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ThepaperdescribesontilereSultsofinvestigatio‡lぬrconsoきidationbehaviorsofacompac仁edsoi王  

COnducte引）yuSingalar酢SCaleoedo】11eter（thesiヱeOftheringis30cmirldiameter8ndlOcmillheigllt）．  

As conll）ared with the results obtained by thelarge scale oedometer and the standard one（6cmin  

diameter，2cminheight），theautherk）undthatbothgaveidenticalvaluesinthevolumecompressibilityof  

C（〕nSO】idationnlu，however，tllereWereSOmeCOnSidarabledifkrellCeSinthecoe琉cientofconsolidationcい  

′rlleSepllenOmenaCantOSOmeeXte血beexplained（luantitヱItivelyapplylr唱tlledimensionalanalysIS  

（Fig．3，4andEq．（2））．  

Settlementversustimeelapserelationshipforacompactedsoilis thatthedegreeofimmediate  
Settlementisla柑e．Thisisrepresentedbytwocurves，Whicharedueto廿把blmediatesettlementand  

thecorlSOlidationsettlement．usinganumerica】calculationmethod（Fig．5，6）．Besides，distributionofthe  

POrepreSSuredu血g抽econso】jdaとOn亡estwa5mea5日redbyasmaijpressuremeterwbjchwasp】8Cedat  

thecenterofthespecimen．  
AscomparedwiththevaluescalculatedbyTerzaghi’sonedimensionaltheoryofconsolidaton，the  

primaryconsolidationsettlementぬraco王T3paCtCdsoilwasfotmdtobethevaljdityofTerzaが’stheoryon  

thesaturatedsoil（Fig．7，8，9aIldEq－（11））．  

Keywords：COITlpreSSion，COnSOlidatio王Ite紙porePreSSure，COmpaCtion，Settiement  

1．Introduction  

Theconsoudationtestisamodeltestinwhichaspecimenofsoilissu旬ectedtopressureinordertopredict  

thedeformationthatwouldoccurtoastratumofsoilundersimilarpressureinthe鮎1dl）．Thesuccessofthe  

test depends on jlOW Wej一触modeltest represents tわe situationin nature．For the case ofrelat呈vely  

hetrogeneousso迅sofcompaction，itmaybedesirabletoperformlaboratorytestsuslngthelargescalesample2）・  

Thispaperpresentssomeexamplesofthebehavioroftheconsolidationofthecompactedsoilbythelargescaie  

Oedometerwithspec血ensaboutlOcminheightand3Ocmindiame仁er．   

Thepurposeinthispaperistodeterminethedifferenceofconsolidationparametersmeasuredinthelarge  

SCaleoedometerandthestandardone（2cm・heightand6cm－diameterspecimens）whenusedthe触e－graded  

SOilas the embankment materials，and to deveiope a触ing method of ca董cu払tion br time－Settlement  

relationshipsobtainedinthelargescaleconsolidationtests．  

The second purpose ofthis studyis describedin which an attemptis made to verifythe theoretical  

distributionoftheporepressureduringone－dimensionalconsoiidationtestsinthecompactedsoilbymeasuring  

theporepressureateachsideoftheringacrossdiameterduringtests．  

罠eceivedJuまy 5，19∂8   
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2．】加scripti（）11αFApparatl‡San（lでestingPl・OCedtlreS  

Fig．1isaschematicdiagramofthelargescaleoedometerapparattlS．Thesizeofthe血gis30cmininside  

diameter，about15cminheigl軋  

Fig．1Sc】】e111aticdiagra】110rlarge－SCaleoedoJlleter（Dime】lSioIISiIl王Ⅵm）   

Theconsolidationpressuresapp】iedtothespecimenduril鳩teStlngarePrOVidedbytherubberjaclくbeing  

錯Iedwithairthroughtheaircompresser．ThecapacityhasbeendesignedbrthemaximumpresstlreOf5O  

kg眈m2．′i、hepressurecanbemaintai】1edbranydesiredvaiuesusingtl－ePneumaticre糾1ators・Inorderto  

counterbalanceselトweightoftheloadingl）istonandtheuppercap，ZerObaianceadjusterismountedoutsidethe  

ring．Throughoutthetesいheconsolidationsettlementofthespecimenismeasuredwithdialgages（1unit＝  

1／10mm）．Aftertestinghasbeena油ievedthespecimenispushedouttherhlgtur11ingupsidedown．   

Thespecimensarefcmnedwithvibratingcompactorintheconsolidationrmg主nfiveliftofapproximately  

equalthickness．Watercontentsanddensityofthetestedsoiiaredependedupontheresultsofcompaction  

test．Inaddition，aPOrepreSSuretranSducerisburiedinthemiddleofthespecimen－ Thepressuringcacityis  

lOkgf／cm2andthediameterofthepressunngplaneis6mm・Theresultsofmeasurlngtheporepressureare  

recordedautomaticallybyadigitalstrainmeter．   

Testingprocedureisbasedonthemethodofthestandardconsolidationtestthrough＋Out．   
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3．SoilDescription  

PhysicalpropertiesofthesoilusedforthisstudyareshowninTablel．  

The soilwろS Pr・ePared by sieving through a No．4sieve（Maximum grain sizeis4．76mm）．’rhe  

relationshipsbetweendrydensityandwatercontentaregiveninFig．2．   

Specificationforcompactiontestisthatvolumeofmoldis2208cm3，heightoframmerdrop45cm，numbcrs  

oflayers5，Weightoframmer4・5kgf，numberofblowsperlayer5andcompactionenergy25．3kgfcm／cm3：3）．  

Mainpu叩OSeadoptedtま扇sspeci点cationistoprepareforthestudyofthesoil扇tll餅aVeiトsalldm反ture，最知ture．  

EachsampIesasslgnedanamebasedonacompactioncurve．DlOOsamplemeansthattheratioofaglVen  

drydensitytothemaximumdrydensityisl．Threedifferenttypesofthecompactionsoil，thatis，DlOO，D90，  

andD80areusedinthetest．DegreeofsaturationofDlOO，D90andD80sampleis81．9％，91．6％and93％，  

respectively．DrydensitypdVerSuSWaterCOntentWOfeachsampleisshowninFig・2・  

Tablel Physicalpropertiesofsoi王used  

Speci鮎  2．671  Lesstllan5〃 Cla血一actioll   

群aVityGs  y   12．1％   

LiquidlimitWl．  31．6％  UIl血mity  
COef長cientU。   

48．2  

Plasticlim江Wp  25．9％  
14．0％        Optimumwaとer COntentW 

碑  PlasticityindexIp  5．7％  

Max、dry  1．828  

de】1Sity伽，，∫lX   紳cm2  

Japa11eSeuni点ed soilclassifica 

SM   
tion   

51訂品。ti。。   32．2％  川．ひ   1司．0  】8＞0   22．¢    26．わ    二50．ひ   

ぃale！－m椚ほ‡11w（■㍍）  

Fig．2 Co叩aCぬ－CurVeOrteStedsoilandく1escrlptionor  

tlleeXPerimentatpoints  

4．ExperimentalIモesultsandl）iseussion  

4－1．C鱒錘愈汎姉頑涙裾油再捌鹿砂助川如血相抑制履油沼如痛感血沈聯ほ感Ⅷ   

CoefRcientofconsoudationcvversusaverageconsolisationpressure鈴relationshipsbrthestandardandthe  

largescaleconsolidationtestarepresentedinFig・3，andcoe触ientofvolumecompressibilitymvversus戸  

relationshipsinFig．4．   

lnthecv－f）relationshipsitcanbeseenthatthecvvaluesofthelargesealetestareverydiHerent打omthatof  

thestandardtest，andtheformerisconsiderably】argerthanthelatter・Withincreaslr｝gdegreeofcompaction・  

thepattemoftheva星uesofcvbecomesincreasinglylargeforthelargescaletest・eSPeCiallyitseemstobe  

remarkableinthelowerconsolidationpressurerange．   
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Fig．3 RelationsbetweentheIⅥeanCOnSO紬Itio】－】oadal－d  

とhecoe批ientofconsolidatio11  

0．椚＋0．T （妻．2 0．4 0．8 †．（） 3．2 も．412＞a  
削馴ICOrlS8＝舶＝洲P「eS別汀e P霊√…∴ ＝igr／Cm2）  

Fiきぎ．4 Rel∂tions between tlle mean COnSOlidationload  

alldthecoef丘cie王ItOfvolumecompressibility   

Themvj5rerationships払dicatethatvaluesofmvdecreasegradua艮yasthe郎ncrease・However，thereis  

nosigni鮎antdifferencebetweenthestandardtestandthelargescaletes仁▲   

0wingtoqualitativeexplanationfortbesetendenciestheautherexaminedthedifferenceofthecvandmv  

Valuesinbothtestsuslngthesimilarityrule．  

LandTdenotelengthandtime，andsubscriptssandlindicatethestandardtestandthelargescaletest，  

respectively．  

Then，theratioofsizebetweenthesetwoisasfouows．  

J一．（う 1   
、ご丁∴、ニ∴：：‾∴  

Inthepermeabiiityofthesoilkisassumedtobeindependantofthesizeoftestapparatus，then：   

＝＝1  
∴＝り  

…（1）   

Letc；andc£bethecoe疏cientofconsolidationbythestandardandthelargescaleoedometerring，  

respectively，arelationisglVenaS：   

・rも＝  ‥・（2）  

登＝骨董＝り2・‡＝り  

ltsh。uldben。tedthatthev。宣ue。fthedsh。WSitim。S，thatis，5timesaslargeasthevalueofthecも．  
ワ  

Theresultofthiscalculationagreeswithincreasingofthec。Valuewithincreashgtheheightofthespecimens  

presentedbyotherinvestigations4）・5），anditcorrespondsroughlywiththeexperimentalresultsasseeninFig・3・  

Ingeneraい10WeVer，therelationbetweentheheightofthespecimenandthecvvaluecannotberepresented   
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quantitativelyonasatis払ctorytheoretica憂basis．Fig．3alsoshowstherelationbetweentheexperimental  

valuesandtheresultsofcalculationaccordingtoEq．（2）foreachtest，Showingthescaueeffectsofthespecime  

Clearly．  

Ontheotherhand，thecoe琉cientofvolumecompressibilitym。isde蝕ed：  

r／亡  

J′い‾‾－∴・・  

wheredEischangeinstrainanddp′ischangeineffectiveconso最dationpressure・   

deisdimensioniessand dp′＝1is commontobothtests becauseofadoptingthe sameratioofload  

increment．Therefore，thevaluesofmvareindependantoftheeffectofsizeoftheringused．Whiletheyare  

somewhatscatterdtheyaregenerauyconsistentwiththeresultsoftheexperimentssummarizedinFig．4．   

Asexplainedlaterintt血paper，thevaluesofthecvusedhereweredeterminedby鮎tingmethodof  

CaIculationforthetime－COnSOudationsettlementrelationships．  

4－2．rJJど／〝毎J・血叩汀冊－r川ぶ¢J∫（わ抽JJ5州J川ほJJ＝・ど／〟JわJJ∫Jゆ∫  

（1）A猫払ぬぬ椚俳伽払〆ぬⅧ頑触ぬ叛葎珊血触感弼恥   

Graphicalprocedureshavebeenusedtoobtainthec。Valuesfromtheoedometertests，SuChas，／［  

method6）andcurverulemethod7）．Inthecaseofthecompactionsou，however，thesemethodsaresornetimes  

uselessbecauseofincreaseintheimmediatesettlementandthescatterofoveral1data．  

Theautherhasproposeda鮎tingmethodofcalculationasanaltemativemethod．TheoutIinewiube  

describedbelow．Detai重isshowninreference8）．   

AveragedegreeofconsoudationUinone－dimensionalconsolidationisgivenas9）：   

－、＝－一二＿・1＿∴－∴・・ニーー  

Where，   

〟＝（2扉1）花，が叫1，2，…，   

7も＝cγ・g／〃2：～よ∽どカr紬r，   

（－．・：川（こげ丁（イ（りJ／rイ川JJJ（ノ／J血／／〃〃、   

／J：√川‘】－ノ＝〝、rそ／、／J‘′才力・力／rイ■／／J＝♪什ノ川川．  

…（3）   

Puttingcv／H2＝Å｝the鮎stapproximation入isderivedh・Omaequationincludingthetermsuptothethird  

Orderofthein缶niteseriesofEq．（3）．   

d＝A－β（α入！＋喜が亡＋去c入り  

whereAandBisconst．and   

β＝叩卜（糾あ＝ex王）卜（普）Z），（・ニexp卜（普）2‡  

…（4）   



S弼iINOtJE  56   

Now，蝕dingtimetinterrnsofarithmeticsequenceofnumberstocomrnondifferenceh，then，  

g＝∫。＋ルー1トカ，ソ＝1，2，3，…  

Where， £01Saidtialvalueoft   

Letdレanddい1denotetheconsolidatonsettlementfory＝レ，り十1，uSingtherelation：  

ん・l－dソ＝〝レ▲ト与  

a王1ddenoting：  

α入九＝z、，♂九＝g2，ビス′t＝g。   

Anequationisobtained魚・ornfourequationsinrespectofi／v十与，yレナi，yソ木与andyレ十盲，  

㌔＋α・g2＋β・g＋γ＝O  

Where，  

－（zl十g2＋g。）＝＝8  

gl・g2十g2・g3＋g3・ヱl＝β  

‾‾だl●だ2●g3＝γ  

Therefore，  

〟杵を・γ＋＃り十阜・β＋ガレ÷与・α＋〟レ1・与＝0  

…（5）  

…（（i）  

…（7）  

is derived．   

ForminganormalequationofEq．（7），Valuesofα，βandγaredetermined・BythesolutionandEq・（6），the  

鮎stapproximationof入isobtained簸・omEq．（5）．：horderthatthe入va重uesaresuitable，theconditionhavetobe  

satisfied．  

g＞0：んヱ（g）≦0  

Inordertoobtainthemoreaccuratevalueof入，Onemakesthevaluechangeinthevicinityofthe丘rst  

approximationvalueusingtheequationasfbuowand蝕dsoutaunlque入valuewithiterativecalculationwhere  

thetotalsummationofsquaresoftheresidualdifferencebecomestoaminimumhtheleastsqtlaremethod・  

…（8）   √／＝．・1－β・¢（入・バ   

Where，  

紬）＝£志exp（誹・Å・f）  

AandBare const．  

SOth紙  
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gニ0：d。ニA一方2・風／8  

∠＝∞：d100＝A  

どむ＝Å・〟2  

AgreatadvantageofthistequniqueisthatartiAtialerrorscanberedueedtocomparedwiththeconventional  

graphicmethod，SuChas，thecurverulemethod．Theautherbelievesthatthismethodisvaudfornotonly  

determmlng the estimation ofdata ofthelaboratory test but also ana蜃yzmg the observed time－Settlement  

relationshipsinぬe魚eld．  

（2）γ加髄一抑蛸壷如如㍑捕物研かれ伽α明細効山繭  

SettlementSofthecompactedsoi＝sgene11alypresentedbythesumofthreecomponents，thatis，the  

immediatesettlement（orinstantaneouscompression）Si，theconsoudationsettlementSewithporewaterandair  

drainage，andtheelapsedcreepdeformationafterdrainage，＄OCaued，thesecondarycompressionSslO）・  

S＝Si十Sc＋Ss  

Sothattime－SettlementrelatiorlSinthecompactedsoilindicatecomphcatedshapedcurvesconsistingof  

threecornponentsinwhichtheportionofSiispredominated．   
Itcanbeconsideredtofo1lowTerzaghi’stheoryfortheportionofScsincethe触ingmethodofnumerical  

Calculationpriscribedaboveisappiiedwell．   
TheportionofSiisconsideredaselasticdeformationwithalittledelayoftime（aboutlm虫Iuteinthis  

experiment）．Tosimpli＆thearlalysisofexperimentaldataanattemptwasmadetoadoptthe触ingmethodof  

CalculationfortheportionoftheimmediatesettlementSi．ExamplesoftheresultareshowninFig．5（inthe  

caseofp＝0．2，0．4kg批m2），andFig．6（p＝0．8，1，6kg批m2）如D80sample．  

Fromtheseillustrations，WeCanreCOgnlZethattheabovemethodiseapableoffittingwe量1tonotonlythe  

POrtionoftheconsohdationsettlementScbutalsothepotionoftheimmediatesettlementSi．However，itis  
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Fig．5 Comparisonofmeaseredandcomputcdrelationshipforsettlementversustime（D80  
spe血1en，inthecaseofp＝0・2，0－4kがCm2）   
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Fig．6 Comparisol】Ofmeasuredandcomputedrelationshipforsettlementversustime（D80  

specim叫hthecaseofp＝0．8，1．6短靴m2）  

di琉culttoevaluatethemechanicalsigni鮎anceofthecvvaluesobtainedhere．Theproblemneedstobeapplied  

di鮎rently，uSmgprOCeduresoutside血escopeoftl壷study．   

‡feachportionofSiandSccanbeapproximatedbytwocurves，thedegreeofconsolidationiswrittenas  

buows：  

0≦g≦い旗1－eXp卜財懲g）  

g≧g¢：旗1－；志・eXp卜〟萱go一財2暮れ0））  
仇㌫0  

Where，tOistime－dependentboundarybetweenSiandSc，  

UiisthedegreeofconsolidationofSi，andculitscoe魚cientofconsoiidation，  

UcisthedegreeofconsoudationofSc．  

FromFig．5andFig．6，itcanbeseenthattherangeoftheSipOrtionbecomeslargerwiththeincreaseof  

COnSOlidationpressureandcorrespondingtoitthevalueofcv】alsobecomeslarger．  

（3）か由扇わ視め乃げ肋eカ8γだかes5髄柁f弗娩e砂ecf肌g乃   

Inmeasurmgtheporeprssureinthespecimenduringtheconsohdationtest，thetechniquewhichplacesthe  

PreSSuremeteratthebottomoftheconsoudationce11，hasbeenusedinealierstudies．However，therigidityof  

thepressurepJanehasgreatin鮎enceonthevaluesoftheobservedpressurell）・12）．Inthisstudyasmau  

PreSSurernetermentionedabovewasinstalledatthecenterofthe甲eCimen，andinnerporepressurewas  

measured．Theautherrecognizesthatsuchtreatmentisamainadvantageusingthelargescaleoedometer．  

Underthesecircumstancesitseemsreasonabletocorrectthemeasuredvalueasthereexiststhetime－lag  

betweenioadingoftheconsc＞l主dationpressureandgenerationoftheporepressureowingtotheheighofthe  

SpeCimens（thegreatestlengthofdrainageisabotlt5cm）．   
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Anequationofdistributionoftheporepressurebyonedimensionalconsolidationtheoryisgiven：   

〟＝タ∑意e叩ト〟2・A・抽（薪）  
…（10）  

m牒欄  

Where，P：COnSOlidationpressure，Z：COOrdinateinverticaldirection   

tIldenotesthetimeuptothemaximumporepressureafterloading．Then，aneXtequationisassumed：  

P＝α■ r  

Where Tistime－dependentcoordinatefromOtotl蔓  

αis const．  

Puttingz＝HinEq．（10）andusingarelationdp＝α・dr】3），then  

＿∴∴－：、∴・ ∴‥ －‥ －  
m牒用   

譜∑1諜［exl〕卜肪入・（よ鼎g∫′）卜expト財2・入・£）］  
，n0  

…（11）  

isobtained．   

Fig．7，Fig．8andFig．9indicatethemeasuredandcalculatedvaluesoftheporepressureincontrastwith  

thetime－COnSOlidationsettlementrelationshipsforD80sample．  

Theconsolidationpressureisnotequaltothemaximurnporepressurebecauseoftheunsaturationofsoils  

tested．Tosimpli＆computationtheratioofthemaximtlmpOrePreSSurebymeasurementtotheconsolidation  

PreSSureiscontainedintheαValueofEq．（11）．   

Inthecaseofp＝1・6kgUcm2inFig・7，POOrCOrrelationwasobtainedforthemeasuredporepressurevalues  

versusthevaluescomputedfromtheEq．（11）．Fromthisreasoning，theautherpresentedthedistributionof  

10  1糾  1那沌  軋1  l  

Fig，7 Comparisonbetweenthesettlementandthedevelopmentofporepressure（inthe  
caseoぎpニ＝1，6kg鮎m2，1kg打cm2＝98・1KN／m2）   
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F料8 ComparisonbetweentIleSettlenlentandtlledevelop111entOfporepressure（int主1e  
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Fig・9 Comparisonbetwcenthesettiemerltandthedevclopmentofporepressure（iTlthe  
CaSeOrp＝12．8】唱馳m2，1kg飢：m2＝98．1KN／m2）  

theporepressureasaconsecutivecurveぬrtwopartsconsistingofthecoe抗cientofconsolidationculinthe  

portionofSiandthecvinthatofSc▲ Theyareindicatedinthis魚gurewiththeso最dline．Evenforsuch  

treatment・itcanbeseenthatthecaiculatedcurvedoesnotstrictlycorrespondtothemeasuredvalues，andthe  

CaSepWhichislessthanl・6kgUcm2wasthesamepatternasthis．   

Contrastively，inthecaseofp＝6・4kgycm2inFig・8andp＝12・8kgycm2inFig．9，thecalculatedvalues  

COrreSpOndhirlywe11withthemeasuredvalues・Theseresultsshowthatthecalculatedporepressurecurves  

uslngthecvvalueintheportionofScarecapableofestimatingthemeasuredvaluessuccessfu】lyexceptforthe   
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portionoftheirrmediatesettlementSiandthesecondarycompressionSs・  

Thus，itcanbeseenthattheportionofconsolidationsettlementScinthecompactedsoilalso女）uOWSOne  

dimensionaltheoryofsaturationtosomeextent・   

AAlrtherimprovementispossibleintheteqnlqueinmeasurlngtheporepressureofthecompactedsoii，  

especlalyinthereglOnOfthelowconsolidationpressure・  

5．C（）nClt】t毒orlS   

l．Foreachofsamplestherewasnosigni触ntdifferencebetweenthevaluesofvolumecompressibil如of  

consolidationmvobtainedfromthestandardtestandtheIargescaleone．Whereas，reSultsshowedthatthe  

valuesofcoef6cientofconsolidationcvaregreaterbythelargescaletestthanbythestandardtest・  

2．Dimensionalanalysiswasmadetotakeaccountofdifferencesofbothtests・Theresultswerederivedthat  

thevaluesofcvbythelargescaletestwere5t血eslargerthantheotherandthevaluesofmvwereidenticalto  

bothtests，independantofthescaleeffectoftheoedometerring・Comparedtotestingresults，thevalueofcv  

wasfoundtobewe11relatedtothesizeoftheringoftheoedometer・  

3．Itischaracteristicthatthereexiststhelargeportionoftheirnmediatesettlementinthetime－Sttlement  

relationshipsofthecompactedso銀．  

4．Fortheportionoftheconsolidationsettlement，thecurve触ingmethodbynumericalcalculaltionis  

effective．Adoptingthismethodtotheportionoftheirnmediatesettlementroutinely，itwasseentobeableto  

鮎successfuliytothemeasur肌gValues．  

5．The calculated valuesfrom thepore pressure distributionequationwithtimedependentdelayofthe  

consolidationpressurewerelargelyconsistentwiththemeasuredvaluesobtainedbythesma重1porepressure  

meterwhichwasburiedatthecenterofthespecimen．Fromthisreasonlng，itwasnotedthattheportionofthe  

consoiidationsettlementalsofoliowedtheonedimensionalconsoudationtheoryofthesaturatedsoiltosome  

extent．  
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大数庄密試験機による締固め土の庄密性状について  

井 上 宗 治   

本論文は火薫望月三密舐畿機（リングの大きさ 麗径30cm，高さ10cm）を用いて締固め土の庄密特性を都ペたもの  

である。   

大空撃沈験機と樽準紙験機の訳験偽を比較した結果，体椒圧縮係数は両者の間に大きな差異は認められなかったが圧  

密係数については大型紙憾磯の方が標準祇駿機よりもかなり大きな傾が得られた。 そして，このような傾向が次元解  

析によって愛敬的に説明できることを示した。また，締固め土の圧密沈下魚～時l矧乳係において大型紙験でほとくに  

即時沈下部分が大きな割合を占めることが特徴的である。数値計算法を用いてこの圧礫沈下鼠～時l裾磯孫を即時沈下  

と月；密沈下の二つの曲線で嚢示したところ，計算値は比較的良好に実験値を近似し得ることが明らかとなった。  

・山方，供洗体中に規設した小型間隙圧針によって圧洛中の聞粧圧発座職凍測庖し，測定闊i軌鼠値をテルツァギ⊥の  

一次元メ王密警抜論で計算される催と比較した結果，細岡め土でも正密沈下部分は飽和土渕！論に従うとみなしてもよいこ  

とを示した。   




