ（cm）；（cm）
1‾

9．05　－2．66

8．89　－2．63

9．23　－2．95

9．53　－2．77

8．17　－2．38

6．43　－2．29

7．32　－2．32

7．15　－2．71

5．71　－2．06

4．67　－1．56

6．38　－1．54

5．25　－1．43

4．85　－1．35

4．72　－1．33

4．88　－1．17

4．36　－1．10

4．18　－1．07

3．88　－1．04

3．60　－1．02

3．56　－0．81

2．94　－1．10

2．65　－0．35

二】・．・．・．・．‘

一0．20

－0．14

－0．18

－0．18

－0．32

－0．30

＋0．02

十0．20

＋0．28

＋0．34

＋0．34

＋0．40

＋0．40

＋0●40

＋0．48

＋0．48

＋0．58

＋0．74

＋0．88

＋0．94

＿　　　　　　　　　＋1．02

＿　　　　　－　　　＋1．10

＋1．16

－　　　＋1．18

＋1．40

＋1．48

－10　－0．50

－20　－1．00

－30　－1．50

＊　break point

154

＋1．54

＋1．72

＋1．82



Tabie A－2　（continued）

CASE B1－2　　Ⅹu＝54cm Xb＝210cm

X（cm）h（cm）H（cm）n＋（cm）Tl（cm）；（cm）

30015．00　9．27

28014．00　8．77

270　13．50

26013．0010．04

250　12．50

24012．0010．80

23011．5010．59

220　9．9210．61

210★　7．号511．45

200　7．0010．07

190　9．50　8．90

180．9．00　7．18

170　8．50　7．30

160　8．00　■　7．37

150　7．50　5．42

140　7．00　5．60

130　6．50　5．55

120　6．00　5．63

110　5．50　5．27

100　－5．00　5．19

90　4．50　4．53

80　4．00　　4．19

70　3．50

60　3．00

50　　2．50

40　2．00

22

－

　

●

一

　

1

3

30　1．50　　－

20　1．00

10　0．50

0　0．00

10　－0．50

20　－1．00　　－

30　－1．50

＊　break point

6．83　－2．44

6．46　－2．31

7．21　－2．83

8．17　－2．63

8．13　－2．46

8．05　－2．56

8．60　－2．85

7．92　－2．15

7．20　－1．70

5．55　－1．63

5．86　－1．44

6．03　－1．34

4．05　－1．37

4．25　－1．35

4．23　－1．32

4．38　－1．25

4．02　－1．25

3．96　－1．23

3．41　－1．12

2．81　－1．38

74

－

　

●

　

1

2

＿＿＿二‾

－．155

－0．20

－0．16

－0．20

－0．14

－0．34

－0．44

－0．12

－0．10

－0．08

＋0．10

＋0．02

＋0．08

＋0．18

＋0．20

＋0．28

＋0．28

＋0．32

＋0．40

一　　　十0．56

－0．75　＋0．64

－　　　＋0．74

＋0．84

－　　　＋0．96

－　　　＋1．00

－　　　＋1．16

＋1．32

－　　　＋1．38

＋1．54

＋1．66



Table A－2　（continued）

CASE B1－3　　Xu＝40cm Xb＝210cm

Ⅹ（cm）h（cm）ヨ（cm）

30015．00　6．81

27013．50　6．69

25012．50　7．19

24012．00　7．55

23011．50　8．12

220　9．92　8．12

210★　7．55　9．25

200　7．00　7．95

190　9．50　7．16

180　9．00　6．73

170　8．50　6．03

160　8．00　6．74

150　7．50　5．18

140　7．00　5．32

130　6．50　4．66

120　6．00　■4．42

110　5．50　4．30

100　5．00　3．91

90　4．50　3．46

80　4．00　3．17

70　　3．50

60　　3．00 56

－

　

●
2

50　2．50

40　　2．00

30　1．50

20　1．00

10　0J50

．0　0．00

－10　－0．50

－20　－1．00

－30　－1．50

★　break point

れ＋（cm）n（cm）

4．99　－1．82

4．88　－1．81

5．08　－2．11

5．70　－1．85

6．14　－1．98

6．23　－1．89

6．98　－2．27

6．41　－1．54

5．82　－1．34

5．46　－1．27

4．65　－1．38

5．52　－1．22

4．10　－1．08

4．33・－0．99

3．73　－0．93

3．52　－0．90

3．38　－0．92

3．02　－0．89

2．72　－0．74

2．54　－0．63

ュ2

－

・

－

－

－

　

■

　

一

－

一

－

－

2

156

己（cm）

－0．14

－0．14

－0．12

－0．14

－0．24

－0．42

－0．18

－0．06

－0．08

－0．04

＋0．06

＋0．02

＋0．14

＋0．22

＋0．22

＋0．22

＋0．24

＋0．30

＋0．38

－0．44　＋0．46

＋0．62

－　　　＋0．64

＋0．74

＋0．82

＋0．98

＋1．12

＋1．26

＋1．12

＋1．68



Table A－2　（continued）

CASE B1－4

Ⅹ（cm）h（cm）

30015．00

280　14．00

270　13．50

260　13．00

250　12．50

Ⅹu＝28cm Xb＝210cm・Ⅹb★＝150cm

H（cm）n＋（cm）れ（cm）〔（cm）

3．58　　2．48　－1．10

1．91　　1．06　－0．85

3．58

24012．Ot〉　3．81

23011．50　3．88

220　9．92　4．27

210★　7．55　4．40

200　7．00　4．19

190　9．50　4．41

180　9．00　’4．71

170　　8．50　　4．79

160　8．00　4．90

150★　7．50　4．92

140　　7．00　4．90

130　6。50　4．84

120　6．00　　4．63

110　　5．50　　4．65

100　5．00　　3．97

90　4．50　3．42

80　　4．00　　3．01

70　　3．50

60　　3．00

50　　2．50

40　　2．00

30　1．50

20　1．00

10　　0．50　　－

0　　0．00

－10　－0．50

－20　－1．00

＊　break point

2．37　－1．21

2．50　－1．31

2．68　－1．20

3．02　－1．25

3．12　－1．28

2．99　－1．20

3．40　－1．01

3．71　－1．00

3．75　－1．04

3．92　－0．98

3．94　－0．98

3．94　－0．96

3．91　－0．93

3．71　－0．92

3．72　－0．93

3．14　－0．83

2．66　－0．76

2．35　－0．66

157

－0．06

－0．06

－0．02

－0．02

－0．08

－0．18

－0．08

－0．04

－0．02

0．00

－0．02

－0．08

－0．06

－0．02

－0．06

－0．04

－0．02

0．00

＋0．06

＋0．12

＋0．30

＋0．30

＋0．40

＋0．46

＋0．54

＋0．60

＋0．78

＋1．00



Tabie A－2　（continued）

CASE B2－1　Ⅹu＝50cm Xb＝230cm

Ⅹ（cm）h（cm）H（cm）

30015．0011．88

28014．0011．24

27013．5011．25

26013．0010．78

25012．5011．16

24012．0012．02

230★11．5012．73

220　9．92　王1．36

210　7．5511．13

200　7．00　8．29

190　9．50　5．97

180，9．00　7．40

170　8．50　6．26

160　8．00　5．26

150　7．50　5．62

140　7．00　5．43

130　6．50　4．88

120　6．00　4．80

110　5．50　4．35

100　5．00　3．95

90　4．50　3．89

80　4．00　3．69

70　　3．50

60　－3．00

50　　2．50

40　　2．00

69

i
■
【
】
巳
■
■

2

30　1．50

20　1．00　　－

10　0．50

0．0．00

－10　－0．50　　－

■20　－1．00　　一

一30　－1．50

＊　break point

q＋（cm）れ（cm）；（cm）

8．73　－3．15

8．73　－2．51

8．72　－2．53

8．33　－2．45

8．45　－2．71

9．00　－3．02

9．74　－2．99

8．56　－2．80

7．68　－3．45

6．33　－1．96

4．56　－1．41

6．07　－1．33

4．93　－1．33

4．07　－1．19

4．57　－1．05

4．41　－1．02

4．11　－0．77

4．08　－0．72

3．81　－0．54

－0．26

－0．22

－0．16

－0．22

－0．52

－0．48

－0．04

＋0．26

＋0．46

＋0．46

＋0．46

＋0．62

＋0．68

＋0．68

＋0．82

3．49　－0．46　＋0．82

3．53　－0．36　＋0．86

3．24　－0．40　＋1．02

3qノ

■

　

　

●

一

2
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一　　　十1．12

－0，03　＋1．14

－　　　＋1．22

－　　　＋1．28

－　　　＋1．34

＋1．36

－　　　＋1．48

－　　　＋1．56

－　　　＋1．62

＋1．72

－　　　＋1．86



Tabie A－2　（continued）

CASE B2－2　　Ⅹu＝36cm Xb＝210cm

X（cm）h（cm）H（cm）n＋（cm）n（cm）百fcm）－

300　15．00

28014．00

270　13．50

260　13．00

250　12．50

240　12．00

230　11．50

220　9．92

2101　7．55

200　7．00

190　9．50

180・9．00

170　　8．50

160　　8．00

150　　7．50

140　　7．00

130　6．50

120　6．00

110　5．50

100　5．00

90　　4．50

80　　4．00

70　　3．50

60　　3．00

50　2．50

40　　2．00

30　1．50

20　1．00

10　　0．50

0　0．00

－10　－0．50

－20　－1．00

Q

ノ

5

　

　

⊥

　

　

6

9

5

5

9

つ

‘

6

　

　

5

　

　

9

　

　

ュ

　

　

4

　

　

7

　

　

0

2

6

　

　

⊥

　

　

⊥

3

0

ュ

7

2

5

　

　

⊥

　

　

2

　

　

6

　

　

8

　

　

つ

‘

　

　

7

，

　

●

－

　

●

－

　

●

　

●

　

●

・

●

　

・

・

－

・

t

　

●

－

・

－

　

●

－

・

－

・

一

－

－

－

一

－

－

－

7

6

　

　

6

　

　

7

7

　

8

8

7

7

6

　

　

6

　

　

5

　

　

4

一

　

3

　

　

3

　

　

つ

ん

＊　break poiht

4．90　－2．39

4．58　－2．07

●
●
2

－

　

・

■

4

4．76

5．00

5．70

5．67

号・73
5．64

4．99

－

　

●

－

　

●

－

　

●

－

　

●

－

　

●

　

■

　

　

■

4

　

　

4

　

　

3

　

　

3

　

　

2

　

　

2

69

－0．18

－1．83　　　－

－0．14

－2．40

－2．39　－0．12

－2．35　－0．08

T2．48　－0．28

－2．06‘－0．36

－1．58　－0′．10

－1．57　－0．06

－0．06

－1．46　＋0．08

0．00

08　－1．21　＋0．08

＋0．12

60　－1．01　＋0．12

■　十0．20

10　－0．74　＋0．22

＋0．26

64　－0．63　＋0．36

＋0．46

41　－0．29　＋0．50

＋0．56

＿　　　　　　　　　＋0．64

－　　　＋0．70

＋0．80

＿　　　　　　　　　＋0．94

＋0．96

＋1．06

＋1．16

159



一Table A－2　（continued）

CASE B2－3　　Ⅹu＝30cm Xb＝190cm

Ⅹ（cm）h（cm）H（cm）

30615．00　4．87

28014．00　4．68

270　13．50

260　13．00 0
0
8

－

　

●
3

れ＋（cm）¶（cm）；（cm）

3．18　－1．69

3．20　－1．48

ュ7

－

　

●
2 －1．17

250　12．50

24012．00　4．88

230　11．50　5．21

220　9．92　5．32

210　　7．55　5．37

200　7．00　5．16

190★　9．50　5．27

180・9．00　　5．24

170　　8．50　5．26

160　　8．00　5．25

150　　7．50　　4．93

140　　7．00　4．94

130　　6．50　　4．84

120　6．00　4．63

110　5．50　4．14

100　5．00　3．48

90　4．50　3．23

80　4．m　2．91
70　　3．50

60　　3．00

50　　2．50

82

－

　

●

－

2

40　　2．00

30　1．50

20　1．00

10　0．50

0　0．00

10　⊥0．50

20　－1．00

＊　break．point

3．18　－1．70

3．37　－1．84

3．67　－1．65

3．66　－1．71

3．53　－1．63

3．88　－1．39

3．93　－1．31

3．88　－1．38

3．96　－1．29

3．64　－1．29

3．63　－1．31

3．58・－1．26

3．54◆　一1．ィ09

3．18　－0．96

2．68　－0．80

2．61　－0．62

2．25　－0．66

0●
●

－

・

▼

ュ

i
■
i
■
□
■
□
■
〓
■
寧
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－

－　　　　　　　－　　　　　　　　－

－0．12

－0．04

－0．10

0．00

－0．12

－0－24

†OI．02

－0．04

－0．06

0．00

－0．10

－0．06

－0．04

－0．04

0．00

0．00

＋0．04

＋0・．10

十0．24

－0．48　＋0．30

＋0．28

＋0．36

－　　　＋0．44

＋0．46

＋0．62

＋0．72

－　　　＋0．80

＋1．00



Table A－2　（continued）

CASE B3－1　Ⅹu＝33cm Xb＝210cm　〆

Ⅹ（cm）b（CmHHcm）牛（cm）れ（cm）官（cm）▼▼＿二

30015．00　7．78　　5．34　－2．44

27013．50　8．66　　6．02　－2．64

25012．50

24012．00

23011．50　8．17

220　9．92　8．91

210★　7－．55　9．46

200　7．00　7．32

190　9．50　6．04

180　9．00　6．93

170　8．50　5．94

160．8．00　4．23

150　7．50　4．69

140　7．00　4．69

130　6．50　4．58

120　6．00　4．52

110　5．50　4．21

100　5．00　3．91

90　4．50　3．30

80　　4．00

70　　3．50

60　3．00 01

1

　

－

　

●
2

50　2．50

40　2．00

30　1．50

ー

　

●

20　1．00

10　0．50

0　0．00

－10　－0．50

－20　－1．00

■

　

－

－

－

★break polnt

6．21　－1．96

6．19　－2．72

6．62　－2．84

5．19　－2．13

4．11　－1．93

4．28　－2．65

4．25　－1．69

2．63　－1．60

3．17　－1．52

3．08　－1．61

3．21・－1．37

3．22　－1．30

3．06　－1．15

2．78　－1．13

2．51　－0．79

【■・．

－0．22

－0．28

－0．30

－0．28

－0．34

－0．42

－0．44

－0．16

－0．16

＋0．20

＋0．18

＋0．22

＋0．36

＋0．46

＋0．42

＋0．56

＋0．60

＋0．64

＋0．70

2．03　－0．07　＋0．72

＋0．78

＋0．88

＿　　　　　　　　　＋0．94

＋1．00

＿　　　　　　　　　＋1．04

＋1．06

＿　　　＋1．16

＋1．26

161



Tabie A－2　（continued）

CASE B3－2　　Ⅹu＝29cm Xb＝210cm

X（cm）b（cm）E（cm）れ＋（cm）れ（cm）百fcm）

30015．00　6．27

27013．50　7．72

25012．50　7．12

240　12．00

23011．50　7．49

220　9．92　8．46

210よ　7．55　8．70

200　7．00．7．37

190　9．50　5．93

180　9．00

170　　8．50　　5．93

160－　8．°00

150　　7．50　　4．67

140　　7・．00

130　　6．50　4．01

120　　6．00　　－

110　5．50　3．50

100　5．00　　－

90　4．50　2．71

80　4．00　　－

70　3．50

60　　3．00　　2．12

50　　2．50

40　　2‾」00

30　1．50

20　1．00

10　0．50

0　0．00

－10　－0．50

－20　－1．．00

＊　break point

4．13　－2．14

5．17　－2．55

5．09　－2．03

5．20　－2．29

5．95　－2．51

5．98　－2．72

5．51　－1．86

4．22　－1．71

4．48　－1．45

3．30　－1．37

2．88　－1．13

2．62　－0．88

2．09　－0．62

2．06　－0．06

－　　　　　－

t′－

162

ー0．12

－0．20

－0．22

－0．18

－0．18

－0．32

－0．38

－0．02

－0．10

＋0二12′

＋0．14

＋0．12

＋0．24

＋0．38

＋0．36

＋0．46

＋0．52

＋0．54

＋0．68

＋0．66

＋0．72

＋0．80

＋0．88

＋0．92

＋0．96

＋1．00

＋1．06

＋1．12



Tabie A－2　（continudd）

CASE B3－3　ごⅩu＝23cm Xb＝220

Ⅹ（cm）b（cm）

30015．00

27013．50

25012．50

24012．00

230　11．50

【220濃　9．92

210　7．55

200　7．00

190　9．50

180　9．00

170　8．50

160・8．00

150　7．50

140　7．00

130　6．50

120　6．00

110　5．50

100　5．00

90　4．50

H（cm｝牛（cm）れ（cm）官fcm）

5．20　　2．63　－2．57

6

5

5

5

6

6

6

6

5

5

5

5

5

4

4

4

4

3

80　4．00

70　3．50

60　3．00　2

50　2．50

40　2．00

30　1．50

20　1．00

10　0．50

0　　0．00

－10　－0．50

－20　－1．00

47　　4．29　－2．18　－0．02

87　　3．92　－1．95　－0．08

17　　3．39　－1．78　－0．12

20　　3．04　－2．16　－0．10

95　　4．32　－2．63　－0．12

66　　4．16　－2．50　－0．16

14　　4．04　－2．10　－0．30

85　　5．21　－1．64　－0．02

41　3．99　－1．42　・0．00

48　　3．89　－1．59．－0．02

68　　4．18　－1．50　－0．04

27　　3．91　－1．36　－0．08

20　　3．84　－1．36　－0．04

72　　3．34　－1．38　＋0．06

46　　3．15　－1．31　＋0．06

23　　2．98　●－1．25

09　　2．92　－1．17　＋0．12

56　　2．38　－1．18　＋0．20

＋0．20

＋0．32

19　1．70　－0．49　＋0．28
－　　　＋0．38

＋0．50

－　　　＋0．58

i
■
i
■
；
■
；
■
■
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★break pplnt

＋0．64

－　　　＋0．68

－　　　＋0．72

＋0．82

＋0．98



Tabie A－2　（continued）

CASE B3－4　　Ⅹu＝21cm Xb＝75cm

X（cm）bくcm）H（cm）¶＋（cm）¶（cm）Hcm）

30015．00

27013．50

250　12．50

24012．00

230ユ1．50
220　9．92

210　7．55

200　7．00

190　9．50

180　9．00

170　8．50

160・8．00

150．7．50

140　7．00

130　6．50

120　6．00

110　5．50

100　　5．00

90　4．50

3．10　　1．41　－1．69

3

4

3

3

4

4

4

4

3

4

4

4

4

4

4

88　　2．11　－1．77

35　　1．70　－1．65

04　　1．61　－1．43

00　　2．15　－1．85

51　1．83　－1．68

48　　1．85　－1．63

13　　2．66　－1．47

58　　3．09　－1．49

23　　2．78　－1．45

38　　2．94　－1．44

95　　2．65　－1．30

33　　2．99　－1．34

53　　3．16　－1．37

47　　3．06　－1．41

27　　2．81　－1．46

06　　2．59　－1．47

24　　2．75　－1．49

80　4．00

70　　3．50

60　3．00　3

50　　2．50

40　2．00

30　1．50

20　1．00

10　0．50

0　0．00

－1℃I　－0．50

31　　2．11　－1．20
－

＿　二▲

▼

iii

＊　break point
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＋0．02

－0．08

－0．06

－0．08

－0．04

－0．12

－0．14

－0．04

－0．06

－0．02

－0．02

－0．04

－0．04

－0．00

－0．10

－0．10

－0．06

－0．12

－0．06

－0．06

＋0．12

＋0．26

＋0．42

＋0．50

＋0．58

＋0．66

＋0．76
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PHOTOGRAPHS（APPENDZX A）

Photog■raph

A－l

A－2

Main part of the experimental equiPment．

Water gage．
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A－1

A－2

168



APPEND工X B

ZNVESTZGATlON RESULTS　＝N THE SPRING OF1978
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