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Air Permeability of Undisturbed Soils  

NoboruNAGATA   

1．Introdu（：tion   

TheSoilplaysaveryimportantroleinstoringupwatcrandnutrientsandsupplylngthemtoplants．  
Inaddition，tl－eSOila里socontributestoplant即OWththroughexchangeofgasesbetweentheairandit．  

Theexchangeismainlyduetotheincreaseofconcel－trationofcarbonicaci（igasinsoilacconlpanied  

Withdecompositionoforganicmattersbysoiimicroorganisms．   
Theresearcherwhostudied鮎stly卵SeXChangeinsoilwasBuckingha肌 Heperformedthestudyon  

thebasisoftheFick’slawandatheo叩Ofmotionofmolecules・Fo1lowinghim，manyreSearCllerS（e．g．  
Penman，andTaylor）havestudiedthisproblem．Asaresult，relationshipsbetwecnd主ffusionconstant  

andamontofair一伝iled poresirlSOilhavebecn considerably madcclear・On theotherhand，many  

researchers（e・g・Zunker，King，Slicher，Tamaehi，Mor主shimaandKinoshita）havcperformedresearches  

about air permeabilityく）f soilfrom the viewpoint of airflow owing to difference ofair pressures，  
re卵r（1ingsoilasaporousmedium・However，SOmeprOblemsrelatedtoairpermeabil主tyofsoilhave  

beenrenlained．   

Theobjcctofthisstudyistoclarify relationsllipsbetwcenairpermeability and porestructurcin  
SeVeralsoilsandthosebetweenairandwaterpermeabilitiesinthcsoilsfl・Omthestandpointofair鮎w  

inducedbydifferenceofairpressureslIntheexperiments，undisturbedsamplesofthesoilswcremainly  
used・Inaddition，PaCkedsoilsampleswerealsouscdassupplement．  

2．ExperimentalMethodsandMaterials  

2－1MeasurementofairpermeabiIity   

Measurements 

thoseinlaboratory（；〉・In this study，the following measuring method was used：Fig．lshows the  

apparatusmeasuringaiepermeabilityofsoii・AinFig・1isametalcylinderinwhichasoilsample  
exists・Thecyl壬nderisinsertedintoathickrubberplate，B，inordertokeeptheapparatusairtight．Fis  
atanktopreventasuddenairpressurechangeinagまassvessel，C，WhenavacuumptlmpOraSuCker  
COnneCted wまth the pipe on tilelerthandis working．The volume of the tanlミis aboutlO5cm3．  

Aecordingtosettingupthetank，thechangeofairpressureinCcanbercgardcdtobenegligible．The  
differenceinairpressurebetweenthebothsidesofモi－eSamplecal－bereadtoO．1mm（inwatercolumn）．  
Inaddition，theamountofairflowisrneasuredbyagasnowmeter，D，andthetcmperatureinCisalso  
measured．  

2－2Ⅰ耶eStigatio‡10fvalidityofthe‡）arcylaw   

WhentheDarcylawisappliedtoair鮎wthroughaporousmedium，thefoilowlngequationisobtaincd  

u：ニーゑ  
（1）  

Wherevistheaveragevclocity｝kaistheairconductivity，Lristhecoordinatetakenalongthedirectionof  
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Manometer  

Fig・1AshcematicrepresentationofaI）ParatuSmeSuri噸aircoductivlty．  

theair軌andPistheairpressure・Assumingthatl）脚（侮：dinsityoftheair）‘andv／（）are  

constantand2）thechan酢Ofair軋）Wisdonetlnderanisothermalcon（iition，Eq．（1）istransformedinto  

Eq．（2）．  

γ＝烏α  
（2）  

whereダニβ。兼γ（忍：gaSCOnSでa叫r：temperature），㌘ニ芦α忍r，（声α：theaveragedensityoftlュeair），賞  

and為aretheairpressuresattheinletandoutleto川1eSanlple，reSpeCtively，andエisthelen郎110用1e  
Sa汀1p王e．   

Supposir唱tlュatt苫1eSeCtionalareaofthesampleisノIandthemassofout鮎wingairperurlittimeis」曙  
Eq，（2）becomes  

齢珊か拍融  （3）  

Writil唱ヴfortlle aVerageVOlume ofol1tflowing air王）erunittimeandムタfor（君一番㌔thefo1lowing  
equationisobtaiIled  

ヴ＝A点α  
（4）  

Consequently，ゑαCanbeobtaine（ibyknowingヴ，A，エandム㌘．   
Accordir唱tOIJindquist4〉，theI〕arcylawisapplicablefora蔦owwl－OSeReynoldsnun－ber，Re，issmaller  

than4．Since a sand with a diameter ofl～2mmis commI〕OSed ofthelargestI）articまだs among tlle  
materialstlSedhere，Reofair鮎wthrot唱hitisconsideredtol）ethelargest．TheIそefortlleSandwas  

3．7evenifthemaxifⅥumV呈ilueofa主rvelocitymeasuredintheexperimentsfortlュesamdwasuse（1forthe  

calculationoftheRe．Thisnle妄まnStilattheDarcylawisvalidundertheexperime】ュtalconditionsiIlthis  
study，‡lュadditon，aftercon6rmingtllat，ineachmeasureme姉arelzltionshipbetween△力／エand曾〟と  
waslirlearaSafunctionofJl力，the鮎wasobtainedbymeastIringthegradiento川1eline．Anexamp王e  

OftheresLIltsisshowr主irlFjg．2．   

Therelationshipbetweenairconductivity，ka，andaircontentinasoilsamp王ewaslⅥeaSuredbythe  
fo1lowing proce（lure：1）Firstly，tlle SOiisa呵）leis sattlrate（lwitllWater．2）Then，the wateris dried   
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Fig．2 q／A仙h／Lrelationship．   

s主owly（theairvohmeisslowlyincreased）．3）′rheairconductivitiesaremeasuredatgivenairvolumes  
intheprocessofdrying．  

2－3 Dryingapparatusforsoilsample   

ThedryingwasperformedusinganapparatusshowninFig・3・Ti－eCOnCentrationofH2SOjSOlution  
indicatediユIthe短ureis around55％，and主ts equilibrium relative humidityis about30％．Aまris  
circulatedfromtherightsi（まeofthesampletotheleftsidebyapump・Thatis，1）airpassesthroughthe  
H2SO。SOILltionattherightsideasbubles，2）asaresult，thcrelativehumidityoftheairislowered，3）  

Fig．3 AschematicrepresentatiorlOfapl）aratuSdryingsar王IPle．   
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then，theairgoesthroughthesample，4）consequently，thesampIeisdriedup，5〉theairwcttedbygoing  
throughthesampIcagainpassesthroughtheH2SOdSOlutionattheleftside．Thedegreeofdryingof  
thesamplewithtimcischeckedbymeasuringthcweightofthesamplcatregularintervals．‡naddition，  
thesituationofthesampleisinvel・tedsometimestoenst1reしIniformdryinginthesa明〕k Asaresult，  
distributionsofwatercontentsinsoilsampleswereconsiderablyuniformassllOWninTablel．  

2－4 Materials   

Undisturbedsamplesweretakeninsuchawaytllatl）llOlding；1metalcylinderlVitha主11Sidediameter  
Of4．8cmandalengthof15cmverticaily，thecylinderisinsertedgentiyintoasoillayerwithcarcunjtil  
thesoi王surfacejustemergesfromtlleCylinderand2）thecylinderisdugout，   
Tab王e2showsthesoiltypes，t王1eSOiltextures，theaveragewaterCOntentS言1tthesampli】鳩times，蔓，  

andtheaverageairconductivities，苫。，Ofrespectivcsamplesusc（重here・Inaddition，扇。isanaveragcof  
valしIeSeStimatedat2がCbycorrectlngreSu王tsmeastユred．  

Tal）1el．Exarl叩Ies of distributioIIS OfⅥratel●CO11tenti‡1Sall叩Ies，  

Positio‡10fsall叩1e   Salld   Loam   Cl   

PartofoIlethirdfromo王1eeIld   2（〕   1′0．5 ％   13．5 ％  

Partofonethirdal・Oundmiddiesectioll   11．3   16．0   25   

ParとOfoIlethirdfroIⅥa110therend   10．8   14．0   18   

Total   11．0   1d，7   22   

Table2．PllySicalproperties of urldisturt）ed sa】Ⅵples at sa】Ⅵ1）ii11g time．  

Kindsofsoil Soillayer  Sai叩Iingdepth  Soi】textもIre   

0～：川Cm  S揖yloalⅥ   

30～ 40   Siltycla〉r】oalれ   

Nolldai ‡王Ⅰ   43～ 53   Siltyclay   

Ⅳ   80～ 90   Siltyclay   

Ⅴ   】dO～150   SiltyclayloaIⅥ   
VoIcanic   
ashsoils  I   i5～ 25   Claylo之1111  

＝廿トー1廿   Siltyc王ay   

I王Ⅰ   150～160   Siltyclaさr   
uclai  

Ⅳ   180～ユ90   Cはyloarn   

Ⅴ   240～250   Sandyloam   

300～3iO   Siltyloam   Ⅵ  

Miedai   15～ 25   Sa！1dyloam   

‡崇   

dvO～ 50   S批yclay  
Tsし1ruOka  

65～ 75   SiItyclay   

一anic 5～15   ClayIoam  
shizudai  

‡去  

∫箋0～ 50   ClayIoarn  

8Cl～ 90   ClayloalⅥ   

‡㌫   

40～・50   CIayloa111  
Noぬ－0  

65～ 75   CI芸l〉′   

転   

63％  ユ．1Cnl／SeC  

71   0．73   

104   3．8   

138   2．l   

128   3．0   

98   0．37   

125   】．′l   

131   0．07   

110   9．3   

151   0．d∧0   

‖3   0．70   

】2   3．6   

7G   0．SO   

（；7   ：う．2   

30   2．0   

30   l．7   

28   0．21  

72  2．1  

よj、0  0．37  
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：i．Air‖l11（1uctil・iticゞilndilir・・li］1ed porosiliesofull【Iisturt）e（lsilml）tt！SilttIleSilmplinだti111ぐS   

Generally，ithasbeenconsideredthatthemagnitudeofairconductivityinasoilgrcatlydependson  
theairvolumeinit，TlleaVerageValし1eSOf泉αandair・611edl）OrOSity，為（ratiooftheairvolumetothe  
totalvolume）ofun（listurbe（王differentsoilsamplesatthesamplingtimesareshowninFig．4．Itcanbe  
readfromtbe免guretilata叩relationslヽi！）isnotfoundbetweenゑαalld島intlledほferentsoまIs．Inother  

words，the airconctuctivityis de6ned notonly by thc aircontent，butby the spatialarrangementof  
こIir一別Ied pores．Ttlatis，tlュ鮮e eXistiso】ated air一缶11ed pores wlュichdo nottakepartin airmovelnent．  

Fig．5showsaschcmaticrepresentationofsoilporesbyRode3）．Theairinpore（a）showninthefigure  
isnotconnectedwiththatintheneighbouringporesbecausethepatllSeXistingbetweenpore（a）andthe  
neighbotばirlgPOreSareallblockadedbybondwatel・（waterstronglycombinedbyasoilpartic量e）．The  
airin pore（a）is able to be continuous to thatin the neighbouring pore only after the bond water  
blockadingthepatllbctweenthetwoporesevaporatesbydrying．  

Airイi11ed pore  

簸壬l（cm／SeC）  

◎VoIcanic ash soil  

o Non・VOIca11ic ash soil  

＼＿＿‥＿．こ＿．ご∴⊥二      J J  P8  

0．1  0．2   0．3   0．4   

Fig．4 Re！ations坤）betweell虎αand島atsamplingtime．   Fig．5 Åschematicrepresentationofsoilpores  

（AfterRode）．  

4．Dif鎚rentialairconductivity   

Differentialairconductivityisde6nedbyAk。〟為where∠1k。istheincrementofairconduetivity，k。，  
correspondir昭tOanincrementof為（air一点11edporosity），ム為，atagiven為▲   

Relationships betweenlog h。and鳥inthe respective undisturbedsoilsampIs areshowninFig．6．  
Thesevalueswereobtainedusiれgtheapparatusdescribedin2－3．Afactthatcanbereadeasilyfrom  
the6gurcis：Rclationships betweenlog k。and鳥inaIlthesoilsusedareexpresse（王bythefollowing  
experimer旺alequation．  

log滋α＝α・鳥＋β  （5）  

whereぼZln（iβareconstants．Ofcourse，forasoilinwhicl＝11elog点α～鳥relationsllipisrepresentedby  
twohalfl主neswithdifferentgradientsfromeachother，thereexisttwosetsofαandβcorrespondingto  
therespectivehalflines．rnmanyundisturbedsoilsampies，gaPSWereforme（董betweensoilsampleand   
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Fig・6 Re王ationshipsbetween点αand為forunくまistu王・bedsan叩主es．  

wallofsamplerinthe‡）rOCeSSeSOfdryingbecauseofshrinkageaccompanied totheprocesses．Asa  
result，themeasurementsof点。becameimposs払】e．Conse（iuentiy，theiog点α～為reまationsilipswhjcjlare  
represcntedbytwohai‖ineswcrerecognizedonlyforthesoilsinwhichthegapsweredif免culttobe  
formed．ThesesoiisareNohdai・30c汀l，Udaト240cmandMiedaiassbow11inFig，6．Buckinghalnand  
Penmanhavealsofoun（1that‡inearrelationshipsexistedbetweenlogarithmofdiffusioncoef鮎ientof  
carbonicacidgasandeffectiveairvolumeinsoils．   
Differentiating点。Withrespectto鳥，thefollowingequationisobtaincd  

≒＝2・30αゑα  （6）  

TlleValues ofdifferentialairconductivitiesoftlleSOilsamples at島ニ0．2壬1reShowninTable3．Tlle  

reasonswhyO．2isモakenasavaiueof鳥are：1）Tilea；rpermeabilityat島ニ0．2inmostofsoilsplaysan  
主mportantroleinreiationtoplantgrowth，and2）tlleairconductivityatthevaiueof鳥canbemeasured  
easily．  
Itisobtair主edfromtlletablethattlledifferentialairconductivitiesrangewidelyfrom2to300．Int壬1e  

following，therelationshipsexistingbetweendiffererltialairconductivityat島＝0．2andsoilstructurein  
thesoi圭suscdwillbediscussed．Theuscdsoilsarcelasstiedroughlyintothreegroupsbyconsidering  
bot！1theIllagnitudeofthedifferentialairconductivityandthesoilstructureofeachsoil．   

The羞rstgroup：Thesoiiswhosedifferentia主airconducモivitiesat為＝0．28reSmajlerth～まnま（）beiongそO  

thisgroup．TheyareNohdaiI，NohdaiII，NohdaiIII，UdaiI，Ud∈lilI，UdaiVandNobonoH．Only   
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Table3・Differentialail■CO‡Ⅵ丸まCtivitiesclay contentsand】）OrOSities ofsamples．  

Kinds of soil Soillayer   （△lくa／△Pど．〉pa㍑¢．2  Claycor血nt   Porosity   

22  ％   73  ％  

2   30   75  

Nohdai rlI   7   43   81  

Ⅳ   60   50   83  

Ⅴ   80   36   79  

VoIcanic  
asllSOils   2   39   80  

7   41 80  

udai 
IIr   80   ∠13   81  

lV   30   30   79  

Ⅴ   2   13   82  

Ⅵ   30   21   79   

M壷dai   10   48  

Tsurし10ka‡Ⅰ   300   ∠i′2   70  

Non・VOIcanic  
Shizud妄Iii孟   

50   32   52   
ashsolls  

10   30   司′8  

i芸   

2   

NoboIlO  
37   78  

10   44   40  

NobonoI‡isaI10n・VOIcanicashsoilamongthem・TheclaycontentsofallsoilsexceptUdaiVarehigh  
andtheirporevoiumesarealsolar酢・Thesesoiismaybeconsideredtobewelトaggre紳edandconsist  

Ofaggreates（iifferingwidelyinsize・Thisfacthasbeenobservedalsobymicrophotographsfortheir  

thinlayers・Inoti－erWOrds，il－eaCl－Ofthesoi量s，thedistributionofdiametersofporesformedbetween  

theaggre酢teSiscontinuous，an（ltheporevoitヱmeaSaftlnCtionofporesizechan酢SatSOSmOOthly．  
Consequently，thesmallchangeof為，A君わinthevicinityof為芯0■2doesnotinducetherapidchangeof  

tlleair灘edporestructureineachofthem・Moreover，Sinceporesformedbetweenaggregateshavea  

hightortuosityfactor，theincreaseofporesavailablcforair鮎wmaynotresultinnotsomuchincrease  

Oftheairconductivity－ Thesearetlle reaSOnS W王1ythevalues of（△点。／包為）′〕。汲。．2forthesoilsofthis  

即℃叩areSmali▼Illa〔1dition，theclaycontentofUdaiViso最y13％・However，inadditiontoahigh  

porosity，thissoill－aSbeenalsoco！－鮎medtobeaswell・aggregatedastl－eOthersoilsbelon如gtothe鮎st  

groupbytheol）SerVationofthemicropllOtOgraphs．Comsequelltly減esmallvaまueo‖ム巌／履瑞J榊．2for  

thissoilmaybecxplainedbythesamereasonsasthosedescrit）Cdabove．   

′1、lleSeCOndgroup：1、ilまsgrou王）ischaracterizedbythevaIuesof（△点ノム鳥）′か。．2mOrethamlO．Nohdai  

IV，NohdaiV，Udai‡Ⅰ，U（laiIII，UdaiIVandUdaiVIl）elongtothisgroupasvoIcanicashsoils．Tile  

Claycontentsoftl－eSeSOilsarehigllandtheporositiesconsider王Iblylarge．′rhesecllaraCteristicsare  

Similartothoseofthesoilsclass鮎dintothe鮎stgroup・HoⅥreVer，thestructtばeSOfthesoilsarevery  

（iiffere‡－t from those of the soiis of the鮎st group．According to the observation of the micro  

photograp】－S，thestructuresof血esoilsaremassiveandpoor・ag酢e卵ted・Theporesareeompose（量of  
Very負neporeswithinlar酢SOilblocksandcomparativelylargeporesforlⅥedbeモWeeIltlleblocks．The  

latterまar酢pOreSareSimilerto鮎suresandtheirtortuosityfactorsaresn－ail・Consequently，tlleValもIeS  

of（△鬼α／仏為）醐．2；1reab】etobecomeveryIarge．   
Tsも1rLlOkaIIand Shizu（1aiIt）elongモOthis即0叫）aS王10n－Valca！1icash soils．Thesesoils havealso  

massiveandpooトaggregate（istructures・‡nEldd主tionバhereexistmany6ssuresandl〕OreSduetodecayed   
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Table4．Classification of soilstructure based  

ntial 
蔓tlCtivity   

T〉rpicalexa11叩Ie  

Volcallic ash soils Well・aggregated  

＞  （Surfacelayelう  星  

Udai（2′重Oclll）  触regated  

10   Miedai   

VoIcanicashsoils  

1ノ0  
（Subsoilla）7e‡う  Massive   

Shizudai（40cm）  
Poor・aggregated  

roots．shizudaiIIandNobonoII，Whicharebothsubsoilsofnon・VOIcanicdiluvialsoils，maybcalso  

class伝edintothisgroupjudgingfromtheirstructurcs，thoughthevaluesof（ムk。A瑞∫榊2are10・   
Thethirdgroup：Miedai（asandyloam）belongstothisgroup・Asoilclass鮎dintothisgrouphasa  

lowclaycontentandispoor－aggregated・Inaddition，ithasnotlargcporessuchasfissures・Conse－  
quently，the values of（ム鳥α〟為）恥服for soils belonging to this group may be considered to talこe  
intermediatevaluesbetweenthoseoftheiirstgroupandthoseofthesecondgroup・   

Table4showsaclassficationofsoilstructuresbasedonthevaluesof（△点。／仏鳥）1，a奴。．2．  

5．‰沈u（）Sitiesofporesavailable伽rairflow   

kadependsonboththediametersofporesavailabelforairaowandthetortuositiesofthepores・  
Here，tOrtuOSities of pores available for air鮎w on the basis of a relationship between electric  
conductivityofsoilandtortuositiesofporesavailableforwater鮎wwillbediscussedY  

5－1Experimentalmethod   

Electricconductivityofasoilwasmeasure（lbypackingthesoilinahollowboxmadeofacrylicresins  
（2cmX6cmX6cm）inwhichtwosquares（6cmX6cm）ofcupperpolarplatesare長xed2cmaparteach  
other．Connecting the termi11als of polar plates to animpeadance bridge（1kc／sec），tlle electric  
resistance，R，OfthesoilcanbemeasしIred・Then，theelectricconductivityofthesoil，点ゼ，uSi】－gthe  
fo1lowir唱e（luationcanbeobtained．  

点e＝（ン尺（び／cm）  （7）  

whereCisthecellconstantand，inthisexperiment，itsvaiueobtainedbythestandardsolutionofKCI  
waso．166cmMl．Inaddition，eaChmeasuredvalueofkewascorrectedtoavaluecorrespondingto20Oc・   
Threekindsofsamplcswhoseprctreatmentswerediffercntfromeachotherwereuscd；mixturesof  

clayandsand，air－driedsoilsandundisturbedsoils・Fortheformcrtwogroups（samplesA，B，C，Dand  
E），nOtOniyelectricconductivitiesasafunctionofdegreeofsaturation，S肋butaisoairconductivitiesas  
a function ofぶα＝W佑（陥芯VOlume of air・点11ed pore；鴇＝pore vO壬ume）were measured．On tl－e  
measurementsofairconductivitiesoftheformertwogroups，Samplespacked主naglasscylinderwitl－a  
4．7cmofinsidediameteranda15cmoflengtllWereuSed，reSPeCtively．   

Mixtureofc】ayandsand‥ThesizeofthesandisO・l～1・Ornm｝andthatoftheclayis＜0・05mm・The  
threekindsofmixtureratio（sand／clayinweigllt％）wereadopted．SampleAconsiste（lofonlysald・  
ForsampleIう，theratiowasl事0，an（1itw；lSO・5forsam‡）1eじ   
Disturbedmaterials：Twokindsofair－driedsoilsample＜1，Ommwereused．SampleDisapaddy  

6eldsoilinUdai，andsampleEisanuncultivatedsoilinOkunakayama・BothsoilsarevoIcanicash   



AirPermeabilityofUndisturbedSoils  43  

0IlValues of diffc‡・eIltiaiair coIldtlCtivities．  

CllaraCteristicsofi）OreS  

t  

COl・reSpO11dingtoP払＝0．2  

cha聯il－reditlS   ’rortuosit〉7   

e  

〕  SIⅥa】l  Lal■ge   

e  Middle   Middle   

o  

】  Large   Snla11  

Soilstruct  

Richin fin  
aIld poresl  
aggregates  

Poorin fin  

Con叩OSed   
anくまa few  
bloclくS  

soils，andtheirgrainsizeaccumulationcurvesareshowrli11n思7・   

Undisturbed materials：The soilsamples used were Noll（iaiII，UdaiV，Miedai，TsuruokaIIand  
NobonoII．  

5】2 Experimentalresults   

5－2－1Reiationsllipbetweenlog点and5事   

Thevaluesoflog点αforsamplesA，玖C，DandEaresi10WnaSafunctionofぶα（ratioofaiト甜edI）Ore  
volumetototalporevolume）inFig．S，reSPeCtiveiy．Atelationshipsim主iartoti－OSefoundbeforein  
Micdai，NohdaiIIandUdaiV（Fig．6）isrecognizedineachsample．Nameiy，therelationshipforeach  
sampleisrcpresentedbytwohalflineshavingdifferentgradientsfromeacl－Other・Inaddition，Wyckoff  
andBotcst10）alsohavefoundth姉intheexperimentaboutthemovementofmixedfluidofwaterandair  
passingthroughaporousmcdium，thereiationshipbetweenlog点gandSawasexpressedbytwostraight  
linesasshowninFig・9一点gindicatestheratioofairconductivityatagivenSatothatatSw＝0・   
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ka（cm／sec）   

S
 
 L」⊥⊥⊥」⊥⊥⊥－こ」」  

0  0．5  1．O  

Fig．8 Relationshipsbetween点αan（15αforA～Esamples．  

5ベト2 Relationshipbetweenゑゼand5－ぴ   

Severalexamp‡esoftheexperimentalresultsabouttherelationshipsbetweenゑeand5－wareshownin  
Fi酢．10andll．Ascanbereadeasilyfromt圭一e毎ures，tl－erelationshipforeachsampieis叩reSented  
byasmoothS・Shal）edcurve．Readimgvaluesof（離ノ英一リ）fromeachcurve，a（d点e／億ぶMトぶ脚CurVe  
havingonemaximumisobtained事 Asamattel・Offact，thevalueofぷひatthemaximumisequaltothat  
ofSwatthepointofin鮎ctionofeach ke－Swcurve・ThevaiuesofSwwrittenintoFigs・10andll  
denotethoseatthepointsofin鮎ctionoftherespective巌－ぶwcurves・  

6．A‡は1ysisbasedonaeapil重arymodel   

Airinasoi＝lowsthroughonlyair一別Iedpores・Ontheotherhand，eiectriccurrentinas（）ilmaybe  
consまderedto鮎wthro噸honlywater－61Ied主）OreSbuモnotthro噸hthesoilsoli（l・   

Supposingtl－atthedifferenceinelectricpotentialat汁把botl－endsofasoilcoluInn，Whoselengt圭一isエ  
andcrosssecでionai～1reaisノl，isgandtlleapparentCurrentintensityモhroughthesoilis‡，aCCOrdil－gtOthe  
Ollm’slaw，thefollowir喝eぐIuationisobtained  

d∫ニか・dゑα  
（8）   

Nextly，aCaPillarymodelfortheabovesoilcolumn，Whicl－Satis茄esthefollowingassumptionswillbe  
esモablishe（l．1）Eachcapi11aryinthecolumniscontimuousfromanendofthecolumntotheotherend，2）   
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Fig・9 Relationshipbetweenゑ。andぶα（AfterWyclくOffandBotset）．   

thetotalnumberofcapi11ariesfiiledwithwaterisNand3）thenumberofcapillaricswitharadiusThand  
alength／乃inがん．Then，tbefolloⅥringrelationisobtained  

ⅣニdⅣ1十都十……＋鵡＋‥‥‥  

Ontheotherhand，theelectriccurrentiwhich鮎wsthroughacapiuarywitharadius7hiscxpressedby  

巨＝鹿川・方か  
（9）  

Wllere滋ewistheelectricconductivityofthesoilwater．   
Assumingthateverycapi11arywitl－aSameradiusis蔦Iledwithwateratasametime（asamcsuction），  

infinitesimalchangesofIandSw，dIanddSw，inducedwhend賄piecesofcapillaricswitharadius7hare  
伝Iiedwithwateratagivensuctionaregivenby  

d∫ニf鵡＝d点¢W・汀r孟・鵡  

、・ 
∴ ・・‾  

WherePistheporoslty．  
SubstitutingEq．（10）intoEq．（軋thefo王lowingequationisobtaiIled   
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Fig．10 Relations埴〕Sbetween点eand5抄forUdaiilndOkunakayamasoils．  

0．5  1．0  

Fig．11Relationshipsbetween点eandぶぴforUdai三indMiedaisoils．   
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戯付与・鯨鸞・ 鵡  

Consequently，Eq．（13）isobモainedfromEqs．（11）and（12）．  

∴ 
． ー・．   

（12）  

（13）  

WhercCl＝kewPand7L＝ln〟′・Cleariy，ClisaconstantforanidenticalsampIc，and7Lindicatesthc  
tortuosityoftheeapillary・Eq・（13）meansthat（dke／／ぶ。）isnotdepcndenton7bandvariesinverselyas  
OnlyT芸・Onthcotherhand，iftheincrementoftheamountofair鮎wpassingthroughasoilcolumn，  
煎，depel－dsononlytl－eChangeofゑα，aCCOr（li咽tOtheDヱIrCylaw，thero1lowingrelatioIlisobtained  

勾＝月・掌・鴎  （14）  

Assumingthat‘賄piecesofcapi11arieswitiュaradiusThandalengthlnarefiuedwithairatasametime  

andapplyingtheHagen・Poiseuiilelawtotheair鮎winthecap主uaries，WeObtaまn  

汀J・迅㌦  

軸αJ陀  

勾＝J㌢ヂ㌢・鵡  
（15）  

Where〟αistileCOe路cientofviscosityofair，  

AccordingtothesameprocedureasthatusedtointroduceEq．（11），thefo1lowingequationisobtaincd  

がα＝・鵡  
Where‰isthedegreeofairsaturaモior‡．  

FromEqs．（15）and（16），Eq．（17）isgotten．  

、－－  
1  ・－  

（16〉  

（17）  

where C2＝jγ8拘aIld7も＝g7‡′L．  

Eq・（17）indieatesthat（dka／／乞ば。）isproportionaltor芙andvariesinversclyas T完．Thus，WeCanhave  
（d‰／′読S∽）and（d点描ぶ～lSafunctionof：㍍and7も．  

7．でransiti（〉npOintofp（〉reS   

Asdescribedbefore，therelationshipoflog点aandSainasoilarerepresentedbytwoha王flines．Here，  
theintersectionofthetwohalflineswillbenamed〃transitionpointofpores・けThen，theequationsforthe  
twohalflinesaregiven，reSPeCtively，by  

（点ふ＞点。 Or （ぶJr＞ぶα  

log点。＝α．5－α＋β1  

点α＞（ゑJ7・ Or  ぶα＞（ぶふ  

log点α＝α2ぶ¢＋β2  

wbere（ゑふand（＆）γdenotetheva壬uesof点αan（1ぷαatthetransitionpoi叫reSpeCtively．   
Table5showstheva圭uesof（Sa）Tand（Sw）T＝ト（S。）randthevaluesofSwatthel）Ointsofin鮎ctionin  

鮎－ぶMCurVeSforthesamp重esused・Fromthistabel，itcanbefoundeasilyineachsample，thatぶwat  
thetransitionpointisapproximatelyequaitoSwatthepointofin鮎ction・Inthefollowing，thephysical  
meaningof“†′ranSition王）Oir主t”basedontheabovefactwillbediscussed．   

DiffentiatingEq．（18）and（18′）withrespccttoS：thefo1lowingrelationisobtained   



NoboruNAGA′rA  48   

Table5．ValtleS Of S and S at trallSition point andinfiectio11pOint．  

Inflec  
Sample  co11du  

Sa   S、y   

（垂San（l   0，66   0∴う∠i  

㊥Sandl：Clayl   0．58   0．42   

⑥Sandl：（：1ay2   0．43   0．57   

㊥udai・air・dried   0．35   0．65   

⑥Olくtlnalほyama・ail－・dried   0．41   0．59   

Nohdai（30clⅥ）   0．J蔓4   0．56   

Udai（240cm）   0．44   0．56   

Miedai   0．61   0．39   

Tsuruolほ（40cm）  

Nobono（40cm）  

POint of electric  
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＝2．30¢1ゑ。（（ゑふ＞点α）   

＝2．30α2烏α （点α＞（ゑα）γ）  

Eqs．（19）and（19’）indicatethatthedk。／／狐～Sacurveisdiscontinuousatthetransitionpoint（Fig・12）・  
Inaddition，fromFigs．（6）and（8）therelationαl＞α2Canbeobtainedeasily・   
Thedi＄COntinuityof（dk。Ww）at（S。）rshouldbeconsideredtobeduetothediscontinuityofTbatthe  

transition point．（戯誠varies proportionally as r急andinversely as71荒as sllOWnin Eq・（17）・  
Consequently，ifTもand7Larebothcontinuousatthepoint，（dk誹a）mustbenotd主scontinuous・On  

Sat  
s札  

王㌻ig・12 SchematicrepresentatiomsofrelationshipsbetweenゑαaI－dざqandl）etWeen  

（d鳥〆こば。）andぶ。義   
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theotherhand，thediscontinuityof（戯忍儲M）at（ぶぴ）risnotfoundineacll盈e…β餌CurVeinFig．11，Whiie  
（dke／七ばw）isininverseproportiontoTえin（1ieatedinEq．（13）．Thismeansthat7Lchangescontinuously  
at（Sw）r・Therefore，7うIhastobediscontinuousatthetransitionpoint．Inotherwords，thoughthevalue  
Of′－1decreases gradually asぶαincreases except the vicinity of t圭一e tranSition poi叫れidecreases  

（liscontinuousiywithsiightincre之iSeOfぶαinthevicinltyOftlletranSitiorlpOlnt．   

Nextly，ぶαWil長bedまvidedintohvore裏ons・Re如onけ1き，了1‘lりwhere（ぶJγ＞ぶαandRegion（r∈21ri2き）where  

ぶα＞（ぷα）r州，al－d characteristicsareconsideredinchangesof箭and7も／℃ェwith5αintherespecモive  
re如ns．Re由on（r‖j，ア‖j）：Asarnatteroffact，7欄り）decreasesasぶαincreases，Namely，謹＞雄一l＞濫2．  
Gemerally，thenumberoflargeporesislessthanthatofsma11Ⅰ）OreS・Tl－erefor，alargecapillarywhichis  
formedbyconnectionofmanyiargeporesmaybeconsideredtobevcrytwisty．Thismeansthatthe  
largerr（l｝is，thelarger了1－1メbecomes．Thatis，7Y崇き＞7’監，＞r崇ミ2．Thisinclinationcoincideswiththe  

COnC王usiol－ObtainedfromEq・（13）andFigs・（10）and（11）．ÅccordingtoEq．（19），thevalueof（d点α／／ぶα）  

iTICreaSeWitl－ふsince点αincreaseswithぶ。1′rhisindicatesthaモ（7も／7；）2inEq．（17）increaseswithぶα．  

Namely，  

＜く「  

Asdescribedbeforc，（dh。MSa）becomesdiscく）ntinuousatS。＝（S。），1（thetransitionpoint）becauseofthe  
discontinuityof鞠・Aftercrossingthetransitionpoi鴫（離α／t搭Jisexpressedl）yEq．（19′）．Asstated  
before，α2isE（i．（19′）issmaliertbaIlαlinEq．（19）．Onthecontrary，（d点e儲w）isconぬousatぶαニ（ぶ。）r  
asshownil－Fig・ほ Since（戯¢儲け）showsthemaximumvaitleatthel）Oi叫thetortuosityofcap主1まary  
aspatl－Ofwater，箭，becomestheminimumv妄l蜃uenea＝hepointasunderstoodeasiiyfromEq．（13），  
Region（r－2き，r｛2り：デざ2きciearly decreases withぶ。in tl－e Same manner aSin Re如on r崇き＞㌻諾Ll＞㌻諾ミ2．  

Accor（li咽tOEq・（ユ9′），tl－eVaiueof（dゐα／儲ざ。）increaseswitl－ふ′ Consequently，COnSideringEq．（17），We  
obtain that  

Sat  sw  

Fig・13 Schematierepresentationsofrelations坤）Sbetween点々andぶぴandbetween  

（dゑゼ爛M）andぶ抄   
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ア諾き＞γ崇ゝl＞r諾ゝ2and蕃＜磁＜教  

However，SillCeα1＞α2，thedegreeofincreaseof（㌻崇ソγ実りissmallerthanthatof（r崇ソア；至り．0！1theother  

hand，aSdescribcdbefore，thetortuosityofc叩iuaryaspathofwatershowstheminimumvaまueatthe  

transitioIュpOi叫and，afterthat，it主ncreaseswitIlぶα（refertoE（i・（13）andFig・（13））・Tま－ismaybedueto  

afactthatelectriccurrentllaStO鮎wtllrOugharoundaboutpathbecausewateト点Iiedporesarescattere（l  

inRegion（7・そZ），γ－2j）．   

Thecharacteristicsinchangesof7Land7写l／7もwithS。describe（labovearenotinferedonthebasisof  

enoughexperimentalresults．Furtherstu（liesareneeded・  

8．Est壬mationofam（）unt（）fimmobilewater  

8－1Intro（】uction  

‡thasbeenknownwellthattheDarcylawisvalidforaowofnuidsuchasairandwater．However，  

evenwhenwater鮎wsthro咽hasaturatedsoil，a王lofwaterintheporedoesnottakeparti11the鮎w．  
Bydagoffskii2）haspointedoutthatapartofwaterinsoilporesisimmobileandtheamountofimmobile  
watershouldbesubstractedfromthetotalamounto川1epOreSOnthecalculationofwaterpermeabi王ity．  
Rode7）alsohasemphasizedthatthereareporesoccupiedbyinactivewaterinaclayeysoil・Thoughthe  
existence ofimmobile water，Wllich can not take partin saturated water且ow，has been recognized  

wideiy，alnethodtodeterminetbeamountofimmobilewaterhasnotyetbeenestabIished，  
Inthiscapter，theauthorwi圭1proposeamethodtoestimatetheamountoftheimmobi主ewaterbasedon  

ananalogybetweensoilporestructuregoverningwater鮎wandthatgoverningairnow，anddiscuss  
somephysicalprol）ertiesofimmobilewaterontllebasisofresultsobtai王－edus主ngtheproposedmethod・  

8－2 TlleOretialconsideration   

Manyresearchesaboutfactorsdetermin主ngtheconductivityofa餌idflowthroughaporousmedium  
such as hydraulic conductivity and air conductivity havel）een Performedin the past・Zunker has  
introducedthefo盲lowingequationexpressinghydraulicconductivityofasoil，kw  

ゑM＝ 
嘉（蓬）2  

（20）  

whereCisthecoef薫cientrelatedtotheshapeofsoilparticles，侮isthecoef重cientofviscosityofwater，  
び主sthespeci鮎surfaceareaofsoilparticles，為～istheeffectiveporosityforwater魚ow，andダisthetotal  
poroslty・   

AccordingtotheKozeny・Carmanequation，kwisgivenby  

1  Jつコ  

点。勅び2γ（1－ア）2  
（21）  ム．▲．＝  

wherek。isthecoef鮎ientrelatedtotheshapeofthecapi壬Iaries，andTisthetortuosityofthecapillaries．   
Bydagoffskiialsohaspl・OpOSedthefollowingequation  

α¢（ぞ】Ⅵろ∫）3  

（22）  ムt⊥，＝   
U2   

wherea。istheconstant，andⅥろ′istheamountofinactivewater．  

Inalltheaboveequations，kwisexpressedasafunctionofP Ontheotherhand，aSdescribedbefore，  
点。isgivenasafunctionof為asshowninEq．（5）．Consequently，itmaybereasonabletoconsiderthatP  
or鳥isthcmostimportantfactordeteminingwater鮎worair80W．However，thereseemstobeagreat  
differeneebetweenPforwater鮎wand為forair魚ow．Sinceirnmobilewaterexistscertainlyforwater   
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鮎wasseeninEqs．（20）and（22），ダcannotbeused asamexactin（lexofporeswhicllWaterPaSSeS  
throuか Onthecontrary，becausetheexistenceofimmobiieairmaybenotconsidered，島seemstobe  
usedasanexactindexofporeswhichair鮎wsthrough．PayingattcntiontothediffeTenCC，amethodto  
evaluatetheamounでOfimmobilewateronthebasisofthefollowi11gaSSumPtionsisintroduced：l）The  
factors（lefining点wsuchas UandCfoundintheaboveequationsexccptPandjLwarequitcsametothose  
de6ning点。一 Thatis，tbeconductivityofally魚uid鮎wingthrougiュaporousmediumisdeterminedby  
onlytbecoef長cientofviscosityofthe魚uid，〃，andtheratioofporevolumeavailableforthesaturated  

魚uid80WtOthetotalvoit1meOfthemedium，鳥・2〉Asstatedbefore，a1lofair．fi11cdporesisavailable  
forair鮎w．Ⅰ】10therwords，airintheporousmediumisallmobile．  

Intrinsicperpeability，だ3），isgivenby  

だ＝」数（darcy）    ／）H・〟■  

（23）  

whereβwisthedensityofwater，andgistheaccelerationofgravity．′rbewor（‡ofdarcyshowninぬe  
parenthesisdenotesanunito仁＆ Whenモheamounto＝iowisIcm2／secunderaconditionwheret主1e  
王）reSSuregra（lientislatm／c】n2，thecross・SeCtiorlalareaofthemediumisIcm2and thecoef鮎ientof  
viscosityof月uidisO．01poise，∬becomesequaltol．Odarcy▲   
Asbeingwellknown，ぷisde丘nedonlyt）ytheporestructureofaporousmedium．Namely，itismot  

depelldenton kinds of幻uid．Ifa porous mediumilaS rlOtimmobile water underthesaturated water  
condition，ダisequaito㍍，andダisalsoe（lualto鳥atぶぴニ0・Tllerefore，thefoliowingrelationcanbe  
expected  

gα（atぶぴニ0）＝g餌（atぶぴ＝1）（darcy）  （24）  

WhereKaandKwareintrins主cpermeabilitiesforairandwater，reSPeCtively．ThevalidityofEq．（24）has  
beencontirmedusingporousmediahavinginactiveparticlesurfaces（havingnotimmobilcwater）suchas  
asandstone・Table6s圭一OWStheresultsobtainedbyMuslくat5）・Theagreementofだαandぷwisvery  
good．  

1、a！〕le6．ⅠIltl■iIISic permeal）iiities of sands and sandstones．  

Samples  
K．   

nleS】1SaIld   139．40（王も0）   

0  22．00（H20）   

s  i．20（CCld）   

s  1．57（H20）   

s  1．63（H20）   

s  Ki－                 139．13  ユ．50（H20）  

80～10  

No．1   

No．2   

No．3   

No．4  

However，aS，inacascofsoil，immobilewaterexistsinthcpores，thetotalporosity，君islargerthan  
j㌔．ThismeansthatK。atSw＝OislargerthanKwatSw＝1．Thatis，為becomesequalto鳥atagiven  
degreeofsaturation，（Sw）1bn伽＞0．Then，thefollowingrelationmaybeexpected  

j㍍（at（ふふか鞠）＝だM（atぶt〟＝1）  

Inversely，i川1eValueofざwwhereぷαニ見紛atふヂ1，Canbefounditwillbeexpectedthatthevalueis  
approximateiyequaitotheamountofimmobile water．Thisistheprincipleofthemethod proposed  
heretoestimatethe amountofimmobilewater．   
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8－3 Experimenta‡metllOdarldresults   

8－3－1Measuringmetho（ls   

TheIれeaSurementOfairconductivity，ぷ。，aSafunctionof鳥（ぶ戊）wasdoneus主‡1gthesame叩aratuSand  
bythesameproceduredescribedinCllapter2．Saturatedhy（lraulicconductivitまes，点M，WeremeaSlユred  
usingaconstantheadpermeameter．Sampletubesofglasswitha4．7cn10finsi｛lediameteranda15crn  
oflengthwereused払rsandsan（ldisturbedsoils，a】1dthoseofbrasswitha4．8cmofillSi（ledianleterZlnd  
a15cm ofleI】gth were used forunこ1istur】）ed soiまs．Before measuringゑ勒eaCh samplewas saturaded  

withdeairedwaterunderareducedpressure．Aftermeasuringkw，k。WaSmeaSuredasafunctionof鳥．  
Thevaluesofj㍍and‰werecaiculatedfromtllemeaSuredvaluesofゑαan（1長一〟uSingEq．（23）．′rhe  
watercharaeteristiccurveofeachsamp王ewasobtainedbyusingasuctionplatemethod（＜pF2．0）anda  
centrifugaimethod（＞pF2．0）．  

8－3－2 Materials  

Sands：2～1mm，1～0．5mmandO．5～0．25mm  

Disturbedsoils：Udaipaddyiieldsoil，andOkunakayamauneultivatcdsubsoil．Bothsoilswereair・dried  
amdsiftedthrot唱hascreenwithal．Ommofhole．  
UridisturbedsoiIs：17soilsusedinthepreviousexperiment．  

S“3－3 R（きSults   

TheresultsfortlュesandsareshowninTabIe7．踪1inthetablemeansj㍍atぶw＝0．Ineachsample，  
thevalueofgαagreeSWellwiththatofKw．Thisfacモindicatesthattheredoesnotexist主mmobilewater  
in each sand▲ Thatis，it can be regarded that P＝J㌔in sands．Tablc8shows thc results for the  
disturbedsoi重s．   

Fig．15isaschematicrepresentationofimmol）i王ewater．Itcanberecognizedfromthetablethat j㍍  
becomesequaltogぴataCOnSiderablyhighvaltユeOfぶ甜（57％arld65％）．Inotherwords，theamountof  
immobi王ewaterintheeachsoilcanberegardedtobeconsiderablylarge．Inaddition，thepFvalues  
correspondigto tlle amOuntS Ofimmobile waterforUdaisoiland Okunakayama soilarel，9andl．6，  
respectively．Thcresultsfortheundisturbcdsoils王IrerepreSentedinTablc9．王tcanbcreadalsofrom  
the table that most of soils has a considrabIe amounst ofimmobile water．The average amount of  
immobilewaterforthevalcanicashsoilsexceptUdaiVis55％involumebasisand68％indegreeof  
saturation．ThepFvaluecorrespondingtotheぶ餌is3．0．Ont‡1eOther主1and，theaverageamountof  
immobilewaterforthenon－VOIcanicashsoiisexceptMiedai（Sandysoil）is39％involumebasisand64％  
indede酢eeOfsaturation．Thel）Fvaluecorresporidingtot壬Ieぶ柑is2．6．  

Tal〕ie7．I11trinsic peT－1Ⅵeabilities of sallds  
（dalてyS）．  

Kw   

2～1mlⅥ   9．5米川2   9．2×ltド   

l－い．5＝1】‖  5．6  5．7  0．5～′0．25mlTl  2．5  2．5   
Sa！11Ple  Kzi  

Table8．Amounts ofimlllObjle watel・i11ail・一dried disturl）ed soils．  

Sa】11Ple   （darcys）  toK。＝Kw  恒血mebasis）   

Kw  P絶COrreSPOIlding  Waterco！血nt         Udai  2．2  ：与3 ％  ∠13 ％  Oktlnakayanna  3．9  27  49   
De卵eOf  
Satul■a〔1011  

Ⅵ7ater con蚤ent  

（1靴i如tl）aSis）   
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8－4 Discussion  

（1）Tl－eVaiuesofぶ紺att‡lein鮎ctionpointsandthetま・anSitionpoints，andtheamountofimmobiie  

Waterfort吏1etyPicalsevensoi王samongthesoilsusedareshowninTablelO．Thefactsreadfromtl－e  

tableare：1）ThethreevaluesofSwineachvoIcanicashsoilexceptasarldyonc（Udai）takcasamevalue  

approximately，reSPeCtively・2）Ineachnon－VOIcanicasllSOilexceptasandyone（Miedai）thevalueof  

ぶぴatthein鮎ctionpointisroughlyequaltotheamountofimmobilewater．3＝nsandysoils，Sincethe  

amountsofimmobilewaterarevarysm軋thevzlluesofぶ甜attl－ein鮎ctionpointsandthetransition  

POintsdonotcoincidewiththeamountofimmobi王ewater．   

Theabovefactssuggesttl－atl）inthesoi王sexceptthesan（lysoils，WaterinporesdrainedinRe蛮on  
（㌻まり，r∈1’＝smobileandwaterheldbyporesinRe蛮on（㌻（2｝，ア｛2りisimmobilebecausetheradiiofthel）（｝reS  
areverysmallandthewaterintheporeshasastronginteractionwiththesoilparticles，and2）since，主n  

thesandysoils，theclaycontentsarevery王owandthenumbcrsofporeswithverysrnallradiiarcafew，  

theamountsofimmobilewatermaybecomeextremeiylow．  

（2）Asdescribedinthepreviousciause，botht量－eaVeragearnOuntOfimmobilewaterandthepFva量ue  

COrreSpOnding toitin the voIcanic ash soils areiar那r than thosein tl－e nOn－VOIcanic asllSOils，  

respective重y．This factmay be considered to reaect the structuralcharacteristics ofthe voIcanic ash  

SOils・Inaddition，thepFvaluecorrespondingtotlュeaverage壬ImOuntOfimmobi王ewatercoincideswith  

tl－atCOrreSpOndingtothemoisturecontentofruptureofcapiま1ary bond ofKantoloamobtained by  
Shiina9）・Themoisturecontentofruptureofcapillarybondindicatesthewatercontentwhenwaterin  
Capi重1ariesinasoilbecomediscontinuouseachother・Thisconcept主1aSbeenproposedbyRode．Rode  

hasshowedthatwaterexistingbe王owthewatercontentispoorinmobilityanddif鮎ulttomoveinthe  

liquidstate．Consequently，itmaybeconsideredthattheamountsofimmobilewaterinthevoIcanicash  

aoils obtained here are corresponding to the moisture contents of rupture of capi‡lary bondin the  

respectivesoils．  
Inordertoobtainmoredetailedandmorephysicalknowldgesaboutthestructuralcharacteristicsof  

voIcanicashsoils，furtherstudiesareneeded．  

9．Con（：lusions   

Thefo重lowingconclutions were obtained from the measured valuesofairconductivities，ゑα，aSa  
functionoftheratioofairvolumetothetota重porevolume，鳥，invarioussoils．  

（1）TheDarcylawwasvalidfornotolllywater鮎wbutalsoair鮎winsoii．  

（2）Therelationshipbetweenlog点αand鳥ineaclュsoilwasexpressedbytwohaiflineswithdiff。rent  
gradientsfromeachother．  
（3）Thedifferentialaircon（luctivityobtainedbydifferentiating点。Withrespectto為inasoilisaphysical  

quantityre8ectingthesoilstructure・Itcanbeusedasagoodin（lcxclassifyingthesoilstrLICture．  
（4）The主ntersectionofthetwohaほ1inesinthelogゑα～為relationsllipofasoilwasnamed“transition  

POintofpores・”rnmostofsoilsused，theva壬uesofdegreeofsaturation，S勒atthetransitionpointswere  
approximatelyequaltothoseattheill鮎ctionpointsinrespectiveぶ柑～e重ectricconductivitycurves．Tiュe  
Phy＄icalmeaningof”transitionpoint”wasclari魚edusingacap主Ilarymode王・Thatis，themagnitudeof  

radiusofcapillaryporesavailableforair鮎wbecomesgreatlydiscontinuousatthetransitionpoint．  
（5）TheamountsofimmobilewaterinalIthesoilsusedwereobtaine（1bymeasuringthcrespectiveair  
andwaterintrinsicpermeabilities・ThcpFvaluescorrespondingtotheaverageamountsofimmobile  
WaterforthevoIcanicashsoilsandthenon－VOIcanicasl－SOlisare3・Oand2・6，rePeCt主vely．  
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摘  要  

自然構造土壌の通気性について  

長  田  昇  

土壌の構造を乱さない探土試料について通気性の特性を研究した。充填試料との比較において，また透永性と比較  

しながら，さらに通気間ゲキの屈曲度を電気伝き藤波によって考察しながら，通気問ゲキの特性を次のようにまとめる  

ことができた。   

まず，土壌の通気性ほ透水性と同じように，ある圧力勾配の範囲内ではnarcy法則が適用でき，通気係数によっ  

て通気性を評価できることが実験的に確認された。また，空気聞ゲキ撃と通気係数の間にはそのままでは血発の関係  

が認め薙いが，これは採土試料の状態では問ゲキ内に大気に開放されていない空気問ゲキが残されているためと考え  

られる。そこで，水で試料を飽和した後排水しながら開放状態をつくり，排水過程で空気間ゲキ率と通気係数の関係  

を求めた。その終乱 それらの聞には減産の指数曲線で教わされるような相関関係が認められた。   

さらに，通気闊ゲキの増加に伴なう通気性増加の傾向を示すと考えられる遵免性増大係数を採土試料によって求め  

分類した。その億の大小によって土壌構造が判別され，自然構造土壌の構造性が分類されることが分かった。とくに，  

火山性土壌の衆土と心土の構造の相輿や粘土密土壌と砂質土壌の構成材料の粒皮による構造の相異などが団粒構造の  

指標として明らかにされた。   

その上，通気間ゲキには通気性が極端に変化する特輿点が認められ，その時輿点（通矧瑚ゲキの変興点）を境界と  

して，開放毛管とその屈曲度の性質が質的に変化することが毛管モデルによって考察された。しかも，その時輿点は  

火山性土壌でほぼpIr3．0仁非火山性土壌でほぼpF2．6に相当する毛管径の付近であると考えられる。通気問ゲキと  

透水問ゲキの和琴他の上に立って，自然林遷の透水時雄流動水分螢を昏惜した結果では，ほぼ特輿点に相当する水分  

愛であることが明らかにされ，通気間ゲキの変災点に灘怪する毛管径では土壌の透過間ゲキ特性が大きく変化するの  

であろうと結論づけられた。   

このように，通気性についてDarcy法則を適用して，通気係数で評価することによって，自然構造を乱さない土  

壌試料の問ゲキ構造の指標とその変化の特性を明らかにすることができた。   




