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frictionwas between O．15and O．30according to the specimen height， Hansbo also  

used a kindof floatingring type consolidometer．He measured the criticalforce  

whichis necessary to jack up or jack down the consolidation ring．Andthediffe－  

renceofthese twofoTCeS gaVe the doubleamountofthefriction． He reportedthat  

the friction value varied from17to29％ofthe consolidationload．   

InthesoilmechanicslaboratoryofthePort andHarbourTechnicalResearchIns－  

titute，tWOkindsofthe studies onthis problem had been carried out▲）．Bothofthem  

weretheindirectmeasurements，however，thevaluesof the coefficient of side fricr  

tionobtainedwerefardifferent from the value obtained by the above mentioned  

directmeasurements．Thereforea specialtypeof consolidometer for the measure・  

ment of side friction was made and the direct measurement was carried out．   

Ⅱ   

1．Comsolidomete工・  

The consolidometerfor the side friction measurementis principally of fixed ring  

type asshowninFig．1．The specimen height can bechangedfromlcm to4cm．  

Fig．1－（a）Consolidometer for side  

friction measurement．   

l  

Fig．2－（b）Consolidometer for side   

fric［ion measurement．  
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then to400kg．Ea血consolidationload wasmaintainedfor24hours．In some cases，  

however，theloading duration was extendedto7days inorder toinvestigate the  

effect of secondary compression．   

4．Test】■e邑ults   

Typicalexamples of the measurementare showninFig．2．In this壬igureQis the  

Fig．2－（a）Typicalresults of measurement，  

115eCC lOsec lmln  ・lOhr   lhr  ＝⊃hrldロ∨  】○   

号ここミー  l 10－○  

TESTN0．5  ●くこ：、0  】 ＼ 
0  P＝200kgP＝6．030k舛m丘  

雪ご＼。         ＼ 
OQこ（－kg）  

くこ＼ 
。、  〔〉  ・S：SETTLEMENT（l／100rnm）  

、・ド：：冒さ。               ‾転 8こ丈；－・＼÷⊥   ●，・・・・■．． 
．．．  ●－●●●  

0－ 

・、  
00  

Fig．2－（b）Typicalresults of measurement．  
■ 

loadtra云占hiitted toth6lower porousdiscwhichisequalptothediffeienc。b。tWeenthe  

applied consoユidation］oadand the totalside・friction・Compression of the specimen  

WaStakenasthedifferencebetweenthesettlementsof upperand】owerporous．discs．  

Fig・3illustratesatypicalrelationshipbetweenQandthespecimenheightatcomple－  

tion・Of・24・hoursJloading：  
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′＝意In  Then   

Thecoefficientof side friction f can be obtained by substitutingasarnpleheighth  

and ameasuredintergranularload Ghon thelower end of specimeninto equation  

（4），and we get  

声 ・1n   

With measured valuesof hand Q九，the value of f can be obtained by the  

methodof theleast square using equation（4′）．InFig．3 measuredintergranular  

loads払are plotted against specimenheightsh．Thicklinein thefigure represents  

the valueof Q calculated by equation（3）using the f value obtained from test  

results．For each series o董test，it was found that the relationship between払and  

h can bewe11represented byequation（3）forthe consolidation stagein which the  

consolidation pressure waslargerthan the preconsolidation pressure．  

0.1 l．0  100  

P （kg／Cm2）  

Fig．4 Relationshipbetween匂／Pand consolidationpressureP．   
wllere hois theinitialheight of specimerl，   

Fig．4showsthevaluesoffobtainedfrom each seriesof test． The preconsoli－  

dationpressureof clays usedwasbetween O・8andl．Okg／cm臣，and the value of f  

was between O．15andO，30for consolidation pressurelargerthanthe preconsolidation  

preSSure・   

Meaneffectiveconsolidationload Q at complete consolidationis expressed from  

equation（3）as  

｝若鳥 
÷！： 

百＝Qg・dg＝哉（1－e）  

－ 7 一   
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P′（kg／Cm2）  
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0 4  

」  

Fig．5－（c）Relationship between Q／P andcoefficient of side   
frictjon f and consolidation pressureメ，．  

P（kg／Cm2）  

l．0  】00  
0
 
 
0
 
 

0
 
 
9
 
 
 

0   

0   

8
 
 
 
7
・
 
 

l
Q
冒
 
㈲
 
 

Fig．5N（d）Relationshipbetween奄n）andcoefficien【ofside  
friction f and consolidation pressureメ，．   

Fig．6showsthere】ationshipbetweenす／Parldh／Rinthe conventionalconsoli－  
dationtestatcomp】etionof24hoursloading・InthisfigureQwa戸Calculated by  

equation（5）usingthemeanvalueoffcorrespondingtO・■e去ch至zconsolidafionpressure  

showninFig．4．InJapan，SPeCimen size ofR＝3．25cmand h＝2cmiscommonly  
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void ratio eand consolidation pressurdat completion of 24hoursloading． hlthis  

figure，♪isanapplied coTISOlidationpressureand♪isthe mean e董王ective consolida－  

tion pressure corrected forthe side friction．  

P，P（kg′cm2）  

0．1  l．0  10．0  

Fig 7－（b）e－log♪and e－log♪relationships．  

P，P（kg′cm2）  

0．1  し0  10．0  

Fig 7r（C）erlog？and e－log♪relationships．  
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Fig・8－（b）Coefficient of volume compressibility〃iv．   
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Fig．8－（c）Coefficierlt Of volume compressibilitY  
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Fig．9－（b）Coefficient   

Of permeability，  
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Fig．9一（c）Coefficient   

OL permeability h．   
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Since the value of cv has no direct conTleCtionwiththe pressure，the correction  

forthe side friction need not be considered for cv．Andthe effect of the side fric－  

tionis to be considered onlyin the plotting of values againstconsolidation pressures，  

i．e．cv value shouldbeplottedagainst♪．  

Valuesof mv and k becomelarger by correcting them for the side friction，  

however，thepressure correspondingtothe corrected mv andk valuesistobe redu－  

cedtothemean effective pressureA From Figs．8よnd9it would be concluded  

thatthesidefrictionhasnoappreciabJeeflect on themv vs♪andkvs少relation－  

shipin such a way of representation．   

6．AtLalysis of the sidefrictionin partial1y conBOlidatedstate   

In this section the concept of side friction shall be extended to the partially 

consolidated state．Taylor had also carried out an analysis onthe partial1y consoli－  

dated state using an averageintergranular stress claculatedbyan average degreeof  

consolidation．In this present paper，the following assuInptions are made；  

（a）The side friction depends so】ely on theintergranular stressin clay．  

（b）The distributionof thesidefrictionischaracterizedby equation（2）．  

（c）The process of conso】idationis defined by the Terzaghi’s approximate solu－  

tion of consolidation．   

In the Terzaghi’s approximate solution of consolidation，theisochroneis assumed  

to be a parabola and anintergranularloadina sample at depthzis expressed5）  

（ノi雪守百豆一之）  ・T≦一  Qg＝△P   … （6a）  

12 T H2 

QL＝△Pトe 
‾（3T‾i）音（2H－Z）T・T≧孟   … （6b）  

where Q．：intergranularloadin a sample at depthz，  

T：time factor，  

H：1engthof drain path，  

z：depth from the drainage surface，and  

△P：consolidationload．  

As shownineq11ations（6a）and（6b），theintergranularload has the di王‡erent expre－  

ssions dependingon tne timefactor．Itis dueto the fact that，in the Terzaghi’s  

approximate solution，the principalaxis of parabolais atz＝H when T≧1／12，andat  

z＜HⅥrhen T＜1／12．   

Whenthesidefrictionistak占nintoconsideration，theintergranularload Q霹1in  

partiallyc？nSOlidat6dst竺teisdbtainedbysubstitutingequation（6a）or（6b）intoequaq  

tion（2），aS  

Qダ′＝Q才一昔～：Qg′か  ・‥ （7）   

－17 －  
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thenthe totalside frictionin the case of double drainage consolidationis  

F＝Q2H－Q2tリ  

in whichQ2H and Q狙．jaretheintergranularloads expressed by equations（6b）and  

（8b）respectively．   

Abov岳stated situationsareillustratedinFig．11．AsaneXample．theisochrones  

atT＝0．02，0．4andl，O withf＝0．4are shown and comparedwith thatgiven by  

the Terzaghi’s approxihate solutionin Fig．12．  

Fig．12 Comparison・Ofisochroneswith and wjthout side friction．  

For thefirst stepofloading the proceduresof the analysis for T＜1／12 areas  

follows．Thedepth2’，atWhichtheintergranularload Q，10f equation（8a）vani－  

shes，is obtained as  

‾許′＋ 

z′＝（昔＋β）－e（掌貴＋β）  

Rewritingtheabove 

the relationship between T and f as 

一計 

搾＝（音＋ノ珂－e（苧′＋昔＋ノ珂・ ∵（13）  
Alter．obtainingthevaluesofnforvarionscombinationsofparaⅡ1eterS fand＆てthe  

totalside frictionFis given as  

（ノi宮戸戸一作H）2  ＝△P（ト為2   … 
山）  F＝△P－Q”H＝△P   

12TH2  

Therefore，if values ofFandα′＝R／H areknown，the magnitudeof the coefficient  

of sidefrictionfcan be obtained．   

Forthelaterofconso］idationatT＞1／12・theintergranularloadatthelowerend，  
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Ⅲ Considerations  

Itis noted that the value of the coefficient of side friction does not show Las  

much difference as expected by the deviationin the stiffness and consistency Lof  

Clays．Itmight bequalitativelysaid that the valueof fincreases withincreasing  

values ofIp，Clay contentand soilstrength．And the value of f，regardless of the  

type of clay，SeemS tO COnVerge tO theidenticalvalue of O．15forlarger consolidation  

pressure as showninFig．4．However，theinterLrelationship between the value of f  

and theindex properties of clay couldnot be found out from thelimited number of  

te5t5．   

In the preceding sections，the analysisof side frictionis based on the Taylor’s  

analysis．In his analysis，aS Wellasin that by MuhsandKany，the side friction was  

consid早red entirely frictionalinitsnature．On theotherhand，if the side frictionis  

considered to be entirely cohesiveinitsnature，it ts noted that fully mobilized cohe－  

sive resistance over allside surface of clay specimenis welllargeithan the mea5u－  

red totalside frictionin the present tests．   

Ⅳ Concl11Sion  

As the result of measurements and analyses of the side friction in consolidation 

tests，itis concluded as follows；  

（a）The coefficient ofside frictionin conventionalconsolidation testsis between  

O．30and O．15according to the consolidation pressure at completion of 24  

hoursloading．  

（b）The meaneffectiveconsolidationpressureinthe commonlyusedsizeofspeci・  

menis about75to90％ofan applied pressure？t COmPletion of24hours  

loading．  

（c）Theexistenceofside friction doesnot affect themv vs♪and k vs♪rela－  

tionshipsin such a representation as specified h theJIS A1217，in which  

logarithms of the coefficients are to be plotted againstlogarithms of mean  

consolidation pressure．  

（d）Within a single process of consolidation，the coefficient of side friction dec－  

reaseswithincreasing degreeof consolidation．  
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