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Eval11ation ofResistingMoment Against Slidingas RotatingMass  

MASATOSHISAWAGUCHl＊  

SYNOPSIS  

Asone of calculation methodinstabilityanalysis oflow embankments on clay  
was the evaluation of resistingmoment proposed，aSSumingthat thesliding soilmass  

wasa rotatingt）Odybysuch a reason．whytherangeofslidingareawaslimited，and  

moreover，the shape of thecross－SeCtionof theslidingmassmightbea circular arc．  

Asthe groundi＄COmPOSed ofclay，the95＝0analysis could be app］ied thoughthe  

undrained＄trength of claywasassumedtobein proportion with the depth．This  

evaluationwasappliedtoseveralcaseswherethesliding most occures．Finallythe  

formula wa＄demonstratedto the possibilityofcalculating ofthe resistingmomentof  

afootingagainstsliding．  

§1．Ⅰ皿trOdllCtio  

In the case that the range within whichfai1ure occursislimitedinitslength  

and．strictly speaking，thelength of side areasis relativelyin a short distancein  

comparison withitswidth，the resisting moment ac血g on the slipsurfacehasbetter  

to be estimated not onlyin two dimensionalprot）lemt）ut also on both sides of the  

slidingmass；0therwise，the design willbe apt to t）eCOme uneCOnOmical．In this  

reportisa slidingmassconsideredtobe a part of rotating mass and the resisting  

moment againstslidingisevaluated，aSSuming thattheshearing strengtIlOf soilis  

empiricallyin proportion of the depth of the gTOund．In this casethe shearing  

strength ofthesoilisassumed tobegivenby undrained compression strength，and  

alsoitsmobilizationisassumed tobe at the peak value everywhere over the slip  

surface．  

書
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§2．HetllOd of An81ysis  

2－1 E▼alllation   

Supposingthatthesliding of masswithitslength withinlimited range OCCurS  

arounda horizontalaxis whichissituatedatsome height，H；abovethe ground，the  

resisting momentagainstslidingcan be obtained a＄the fo1lowing generalequation，  

＊ Chief Researcher，Soiland Structure Division  

－1－   
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Letus．scrutinizethearea，dF，inthe equationabove・Supposing that the un－  
drained shearingstrength，G，at agivendepth，Z，isin proportion ofthedepth，that  

lS，  

G＝G＋烏（z一月つ  （3）  

where Cもandkare the constantsofthe undrainedshearing strengthwith respect to  

the depth，the resisting force acting ontheinfinitesimalareaisgivenin the form  

dダ＝iG＋烏（z一方）dA  （4）   

where dAis the magnitude of this area andcan be obtained as follows；SuPPOSing  

thatthe angle between the tangent on theslipsurface andtheaxisise，tane＝P（x），  

and so  

dA＝i′（わ＋ガ）secβd甲血  

＝i′（∬）＋ガ）〔i′（∬））2＋1〕1／2（プ甲血  （5）   

where～Disthe angle between the direction of a giveninfinitesimal area and the  

horizontalline as shownin Fig．3．  

Substituting eq．（3）（4）and（5）into eq．（2），We have the resisting moment  

弗＝iニi：。i′（か野〔（拍）｝2＋1〕1′2｛G＋ゐ（z一方）｝坤  （6）  

As zin this equationis  

（′（∬）＋ガ）co叩  

SO，finally，the generalequationin the resisting momentis expressedin the form   

怖＝iニi：。i′（か即〔び傾げ＋1〕1′2〔G＋頃（′（わ＋ガ加0叩一郎擁（7）  
Furthermore，ifル缶，andMk，denotetheterms ofthe equation above correspondingto  
Co andk respectively，   

脇＝G冒：α｛′（折即Ⅳ（∬）｝2＋1〕1′2抽  （8）   

城戸烏‡：～：αi′（小即〔i拍））2＋1〕1′Z〔ぴ（糾助0叩一方〕頑叫九 （9）  

†
■
 
 月■  

α＝COS－1   As  
′（∬）＋月■  

堀二＝2G持ノ（山野〔i拍）捏1〕1′2cos－1  
ガ  

dぷ  
′（わ＋月■  

脇＝烏iニi：αi′（め＋月ザ〔i拍）｝2＋1〕1′2cos叩わ・血  

－2先帝′（わ＋月†〔ぴ′（現2・1〕1′2cos－1  

－ 3 一  

仔   血   
′（∬）＋月■  
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Fig．4  

2－3Case2 Cone  

This caseis not practicable but usefulfor the generalequationin case3．  

′（∬）＝∬   拍）＝  

Ifthese equations are substitutedinto eq．（10）and（11）inthe same way asincasel，  

司；（ガ＋君雄1＋（君）2）1′もos－1  

一打  
（18）   （鉦  

ガ＋∬   

Thoughtheprocess ofintegrationof this equationis omittedhere，aSa reSult，  
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Fig．5  

Substitutingthese equationinto eq．（10）and（11），and expressingthemwith  

dimensionless funCtions，F3and Ga，the resisting moment agalnSt Slidingis given in  

thefom  

肪＝4C。即月2恥4畔点2（G8一昔吊）   （27）  

where  

ダ8（昔告）±i：′点モト跡′恒（（  

Ga（告告）＝iニ′点モト抑′2〔1・（（  

主  

1′2 

主  

旦  
点2   

旦  
点2  

ー 7 －   
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2－6 Ca層e5 SpIlere  

Thisis the case of R＝Rl＝R2in case4．  

Accordingly，the resistingmomentagainstslidingiswritten as follows；  

堀・＝4G鞘′＋躍（c8′一芸可  

where  

（30）  

坑′＝～：′月（1一押2cos－1  〟．～八一  
（31）  d〟  

（1－〟2）1／2  

1′2 
C′＝～エ′もー裾2）1′2ト（芸ト〟2）血  

書＝（1－（芸）2）l′2  

Thesolutionis giveninthesame figure asin case4．  

（32）  

2「－7 Examplel   

If wesupposethat a fai1ure occurswithin alimited area，itisinteresting to  

investigate whatdifferencewi11be made between the case ofincluding the effect of  

theresisting momentactingontheside areason the totalresisting moment against  

Slidingandthecasewherethis effectonitssidesisneglected．Forthispurpose，1et  

us assume D＝H＝6m，G＝1t／m℡and k＝0．125t／m3andmakethevalueof L variable．  

WiththevaluesofdimensionlessfunCtionsinthe figureof casel，Which correspond  

to thecondition above，  

ダ1＝4．2  Gl＝7．0  

怖＝2×1×62×4．2×エ＋2×0．125×63×エ×（7．0－4．2）  

＝453．6エトm ■  

In case3underthe saLme COndition，from Fig．5，  

為＝6．2  G2＝11  

andthen  

弗＝‡×1×68×6・2・筈×64×（11－‡×6・6）  

＝16573トm  

Thus，the ratioofthe combined resisting moment against sliding to that one  

without the effect of the side areas，  

453．6エ  

453．6エ＋16573  

varies bythelength，L，aS Shownin Fig．7．  

－ 9 －   
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Fig・9   

Fig．9istheplotting oithesevalues．ThisshowsthatM，is atthe：mininumat  

Rl／R2＝0．3，thatis，fromeq・（33）together，  

々1＝6m  

皮2＝20m   

Thus，ifthe condition of the groundandthedimension of a footing aregiven，  

theslidingmassasane11ipsoidofrevolutioncanbedeterminedforagivenheight・  

§乱 Conell柑ion  

Ifthe undrainedshearing strength of soilunder a struCtureis assumed to be  
linearwithre5peCttOthedepth，theresistingmomentagainstslidingcanbeobtained  
byassumingthattheshapeofthe51idingmassisa rotating onewith a horizontal  
axisabovethegroundatagivenheight．Whenthestrengthofsoilis unifom，the  
sol11tioncanbe obtainedby settingh＝Oasa specialcase・   

Final1y，theautherwishstoexpresshisgratitudetoMr・Nakase who hadgiven  

much suggestionto thisreport・  

（Received theInstitute，January31，’66・）  
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