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ABSTRACT  

The purpose of this studyis toinvestlgate reCeSSion  

processes of cutting slopes made of loosely consolidated 

Quaternary deposits from the viewpoint of the rock control  

theory・Successive甲Onitoring of recession distances，  

contin・ual observations of recession mode and examination   

Of slope－forming materials are performed¢  

Cutting slopes，COmPOSed mainly of the Kanto Loam，  

Clayey beds and sandy beds，arelocatedin the Kanto  

district，Japan． Of them severaladjacent slopes wit   

different aspects are selected from the northeasteTn   

Part Of this area． On the south－facing slopes which   

absorb much solar energy，a number of cracks are formed   

in the exposed part of the Kanto●Loam and the clayey beds，   

but not● foun■din the sandy beds． Rib－1ike reliefis   

usually observed：the ridges of the relief are composed   

Of the s鱒ndy beds and the furrows are made of the Kanto   

Loam and the clayey beds． On the north－facing slopes   

Which receivelessinsolation，the cracks arelittle   

formedin’the Kanto Loam，the clayey beds and the sandy   

beds， Rib－1ike relief is not observed．  

On the south－facing slopes，the Kanto Loam and the   

Clayey beds recede due to toppling failures，SOilfalユs   

amd shallow slides caused by heavy rainfall，StrOng Winds  
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and severe earthquakes．While，the failure of ridges   

accounts for the recession of the sandy beds． Recession   

rates of the Kanto Loam and the clayey beds are higher   

than that of the sandy bedsin a short period of time．   

On the north－facing slopes，the slope recession takes   

Place onlyin winter・Icelenses are found to develop  

in the Kanto Lo鱒m，the clayey beds and the sandy beds，   

These beds recede mainly due to slumplng CauSed by the   

freeze－thaw action and have similar recession rates   

〔20 cm／year）．  

Results of physical，meChanicaland mineraloglCal   

tests of slope－forming materialsindicate that（l）each   

Slope－forming bedis fully dried on the south－facing   

Slopes，but has a highwater－COntent On the north－facing   

Slopes；（2）compressive，tenSile and shear strengths of   

the Kanto Loam and the clayey beds arelarger than those   

Of the sandy beds，irrespective of the slope aspect；  

（3）as compared with the sandy beds，the Kanto Loam and   

the clayey beds are much more susceptible to shrinkage；  

＼  

and（4）clay mineralsin the younger and older Kanto   

Loams are mostly allophane and hydrated halloysite  

respectively）and thosein the clayey beds are composed  

Of halloysite．  

On the basis oflaboratory measurements and   

experiments，itis found that（1）cracks are formedin  
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the Kanto Loam and the calyey beds having a maximum   

shrinkage－ratiolarger than 3・5 ％ and〔2）shrinkage   

characteristics of the slope－forming bedsis closely   

related to the claァCOntent and／or the kind of clay   

minerals． On the south－facing slopes where the variation  

of water contentislarge，the strengths of the Kanto   

Loam and the clayey beds are markedly reduced by crack   

formation；this strength reduction process does not   

occur in the sandy beds. The Kanto Loam and the clayey 

beds recede due to the toppling failuresタ SOilfalls and   

shallow slides and are eroded more severely than the   

sandy beds・鮨 a result，the Kanto Loam and the clayey   

beds form the furrows and the sandy beds form the ridges，  

so that rib－1ike reliefis formed。 However，the sandy   

t beds failwhen the ridge attains a criticalprotruding  

length，and the rib－1ike relief disappears・（1）Reduction   

of water content due to muchinsolation and（2）shrinkage  

characteristics of the slope－forming materials are found   

to play亘mostimportant rolein the crack formation，  

l  whichin turn controIs the recession of the south－facing  

Cutti・ng Slopes・  

On the north－facing slopes，the materials keep high   

water content because of being wet due tolessinsolation；  

SO that theicel＿enSeS are formed during winterin the  

Kanto Loam，the clayey beds and the sandy beds・ These  
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beds recede due mainly to slumplng CauSed by freeze－thaw   

action．ThQ depth of slumplngis found to be determined  

by frost penetration depth＞ Whichis approximately the  

samein these beds． The slopes resultin unifo   

recession with no distinct rib－1ike relief．  

Ⅹ1V   



CHApTER I  

INTRODUCTION  

Crucialfactors determining earth－Surface features   

are（1）geomorphic agents，（2）1andform materials and   

〔3）time．It has been considered for along time that  

the properties’Of苧arth－Surface materials controland  

COndition the．1andforms（e．g．，Davis，1910，P膚240；   

Thornbury，1954，p．17－19）。  

Since Davis，work（1895，1898，p．113－158，1899〕，   

there have been many studies which treated the structural   

landformsタ SuCh as cuestas・，hogbacks＞・．homoclinalridges  

and mesas（e．g．，Gilbert and Gulliver，1895；Grabau，   

1920；Dicken，1935；Woodridge and Linton，1938；Lobeck，   

1939，p．439－542；Sparks，1949；Tohmpson，1949；Monkhouse，   

1954，P．90－94；Thornbury，1954，P．130，134；Nakagawa，   

1960；Trewartha et al．，1961，p．77－78；Gilliland，1963；   

Twidale，1966；1976，p．10ト125；Small，1970，p．75－85）．   

These・Studies have attempted to explain the relation  

betweenlandforms and materials and have emphasized th占  

difference・in the materialstrength，Permeability or  

SOlubility for the development of suchlandforms．  

However，th畠 properties of the materials were not  
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actually measured in these studies and such a qualitative 

explanation・aS Hhard or resistant rocks form ridges‖was  

Only made．  

Yatsu（1965，1966，P．4－14，1971）pointed out such   

qualitative state of researches and stressed theimportance   

Of quantitative study onlandform materials． He proposed   

a ‖rock controltheory一一in which he mentioned that the   

investlgation of the materialproperties from physical，   

Chemicaland mechanicalviewpoints should be furthered．  

On the basis of the rock controltheory，quantitative   

Studies were performed on the formation of a small－SCale   

StruCtuallandform，i．e．，WaShbord－1ike relief on the   

WaVe－Cut benches at Arasaki，Miura Peninsura，Kanagawa   

Prefecture（Suzukiet al．，1970，1972）and Aoshimaisland，   

MiyazakiPrefecture（Takahashi，1975，1976ト Their   

Studies we－re based on actualmeasurements of material   

PrOperties such as compressive strength，abrasive hardness，   

SWelling pressure，etC． Suzukiet al．〔1970，1972）   

emphasized the role of wet－dry weatheTing of the bench－   

forming rocksin the formation of such relief． Takahashi   

（1975，1976）also pointed out theimportance of weathering   

Characteristics of the bench rocks．  

As another case of similar work，Tanaka（1972）   

studied the recession of artificial cutting slopes located 

at aninland environment，i．e．，the Chichibu Basin，  
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Saitama Prefecture． His work was based on the measurements   

Of（1）the recession distances and〔2）physicalamd   

mechanicalproperties of slope－forming Tertiary rocks．  

Mechanica五weathering due to（1）weトdry and（2）freeze－  

thaw action was found to be of great slgnificancein the   

Slope recession．  

Allthe recent studies by Suzukiet al．（1970，1972），   

Tanaka（1972）and Takahashi（1975，1976）have treated   

landforms made of consolidated materials疇  Even in these   

Studies，thoroughinvestigation of the process oflandform   

ChangeS have not been performed on the basis of continual   

Observations．  

The purpose of the present studyis to 主nvestlgate   

the recession process of slopes made ofloosely   

COnSOlidated Quaternary materialthrough field obsrevation   

COnducted on a weekly or biweekly basis during a two－   

year period. Artificially cut slopes located in the 

Kanto district，Japan◆were selected because theinitial   

boundary．conditionis clear．  

This studyincludes（1）the measurement of sIope   

PrOfiles，（2）the examination of geomorphic agents acting   

On the slope surfaces，（3）the observations of recessional   

features of the slopes，（4）the repeated measurements of   

the recession distances，（5）theinvestigation of physical，   

mechanical，mineraloglCaland thermalproperties of the  

5   



Slope－forming materials，and（6〕discussion on．the  

rece5Sion process on the basis of these results．   



CHApTER II  

STUDY AREAS  

1． TOPOGRAPHY AND GEOI．OGY  

Two study areas are selectedin the Kanto district：   

one is located at the northern part of Chiba Prefecture 

to the southwestern part ofIbarakiPTefecture，and the   

Other at the northern part of TochigiPrefecture（Figurel）．   

The formerincludes Shimousa and Tsukuba Uplands，and   

thelatterincludes Nasunogahara Fan．Average altitude   

of Shimousa and Tsukuba Uplands is about 20 to 30 m 

above sealeveland that of Nasunogahara Fanis about   

200 to 400 m． These uplands are dissected by many rivers   

and relat，ive height between the upland surface and   

surrounding alluvial lowlands is about ten to several 

tens meters．  

Topography and geology of the study areas have been   

investlgated by many workers． The surface of Shimousa   

uplandis correlated to Shimosueyoshiterraces；the   

SOuthern part of the Tsukuba Upland surfaceis Musashino   

もerrace，and the northem partis ShimosueyoshiterTaCe；   

and the main part of Nasunogahara Fan surfaceis correlated   

to Nasuno terrace〔Kanto Loam Research Group，1961，196S，  
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p．169－174）．  

Shimousa Upland is composed of PleistoGene horizontal 

sedimentary beds on which late Pleistocene volcanic ashes 

are deposited（Kanto Loam Research Group，1965，Pd65－73；  

Sugihara，1970）．The sedimentary beds are made of sandy  

beds named Narita formation and pumiceous clayey－bed   

namedJoso Clayin the order from thelower to the upper・  

The Narita formation andJoso Caly have beeninterpreted  

as marine deposits and flood－plain deposits，reSpeCtively・  

The voIcanic ashlayers，With a thickness of 3・5 to 4。S m，   

are called the Kanto Loam which is explained as aeolian 

deposits・In the southern Kanto，the Kanto Loamis  

dividedinto four members which are in disconformable   

relation with one another．They are named Tachikawa，   

Musashino，Sh－imosueyoshiand Tama Loams from the younger   

to the older（Kanto Loam Research Group，1956）． The   

Kanto Loam of Shimousa Upland▲has been correlated to  

ShimosdeyoshiLoam〔Figure 2）．  

Tsukuba Upland is also composed of Pleistocene 

horizontaユ sedimentary beds of the Narita formation〉  

Ryugasakiformation andJoso Clayin the order from the  

lower to the upperタ and these beds are covered with the  

Xanto Loam（Kanto Loam Research Group，1965，p・175－181；  

Sugihara，1970）．The Ryugasakiformationis considered  

to be flood－Plain or delta deposits・The Narita formation，  
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Ryugasakiformation，Joso Clay and the Kanto Loam have  

a thickness oflO to 30 m，2 to る m，0．S tげ 2 m，and 5 m，   

respectively・ The KantO Loamin the southern part of  

this uplaムdis correlated to Musashino and Tachikawa  

Loams，and thatin the northern partis correlated to   

ShimosueyoshiLoam（Figure Z）． TheJoso Clay also   

COrrelated to ShimosueyoshiLoam．  

Nasunogahara Fanis composed of sand and gravel   

beds with a thickness of 5 to 20 m and the Kanto Loa   

having a thickness of O．5 to 2．5 m． The Kanto Loamin   

the environs of Utsunomiya city has been divided into four 

members： A且，A2，A3and A4in descending order by Akutsu  

（1957）嶋 Kanto Loam Research Group（1965，P．157－165〕  

Called Akutsuタs Al，A2，A3and A4members Tawara，TakaTagl，  
Hoshakujiand TomatsuriLoams，reSPeCtively． The Kanto   

Loam covered with Nasunogahara Fanis correlated to   

Tawara and TakaragiLoams〔Figure Z）．  

The orlgLn Of Tachikawa，Musashino and Shimosueyoshi  

Loams has been attributed to voIcanic ashes supplied  

from the Paieo－Fujiand the Hakone voIcanos（Kanto Loam  

Research GT・Oup，1965，p．194－197）． Tawara，Takaragland  

をioshakujiLoams were orlglnated respectively from the  

NantaivoIcano，the AkaglVOIcano and the Nikko voIcanic  

district（Akutsu，1957）．Tawara，Takaragl，Hoshakuji  

and TomatsLuriLoams have been correlated respectively  
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to Tachikawa，Musashino，Shimosueyoshiand Tama Loams  

〔Akutsu，1957；Kanto Loam Research Group～1961，1965，   

p．18ト203）・  

2． CLAY MINERALS IN THE KANTO LOAM  

In the southern Kanto district，Clay minerals  

（＿Tsuchiya and Kurahaya：Shi，1958；Kurahayashiand Tsuchiya，  

1959，1960；Kanto Loam Research Group，1965，p・225－234）  

in the upper Kanto Loam are rich in allophane and those 

in thelower Loam are richin hydrated halloysite・The  

Clay minerals of Tachikawa Loam are mostly allophane，  

and sometimes the mixture of allophane and a small amount 

of hydrated halloysite is found. Musashino Loam has the 

princIPalclay mineralof hydrated halloysite，SOmetimes  

with a small amount of allophane. The clay minerals of 

Shimosu？yOShiLoam are composed of（1）hydrated halloysite  

and（＿2）もhe random mixed－1ayer minerals of hydrated  

halloysite and］halloysite・In Tama Loam〉 the constituen  

Clay minerals are mainly a mixed type of halloysite clay  

minerals ahd similar to that of ShimosueyoshiLoam．  

Yoshinag争and Aomine〔1962）found a fibrous clay mineral  

in voIcanic ash distributedin Kyushu，and they named  

this clay mineralimogoliteタ Which seems to be a  

transitional type between amorphous allophane and crystalline 

Clay minerals・Weathering sequence of voIcanic ash has  
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been considered to be that allophane alters to halloysite   

（Fieldes，1955；Kanto Loam Research Group；1965，P．2Z5－   

234；Wad払 and Harward，1974）。 Such weathering sequence   

has been observedin the northern Kanto area．Namely，  

the d6minant clay minerals of Tawara，Takaragl，Hoshakuji  

and TomatsuriLoams are allophane，hydrated halloysite   

Or a mixture of allophane and hydrated halloysite，   

hydrated halloysite，and hydrated halloysite of high   

CryStallin．ity，reSPeCtively〔Matsui，1960；Kurahayashi   

and Tsuchiya，1961；Kanto Loam Research Group，1965，   

p．232）． These clay minerals and weathering sequence   

have been observedin the Quaternary voIcanic ash   

distTibutedin various parts ofJapan（Kurahayashiand  

Tsuchiya，1967；Kufahayashi，1969；Kato，1973），New   

Zea且and（Fieldes，1955），France（Eswaran，1972）and   

Indonesia（Wesley，1973）．  

3． GEOTfミCHNICAL PROPERTIES OF THE KANTO LC）AM  

Grain size distTibution of the Kanto Loam has been  

studied by Nakよ0（1929，1951a，b，193Za，b，1957，1940），  

′ Kondo（五954），Tada and Yamazaki（1963）and Highway  

Research Group（1973，P．73－74）． According to Tada and   

Yamazaki（1963），both Tachikawa and Tawara Loams have   

a clay（く0．00Z mm）七ontent of about 40 宅．  

The followingis a summary of physicalproperties  
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of the Kanto Loam which were investigated by Kanto Loam 

Research Group（1965，P．340－345）and Highway Research  

Group（1973，P．6S－77）‥ Specific gravityis about 2・8，  

whichis－1arger than that of alluvialsoil・Porosity  

is about 75 to 80 ％，Whichis markedly higher than that   

of alluvial‾soilandis approximately equalto the porosity   

of humus－rich clayey soil．Dry densityis very small  

3 
because ofhighporosity，anditis about O・6to O・7g／cm。  

Naturalwater contentis almost alwayslarger than100 ％．  

Consistencyis similar to that of alluvialsoil・Plastic  

andliquidlimits decrease with decreasing water content：  

When the water 

are respectivelylOO ％ and160 ％；When the water content  

becomes15 ％，they are respectively 80 ％ andlOO ％・  

2 
The value of cohesionis about O．3to O．5kgf／cm，  

almost equalto that of alluvialclayIbutits angle of  

internalfrictionis 25 to 30O（Kanto Loam Research  

Group，196S，P．346）．・Unconfined compressive strength  

of the Kanto Loamis about O．8tolkgf／cm2at awater  

content of■100 to120 ％〔Kanai，1972；Highway Research  

Group，1973，p．82）．Shrinkage property has been studied  

by Takenaka（1965）using undisturbed specimens・Shrimkage－  

ratio of Tachikawa，Musashino and Tama Loamsis18・6，   

2．5 andlO．5 ％，reSpeCtively・  

Kanai（＿1972）studied some physicaland mechanical  
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PrOPerties of theJoso Clay distributedin Shimousa and  

Omiya Uplands．The followings are his results． Clay  

3 contentis50to S5％anddrydensityislg／cm・  
Cohesion and angle ofinternalfriction are respectively  

o；；s to o．7kgf／cm2and5to60・when thewater content  

i亨 5S to 60 ％・Unconfined compressive strengthislto  

l．5kgf／cm2at the、samewater content．  

4． METEOROLOGICAL CONDITIONS  

Figures 3a and 3b show monthly averages of air－   

te印Perature and precIPltation during the period of ten   

years from 1970 to 1979 using the data obtained at 

Tateno，IbarakiPrefecture and at Otawara，Tochigl   

Prefecture（Figure 2）near the study areas． Mean annual  

temperature at Tateno and Otawara is found to be 13.60C 

and12・20c，reSpeCtively・AnnualprecIPltation at both   

lo七ationsisIZ18 mm and1349 mm，reSPeCtively． Mean   

monthly value of daily minimum temperature at both sites   

islower than OOc during the period from December to   

March and that of daily maximum temperature is higher 

than 8Oc through the year・Mean monthly precIPltation  

is about 50mm duri平g theintervalfrom December to MaTCh，  

andis higher from Aprilto November・  

Ⅰ、n the study areas，yea王1y average number of days  

giving a daily maximum wind speed higher thanlO m／s  
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during the period of1979 to1981is 22 days． Mean   

annual number of days having a snowfall during the same 

Periodis 5 days，and the average snow thicknessis   

SeVeralcentimeters． Mean annualnumber of felt   

earthbuakes occurred during．the period from1970 to1979  

is 63，and the number of earthquakes with 3 and 4in   

Seismicintensityis 8．  
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CHAPTER III  

DESCRIPTION OF CUTTING SLOpES  

1． SELECTION OF CUTTING SLOPES  

In the Kanto district，．many Cutting slopes have   

been artificially formed at the fringe of low uplands 
■  

made of Quaternary deposits for the development of   

residentialareas． These slopes are generally steep   

With a uniform gradient． After the cutting，ribbed ridges   

develop on the surface of most slopes（Photographl）and   

SuCh reliefis called rib－1ike relief；butit does not   

develop on some slopes（Photograph 2〕． Cutting slopes   

With different aspects were selected for the present   

Study，because the rib－1ike relief developmentis   

COnSidered different depending upon slope aspects．   

Sixteenlocationsincluding totaltwenty－three cutting  

slopes were 

Slopes at Shimousa Upland，eleven．slopes at Tsukuba Upland   

and six slopesin the environs of Nasunogahara Fan．All   

Study slopes a耳■e unVegetated．  

In order to clarify the relation between the relief   

Of the slope surface and the kind of slope－forming beds，  

Slope．profiles were measuredin seventeen slopeslocated  
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at shimousa and Tsukuba Uplands・The measurem？ntS Were  

carried out、uSing a clinometer and a surveyor？s tape・  

Data on the relative height of the slopes，their slope  

angle and aspect arelistedin Tablel・Each study slope  

located at Shimousa and Tsukuba Uplands had been  

artificially cut one to two years before the slope profile  

measurements beganinJuly or August of1979・These  

slopes with a horizontallength of severaltens meters  

have a relative height of 6 to 10 m and a slope angle of 

40 to 800．  

Topographic maps around Slopes T2－SW9 T2－N and T3－SW，  

ぬere recession distances of the slope surface were  

measured，are Shownin Figures 4 and S・Dilluvialupland  

which bas an altitude of about 20 to 50 m are distributed   

with a relative height of 10 m between the upland surface 

and surrounding alluviallowlands・Slopes TZ－SW and も  

T3－SW receive theinsolationin the daytime，Whereas Slope   

T2－N seldom receive theinsolationin the allday．   

Ågroundwater tablelies near the alluviallowland surface   

leveland seldom rises up to the base of the cutting   

Slopes during and after rainfall・  

ヱ． SLOPE－FORMING BEDS  

The slope profiles and geologlC SeCtions are shown   

in Figures 6a through 6e・The study slopes are composed  
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of several Pleistocene horizontal beds． Åt Shimousa  

and Tsukuba Upla豆ds（Figures6a，6b and6c），the upper  

part of each slopeis composed of the Kanto Loam with   

a thickness bf about 2 to 3 m，Whichis Tachikawa and   

Musashino Loams depositedinlate Pleistocene〔Kanto  

Loam Research Group， 

Tokyo Pumice，SeVeralto tens centimetersin thickness，   

isintercalatedrin thelower part of the Kanto Loam．   

in the northern part of Tsukuba Upland，Kanuma Pumice   

（KP）with a thickness of 30 cmisimtercalatedin tbe   

middle paエーt（see Slope Tl一関■in F主gure 6a）．  

The lower part of the slopes is conDosed of 

alternation of clayey and sandy beds（Nakamura and Fukuda，   

1953；Sugihara，1970；Kanno et al．，1976；Aokiand Baba，   

1977）with a thickness of about O．4 to 3 m． The most   

upper clayey bedi：．e．，theJoso Clay，is correlated to   

ShimosueyoshiIJOam． Clayey and sandY beds of thelowest   

Partin Tsukuba Upland andlowest sandy bedin Shimousa   

Upland are respectively correlated to Ryugasaki formation 

and Narita、formation・TheJoso Clay，Ryugasaki′fbrmation  

and Narita forma 

・In tbe占nv主rons of Nasunogabara Fan（Figure6d and  

6e），the slopes are composed only of the Kanto Loam with  

a thickness of5 tolO m，Whichis correlated to Hoshakuji，  

Takaragland Tawara Loamsin the order from thelow・er tO  
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the upper（Kanto Loam Research GTOup，1965，aPPendix）・  

The Shichihonzakura Pumice〔SP〕and‡maichiPumice（IP）  

are inLercarated in ;he upper part of Tawxra icam. The 

Kanum左・．■pumice（KP）isintercalatedin the middle part  

of T洩karagiLoam．The Kataoka Scoria〔KS）and Ogawa  

Scoria（．OS〕are foundin Tawara Loam，and Mamiana Scoria  

（＿MaS）is recognizedin HoshakujiLoam・  

As grain size distribution of slope－forming bedsis  

mentiorIedin Chapter V，the voIcanic ashlayers having  

a－Clay content of about 30 ％is called here 雷管Kanto Loam‖〉  

theJosoJClay and clayey beds of Ryugasakiformation  

which have a claアCOntent Of60 to 70 ％ are expressed  

as Hclayey beds‖）and Ryugasakiformation with a small  

amount of clay fractions and Narita formation are  

represented by ‖sandy beds‖・  

3． CRACKIほVELOPMENT ON SLOPE SURFACE  

On the surface of study slopes，CraCks developin   

the Kanto Loam and the clayey beds，but notin the sandy   

bedsimcluding pumice and scorialayers〔Photographsl  

and2，FiguTeS6a through6e）・The cracks notably  

develop on the sIopes with a southern aspect・They are  

formed in exposed parts of the clayey beds and the Kanto 

Loam with some part havinglittle crack－development・   

In the Kanto＿Loam，Verticalcracks with a width of about  
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one centimeter are spaced atintervals of5 to15 cm  

（Photographl）．These cracks develop up to a depth of  

4 tolO cm from the slope surface and divide a soilmass  

intoindividualblocks called soilpillars with a width  

of 5 to15 cm，a height oflO to 30 cm and a thickness  

of′4 t‾010 cm．Verticalcracks having a width of several   

millimeters are formed atintervals of about lO to 20 cm   

in theJoso Clay；‘soilpillars develop with a width of  

lO to 20 cm，a height of 20 to 40 cm and a thickness of  

lO to 20 cm（】photograpb］り．Cracks which have a widtb  

of several millimeters densely develop in the clayey 

beds of the Ryugasaki formation as compared with the 

Kanto Loam and theJoso Clay；SOilpillaTS are formed  

wi・th a width of 5 tolO cm，a height 6f 4 to13 cm and   

a thickness of 3 to 7 cm（Photographl〕．Such crack  

development on，SPeCifiedlayersis foundin various  

PartS Of the Kanto district・  

4． RELATION、BETWEEN SLOPE ASPECT AN工）RELIEF ON SLOP‡三  

SURFACE  

A distinctive relief corresponding to the kind of   

the slope－forming bedsis found on the southeast－ tO  

WeSt－facing slopes（see Slopes Tl－W，T2－S，T2－SW，T3－SW，   

T4－SW，Sl－SE3 Sl－Sタ Sl－W and SZ－SEin Figures 6aタ 6b and  

6c），While，SuCh a relationis not found on the northeast－  
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to northwest－facing slopes（See Slopes T2－N，T3－NW，  

T5－NW，T6－N，T7－NE）T7－NW，Sl－N and S3－Nin Figures 6a，  

6b andL6c）．The former slopes are expressed herein  

terms‾of ‖south－facing slopes‖，and thelatter by ‖North－  

facing slopesH・It should be noted that the relief  

formation is completely different depending upon the 

Slope aspects・Similar phenomenonis foundin the  

envi．rons of Nasunogahara Fan and alsoin other parts of   

the Kanto．distri，Ct．  

On the slopes of Shimousa and Tsukuba Uplands？the  

ridges、are COmPOSed of the pumice and the sandy beds・  

In the environs of Nasunpgahara Fan〉 SCOria beds form  

the ridges。On the other handク the furrows are always  

COmPOSed of the Kanto Loam and the clayey beds・Many  

CraCks developin theselayersタ forming a crack zone  

in the furrows．’Kanto Loam Research Group（1965，p．68）   

reported that such a crack zoneis foundin the furrow  

part on the slopes located in various places of the 

Kanto district．  
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CHÅPTER IV  

RECESSION OF CUTTING SLOPES  

1． GENERAL CONCEPT OF SLOPE RECESSION  

The mostimportant factorsin recession of cutting  

Slopes are the assailing force－Of geomorphic agents  

acting onlthe slope and the 吏esisting force of the slope－  

forming materials． Similar to the relation which describes   

COaStalcliff recession（Sunamura，1973），叫e recession   

distance of cutting slopes can be expressed by the   

following 冨・elation：  

（1）  D＝●¢（G，t），G＝fa／fr   

Where Dis the recession distance，f is the assailing a  

force′Of the geomorphic agents，f is the resisting r  

force of the slope－forming materials and tis the time．  

Erosion occurs when fa exceeds fr. It is absolutely 

necessary to elucidate fa，  f and t when we consider  r  

the recession of cutting slopes．  

2． METHOD OF RECESSION DISTANCE MEASUREMENT  

To measure the recession distance of the slopes，  
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to observe erosional processes and to examine properties 

of the 

and Photograph3）and T3－SW（Figure 5 and Photograph4）  
I  

located at Tsukuba Upland（Figure 2 and Tablel）were  

selected as a representative of the south－facing slopes・  

Slope T2－N at Tsukuba Upland was chosen as a representative  

of the north－facing slopes（Figure 4 and Photograph 5）・  

On these slopes〉 the recession distance of the slope  

surface was 血easured using stainless steelstakes；their  

diameter andlength were 3mm and 50 cm？reSPeCtively・  

The measurement procedure was as follows：  

（．1）Two measurementlines at Slopes T2－SW（T2－SW（1）and  

T2－SW（2）；Photographs 3 and6）and T2－N〔T2－N〔1）  

and T2－N（＿2）；Photograph 5 and 7），and oneline at  

Slope T3－SW were established・  

（2）The stainless steelstakes were driven horizontally  

into each slope－forming material（Figure 7）・  

（＿3）Temporalchangesin exposurelength of each stake  

w占re measured．The measurement was repeatedly  

conducted at 2－ tO 5－Weekintervals． The measurement  

Started fromJune1980 to April198Z on Slopes T2－SW  

and TZ－N，from October1979 to March1982 0n Slope  

T3－SW，reSPeCtively・  

Observations were made atintervals of one or two weeks   

On（1）failure scars on the surface of each slope－forming  
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bed and．〔2）soilblocks fallen from the slope andlocated  

at the・Slope foot were observed atintervals of one or  

two weeks．  

Geomorphic agents acting on the slope are rainfall，  

Winds and earthquakes． The data of daily amount of   

PreCipitation〔mm）and daily maximum wind speed（m／s）   

measured at Shimotsuma Automated Meteorological Station 

〔Figure 2）were used for the analysis of Slopes T2－SW  

and T2－N． S’imilar meteorologlCaldata obtained at Tateno  

Aerolog享CalObservatory（Figure2）were used for T3－SW  

Slope analysis． The data of seismicintensity observed   

at Mito LocalMeteorologicalObservatory（Figure 2）were  

employed for these analyses・Daily amount of preclpltation  

higher thanlO mm，daily maximum wind speedlarger than  

lO m／s and seismicintensitylarger than 3were taken  

i11tO COnSideration．  

3． SOUTH－ 

3・1 Recession distances and erosionalprocesses  

〔阜）Slope富2－SW  

Temporalchanges of the recession distance fo■r each  

bed along the two measurementlines on Slope T2－SW  

（T2－SW（l）and T2－SW〔2）〕are shownin Figures 8a and 8b．  

The magnitude of geomorphic agents〔rainfall，Winds and  

earthquakes）is alsoillustratedin these figures．The  
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recession distance was cumulated as shown by the dots  

〔Figur 

this slope）the cumulative recession distances of the  

Kanto Loam and the clayey beds are always greater than   

those of the sandy beds，eXCePt the case occurred from   

the latter stages of October to the early stages of 

Novemb9r1981？n thelower sandy bed（Figure8a）・The  

differencein the recession distance strongly suggests   

that the erbsionalprocesses on the Kanto Loam and the   

C且ayey beds greatly differ from those on the sandy beds・  

The Kanto Loam and Clayey Beds 2，4 and 6 0n Slope   

T2－SW（1）receded respectively12，10，3 and 4 cm from   

February 3 to Apri123，1981（Figure 8a）．During this  

Period，（＿1）many cracks were found to developin the   

exposed part of the Kanto Loam and of allclayey beds；  

these－cracks form soilpillars which have a height of   

SeVeralto severaltens centimeters，With width and   

thickness of similar sizes；and（Z）needleices andice   

ienses were not found on each bed． On Apri123，1981，  

（1〕soilbiocks of the Kanto Loam and the clayey beds  

fallen from the slope were observed at the foot of the   

Slope and（2）smallhorizontalfailure－Surfaces with a  

2． Size of approximatelylO xlO cm ln the Kanto Loam and   

Of allclayey beds were seen． These observationsindicate   

that the recession of the Kanto Loam and all clayey beds 
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in this period vould be caused by toppling failures  

〔Photographs8 

action onÅpri120，1981，and the recession distance   

WOuld abruptlyincrease on this day as shown by the   

brokenlinein Figure 8a．  

During Oct－Ober 21and Novemberll，1981，the Kanto   

Loam and Clayey Bed 2 0n Slope T2－SW（2）recededlO．5 and  

8・5cm，reSPeCtively〔Figur？8b）・Similar erosional  

features mentioned above were also observed on October   

25，1981． Therefore，the recession of the Kanto Loam   

and the clayey bed seems to be also caused by toppling   

failures due to the rainfallaccompanied by Typhoon   

〔8124）． Clayey Bed 2 0n Slope T2－SW（l）receded 7 cm   

during NovemberllandI）ecember 9，1981〔Figure 8a）．  

This recession also is probably caused by toppling 

failures due to the rainfallon November 26 and 27．  

Soilfalls due to strong wind were frequently observed   

On the Kanto Loam and allclayey beds．Because many  

fragments of the Kanto Loam and the clayey beds fallen  

from the s－lope were found at the foot of the s葺OPe after  

earthquakes with seismicintensity greater than 3，   

SOilfalls can be related also to severe earthquakes．  

Slight recession of the Kanto Loam and Clayey Beds 2 and  

4 0n二the both measurementlines〔Figures 8a and 8b）is  

PrObably caused by soilfalls・For example，Clayey Bed 2  
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onLSlope T2－SW（1）recededl・5 cm during the period from  

August 6 to August 26タ1981；this recession seems to be  

caused by soilfalls due to strong wind・  

At the observations after heavy rainfall，SteePly  

iDClined failure－Surfaces were sometimes foundin the  

Kan．tb Loam and allclayey beds〔an eXamPleis shownin  

Photograph 9）．This fact suggests that shallow slides  

in the both beds occurred due to rainfall（FigurelO）．  

From the recession measurement and observationsns 

the cause of maコOr reCeSSion of the Kanto Loam and all  

clayey beds is toppling failures. Slight recession of 

theselayersis caused by soilfalls and shallow slides・  

On the other hand，the sandy beds on the two sIopes   

（T2NSW（1）and TZpSW〔2））did not recede except Sandy Bed 5  

0n Slope T2－SW（1）（Figures 8a and 8b）・This bed receded  

30 cm during the period from October 21to Novemberll，  

1981。 This recession was caused by the failure of a   

ridge due to a heavy rainfall accompanied by Typhoon 

（8124）on October 2Z，because blocks fallen from the   

bed were・found at the slope foot on October 25． Other   

blocks fallen from the ridges except on the both   

measurementlines existed at the foot of the slope on   

this day． These facts suggest that the sandy beds recede   

due to the failure of ridges（Figurell）⑳   

（b）Slope T3－SW  
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Cumulative recession distances of the Kanto Loam and  

a clayey bed are also larger than that of a sandy bed on 

Slope T3－SW〔Figure12）・The clayey bed receded5 cm  

during the period from Apri129 toJune 8）1980）and  

7．5 cm fromJanuary 21to May 23，1981・Blocks of the  

clayey bed fallen from the slope were found a七the foot  

of the slope onJune 8）1980 and February17〉1981・  

Moreover，S叩・allho・rizontalfailure－Surfacesin the clayey  

bed were observed on the slope surface on these days・  

Needleices aildicelenses were not developedin this bed  

during winter・These facts suggest that the clayey－bed  

recession during the former period was caused by toppling  

failures due to the rainfallof Mayl，1980 and the   

recession for thelatter period wasinduced by the  

earthquake of January 28, 1981. The recession distances 

at the both events are depicted by the dashed line in 

Figure12・  

So．ilfalls due to strong winds were frequently   

observedin the Kanto Loam and the clayey bed；SOilfalls   

are also clo畠ely related to earthquakes・Many small  

fragments of the Kanto Loam and the clayey bed fallen  

from the slope were found at the foot of the slope・  

Slight recession of the clayey bed during the period of  

October 4，1979 and AprilZ9，1980（Figure12）seems to  

be caused by soilfalls. Figure 12 also shows that the 
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Kanto L叩・mi・eCeded a few centimeters during the period  

from：一August 25 to December Z2）1981；this recession  

would be due to also soilfalls．  

Thus，the clayey bed mainly receded due to toppling  

failure声 CauSed by rainfalland ea，rthquakes；this bed  

WaS．Slightly eroded due to soilfalls caused by winds   

and’earthquakes． The slight recession of the Kanto   

Loam was al畠o caused by the same process．  

On the other hand，the－sandy bed did not recede  

（Figure12）・Howevef，blocks fallen from the sandy bed  

except on this measurementline were found at the foot   

Of the slope． This fact suggests that the sandy bed of  

this slope also recedes due to the failure of ridges，  

as schematicallyillustratedin Figurell．  

（C）Summary of erosionalprocesses on south－facing slopes  

Consideration based on（1）measurement results of   

recession di主tance and（2）observations of erosional   

featuresleads to the following summary・ Toppling   

failures and soilfalls due to rainfall，Winds amd   

earthquakes are found to be dominant erosional processes 

for the Kan軍O Loam and the clayey beds。While，the failure  

Of ridges accounts for the recession of・the sandy beds．  

3．2 Recession rate  

Average recession rate for each slope－forming bed  
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during the measurement period〔fromJune 8，1980 to  

Apri12・0，1982 for Slope T2－SW；and from October 4，1979  

to March 25，1982 for Slope T3－SW）wa5 0btained by  

dividing the totalrecession distance by thelength of  

theperiod（Tables2a and2b）・The Kanto Loam receded  

at a rate oflto 7 cm／year on Slopes T2－SW and T3－SW．   

The annualrate for the clayey beds on the both slopes   

ranges from O to12．2 cm／year．While，the value of the  

Sandy beds on the both slopesis O cm／year except Sandy  

Bed 5 0n Slope TZ－SW（1）． These resultsindicate that   

the Kanto Loam and the clayey beds are more susceptible   

to erosion as compared with the sandy beds，aS for a5・ノ  

the period not having the failure of the ridge of sandy   

bedsis considered．If the failure of the ridge occurs，   

the recession rate of the sandy beds becomes equalto   

Or Slightlylarger than that of the Kanto Loam and the   

Clayey beds．  

4．．NORTH－FAC‡NG SLOPES   

4．1 Recession distances and erosionalprocesses  

The measurement results of recession distance of   

each bed forming the north－facing slopes are shownin   

Figure13a for the measuringline T2－N（1〕and Figure13b   

for T2－N〔2）．In these figures，the recession distance   

is cumulated and shown by the dots． The Kanto Loam，  
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the clayey beds and the sandy beds show approximately  

equaユ cumulative recession distance，anditis found  

that they mainly receded during winter・ Each bed was   

eroded about 20 cm during the period fromlate December   

1980 to April1981，and the recession with approximately   

Same amOunt tOOk place during the period from early  

Detざmber1981tolate February1982・Except these two  

Periods，eaCh bed was s，CareCely retreated．  

Observations of erosional features indicate that   

Slumpln、g due to freeze－thaw action occurredin each bed  

during winter．Severalfreezing periods withicelences  

were observed in each bed during the period from January 

to February1981；three freezing periods were・，reCOrded  

from mid－Decemもer1981tolate February1982（Figures13a  

and13b）・Icelenses were formed parallelto the slope  

声u．rface（PhotographlO）． Theselenses had a thickness   

Of severalmillimeters and were pureices．In winter   

terms，SOme beds show the decreasein cumulative recession   

distance（Figures13a and13b）．According to observations，  

the reason for this decreaseis that the slope surface   

WaS Slight・1y advanced due to frost heaving． Blocks with   

about 5－ tqlO cm thickness fallen from the slope were   

found at the slope foot after each freezing period   

（Photographll），and slumping scars were observed on the   

Slope surface・ These facts strongly suggest that a  
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recession distance of about 20 cm for each bed during   

one winter term was caused by slumplng due to freeze－   

thaw actiOn（．Figure14）． The frost penetration depth   

WaS found approximately equalto the thickness of the   

fallen blocks． This findingindicates that slumplng   

OCCurred at the boundary between frozen and unfrozen   

SOil．  

Erosionalprocesses other than slumplng Were also   

Observed． Soilfalls due to strong winds were observed   

On Clay Bed 2． Soilfalls due to the thawing of needle  

ices occurred on each bedin early－ tO mid－December，   

1981，andinlate February to mid－March，1982．However，   

the recession of each bed was slight during these   

intervals．  

It should be emphasized that each bed forming the  

north－facing slopes was mainly eroded by slumplng due to   

freeze－thaw action and had an approximately equalrecession   

distance．  

4．2 Recession rate  

Annualrate of recession of the slopeqforming beds   

was calculated from the data of cumulative recession   

distance（Table 3）． The Kanto ちOam，the clayey beds   

and the sandy beds show a similar recession rate of、   

about ZO cm／year． This valueis severaltimeslarger  
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than that of the Kanto Loam and the clayey beds on the   

south－facing slopes・Itis found that the north－facing  

slopes much more uniformly receded with a larger rate 

as compared with the south－facing slopes・  
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CHAPTER V  

PHYSICAL，MECHANICAL AND MINERALOGICAL PROPERTIES OF   

SLOPE－FORMING BEDS  

1． INDEX OF RESISTING FORCE AGAINST SLOPE RECESSION  

It was mentioned in Chapter IV that the Kanto Loam 

and the clayey beds on the southvfacing slopes are eroded   

by toppling failures，SOilfalls and shallow slides，and   

the．recession rate of these two bedsislarger than that   

Of the sandy beds． To explain thislarger recession   

Tate，it 主s necessary to compare the resisting force of   

each bed against the three erosionalprocesses：tOpPling  

failures，SOilfall去 and shallow slides。The kind of  

resisting force of slope－forming beds differs according   

to erosionalproc声SSeS（Yatsu，1966，P．11）． The resisting  

force a等ainst toppling failuresis tensile strength and  

COmPreSSive strength（Nakayama，1967，P，124－128）． Crack  

■  

formation〔shrinkage characteristics）is closely related   

to the res．istivity against soilfalls． Carson and Kirkby   

し1972，p．153〕pointed out that the resisting force   

against shallow slidesis shear strength．  

These resisting forces of the slope－forming bed   

are greatly reduced by cracks． Therefore，itis necessary  
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to examine the properties of the bed materialwhich are   

favorable for crack formation・ Cracks are usually formed  

by the shrinkage of material． Because physicaland   

mineraloglCalproperties relate to shrinkage characteristics   

（Yong and Warkentin，1975，P・199；Mitchell，1976，p．182），   

theinvestigation of these propertiesis requisite．  

The Kanto Loam，the clayey beds and the sandy beds   

On the north－facing slopes are eroded by slumplng due to   

freeze－thaw action，and these beds show an approximately  

equalrecession rate，aS mentionedin ChapterIV．   

Slumplng OCCurS at the bohndary between frozen and   

unfrozen soil：the frost penetration depth controIs   

recession distance of the north－facing slope． Because   

physicaland thermalproperties relate toice－1ens  

fo王mation and fro畠t penetration depth（Casagrande，1932；  

Aldrichタ1956；Linellet al．，1963），itis necessary to   

inve．stlgate these properties．  

Physical？meChanicaland mineraloglCalproperties  

Of the beds forming Slopes T2－SW and T3－SW（south－facing  

Slopes）were tested，Using samples taken from Slopes   

Nlto N6，Physical，mineraloglCaland shrinkage properties   

Were eXamined． Physicaland thermalproperties of the   

materialforming Slope TZ－N〔north－facing slope）were   

measured．  

32   



2． PHYSICAL PROPERTIES   

2．1 Method  

The following physical properties of the bed 

materialwere examined：gra阜n size distribution（sand，  

Silt and clay content），SPeCific gravity，dry density，  

POrOSity，naturalwater＿COntent and consistency．   

Sampling points are shownin■Figures 6d，6e and 7・  

Grain size distribution wasinvestigated according   

to theJapaneseIndustrialStandard（JIS）A1204，eXCept   

for th，e Kanto Loam． The method of Tada and Yamazaki   

u963）using HClas a dispersing agent was adopted for   

the Kanto Loam test． Specific gravity was tested   

accoTding toJIS AIZO2． Dry density was determined   

using anlOO－CC SOi、1sampler and an ovenin thelaboratory．   

Porosity was calculated from the data of specific gravity   

and dry density． Naturalwater content was examined by   

the s・ame method as the determination of dry density．   

Consistency（1iquidlimit，Plasticlimit and plasticity   

index）・WaS teSted for the Kanto Loam and the clayey bed   

materialaccording toJIS A1205 andJIS A1206．  

2．2 Results  

Test results 

机1e Kanto Loam and the clayey beds are found to be   

COmPOSed of very fine grains such as silt（5－74 tlm）and  
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clay（く5um）．While，the sandy beds are・mainly composed  

of sand（．74－2000リm〕．A clay content of the Kanto Loam  

is about 30 ％，and that of the clayey beds ranges from  

60 to 70 ％．A clay content of the sandy，bedsis smaller  

than that of the－Kanto Loam and the clayey beds． Specific  

gravity o・f呵terialforming each bedis nearly equal  

〔＿about 2．66）．Dry density of the Kanto Loamis much  

Smaller than that of the clayey beds and the sandy beds・  

Porosity of the Kanto LoamislargeT than that of the  

clayey beds and the sandy beds. Liquid limit of the 

Kanto Loam and the clayey bedsis aboutllO ％；however，  

the Kanto Loam of Slope T3－SW shows especially a higher  

value． Plasticlimit of the．Kanto Loamislarger than   

that of the clayey beds．  

Naturalwater content of each bed ranges 6 to 70 ％，   

and the value of Sandy・Bed Z of Slope T3－SWis especially  

Small（Table 4b）。Each slope－forming bedis fully dried  

in the  

in the no 

Measured values for the Kanto Loam and the clayey   

beds located upper part of the slope nearly agree with 

the values obtained by early workers（e。g勧，Tada and  

Yamazaki，1963；Kanto Loam Research Group，1965ク p膿340－  

345；Kanai，197Z；Highway Research Group，1973，p・65－77）   

mentionedin ChapterII．  
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3． MECHANICAL PROPERTIES   

3．1 Method  

Unconfined compressive strength，tenSile strength  

and shear strength were examined as mechanical properties 

Of the bed－forming materials・Because these strengths  

Vary With water contents（Terzaghiand Peck，1948，p．31；  

Chorley，1959＞1964；Kanto Loam Resear仁h Group，1965，  

P．354－356），the t．est was performed under various water   

COntentS for the following representative materials：   

the Kanto Loam，Clayey beds and sandy beds．  

Three kinds of strengths were measured by using  

undisturbed specimens taken from Slope T2－SW（sampling  

POints are shownin Figure 7）． Becauseit was extremely  

difficult to make regular shaped specimens using samples  

including cracks，the specimens used hereinclude no   

Visible cracks． Shape of the specimens used for the   

COmPreSSion test was cylinder；its diameter and height  

Were 5 cm andlO cm，reSPeCtively・Specially shaped  

SpeCimens were made for the tension test（Photograph12〕；  

the diameter of -botlh ends was 5 cm and that of middtle 

part was 3．5 cm，and the whole specimen height was about  

lO cm・ For the shear test，the specimens having a  

diameter of 6 cm and a height of 2 cm were used．   

Saturated specimens（after one weekimmersion）and air   

dried specimens were used for these tests．  
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Compressive strength was measured on the basis of  

JIS A1216膚 For the tension test，a SpeCially－built  

measurement apparatus was used（Photograph13）・A box  

shear apparatus with a single sh配ar Plane was used to  

perform Q－teStS Which were based on the method established  

byJapanese Society of SoilMechanics and Foundation  

Engineering（1969．．，p・361－397）・  

3．2Results  

（＿a）Unconfined compressive三trength  

Test TleSults are shownin FigurelS． Compressive  

Strength of the Kanto Loam and the clayey bed material  

is nearly equal for any water content. The strength of 

each slope－forml．ng material，irrespective of the Kanto  

Loam，the clayey beds and the sandy beds〉 decreases with  

anincreasein the water content． However，the strength   

Of the Kanto Loam and the clayey bed materialislarger   

than that of the sandy beds． The strength of the Kanto  

LoamiVs about O．8kgf／cm2under fully saturated condition，  

namely，100 ％ water content。The strength of the clayey  

bedsis about O岬7kgf／cm2under saturated conditions，  

i．e．，about 80 ％ water content． The strength of the  

sandy bedsis about O・3kgf／cm2under saturated conditions  

with a water content of about 65 ％． Under such saturated   

COnditions，COmPreSSive strength of the Kanto Loam and  
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the．clayey bedsis about Z to 3 times greater than that  

the sandybeds・The KantoLoamandthe clayeybed  
materialare ‖stronger’’than the sandy beds．  

The strength values of the Kanto Loam and the clayey  

beds obtained here are approximately similar to those   

Obtained at otherlocations by Kanai（197Z）and Highway  

Research Group（1973，P・82）（see Section 3in ChapterII）。  

This suggests that the test results can be extended to   

allstudy slopes．  

〔b）Tensile strength  

The result of the tension test shows a similar   

tendency to that of the compression test（Figure16）．  

The tensile strength of the Kanto Loamis about O．1kgf／cm 
2  

under fully saturated conditions with a water content of   

aboutlOO ％・The strength of the clayey bedsis O・04－  

0・2kgf／cm2at awater content ofabout80％．The sandy  

beds have a strength of about O．015kgf／cm2when the  

Water COntentis 70 ％・ Under these saturated conditionsタ  

tensile strength of the Kanto Loam and the clayey beds  

is about 7 times greater than that of the sandy beds。  

（c）Shear strength  

Because the depth of shallow slidesis small，i・e．，  

the normalstressis extremely small，COhesion of each  

l  

Slope－forming materialshould be compared・ The result   

Of the test shows a similar tendency to that of the  

37   



compression and tension tests（Figure17）・Cohesion of  

the Kanto Loamis about O．4kgf／cm2under saturated  

conditions，namely，at a Water COntent Of about 95 ％．  

The clayeybeds have a cohesionofabout O・Z kgf／cm Z  

y  

under the water contentis about 70 ％． Cohesion of the  

sandybedsis about O・2kgf／cm2at awater content of  

about 60 ％． Under such sat・urated conditions，COhesion  

Of the claYey bedsis nearly equalto that of the sandy  

beds． However，the value of the Kanto Loamis Z times  

greater than that of the sandy beds and the clayey beds・  

The Kanto Loam and the clayey beds have similar   

COhesion values▼tO those obtained through tests conducted   

in other places by early workers（e・g4，Kanto Loam  

畠esearch Group，1965，P．346；Kanai，1972）（see Section3  

主n ChapterII）・Similar to co皿PreSSive strength，the  

test results cailbe applied to allstudy slopes．  

4． MINERALOGICAL PROPERTIES   

4．1 Method  

Clay minerals of the slope－forming materialwere  

examined． Samples were taken from Slopes T2－SW，T5－SW   

and Nlthrough N6． Sampling points are shownin Figures   

6d，6e and 7．  

The type of clay minerals was detected on the basis   

Of X－ray diffraction analysis for the samples after  
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年ydra㌢1icelutriation・Acolor reactionmethod（Sudo，  
1974，p．422）with sodium fluoride（NaF）and phenoIphthalein  

（－C20H1404〕was used for the detection of allophane・  
Clay minerals were observed using a Transmission Electron   

Microscope（＿TEM）・ Clay mineralcontent was qualitatively   

examined according to color intensity in the color 

reaction method and through observations using TEM．  

4．2  Results  

X－ray diffractograms of clay fractions of the slope－   

forming beds of Slopes T2，T5，Nland N4 are shownin   

Figures18a and18b，in which the Kanto Loam（T3－1，N4－1，  

O  

Nl－2 and Nl－4）has a maximumlocated at around 250〔3．5 A）   

SuggeSting the existence of allophane（Tsuchiya and   

Kurahayashi，1958）． Moreover，allophane was detected   

in the Kanto Loam by means of the color reaction method   

（Sudo，1974，p．4Z2）．A diffraction peak appears at  
O  

around 8．80（10A）in TakaragiLoam（Nl－2）and Hoshakuji   

Loam・（Nl－4′）（．see Figure18b）． This peak shifts to around  

O  

IZP（7．4Å）after1100－C heat treatment（Figure19）．  

This・Sugge主ts that the clay mineralis hydrated halloysite．  

From Figure18a，illite and halloysite are found  

to existin the sandy bed（T3－2and TZ－3）．In the clayey  

bed（T3－3），halloysite was detected．In the pumice bed  

（Nl－1）and the scoria bed（Nl－3），allophane was detected  
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〔＿FiguJe18b）・Moreover，allophane was also detected  

in both beds by means of the color reaction method．  

Clay mineralsin the Kanto Loam〉 Clayey bedsク Pumice  

beds and scoria beds are shownin electron－microscopIC   

photographs（Photographs14a and14b）・In the Kanto  

Lo．am〔T3qland N2－－1），fibrous clay minerals are found；  

these clay minerals are considered asimogolite．   

Halloysite and hydrated halloysite are foundin the clayey   

beds（－T3－3）and the Kanto Loam（Nl－2，N2－1and Nト4），   

respectively・  

These results show that the clay mineralsin the   

younger Kanto Loam are mostly allophane，and・thosein   

the older Kanto Loam are mainly composed of hydrated   

halloysite．In the pumice beds and the scoria beds，  

allophaneis th占princIPalconstituent of the clay  

minerals． The clay mineralsin the clayey beds are   

COmPOSed of halloysite・ Sandy beds contain smallamount   

Of illite．  

The results obtainedin this study are similar to   

those of early workers（e．g．，Tsuchiya and Kurahayashi，   

1958；Kurahayashiand Tsuchiya，19S9，1960，1961；   

Matsui，1960；Kanto Loam Research Group，196S，p．一225－234）．  

5． SHRINKÅGE TEST   

5．1 Method  
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Cracks are formed by shrinkage due to drying（Yong   

and Warkentin，1975，P．197）． A shrinkage test was   

Performed using undisturbed samples taken from Slopes  

T2，T3－an？NlthroughN6（thelocationis shownin  

Figure 2）． The shape of specimens used for the test   

WaS Cylinder；its diameter and height were 5 cm and  

lO cm，re声PeCtively・The spe卓mens submurgedinto  

distilled water for one week were n亭turally air－dried   

in the laboratory and shrinkage length was measured 

using a dialgauge（Photograph15）at12－ tO 24－hour   

intervals． Shrinkage ratio was obtained using  

S＝（1†hi／ho）Ⅹ100  （2）  

where ho is the initial height of the saturated specimens 

and h・i≦ the height of the dried specimens．       1  

5．2  Results  

The temporalchangein shrinkagelengthis plotted   

in Figure 20¢ This figure shows that the Kanto Loam   

and the clayey bed samples are more susceptible to   

Shrinkage with some exceptions as compared with the sandy   

bed，the pumice bed and the scoria bed samて）1es．Most ▲   

Of specimens shrink at the early stage and then attain  

Steady state・Maximum shrinkage－ratio Smax  defined as  
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the’terminalvalue of the curvesin Figure 20 was used   

as anindex of shrinkage susceptibility． For the Kanto  

LQam，Smax  ranges froml・6to19・2％・The clayey beds  

have Smax  of12・2％・While，Smax  of the sandy beds，  

the pumice beds and the scoria bedsis aboutl・4〉 0・3  

and O・9－3・2％，reSPeCtively・S 
max  

of the Kanto Loam  

and the clayey bedsis 3 to14 timeslarger than that of  

the sandy beds・The values of Smax  of the Kanto Loam  

Obtained here approximately agree with Takenaka，s（1965）   

Values・Of Tachikawa and Musashino Loams．  

During the shrinkage test，Smallcracks were formed   

in the KantO Loam and the clayey bed samples，but not   

formedin the sandy，Pumice and scoria bed samples．  

6． THERMAL PROPERTIES   

6．1 Method  

On SIope T2－N，the ground temperature at a depth  

Oflto 2 cm from the slope surface was measuredin the   

Kanto Loam and Sandy Bed 3（Figure 7）using a Bourdon   

tube二■type earth thermometer． The continuous measurement   

was carried out during the period from November 1981 to 

March198Z．  

The thermal conductivity varies with water and ice 

COntent（＿Kersten，1952；Jumikis，1977，p．73；Higashi，  

1981，P．152－154）．‡ncreasein water contentin the  
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frozen soil is caused by the migration of the water from 

the unfrozen part toward the freezing plane（Taber，1929，  

1930；Nakaya，1942；Nakaya and Sugaya〉1944；French）  

1976，P．27；Ishii，1976）．Using undisturbed and saturated  

SOilsamplesク the thermalconductivity was measuredin  

thelaboratory・A condition of－10Oc was established  

for the ちest Of frozen soil，While，150c was selected  

for the test of unfrozen soil．  

6．2 Results  

Data of the thermalconductivity arelistedin  

Table6■ Frozen samples showvalues of ZxlO－3to  

4ⅩIO－3cal／cm・S・LOc，・The values of the unfrozen samples  

are generally smaller than those of the frozen samples・   

The averaLge between the values of different statesis   

Shown for each bed．  
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CHAPTElR VI 

DISCUSS工ON  

1． REC王SSION PROCESS OF SOUTH－FACING SLOPES  

On the south－facing slopes，the Kanto Loam and the   

Clayey beds recedein a mode of toppling failures，   

SOilfalls and shallow slides． Such recessionis triggered   

by heavy rainfall，StrOng Winds and severe earthquakes．   

The・aSSailing force of rainfall，Winds and earthquakes   

acts almost equally on the entire slope． Therefore，   

the formation・Of ribNlike relief，i．e．，the difference   

in・reCeSSion rate of the slope－forming beds，is attributed   

to the differencein the resisting forces of the slope   

materials． The resisting forces against toppling failures   

and 9hallow slides can be represented by compT・eSSive   

Strength，tenSile strength and shear strength as described   

before． The Kanto Loam and the clayey●beds havelarger   

resisting force than the sandy beds（see Section 3in   

Chapter V）・ Therefore，SuSCeptibility of toppling   

failures and shallow slides in the Kanto Loam and the   

clayey beds can not be explained in terms of such 

mechanicalstrengths of the slope－forming beds・ Such  

Strengths were obtained through the tests using the  
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SPe′Cimens’including no visible cracks）and theinfluence  

of cTaCks upon the decreasein these strengths was not   

taken into account．  

The maximum shrinkage－ratio Smax  of the Kanto Loam  

and the clayey beds is 3 to 14 times greater than that 

Of the sandy．beds（Figure 20）．Because susceptibility   

Of shrinkageis controlled by the clay content and the   

type of clay minerals（Yong and Warkentin，1975，P・199；  

Mitchell，1976，P・182），the relation among Smax，Clay  

COntent and type of clay minerals was examimed・The  

resultis plottedin Figure 21． This figure clearly   

Shows that，irrespective of clay content，CraCks are   

formed bothin the field and thelaboratory shrinkage  

test for the Kanto Loam よnd the clayey beds having S  
malc 

1arger than 3．5 ％；and no cracks are formedin the Kanto  

Loam and the sandy beds having Smax  smaller than3・5％・  

Kohno（1981）reported that cracks are formed for the  

COmpaCted Musashino Loam with a maximum shrinkage－ratio   

Of 8．4－1Z．6 宅．  

Bed－forming materials other than the Kanto Loa  

show that Smax increases withincreasing clay con虻ent，  

as indicated by the dashed curve in Figure 21. But, 

Smax  of the Kanto Loamis approximatelyindependent of  

Clay content． The shrinkage of the Kanto Loam seems to   

be related to the type and the amount of clay minerals疇  

45   



The value of Smax  of the Kanto Loam having allophane is 

generally smaller than that of the Kanto Loam with  

（▲1）hydrated halloysite or（2）imogolite and hydrated  

halloysite．Maekado et al．（1979）already pointed  

t Out thatimogolite content has a close relation to the   

Shrinkage of the Kanto Loam・ These results strongly  

SuggeSt that the type of clay mineralsis animportant  

factor controlling the shrinkage of the Kanto Loam・  

Cracks are formed，When the Kanto Loam and the  

clayey beds having S larger than3・5％are dried・  
max  

Cracks markedly reduce the strength of the slope－forming   

beds and causeinstability of these beds． On the other   

hand，CraCks are not formedin the sandy beds：nO   

instability occurs・  

Soilpillars are formed by the crack・development  

in the Kanto Loam and the clayey beds． Toppling failures  

〔Pigure9）0占curin the beds with the soilpillars when  

heavy rainfalland severe earthquakes act on the slope，   

SO that the beds recede． Moreover，the recession of   

such beds is caused by strong winds and earthquakes in 

a mode of soilfalls． Because cracks are not formed in   

the－sandy beds，SuCh soilpillars do not develop．   

Therefore，the recession of the sandy beds does not   

OCCurin such processes as mentioned above・As a result）  

the Kanto Loam and the clayey beds form the furrows，  
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and the sandy beds form the ridges・Howeverタ the ridges  

have their criticallength for protrusion（Figurell）．   

The recession rate of the sandy beds becomes equalto   

that of the Kanto Loam and the clayey beds when along－  

term recession processis considered・In a shorトterm  

processes｝ however〉 the recession of the Kanto Loam and  

the clayey beds is much faster than that of the sandy 

beds，tO fQrm the rib－1ike relief on the slope．Such  

relief formation can be ascribed to the shrinkage   

Characteristics of the slope－forming beds．  

2． RECESSION PROCESS OF NORTH－FACING SLOP王三S  
I  

Freeze－thaw action takes place on the north－facing   

Slopes・It has been reported thaticelenses can be  

formedin soilwhich contains more than 3 ％ of fine   

Particles（＜0．02 mmin diameter）（Casagrande，1932；  

Linellet al．，1963）． The grain size distribution of   

each bed fully、Satisfied this condition（■Table 4a）．  

As mentionedin Sectionlin Chapter V，frost  

penetration depth controIs the recession distance of  

Sloperforming beds。One of the relationships glVing  

fros、t penetration depthis a modified Berggren formula   

〔Aldrich，1956）whichis given by  

〔5）   48kF／L  Ⅹ ＝ 入   
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where Xis the frost penetration depth（cm〕，kis the   

thermalconductivity of soil，generally taken as an  

average between values of the frozen and unfrozen states  

（cal／cm・S・Oc），ザis the freezingindex（Oc・days），Lis  

3 
thelatent heat of soil（cal／cm），and入is a dimentionless  

COrreCtion coeficient． The quantities L and F are glVen   

by Aldrich（1956）：  

（＿4）  L＝0・8w Yd  

（5）  F ＝ V  t  

Where wis the water contentin soil（－％），YdlS the dry  

3 
densityofsoil（g／cm），Vsisthemeangroundsurface  

temperature during a freezing period〔Oc），and tis the  

duration of the freezing period（days）． Substitution  

Of equation（4）into（3）yields  

60kF／wYd  （6）  Ⅹ ＝ 入  

The coeficient 入is determined by the thermalratio α   

and the fusion parameterリ・The thermalratiois described   

by Aldrich（1956）as  

α＝Vo／vs＝Vot／F  （7）   
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where v is the mean annualtemperature of the ground O  

surface〔Oc）．The parameterリ Can be written（Aldrich，   

1956）as  

（■8）  い＝Cvs／L＝CF／Lt   

where Cis the volumetric heat of soil・（＿Cal／cm3・Oc）  

which takes generally on an average of volumetric heat  

of frozen soil Cf and that of unfrozen soil CU. The 

quantities Cf and C are given byAldrich（19S6）：                        u  

〔9）  Cf＝Yd（0・17＋W／200）  

（10）  
CU 

＝Yd（0・17＋w／100）   

Actual calculation of frost penetration depth using 

equation（6）requires the values of Yd，W，k，F and入・  

The values of Yd，W and k arelistedin Tables4a，5and  

6，reSPeCtively・Mean daily ground temperatureis shown  

in the upper diagrams of Figures13a and13bQ The freezing  

index F was obtained from the hatched areain these diagrams・   

B壷caus畠 the ground temperature of the clayey beds was  

not measured，F value for the Kanto Loam was substituted  

for that of the clayey beds．The mean annualair  

temperature recorded at Shimotsuma Automated MeteorologlCal  
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Station〔Figure2）was12・6Oc，Which was used for vo・  

The coefficient 入 WaS Obtained from Fukuda，s diagrams   

（Fukuda，1981，Figures 5，4 and 5）・  

In order to examine applicability of equation（6），   

t・he calculated and the measured frost penetration depths   

were compared. Actual frost penetration depths were 

measuredin auger holes〔plO cmin diameter）drilled  

into each bed by a chisel． Snow cover having more than   

15－Cm thicknessinfluences the frost penetration depth   

（月igashi，1954）．Because the slope examined here was  

not covered with snow，SuCh snow－COVerinfluence has   

not been considered． The calculated depths approximately   

agree with the measured depths（Figure Z2）・ This result   

indicates that equation（6）is applicable to the region   

Where temperature varies above and below the freezing  

point a few times in a year. The modified Berggren 

formula seems to be applicable to the humid temperate   

areaS．  

The frost penetration depths calculated by equation（6）  

in each freezing period〔the period havi？g the hatched  

partin the upper diagrams of Figures・13a and13b）were  

C叩paナed with recession distance・The calculated frost－  

penetration depthsin each period are shown as thelength  

Of verticalsolidlines（Figures13a and13b）・Each   

frost penetration depthis cumulated：the cumulated  
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result Lis shown by a step function． The cumulative   

values approximately agree with the actual recession 

distanCe With one exceptionalcase of Sandy Bed 3． For   

thi’s c－ase，the calculationis always overestimated．   

The reason for thisis unknown at present．  

The：calculated frost－Penetration depths of the  

each bed in a freezing period are approximately equal 

（see the solidlinein Figures13a and13b）・Because   

the frost penetration depthisidenticalwith the   

recession distancein a freezing period，th－e reCeSSion   

rate of the each bed becomes equivalent；SO th－at the   

north－facing slopes recede with no marked rib－1ike relief・  

3． SUMMÅRY OF RECESSION PROCESSES  

The results of the discussion is summarized in 

Figure 23．In thelaboratory，meChanicalstrengths such   

as cdmpressive strength，tenSile strength and cohesion   

Of the Kanto Loam and the clayey beds arelarger than   

those of the sandy beds，irrespective of the slope   

aspect． On the actualsouth－facing slopes，many CraCks   

developin the Kanto Loam and the clayey beds． The cracks   

are produced by the shrinkage of these materials． The   

Strength of the Kanto Loam and the clayey bedsis notably   

reduced by the cracks． On the other hand，the sandy   

beds do not shrink，SO that cracks are not formed． The  
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Kanto Loam and the clayey beds recede due to toppling   

failures，SOilfalls and shallow slides caused by rainfall，  

Winds and earthquakesタ and are eroded more severely as  

COmPared with the sandy beds・As a result〉 the Kanto  

Loam and the clayey beds form the furrows and the sandy  

beds form the ridges，SO that rib－1ike reliefis formed．   

However，the sandy beds failwhen the ridge attains a   

Criticalprotrudinglength． Needleices andicelenses   

are not formedin the slope－forming materials． Thus，   

differencein shrinkage potentialamong the Kanto Loam，   

the clayey beds and the sandy beds causes different   

recession process on the south－facing slopes寸  
†  

On the north－facing slopes，CraCks arelittle   

formedin the．Kanto Loam and the clayey beds． The Kanto   

Loam，the clayey beds and the sandy beds have high water  

COntent during winter；these beds are eroded by slumplng  

冠ue to f吏eeze－thaw action during this period．The depth   

of slumping is determined by the depth of frost 

Penetration・Because frost penetration depths are nearly  

the samein these beds，there existslittle difference   

in recession r、ate amOng these beds． Rib－1ike reliefis   

ndt formed on the north－facing slopes．  
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GWAPTTER VII 

CONCLUSIONS  

On the basis of the rock controltheory，the  

recession of cutting slopes血ade ofloosely consolidated  

Quaternary deposits has been studied・The cutting slopes  

are composed mainly of the Kanto Loam＞ the clayey beds  

and the sandy beds・Rib－1ike reliefis formed on the  

south－facing slopes andis not formed on the north－facing   

Slopes・  

As compared with the sandy beds, the Kanto Loam 

and the′clayey beds are much more susceptible to  
サ  

Shrinkage，and cracks are formedin these two beds  

which have a maximum shrinkage－ratiolarger than 3・5 ％・   

Cracks．are not formedin the sandy beds which have a   

maximum shrinkage－ratio smaller than 3・5 ％・The Kanto  

Loam composed mainly of hydrated halloysite is susceptible 

to shrinkage as compared with the Kanto Loam composed  

main．1y of allophane・Shrinkage characteristics of the  

Slope－forming bedsis closely related to the clay content  

and／or the kind of clay minerals．  

On south－facing slopes where the variation of water   

COntentislarge〉 the strength of the Kanto Loam and  
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the clayey bed material is markdly reduced by crack 

format主On． These two beds recede due to toppling failures   

and soilfalls▼CauSed by heavy rainfall，StrOng Winds   

and severe earthquakes． The recession rate of the   

Kanto Loam and the clayey bedsis higher than that of   

the sandy bedsin a short－term． The former constitute   

the furrows and thelatter form the ridges to develop   

the rib－1ike relief． When the ridges fall，the rib－   

1ike relief disappears禽 Shrinkage characteristics of   

the slopeqforming materials are found to play a most  

important rolein the recession of the south－facing   

Slopes．  

On north－facing slopes where the variation of water   

COntentis small，the Kanto Loam，the clayey beds and  
▲  

the sandy beds recede mainly due to slumplng CauSed by   

freeze－thaw action． The depth of slumplngis found to   

be det寧rmined by frost penetration depths，Which are   

approximately the samein these three beds・As a・reSult，  

the slope uniformly recede with no distinct rib－1ike   

relief．  

At the adjacentlocations，the variation of water   

COntentin the slope－forming materialis differnt   

according to the slope aspect evenif the same material   

is exposed． On the south－facing slopes，（1）reduction   

Of water content due to muchinsolation plus（2）shrinkage  
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characteristics of slope material cause the crack 

for流ationin the Kanto Loam and the clayey beds，bu   

such cracks are not formedin the sandy beds． These  

Slop．es－recede forming the rib－1ike relief・On the other  

hand，the materials forming the north－facing slopes keep  

high water content because of being wet due to less 

insolation；SO that theicelenses are formed during   

winterin the Kanto Loam，the clayey beds and the sandy  

beds・ThLeSe Slopes uniformly recede3 With no distinct  

rib－1ike relief． Thus，tWO kinds of recession processes  

卑r占 found on the slopes with completely different aspects¢  
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Figurel TopographicalreglOnS Of the Kanto  

district andlocations of the study areas．  

（Modified after Machida，1968）  
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Figure 4 Topographic map around Slopes T2－SW and TZ－N．  

See Figure 2 forlocation・Topogtaphic mapis a part  
Of thel／S，000quadrangle 一一‡Ⅹ－JE－24‖published by  

GeographicalS．urveyInstitute ofJapan．  
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声igure 5 Topographic map around Slope T3－SW． See Figure 2  

forlocation．Topographic mapis a part of thel／S，000  

quadrangle ‖IX－JE－95‖published by GeographicalSurvey  

Institute ofJapan．  
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Figure 6a Slope profiles and geologlC SeCtionsin  

Tsukuba Upland．  
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Figure18a X－ray diffraction diagrams  

Of clay fractions． The number  

after the hyphen means the soil  

SamPling point．Ⅰ：illite，H：  

halloysite，Cr：Cristobalite．  
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Figure18b X－ray diffraction diagrams  

Of clay fractions． The number  
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SamPling point． h：hydrated  

halloysite．  
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Table 2a Recession rates of the slope－forming beds  

Of Slope T2－SW  

Recession rate（cm／y）   

T2－SW（り丁2－S机2）  

Perjod  

20，1982  

20，1982  

20，1982  

20，1982  

20，1982  

20，1982  

1980－Apr＝  

1980－Ap「‖  
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1980－Apr＝  
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3
 
0
 
0
 
 

June8，  

June8，  

June8，  

June8，  

June8，  

June 8，  

9
 
2
 
0
 
0
0
 
3
 
7
 
 

●
 
 
 
 
 
 
●
 
 
 
 
 
 
●
 
 
 
 
 
 
●
 
 
 
 
 
 
●
 
 
 
 
 
 
●
 
 

6
 
2
 
0
 
1
I
 
7
 
1
 
 

1 Kanto Loam 

2 Clayey bed 

3 Sandy bed 

4 Clayey bed 

5 Sandy bed 

6 Clayey bed 

l
 
 

l
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Table 2b Recession rates of the slope－forming beds  

Of Slope T3－SW  

Recession rate（cm／y）  Period  

Oct．4，1979－Mar．25，1982  

0c七．4，1979－Mar．25，1982  

0ct．4，19ア9－Mar．25，1982  

1 Kanto Loam 

2 Sandy bed 

3Calyey bed  

0
ノ
 
0
 
8
 
 

●
 
 
 
 
 
 
 
●
 
 
 
 
 
 
 
●
 
 

0
 
0
 
0
0
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Table 3 Recession rates of the slope－forming beds  

Of the Slope TZ－N  

Recession rate（cm／y）   

T2－N（り T2－N（2）  

Pe再od  

20，1982  

20，1982  

20，1982  

20，1982  

20，1982  

20，1982  

1
 
8
 
5
 
1
 
3
 
6
 
 

●
 
 
 
 
 
●
 
 
 
 
 
●
 
 
 
 
 
●
 
 
 
 
 
●
 
 
 
 
 
●
 
 

ク
ー
 
3
 
3
 
7
 
5
 
1
 
 

2
 
2
 
1
 
 
2
 
2
 
2
 
 

1980－Ap「＝  

1980－Aprjl  

1980－Aprjl  

1980－Apr＝  

1980－Ap「‖  

1980一九prjl  

3
 
6
 
5
 
7
 
 
3
 
2
 
 

●
 
 
 
 
 
 
 
†
 
 
 
 
 
 
 
●
 
 
 
 
 
 
 
●
 
 
 
 
 
 
 
●
 
 
 
 
 
 
 
●
 
 

3
 
6
 
0
 
「
1
 
0
 
0
 
 

2
 
2
 
2
 
2
 
2
 
2
 
 

June8，  

June 8，  

June8，  

June 8，  

June8，  

June8，  

1 Kanto Loam 

2 Clayey bed 

3 Sandy bed 

4 Calyey bed 

5 Sandy bed 

6Calyey bed  
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Table 5 Water content（ 

Slopes T2－SW and T2－N  

Slope－forming T2－SW＊  T2－N＊  
beds  

1Kanto Loam  

2 Clayey bed  

3 Sandy bed  

4 Clayey bed  

5 Sandy bed  

6 Clayey bed  

19．8  85．0   

9．3  65．9  

26．0  39．5   

17．6  96．2  

12．3  44．1   

9．1  47．2  

★：Sampled onJan．13，1981．  
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Table 6 Thermalproperties of material・forning Slope T2－N  

kf  ku  Average  

（x軒3cal／Cm・S・OC）（x灯3cal／Cm・S・OC）（x10－3cal／Cm・S・OC）  

1．86  

3．72  

3．72  

3．72  

2．00  

3．06  

1．91   

4．21  

4．21  

4．21   

1．80   

3．55  

1 Kanto Loam 

2 Clayey bed 

4 Clayey bed 

6 Clayey bed 

3 Sandy bed 

5Sandy bed  

1．84   

3．22   

3．22  

3．22   

2．20  

2．57  

kf：Thermalconductivityoffrozenso‖，ku：Thermalconductivity  

Of unfrozen soil．  
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Photographl Rib－1ike relief   

On the surface of a cutting   

slope located in Tsukuba 

Upland．A measureisl．1m   

long． K：Kanto Loam，C：   

Clayey bed，S：Sandy bed．  
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photograph 2 No rib－1ike   

relief on the surface of   

a cutting slope located 

in Tsukuba Uplaユ★d．   

Relative height of the   

Slopeis about 6 m・ K：   

Kanto Loam，C：Clayey bed   

S：Sandy bed．  
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Photograph 3 Slope T2－SW viewed   

from the south． T2－SW（1）and   

T2－SW（2）：Measurementlines of   

recession distance． September   

1981．  
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Photograph 4 Slope T3－SW viewed from the   

southwest． A measure at middle of bottom   

is 80 cmlong． August1981． K：Kanto   

Loam，S：Sandy bed，C：Clayey bed．  
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Photograph 5 Slope T2－N viewed from the   

northwest． T2－N（1）and T2－N（2）：   

Measurement lines of recession distance．   

July1981．  
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Photograph 8 Toppling failurein the   

Kanto Loam．  
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Photograph 9 Steep failure－Surface caused   

by shallow slidein the clayey bed．   

September15，1980．  
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PhotographlO Icelenses formedin the   

Clayey bed・ Theselenses grow parallel   
to the slope surface．  
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Slumplng On  

A measure is  

February 23，   

photogTaphll   

Slope T2－N・   

1．1mlong．   

1982．  
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Photograph12 Specimens for tension test・   
3．5 ¢in the middle part，COndition of   

naturalwater content． A measure is   

20 cmlong．  
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Photograph13 Apparatus for   

tension test． A measure is   

lO cmlong． S：Specimen．  
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Photograph14a Clay minerals   

under an electoron－microscope・   

The number after the hyphen   

means the soilsampling point・   
a：allophaneJi：imogolite〉   
H：halloysite．  
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Photograph14b Clay minerals under an electoron－microscope・   
The number after the hyphen means the soilsampling point・   
a：allophane，i：imogolite，h：hydrated halloysite・  
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Photograph15 Apparatus for shrinkage test・  
Size of specimensis 5 4）Ⅹ 4 cm  
A measureis 20 cmlong．  
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