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ABSTRAcr

　　　Abstracピ：Weathered　granitic　rocks　ca1且ed“Masa”are　commonly　developed　in　the　Chugoku　district，

southwest　Japan，　and　for　the　construction　of　a　dam，　Masa　has　been　us6d　as　the　core　materials　of　rock　fill　type

dams．　This　paper　deals　with　quantitative　examination　of　the　degree　of　weathering，　compaction　and

pre・crushing　effects　and　permeability　of　natural　state　of　Masa　at行ve　locations　in　the　distrlct．　Special　attentions

were　paid　on　mineralogical　studies　to　elucidate　the　effects　of　pre－crushing　and　pre・compaction　as　well　as　on　the

inteπelations　of　soil　constants．　Among　the　engineering　soil　constants　of　Masa，　natural　moisture　content　and

content　percentage　omne　grains　less　than　74μm（P－74）have　been　confirmed　as　effective　barometers　for　the

degree　of　weathering，　i．e．，　at　each　investigated　area，　the　value　of　P・74　varies　characteristicaly　according　to　the

weathering　degree　of　Masa．　The　compaction　properties　of　natural　state　of　Masa　depend　also　on　weathering

degree　and　are　proved　to　have　intimate　relation　with　maximum　dry　density（汐　dmax）and　optimum　moisture

content（Wopt），　i．e．，the　former　becomes　smaller　and　the　latter　greater　as　weathering　proceed．　On　the　other

hand，丘ne　grained　Masa　subjected　pre－crushing　have　higherρdmax　and　Iower　Wopt　compared　with　those　of

natural　state．　This　means　that　physical　and／or　mineralogical　properties　of　soil　grains　of　Masa　have　cbanged　to

those　with　resistant　against　high　compaction　energy．

　　　Existence　of　maximum　value　of　dry　density（ρdmax）was　con五rmed　with　increasing　pre－crushing　times．

That　is，the　compaction　density　conversely　lowers　when　the　pre－crushing　energy　are　excessive．　This　is　probably

caused　by　the　fact　that　the　speci五c　surface　of　fractured　quartz　and　K－feldspar　increase　due　to　crushing　resulting

relative　decrease　of　matrix　with　which’the　interstices　of　soil　grains　are　usually　6Ued．　Furthermore，

aτrangement　of　voids　in　the　compacted　Masa　exhibits　no　particular　orientations．　This　property　surely　increases

the　safety　of　dam　concerming　permeability，　since　the　compacted　Masa　shows　no　weak　direction．　Finally，

practical　usefulness　of　Masa　as　core　materials　were　discussed　based　on　the　results　obtained．
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　　　　　　　　　　　　　　　　　1．INTRODuenON

　　　　In　granitic　rocks　distributed　widely　in　the　Chugoku

district，　weathered　granitic　soi1，　called“Masa”is　com－

monly　developed（Kashiwagi，1963：Kakitani，1974　and

1975：Kohno，1984）．　Masa，　is　being　utilized　as　core

materials　for　rock　ml　type　dams，　as　it　is　easy　to¢ompact，

due　to　the　appropriate　grain　size　distribution　from　coarse

to行ne　grains．　The　required　shear　strength　and　imper・

viousness　as　core　material　can　be　obtained　by　controlling

moisture　content　and　rolling　compaction．　For　the　dam

construction，　it　is　necessary　to　supply　a　large　volume　of

core　materials’not　far　from　a　dam　site．　In　addition，
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environmenta1．problems　and　economization　should　be
also　considered．　Accordingly，　it　is　oftcn　ncccssary　to

use　not　only　weathered　Masa　developcd　near　the　surface

but　also　less　weathered“Masa”inτelatively　deeper　layers

for　effective　utilization　as　core　materials．　Agrcat　deal

of　effort　actually　goes　into　assuring　the　quality　of　Masa　as

core　materials，　by　using　empirica11y　technical　methods

such　as　blending　little　weathered　Masa　with　Masa　and

heavy　machine　working　in　order　to　improve　the　imper－
　　
ソゆ　　　　ド　

　　　Eff巳cts　of　pre・crushing　of　Masa　on　thc　compaction’

mechanism　in　relation　to　permeability　have　not　been

studied　systematically　up　to　the　prcsent．　Moreover，　the

study　should　be　concemed　with　the　constituent　rock－

forming　minera！s　as　well　as　with　soil　grains．　Safety　of

dam　will　be　con員rmed　based　on　such　fundamental　resear－

ches．　　Up　to　the　present，　the　variation　of　dry　density　as　a

function　of　compaction　has　mainly　been　studied　in　rela・

tion　to　the　optimum　moisture　contcnt（e．9．　Proctor，

1933）．In　the　case　of　natural　state　of　Masa，　thc　max・

imum　dry　density（ρdmax）becomes　lesser　and　optimum

moisturc　content（Wopt）becomes　greater　with　decreas・

ing　grain　size　caused　by　compaction（Matsuo　and　Fuku・

moto，1977a）．　However，　the　variation　of　compaction

properties　caused　by　the　pre・crushing　involvcs　problems

which　can　not　be　explained　only　by　the　change　of　grain

size　distribution．　Studies　based　upon　mineralogical　data

including　those　of　clay　minerals　will　be　important　for

further　clari行cation　of　Masa．　It　is　also　necessary　to

quantitatively　assess　the　degree　of　weathering　of　Masa　to

ensure　the　compaction　effects　and　to　con員rm　the　per－

meability　according　to　the　degree　of　weathering．

　　　This　paper　deals　with　mainly　the　dependence　of

degree　of　weathering　on　the　compaction　effects　of　various

types　of　Masa　in　the　Chugoku　district，　by　examining

correlations　among　the　engineering　soil　properties．　Spe・

cial　attentions　wcre　paid　on　the　effects　of　prc・crushing　on

the　compaction　properties　based　on　the　mincalogical

studies．
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II．　ENGINERING　So1L　PRoPERTIEs　AND　DEGREE　oF

　　　　　　　　　　WEATHERING　oF“MAsA”

　　　Among　various　technical　methods　to　asses　the　dam

environment，　the　vertical　shaft　mcthod　can　provide　the，

most　useful　data　concerning　the　natural　state　of　Masa．

In　this　chapter，　various　soil　properties　such　as　permcabil－

ity　obtained　through　vcrtical　shaft　as　well　as　those　of

residual　Masa　will　be　examincd　in　rclation　to　the　compac－

tion　offects　and　degrcc　of　weathcring．

　　　A．　INv£sTIGAT夏oN　LocAT夏oNs　AND　TopoGRApHlc

　　　　　　　　　　　AND　G£oLoGlcAL・OuTLINEs

　　　The　locations　selected　for　the　present　rescarch　are　as

follows；2　10cations　in　Hiroshima　prefccture，2　in

Okayama　prcfccture　and　l　in　Yamaguchi　prefccturc，

rcspcctively　where　mainly　granitic　rocks　are　distributed

（Fig．1）．　These　locations　wcrc　selectcd　because　the

geology　and　the　type　of　granitc　arc　morc　or　lcss　differcnt

with　each　other．　The　same　methods　of　invcstigation　and

tests　were　performed　at　each　place，　so　that　data　compari－

son　was　available．　The　locations，　topographic　and

geological　features　are　outlined　as　follows：

FIG．1．　Location　map　of　thc　invcstigatcd　arcas．　M，　N，　D，　K

　　　　　　and　Y　arc　Myojin，　Nabara，　Doyou，　Kambadani　and

　　　　　　Yashiro　dams，　rcspcctivcly．

1．Location　M（Myojin　dam）
　　　This！ocation　for　corc　matcria且of　Myojin　dam，　is　at

Nabara，　Kabc・machi　in　the　northcrn　arca　of　Hiroshima・

city．　Thc　Myojin　arca　situatcs　at　the　most　upstream　part

of　the　Nabara　rivcr　in　thc　O・ta　rivcr　systcm．　Geographi－

cally，　the　area　is　a　low・rclicfsurface　developcd　at　500－550

melevation．　This　surfacc　corrcsponds　to　thc　south・wcst

extension　of　the　Kibi・Platcau　which　is　developcd　widcly

in　the　central　part　of　Hiroshima　Prcf．　with　clcvation　range

of　about　400－600　m（Kaizuka，1950）．　Thc　corc　matc・

rials　of　the　Myojin　dam　were　taken　from　the　surrounding

biotite　granite　with　medium　and　coarse　grains　belonging

to　the　Hiroshima　granitic　rocks．　Paleozoic　sedimcnts

are　distributed　as　roof　pendant　in　part　of　the　surrounding

mountain　peaks（Yoshida，1962：0gata　et　aL，1978）．
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2．・Location　N（Nabara　dam）

　　　This　location　of　the　Nabara　dam　is　approximately　4

km　south　of　location　M．　Geographycally，　the　area　are

composed　of　hills　of　about　200－300　m　elevation　and　the

sUrface　which　is　the　northern　edge　of　the　lower　surface

corresponding　to　the　Setouchi　surface（Kaizuka，1950）．

The　geology　of　the　area　are　biotite　granite　with　medium

to　coarse　grains，　belonging　to　Hiroshima　granitic　rocks

similar　to　those　of　location　M．（Yoshida，1962：0gata　et

a1．，1978）．

3．Location　D（Doyou　dam）
　　　This　location　for　core　material　of　the　Doyou　dam　is

at　Doyou，　Shinjou　vmage，　in　the　most　northern　part　of

Okayama　Prefecture　and　is　the　most　upper　stream　of　the

Doyou　river　of　the　Asahikawa　river　system．　The　area

situates　in　the　southern　part　of　the　Chugoku　mountains

and　represents，　geographycally，01d　age　features　with

mild　mountain　figures　having　a　repeated　medium－relief

surface　at　about　800－900　m　elevation．　The　geology　of

the　area　is　composed　of　granite　porphyry，　belonging　to

the　San。in　granite　giving　a　remarkable　contact　meta－

morphism　to　the　surrounding　gneiss　and　tuffacious　rocks

（Kanaori　and　Saito，1979）．

4．　Location　K（Kamba　valley）

　　　This　location　was　one　of　the　proposed　Site　for　core

materials　of　the　Doyou　dam，10cated　in　the　so。called

Kanbadani，　about　4　km　south－south　east　from　location　D．

The　area　is　composed　of　gently　sloping　mountains　of　450－

600melevation．　The　host　rock　is　bionite　granite　of　the

San－in　granite（Kanaori　and　Saito，1979）．
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5．　Location　Y（Yashiro　dam）

　　　The　Yashiro　dam　is　at　Higashi　Yashiro，0－shima・

machi，　Yamaguchi　Prefecture．　Geographically，　the　area

situates　on　the　north－east　foot　of　a　mountains　which　runs

from　the　north・west　to　south・east　with　summit　surfaccs　of

about　500　m　elevation，　running　south・east　to　north・west．

The　e！evation　of　the　area　is　approximately　200　m．

Gneissose　granodiorite，　belonging　to　the　Ryoke　granitic

rock　is　commonly　developed　in　this　area（Okamura　and

Nureki，1962）．

　　　It　should　be　mentioned　that　Masa，　weathered　granite

soi1，　characteristically　well　develops　in　the　intcrmediate

surface　corresponding　to　the　Kibi　plateau　surface，　and　the

low・relief　surface　such　as　lower　surface　of　the　Setouchi

surface　in　the　granitic　rock　region　of　the　Chugoku　district

（Kohno，1984）．　All　of　the　510cations　mentioned　above

are　located　on　low　and　medium・relief　surfaces，　wherc

Masa　is　sufficiently　available　for　the　dam　construction．

B．ENG夏NEERING　SolL　PRop£RT1£s　oF　REsmuAL　MAsA

　　　In　the　vertical　shafts　at　the　5　investigated　locations，

the　true　speci丘c　gravity　test　of　soil　particles（JIS　A　1202），

moisture　content　test（JIS　A　1203）and　grain　size　ana！ysis

were　perfbrmed　according　to　the　JIS　rulcs　on　thc　speci・

mens　of　natural　state　Masa．　Samples　werc　collectcd

from　the　surface　to　the　depth　with　several　tens　cm

intervals．　All　of　these　tests　can　be　carried　out　easily　and

economically．　In　addition，　by　the　sand　replacement

method，density　tests（JIS　A　1214）were　also　perfbrmed　in

the　vertical　shafts　at　locations　D，　K　and　Y．　The　rela－

tionship　between　some　soil　constants　and　the　degree　of

weathering　will　be　mentioned　in　this　section．

1．　Natural　moisture　content

　　　As　shown　in　the　representative　examples（Fig．2），

the　natural　moisture　content（Wn）has　a　tendency　to

increase　toward　the　ground　surface　at　each　location．　It

has　been　pointed　out　by　many　researchers　that　void　ratio

（e）obtained　from　density　tests　could　be　an　important

barometer　for　the　degree　of　weathering（e．g．，Matsuo　and
　　　　　　

コ

Nishida，1966）．　The　relationship　betwccn“Wn”and“e”

indicates　a　peculiar　correlation　at　each　location，　as　shown

in　Fig．3．　In　all　locations，　with　increasing‘‘e”value（the

greater　the　degree　of　weathering），“Wn”increases，　which

means　that“Wn”is　effective　as　a　barometer　of　the　degree

of　weathering．　However，“Wn”of　D　is　greater　than

those　at　locations　K　and　Y　for　the　same　value　of“e”，

indicating　high　water　retentivity　of　the　Masa　at　D　loca・

tion．

2．　Grain　size　distribution

　　　The　mean　grain　size　obtained　from　the　integrated

grain　size　distribution　curve（50％grain　size：D50）has　a

general　tendency　to　become　smaller　toward　the　surface　at

each　location，　as　shown　in　the　representative　example　of

Fig．2．　Therefore，　the　value　of　D50　is　considered　as　a

effective　barometer　for　representing　variation　of　grain

size　distribution　of　the　host　rock　as　weathering　proceed．

Further，　the　percentage　content　of　fine　grains　less　than　74

、μm（P－74）has　a　general　tendency　to　increase　toward　the

ground　surface　at　each　location　as　shown　also　in　Fig．2．

The　value　of　P・74　can　also　be　used　as　a　indicator　of　the

grain　size　of　the　soil　particle．　Thus，　in　this　paper，

examination　will　be　made　based　mainly　on　the　values　of

D50　and　P－74，　andlor　the　ratio　of　the　two　as　grain　size

characteristics．　D50　and　P・740f　natural　state　Masa　at

each　location　indicate　a　pecu疑ar　correlation　as　shown　in

Fig．4．　At　location　D，　however，　variation　of　D50　is

greater　than　that　of　the　other　locations，　especially　in　the

region　where　P－74　is　less　than　20．　Thus，　D50　and　P。74

must　be　taken　into　account　when　arguing　from　the　view

point　of　grain　size　properties，　i．e．，　the　relative　degree　of

weathering　of　Masa．　To　be　noted　is　that　thc　rclation

between‘‘e”and　D50　shows　a　peculiar　correlation　at

every　location，　but　the　relative　degree　of　weathering　can

not　be　asscssed（see，　Fig．5）．　However，　the　value　of

P－74at　each　location　shows　linear　relationship　with　the

value　of　e　indicating　the　intimate　relation　between　P・74

and　the　relative　degree　of　weathering．　Therefore，　P・74

can　be　reasonably　used　as　a　barometer　of　the　relative

degree　of　weathering．　Moreover，　simple　method　to

measure　P・74　has　been　established（JSF　T　22－1971）．

The　value　of　P・74　is　useful　as　a　shortcut　in　determining

the　relative　dcgrcc　of　wcathcring．
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　　　Fig．6shows　relationship　between　P－74　and　Wn．　As

is　seen　in　the　figure，　Wn　is　relatively　larger　at　locations　D

and　M　than　those　of　K，　N　and　Y　for　the　same　value　of

P－74．　Natural　moisture　content　related　intimately　to　the

water　retentivity　strongly　reflects　the　void　s’ tructure，

which　is　the　complicated　results　of　leaching　of　the　host

rock　and　the　formation　of　alteration　products，　i．e．，　clay

minerals．　According　to　Aoyama　et　aL（1977），　the　void

of　non－disturbed“Masa”can　actually　be　divided　into　two

types；arelatively　great　voids　between　thb　constituent

grains，　and　a　micro－fractures　in　the　constituent　minerals

such　as　quartz，，plagioclase　and　biotite．　They　also　re－

ported　that　amount　of　fraCtures　whose　size　is　less　than　0．1

μm　reaches　to　approximately　15％of　the　whole　voids　in

F夏G．6．

　　　　　　　　　　　　　P・74｛％l

Relation　betwecn　P・74　and　Wn．　Note　that　natural

Masa　of　the　respective　area　is　distributed　along　certain

linc，

the　extensively　weathered　Masa．　Furthermore，　Taka－

hashi　and　Tanaka（1984）have　pointed　out　that　the　water

retentivity　of“Masa”greatly　depends　upon　the　voids

caused　by　rapid　weathering　and　also　on　the　formation　of

secondary　clay　minerals．　When　the　constituent　soil
grains　are　relatively　fresh　such　as　river　Sand，　it　is　not

necessary　tp　consider　the　void　within　soil　particles．

Therefore，　water　retentivity　depends　directly　on　the

specific　surface　of　whole　soil　grains．　In　other　words，　the

retentivity　depends　upon　the　grain　size　distribution，　and

independent　of　the　constituent　minerals．　In　the　case　of

Masa，　however，　the　relations　between　Wn　and　P－74　vary
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノ
considerably　even　within　the　Same　location，　and　each

location　has　its　own　characteristics．　Weathering　has　not

been　studied　from　a　view　point　of　the　characteristics　of

the　grain　size　distribution，　i．e．，P－74　and　Wn．　However，

the　present　results　indicate　that　the　two　parameters　show

significant　correlation．　That　is，　under　the　condition　of

relatively　greater　moisture　content，　the　voids　increases

for　the　same　value　of　P・74　as　in　the　case　at　location　D，

（Figs．2　and　4）．　It　is　to　be　noted　that　the　voids　are

mostly　within　the　soil　grains．　The　relation　between　Wn

and　e　of　location　D　indicate　the　larger　water　retentivity

compared　with　that　of　other　locations．

　　　　C．CoMPAenoN　PRoPERTIEs　AND　PERMEABILIr・

　　　Acompaction　test　was　performed　for　the　natural

state　of　Masa　sampled　from　the　vertical　shaft　at　each

Iocation　by　the　method　of　JIS　A　1210，1．2－C．　The

maximum　grain　sizC　of　all　examined　specimens　was

always　9．52　mm．　The　standard　compaction　energy

（1Ec）of　the丘rst　JIS　method　is　defined　as　follows；25

times　of　compaction　were　applied　for　one　layer　using　a　2．5

kgf　rammer　dropped　from　30　cm　height，　and，　as　a　total，3

1ayers　were　compacted　resulting　total　energy　of　5．6
kgf・cmlcm3．　Accordingly，2Ec　in　this　paper，　means　a

energy　of　twice　the　JIS，　i．e．，50　times×31ayers（11．2

kgf・cm！cm3），　and　3Ec　means　75　times×31ayers（16．8

kgf・cm！cm3），　respectively．

　　　Fig．7shows　the　representative　result　of　the　compac－

tion　test．　As　shown　in　the　figure，　the　optimum　moisture

content（Wopt）corresponding　to　maximum　dry　density

（ρdmax）is　in　the　range　of　12　and　18％showing　certain

characteristic　value　for　each　specimen．　In　the　region　of

high　moisture　content，　all　curves　approach　gradually　to

the“zero　air　void・curve”．　In　the　region　of　low　moisture

content，　on　the　other　hand，　each　specimen　shows　their

own　characteristics．　Remarkable　example　is　the　cμrve

of　M　specimen　indicating　decreasing　tendency　ofρdwith

decreasing　moisture　contenet．　Therefore，　it　may　be

suggested　that　dry　density　of　the　compacted　specimen

varies　reversely　against　the　compaction　energy，　in　the　low

moisture　region．　Relationship　betweenρdmax　and　P－

74！D50（the　latter　is　considered　as　a　barometer　of　the

degree　of　weathering）is　shown　in　Fig．8．　As　shown　in

Fig．8，　a　systematic　linear　relation　is　observable，　i．e．，　the

greater　the　values　of　P・74！D50　the　smaller　theρdmax．

In　other　words，　with　increasing　weathering，ρdmax　de－

creases　gradually．　Wopt　has　also　a　significant　correla・

tion　with　P・741D50．　Such　dependency　was　already

pointed　out　by　Matsuo　and　Fukumoto（1977a）．　Howev。

er，　no　research　has　been　done　concerning　the　value　of

P－741D50　which　has　a　close　correlation　withρdmax
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and！or　Wopt　for　the　same　Masa．　For　the　same　value　of

the　compaction　characteristics（P－741D50），ρdmax　of　D

specimens　is　relatively　small　under　the　same　compaction

cnergy，　whereas　that　of　thc　other　410cations　is　not

distinctive　as　shown　in　Fig．8．

　　　Fig．9shows　rclation　bctwcen　P－74！D50　and　Wopt．

As　is　seen　in　the　figure，　cach　location　has　its　own

characteristic　values，　espccially　those　of　location　D　whose

Wopt　is　considerably　large．

9suggest　intimate　rclation
residual　Masa（cf．　Fig．6）．
・　　　　　　o

intimate　corrclation　between　Wn　and　Wopt．

ing　the　value　of　P・741D50，　low　p　dmax　and　high　Wopt　of

the　D　specimcns　strongly　suggest　the　void　devclopment　in

the　soil　grains　as　was　already　dcscribed　in　the　previous

section．　Intimatc　relations　among　P－74！D50，ρ　dmax

and　Wopt（Figs．8and　9）provide　possible　estimations　of

the　values　ofρdmax　and　Wopt　based　on　thc　valuc　of

P・74！D50．　This　relation　can　be　practically　useful　in　the

preliminary　investigation　during　the　compaction　process

　The　relations　found　in　Fig．

bctween　P。74　and　Wn　of
This　relation　leads　to　that　of

　　　　　　　　　　　　　　　Concern・

III．　VARIATIoN　oF　CoMPA（汀loN　PRoP£RTIEs　AND

　　　　　PERMEABILITY　DuT　To　PREcRusH夏NG

　　　Soil　grains　of　Masa　are　easily　crushed　by　the　external

forccs　such　as　remolding　and　compaction　during　the　dam

construction　processes．　Changes　of　grain　size　due　to　the

breakage　process　will　influence　grcately　thc　physical

properties　such　as　compaction　and　permeabmty（e．9．，

Fukumoto，1972；Matsuo　and　Fukumoto，1976a，1976b
and　1977b）．　In　this　chapter，　variation　of　compaction

properties　caused　by　pre－crushing　will　be　quantitatively

examined．

　　　Three　kinds　of　specimens　were　prepared　for　this

experiments，　i．e．，natural　state　of　Masa　and　loosed　Masa

aftcr　compaction　with　2Ec　and　3Ec　cnergics，　respcctively．

All　specimsns　were　subjected　to　compaction　with　2Ec　and

3Ec　energies，　and　the　effects　of　pre・crushing　on　the

permeability　and　some　other　soil　constants　werc　ex・

amined．　Fig．10　shows　the　effects　of　pre－crushing　on　the

value　of　P－74，　grain　size　characteristics．　As　is　seen　in　the

figurc，　P。740f　pre・crushed　specimen　is　larger（about　3～

4％）compared　with　that　of　natua互statc．　The　incrcased

amount　is　almost　constant　rcgardlcss　of　thc　valuc　of　P・74

0f　natural　state．　With　rcspect　thc　variation　of　compac・

tion　properties，　maximum　dry　dcnsity（pdmax）of　pre・

crushed　spccimcn　is　always　greater　than　that　of　natural

statc　as　is　shown　in　Fig．11．　The　difference　between　the

prc－crushed　and　natural　state　docs　not　have　a　strong

rclation　with　the　compaction　energy，　i．c．，2Ec　and　3Ec．

The　optimum　moisture　content（Wopt，）of　prc・crushed

spccimcn　is　always　smaller　than　that　of　natural　state（Fig．

12）．　For　thc　variation　of　permcability，　the　minimum

pcrmcability　coefficicnt　of　pre－crushed　spccimcn　is　sma1・

lcr　than　that　of　natural　state　and　thc　variation　of　pcr－

meability　does　not　depend　on　the　valuc　of　P・74　and　the

compaction　energy．　All　of　thcse　results　indicatc　that　the

compaction　density　and　impcrviousness　of　Masa　have

been　improved　by　the　processes　of　pre－crushing．　On　the

other　hand，　weatherd　refined　state　of　Masa　tends　to　have

alesserρdmax　and　a　greater　Wopt．　This　tendency　can

also　be　recognizable　by　comparision　of　Fig．10　with　Figs．

11and　12　in　relation　to　the　value　of　P－74．　It　should　be
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FIG．11．　Variation　of　maximum　dry　density　before（ρdmax）

　　　　　　　and　after　the　breakdown　process（ρdmax’）．　Note

　　　　　　　that　the　breakdown　process　yields　high　density　soi1．

noted　thatρdmax　of　the　pre－crushed　specimen　is　greater

and　Wopt　is　smaller　than　those　of　natural　state．　That　is，

the　tendency　reverses　the　variation　direction　of　the　grain

size　distribution　caused　by　compaction．　The　effect　of

pre－crushing　has　scarcely　been　examined．　However，　no

matter　how　the　soil　grains　become　finer，　by　being　weath－

ered　or　being　crushed，　variation　of　the　compaction　prop・

erties　caused　by　pre。crushing　completely　reverse　the

general　tendency　of　natural　state　of　Masa．　This　is　prob・

ably　caused　by　the　fact　that　the　previous　examination　is

concerned　only　with　soil　constants，　suggesting　the　ne・

cessity　of　the　investigation　from　a　view　of　mineralogy．
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FIG．12．　Variation　of　optimum　moisture　content　before（Wopt）

　　　　　　　and　after　the　breakdown　process（Wopt，）．　See，text・

IV．　VARIATIoN　oF　MINEkALoGlcAL　CHARAcrARIs”cs
　　　　　　　　　　　CAusED　BY　PRE－CRusHING

　　　In　the　previous　Chapter，　it　was　confirmed　th琴t　the

compaction　density　and　imperviousness　of　the　natural

state“Masa”can　be　improved　by　the　process　of　pre－

crushing．　　In　this　chapter，　va】【iation　of　the　constituent

minerals　will　be　clarified　by　means　of　the　thin　section

observation　on　the　compacted　soil　and　natural　state　of

Masa　under　the　polarization　microscope．

　　　Thin　sections　were　made　both　in　the　horizonta1（H）

and　vertical（V）directions　against　the　compacted　axis　for

the　specimens　compacted　by　IEc　and　3Ec　and　for　natural

state　of　Masa　sampled　at　location　M（A）and　for　the

pre－compacted　specimens　subjected　to　30　times　of　falling

from　1．5m　high（B）．　Grain．size　distribution，　D50，ρ

dmax，　Wopt　and　Kopt　of　these　specimens　are　summa－

rized　in　Table　1．　As　seen　in　the　Table，　specimen　B　is

more行ner　state　than　specimen　A．　Compared　with　A，　B

has　greaterρdmax，　aller　Wopt　and　Kopt　under　the　same

energy　of　compaction．　Under　the　low　magnification

conditions，500　points　were　observed　for　each　thin　section

using　a　mechanical　stage．　Under　the　microscope，　two

types　of　grain　were　distinguished，　one　is　single　grains

composed　of　one　mineral　surrounded　by　matrixes　and！or

voids　and　the　other　is　composite　grain　composed　of

different　kind　of　minerals．　The　main　results　are　outlined

in　the　following；

a）Constitutent　minerals

　　　Variation　of　constituent　minerals　of　the　compacted

Masa　is　summarized　in　Table　2．　The　amount　of　matrix

in　B　appears　to　increase　in　comparison　with　A．　Increase

of　matrix　is　also　confirmed　with　increasing　the　compaction

energy，　and　the　fact　agrees　with　the　result　of止e　grain　size

examination　as　indicated　in　Table　1．

b）　Shape　and　mean　diameter　of　constituent　grains

　　　　The　shape　of　the　single　and　composite　grains　is

represented　by　b！a（a：1ength，　b：breadth，　measurement

limit＝0．1mm）and　the　results　are　summarized　in　Table

3．　Single　grain（single　mineraD　shows　no　particular
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TABLE．1． REPREsENTAT夏vE　solL　coNsTANTs　oF　THE　ExAMINED
SPECIMENS（SEE　TEXT）．

Gr邑in　5izo　di5しribution　｛wt．％，
Specimen

　No．

D50
（㎜｝

ρdm畠旨

1露／cの

WOP亀

｛％｝

　Loレ巳

｛q■！・｝
2．00幽

　　〉

2．00

鞠 0．42

0．42

～0．074

0，074

　く 0，005＜

A－OEc 40．0 36．5 題3．0 10．5 2．5 L45 一 一 一

A－1Ec 37．5 36．4 14．1 12．0 3．2 1．30 L734 16．3 2，7x10’5

A－・3Ee 32．6 37．4 15．6 M．4 4．6 置．10 且，813 M．7 1．且x10噂5

B－OEc 33．0 39．6 14．3 13．1 3．6 L20 一 一 一

B－1Ec 35．2 36．7 13．9 14．2 4．1 L20 L780 置5．6 2．2x10’5

B－3Ec 29．5 39．7 14．3 16．5 4．7 LOO L856 且3．9 4．8XlO略

TABLE．2．　MENEeAL　coMposmON　OF　THE　EXAMINED・spEclMEN．

践1ih●raloon5tiこu．n巴｛％［Speeimen

　No． qu墨r胞 K・‘ddsP轟r pl叩iod朋？ bioliヒo oしhθr昌 m飢ri混 void

H 25．4 25．4 0．2 5．0 3．2 29．0 lL8
A－1Ec V 37．6 22．4 0 4．4 3．6 2L8 10．2

I
l
32．6 19．6 0 2．8 0．8 36．4 7．8

A－3Ec V 32．2 23．4 0 3．0 0．8 深L6 7．0

H 26．2 20．6 0 2．6 0．2 28．6 2L8
B－1Ee V 33．6 2LO 0．2 4．2 0．8 32．8 7．4

l
l
26．2 28．0 0 2．2 0．6 35．2 7．8

0－3Ec V 32．6 22．0 0．6 3．2 LO 3’3．2 7．・1

TABLE．3． AvERAGE　FoRM　oF　MINERAL　AND　solL　GRAINs　oBsERvED

UNDER　TI肥MICROSCOPE，

Avor8翼e「‘Drmo‘min●rO塵ond50il翼r■in5‘b！己｝
Sp●cim㊤n

　No．
5in翼1●醒min e・mp・5ite　min。r昌1

qu邑r豊Z K・‘eldsP邑r bio匙i艦● q肥rtz K・‘eld5田r bio亀1亀e

C・叩面匙e

　翼r轟in
腎oid

H 0．57 0．58 0．5且 0．60 0．64 0．41 0．67 0．58

A－1εo
V 0．64 0．56 0．56 0．60 0．64 0．77 0．67 0．49

H 0．66 0．67 0．68 0．73 0．69 一 0．67 0．56

A－3Kc V 0．63 0．72 0．75 0．66 0．70 0．61 0．64 0．58

H 0．62 0．68 0．58 0．69 0．67 一
0．7且 0．〔遣

E－1εc
V 0．63 0．63 0．60 0．65 0．6： 0．58 0．66 0．50

H 0．64 0．68 0．55 0．65 0．65 一 0．69 0．66

0－3Ec V 0．73 0．65 0．57 0．63 0．66 一 0．68 0．6：

TABLE．4．　AvERAGE　GRAIN　slz日N　THE　coMpAc聡D　sp£c夏M£N．

Aサer己ge　　gr邑in　　5ize　　‘　　8卜　隔o、

Specimen

　　No．
5ingle　gr＆in c・mp・5ite鵬inerd

、・oid

quartz K・‘eld5国r biotite quar巳Z K・reidspar biotite

compo5it。

　翼r畠in

H 0．71 0．90 0．38 1．61 1．65 0．32 2．13 0．76

A－1Ec V 0．84 0．75 0．31 1．60 L57 0．66 2．48 LO8

H 0．80 0．87 0．61 L23 1．4且
一

1．87 0．68

A－3Ec V 0．86 0．98 0．56 L84 2．01 0．57 2．65 1．31

H 0．83 0．87 0．37 1．36 監．3且
一

1．82 2．0：

B－1Ec V 0．76 0．85 0。4且 1．83 1．82 0．22 2．49 0．82

H 0．6且 0．85 0．32 L34 L24 一
1．66 L37

B－3E¢
V 0．94 0．92 0．37 1．39 L49 一 L93 0．82

shape　variation　between　A　and　B，　with　the　values　in　the

range　of　O．5　to　O．7．　Mean　diameter　of．　the　pre・crushed

composite　grain（B）is　smaller　than　that　of　A　mder　the

same　compaction　energy（Ec），　as　shown　in　Table　4．　The

most　distinctive　outcome　in　the　Table　is　that　the　mean

diameter　of　the　composite　grain　observed　in　the　H

direction　is　smaller　than　that　of　V　direction，　for　the　same

specimen　and　the　same　cOmpacted　energy．　This　fact　can

be　interpreted　as　that　soil　particles　are　arrangcd　along　the

directiop　perperdicular　to　the　compaction　axis．

c）　　Preferred　orientation　of　soil　grain　and　void

　　　The　long　axis　direction　of　the　composite　son　grains　in

the　compacted　section　is　summrized　in　Fig．13．　As
shown　in　the　figure，　the　long　axis　direction　of　soil　particlcs

reveals　no　preferred　orientation　as　a　whole，　indicating

random　arrangement　of　the　particles．　The　long　axis

direction　of　voids　have　various　or蓋entations　against　the

compaction　axis（Fig．14）．

d）Mineral　constituent　of　soil　grain

　　　　Constituent　minerals　of　the　compacted　soil　grains

were　examined　and　the　ratio　of　a　single　mineral　grain　to

the　total　volume　was　measured．　For　each　minera1，　the

individuality　is　greater　in　the　direction　of　H　than　that　of　V

direction．　The　single　mineral　grains　are’㎞ainly　dis・

persed　along　the　horizontal　direction　during　the　compac・

H←
F星G．13，

V

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　→H

Prcfered　oricntation　of　soil　grains　measurcd　in　thc　long

axis．

V：parallel　to　thc　compaction　axis．

H：pcrpcndicular　to　thc　compaction　axis．

V

　　　　H←

F夏G．14．　Prefcred　orientation　of　voids　in　the　compactcd　soiL

TABL£，5．　D£GREE　oF　INDEP£NDENcY（％）oF　THE　MA夏N　coNsT1・

　　　　　　　　TUENT　MiNERALS　IN　THE　COMPACTED　SP£CMEN（SEE，

　　　　　　　　TEXT）．

Specimen

　　No．
quartz K・feldspar biotite

A－1Ec
H 70．4 62．0 92．0

V 57．6 33．3 90．5

A－3Ec
H 85．8 72．3 100

V 52．7 44．0 85．7

B－1Ec
H 83．0 63．1 100

V 66．7 55．2 90．5

B－3Ec
H 74．4 66．3 90．9

V 73．7 56．1 92．9

tion．　Thc　diffcrcncc　of　the　individuality　between　A　and

B（Table　5）is　most　probably　thc　main　rcason　of　the　high

compaction　density　of　the　prc・crushcd　Masa．

c）　Fractures　in　mincrals

　　　Many　fine　fracturcs　are　dcvcloped　in　the　constituent

mincrals，　mainly　in　quartz　grains，　as　indicated　in　Table　6．

Fractures　observed　in　mineral　of　specimen　B　roughly

coincide　with　the　optical　boundary　of　minerals　compared

with　thosc　of　specimcn　A　undcr　the　same　compaction

energy，　as　shown　in　Tabcle　7．　That　is，both　sides　of　a

fracture　have　differcnt　crystallographic　orientation　with

each　other．

TABLE．6． FRAσuRE　FREquENcY（％）oF　THE　MAIN　coNsTITuENT

MINERALS　IN　THE　COMPACrED　SPEC肛MEN，

5in翼10　grah c‘，叩，5i巳o　min？ralSpecimen

　　No． quartz K・reldspar bio亀i豊e quart記 K・回dspar bi‘塊i艦e

A－1εc 3名。0 27．7 16．7 ・薯6．7 4L9 0

A－3Ec 36．0 10．1 25．0 51．0 23．9 0

B－1εc 37．8 15』 9．・1 ・15．6 26．0 0

B－3Ec 22．6 17．0 8．7 ・書5．8 9．8 0
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TABLE．7．　FREQuENcY　oF　FRAcl　uREs（％）RELATED　DIREσrLY　To

　　　　　　　　THE　CRYSTALLOGRAPHIC　BOUNDARY，

sin駕1e　grain c・mposite　mineralSpecimen
　　No， quartz K・feidspar biotite quartz K・reldspar biotite

A－1Ec 47．2 76．5 14．3 67．9 88．0 0

A－3Ec 61．2 71．4 50．0 76．9 45．5 0

B－1Ec 45．1 63．6 0 76．2 6L5 0

B－3Ec 45．2 35．3 0 68．2 66．7 0

V．　VARIATloNs　oF　CoMPAcnoN　DENsnTy　CAusED　BY

　　　　　CRusHINGs，　AND　MINERAL　CoNsTrruENTs

　　　The　compaction　density　of“Masa”generally　increses

in　accordance　with　pre－crushings．　However，　an　exact

description　of　the　relationship　between　the　two　factors

has　not　been　clarified　up　to　the　present．　In　this　chapter，

variation　of　the　constituent　minerals　of　soil　grains　caused

by　the　process　of　crushing　will　be　examined　by　obse’rva・

tion　under　the　stereoscope　and　with　the　x・ray　powder

diffraction　method．

　　　A．　VARIATloN　oF　CoMPAcrloN　D酬slTY　CAusED
　　　　　　　　　　　　　　　　　BY　CRUSHINGS

　　　Natural　state　of“Masa，，　collected　frQm　locations　M

and　N　was　first　compacted　using　a　2．5　kg　rammer，　and

then，　loosed．　The　Ioosed　specimens　were　compacted

again　by　the　same　method　and　under　the　same　compac－

tion　energy．　The　variation　of　the　dry　density　and　of　the

grain　size　distribution　were　examined　as　functions・of

pre－cmshing　and　compacted　energy．　The　dry　density（ρ

dmax）increases・proportionally　with　increasing　com－

pacted　times（Fig．15）．　It　should　be　noted　that　the　two

curves　have　a　maximum　value（p　dmax）．　Thig　means

that　the　most　optimum　times　of　pre－crushing　is　different

between　M　and　N．　To　examine　the　compaction　prop。

erties　of“Masa”．　The　fact　will　be　important．　As　simi－

1ar　characteristics，　over・compaction　has　been　known　in

other　sediments　and！or　rocks（Justin　et　a1，1947）．　The

grain　size　distribution　of　the　specimens　of　M　and　N

advances　in　the　finer　direction　with　increasing　the　pre－

compacted　times　regardless　ofρdmax．　In　addition，　the

content　of　fine　grains　of　5μm　or　less　increase　significant－

1y．　The　fact　that　specimen　N　contains　more　coarse

grains　of　above　O．84　mm　than　specimen　M　corresponds

nicely　with　the　fact　that　their　optimum　crushing　time　is

distinctively　different　with　each　other．

（c
∈
o
1
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；
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1．85

1．80

1．75

1．70

t．65

0 50 loo 150 200　　250

　　　　　　　　　　　Pre－crushing　times

FIG．15．　Variation　ofρdwith　increasing　compaction　time．

　　　　B．CoNsmruENT　MINERALS　oF　SolL　GMINS

　　　With　the　sifted　specimens　used　for　the　grain　size

analysis，　constituent　minerals　of　soil　grains　compacted

with　O（natural　state），100　and　300　times，　respectively

were　examined　under　the　stereoscope．　Since　the　altera・

tion　of　constituent　minerals　except　quartz，　is　considerably

remarkable，　the　colourings　of　K－feldspar　and　plagioclase

were　carried　out　by　the　method　of　Eguchi　et　al．（1964）．

The　results　obtained　are　presented　in　Table　8．　As　is

clear　in　the　Table，　with　decreasing　grain　size　quartz

content　decrease　while　altered　plagioclase　has　a　tendency

to　increase．　The　maximum　quartz　content　is　found　at

the　100　times　compaction　for　specimen　N，　while　in　the’M

specinens　it　increases　with　increa＄ing　compaction　times・

The　relationship　between　the　compaction　times　and　the

quartz　content　closely　correlated　with　the　relation　be－

tween　the　compaction　times　and　the　compaction　dry

density，　suggesting　an　intimate　relation　between　the

compaction　dry　density　and　quartz　content　in　soil　grains．

Concerning　mineral　shapes，　it　is　of　note　that　fractured

quartz　and　potash－feldspar　with　angular　surfaces　increase

with　increasing　compaction　times．　Individuality　of

minerals　increases　with　increasing　compaction　times　in

the　both　specimens　of　M　and　N　as　indicated　in　Table　9．

Asimilar　t舜ndency　is　shown　a＄afunction　of　grain　size，

i．g．，　the　less　the　grain　size，　the　more　individuality．　This

tendency　is　independent　of　the　mineral　species　in　the

range　of　larger　grain　size．　However，　in　the　finest　grain

size（less　than　74μm），　amount　of　plagioclase　and　its

alteration　products　should　be　quite　significant．

TABLE．8． GkulN　slzE　vARIA”oN　As　A　FuNenoN　oF　coMPAclloN，

USING　RAMM駅．

4．76－2．00蹴閑 0．84－0，42田m 0．25－0．105面聞Rammer
　No． q K P b 0 P’ q K P b 0 P’ q K　P b 0

P’

0 50．9 42．5 1．5 2．9 0 2．2 26．7 41．7 3．5 lL4 0 16．7 11．5 18．00．9 1L3 0 58．3

M 100 53．4 24．6 LO 1．7 0．4 18．9 3L7 鵠．1 2．9 12．8 0 195 27．2 25．0　0 9．4 0 38．4

300 62．6 25．9 0．4 1．4 0 9．7 34．4 43．6 1．0 3．6 0 17．4 25．0 28，02．2 0．4 0 44．4

0 53．2 16．8 0．9 6．6 0．4 22」 30．0 30．4 L6 13．6 0 24．4 43．8 29，00．4 7．4 0 19．4

N 100 62．2 20．0 0．4 5．2 0 12．2 47．8 17．4 0 10．4 0 24．4 60．4 9．20．2 6．4 0 23．8

㎜ 52．0 252 0．6 6．0 0 16．2 43．0 3L6 0 12．8 0 12，637．2 21．80．2 13．6 0 27．2

｛q；quarヒz．　K；K・「eldspar，　P；plegi｛，clase．卜；biotite．　oこ‘｝ther　minerals．

P6；　aheration　plagioclase，

TABLE，9．　VARIATIoN　oF　solL　GRAIN’s　INDEPENDENcY　As　A　FuNc－

　　　　　　　　TloN・oF・coMPAenoN・uslNG・fAMMER（％）．

4．76－2．00蹴剛 0．84－0．42叩吊 0．25－0．105扇mR8mmer
No， q K P b 0 P’ q K P b 0 P’ q K P b 0 P’

0 0 0 0 0 0 0 3 2 0 2 0 2 1 0 0 0 0 13

M 100 0 0 0 0 0 0 5 0 1 2 0 2 8 2 0 1 0 3

㎜ 3 0 0 0 0 0 6 毛 0 0 0 0 9 9 1 0 0 19

0 2 0 0 0 0 0 2 1 0 0 0 1 15 9 0 3 0 6

N 100 4 0 0 0 0 0 7 1 0 1 0 4 26 2 0 3 0 9

鋤 7 0 0 0 0 1 10 5 0 1 0 2 15 7 0 5 0 10

　　　　　　　　　　　　　　C．CLAy　MINEMLS

　　　Crushing　effects　on　clay　mineral　constituent　in　Masa

were　examined　with　the　sifted　specimens　after　O（natural

state），100　and　300　times　of　compaction　by　means　of　the

X－ray　powder　diffraction　method．　Silt　fractions　of　74　to

5μmand　clay　fractions　of　less　than　5　ptm　were　subjected

to　examine　the　constituent　of　clay　minerals　as　a　function

of　crushing　times．　A　fixed　amount　of　pulverized　speci・

mens（100　mg）was　kneaded　and　flattend　on　the　glass

plate．　In　order　to　examine　the　results　quantitatively，

X・ray　conditions　such　as　accelerating　voltage　were　kept

constant．



358 Ryoji　ORIGUCHI

1

1．、X・ray　powder　diffraction　pattern　of　the　silt　fraction

　　　The　X－ray　powder　patterns　for　silt　fractions（74　to　5

μm）of　specimen　M　is　shown　in　Fig．16－a．　As　shown　in

　　　　　　　　　，halloysite（7　A）is　predominant　including　athis　Figure

small　amount　of　halloysite（IO　A）．　Atention　must　bc

paid　to　the　fact　that　the　ratio　of　the　relativc　intcnsity

between　halloysite（7　A）and　halloysite（10　A）docs　not

vary　with　increasing　compaction　times．　On　the　other

hand，　in　specimen　N，　only　very　little　amount　of　halloysite

is　recognizable　and　vermiculite　begin　to　appear　as　the

compaction　time　increases（Fig．16－b）．

2．　X－ray　powdcr　diffraction　pattern　of　clay　fraction

　　　　Fig．17・a　shows　the　X・ray　powdcr　pattcrn　of　clay
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fraction（le．ss　than　5　Am）of　the　specimenM　as　a　function

of　the　compaction　time．　As　shown　in　this　Figure，　the

constituent　clay　minerals　are　halloysite（7　A）and　ha1－

10ysite（10　A），　the　same　as　those　of　the　silt　fractions．

The　intensity　of　halloysite（10　A）significantly　increases

with　increasing　compaction　ti卑e．　On　the　other　hand，　in

specimen　N，　halloysite（10　A）and　halloysite（7　A）both　of

which　do　not　appear　in　silt　fractions　are　predominant
while　vermiculite　does　not　exist．　Halloysite（10　A）in。

creases　slightly　with　increasing　the　compaction　time（Fig．

17－b）．　In　relation　to　weathering　process，　rapid　increase’

of　halloysite（10　A）at　location　M　in　the　clay　fractions　of

Iess　than　5μm，　possibly　represent　the　alteration　charac・

teristics　of　plagioclase．　That　is，　the　alteration　process　of

Plagioclase　in　granitic　rocks　has　been　established　as
follows；first，　halloysite（10　A）is　formed，　then　it　alters　to

kaolinite　through　halloysite（7　A）（e．g．，　Kitagawa　and

Kakitani，1977）．　The　fact　that　halloysite（10　A）crystals

is　probably　finer　than　those　of　halloysite（7　A）will　help

greatly　to　clarify　the　alteration　process　of　plagioclase・

Thus，　it　may　be　concluded　that　Masa　at　location　M　is　in

relatively　earlier　stage　of　weathering　than　those　at　loca・

tion　N．

VI．　DlscussloN

　　　“Masa”studied　in　this　paper　has　been　used　as　a　core

material　of　rock　fill　type　dams．　The　safety　of　dam　has

been　assessed　from　the　view　point　of　civil　engineering．

In　this　paper，　the　safety　were　examined　based　on　the

mineralogical　studies　as　well　as　on　the　soil　constants．

Speciall　attention　was　paid　on　the　effects　of　compaction．

In　the　following，　some　significant　results　obtained　in　the

present　research　will　be　discussed　in　relation　to　the　safety

ofadam．

　　　　　A．　CoMPAcnoN　PRoPERTIEs　As．A　FANcnoN

　　　　　　　　　　　　　　　oF　PRE－CRusHINGs

　　　As　weathering　proceeds，　grain　size　of　Masa　becomes

gradually　finer　and　the　void　ratio　increases　by　leaching

（Matsuo　and　Nishida，1970）．　At　the　same　time，　the

maximum　dry　density（ρdmax）becomes　smaller　and　the

optimum　moisture　content（Wopt）becomes　greater，　be・

cause　the　speci行c　gravity　decreases　with　increasing　altera－

tion　of　feldspars　and　biotite（Matsuo　and　Nishida，1968）．

Considerable　increase　of　the　speci6c　surface　plays　also　an

important　role．　The　facts　thatρdmax　increases　and

Wopt　decreases　with　increasing　pre－crushing　time　are

probably　caused　because　the　fine　soil　grains　produced　by

pre・crushing　are　quite　resistive　against　the　crushing．

This　is　the　exact　opposit　of　natural　weathering　process．

Soil　grain　is　hardly　crushable　against　pre・crushings　which

is　con行rmable　by　the　microscopic　observations．　That　is，

with　increasing　the　pre・crushing　time，　micro・fractures

becomes　gradually　independent　to　the　optical　boundary

of　the　constituent　minerals（Table　7）．　Soil　grains　of

Masa　is　crushed　or　dispersed　mainly　in　the　direction

perpendicular　to　the　compacted　axis（Tables　4　and　5），and

voids　or　relatively　loose　matrixes　are　developed　in　the

interstices　of　the　son　grains．　However，　pre－crushed　soil

grains　are　hardly　crushable　compared　with　those　of

natural　stat　even　with　a　high　compaction　energy　resulting

high　dry　density．　Moreover，10w　value　of　Wopt　as　the

result　of　pre・crushing　can　be　interpreted　as　being　caused

by　densi行cation　without　mineral　alteration．　The　im－

provement　of　imperviousness　due　to　pre・crushings，　as

shown　in　Table　1，　can　be　explained　as　the　result　of

increased　matrix　and　high　densi負cation．

　　　One　of　the　most　important　result　of　the　present　study

is行nding　of　over　crushing　phenomenon．　The　high　densi－

ty　of　the　pre・crushed　Masa　is　caused　by　the　fact　that　the

interstices　of　between　quartz　andlor　K－feldspar　are　fi11ed

with　clay　minerals，　i．e．，　matrix．　However，　if　the　grains

of　quartz　and　K・feldspar　are　overcrushed，　voids　or　inter－

stices　surrounded　by　angular　surface　of　these　minerals

increase　considerably　resulting　the　re夏ative　decrease　of

the　matrix．　This　fact　can　be　comparable　with　the　gravel

ratio　theory　developed　by　Walker　and　Holz（1951），

though　the　grain　size　is　fairly　different．　That　is，　volume

of　voids　between　the　interstices　of　soH　grains　increase　and

as　the　result，　interference　between　soil　grains　increase．

The　difference　of　the　optimum　time　o£pre－crushing

between　M　and　N　may　be　caused　by　the　difference　of　the

weathering　degree．　This　is　also　confi「med　by　the　fact

thqt　M　is　relatively　fresh　and　composed　of　coarse　grains

such　as　gravel　and　coarse　sand　fractions，　and　also　M　is

hardly　cnlshed．　Thus　the　ratio　between　surfaces　of

quartz　and　K・feldspar　and　matrix　keeps　balanced　with

each　other．　　　　　　　　　　　　レ

　　　　　　　B．“MAsA”幽As　TH£CoRE　MATERIALs

　　　　　　　　　　　　　　oF　RocK　FILL　DAM

　　　The　safety　of　dams　greatly　depends　upon　the　quality

of　the　core　materials，　especially　on　the　imperviousness　of

the　materials．　Generally，　fine　grain　materials　including

large　volume　of　clay　minerals，　such　as　extensively　weath－

ered　soil　mudstone　and　tuffacicious　rocks　show　high

imperviousness．　However，　the　natural　moisture　content

of　these　materials　are　in　genera1，　quite　higher　than　the

optimum　moisture　content．　Thus　the　practical　construc・

tion　process　of　a　dam　have　forced　to　done　in　a　state　of

high　moisture　content．　Accordingly，　the　types　of　ro11er

machines　are　limited　and　a　sufficient　degree　of　compac－

tion　can　not　be　expected．　However　for　Masa　whose

differences　between　natural　moisture　content　and　the

optimum　moisture　content　is　small　can　be　regulated　to　an

appropriate　moisture　content．　Grain　size　distribution　of

Masa　also　help　the　construction．　Consequently，　suf－

ficient　degree　of　compaction　and　imperviousness　can　be

obtained　through　the　process　of　pre－crushing．　For　re－

cently　built　large　size　dam，　sufficient　strength　of　core

materials　is　required　against　earthquakes．　So，　Masa

whose　high　degree　of　compaction　has　a　relatively　greater

of　utility　value．　However，　since　the　permeability　coef－

ficient　of“Masa”increases　rapidly　in　the　range　of　less

moisture　content　than　the　optimum　moisture　contennt，

special　careful　control　of　moisture　content　is　required

during　construction，　and，　particularly，　effect　of　over

crushing　should　be　also　considered．　　It　should　be　noted

that　the　void　shapes　show　a　random　orientation　agalnst

the　compaction　direction．　This　indicates　the　excellency

of“Masa”as　a　core　material　because　of　its　uniform

permeability　which　wm　be　very　inportant　to　water

permeatlon・　　　　　，

　　　All　of　the　investigated　locations　are　close　to　the
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respective　dam，　and　correspond　to　low。relief　surfaces

sqch　as　Kibi　plateau　and　Setouchi　surface　where　weath－

ered　granite，　Masa　is　well　developed．　Such　topog－

raophical　conditions　are　also　important　in　sccuring　a　large

volume　of　Masa　for　dam　construction．

VII．　CONCLUSION

　　　　Since“Masa”has　various　advantages　such　as　well

compaction　by　apProprate　controll　of　moisturc　content
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ　　　　and　high　imperviousness　as　well　as　no　pecu1璽ar　orlenta－

tions　in　its　permeability．　Thcrefore，1argc　sizc刷1　dams

have　been　constructed　in　Chugoku　district　where　granitic

rocks　are　widely　developed．　Sincc“Masa”also　has　the

advantage　that　the　imperviousncss　can　be　improved　by

pre・crushing　process，　relatively　IMe　weathered“Masa”

can　also　be　used　as　core　materials．　Accordingly，　it　is

possible　to　secure　the　required　volume　of　core　materials

cvcn　from　the　limited　possible　sampling　arcas．　The

quahty　of　core　materials　has　bcen　judged　by　various

values　of　civil　engineering　constants．　Thc　cffcct　of　the

pre・crushings　of“Masa”has　becn　judged　bascd　on　the

cxperimental　cngineering　basis，　and　the　detailcd　consti。

tuent　of“Masa”has　not　becn　cxamincd　espccially　from

the　view　point　of　mincralogy．　In　this　papcr，　quantitative

cffcct　of　prc・crushing　were　examincd　from　thc　mincra！o・

gical　view　point．　Microscopic　observation　and　cxamina・

tion　by　X・ray　powder　method　revcal　the　important　miner－

alogical　characteristics　of　Masa　in　rclation　to　thc　pre・

crushing．　Furthermore，　effects　of　ovcr　cmshing　werc

quantitatively　established。　The　rcsults　obtained　should

be　of　significance　for　the　furthcr　safety　in　constructing　fill

dams．
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