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FiniteStrainAnalysisonGeology

DaigoroHAYAsHI＊

DepartmentofMarineSciences，UniversityoftheRyukyus，Okinawa903-O10JaPan

Abgtm⑭t

Basicconceptofdeformationandstrainisdescribed、StraineIIipseand艇ciprocalstra-

inellipsearethenilutroducedastheinterfacebetweendefomlationandstrain・Mohr,scircle

isexplainedasthemagnificenttooltoobtainaxialratioanddi唾ctionofaxisofstrain

usinggraphinsteadofcaIculationPracticaltechniquesinfieIdaredescribedtomeasure

axialratioamddi歴ctionofaxisofstrain・Practicaltechniquesarethemethodsthatuse

thestraingrid,glassshmdandfossils・ｍｅｆａｍｏｕｓＲＩ／ゆtecbniqueisexplainedthatthe

methodisiIwentedfromappIyingthetheoryofsuperpositionofbomogeneousstmin．

Introductiom

Therearetwovariationsinfinitedeformationtheory，oneiscalledgeneralfinite

deformationtheory，theotheriscalledhomogeneousfinitedeformationtheory･Theyare

alsocallednon-affinedeformationtheoryandaffinedefomnationtheory，respectively・

Thehomogeneousfinitedeformationis，ｉｎａｗｏｒｄ，thedeformationinwbichalineis

trａｎｓｆｏｒｍｅｄｉｎｔｏａｌｉｎｅａｎｄａｐｌａｎｅｉｓｔransformedintoaplane・Otherdeformations

excepthomogeneousfinitedefolmationbelongtogeneralfinitedeformation

DeformationthatoccursinnatureisinhomogeneousfinitedeformationAnygeological

largedeformationthusshouldbetreatedwiththegeneralfinitedeformationtheory・The

generaltheoryis，however，toocomplextohandlethegeologicaIstraininpracticeltreat

thereforeofthegeologicallargedeformationashomogeneousdeformationThus，the

deformationdescribediｎｔhepaperisthehomogeneousfinitedeformationTheoryof3-

dimensionaldeformationisnotdescribedhere・

Iconsidertheconceptofhomogeneousdeformationandthedefinitionoftechnicalterms

ofdeformation，ａｎｄｔｈｅｎｓｈｏｗｈｏｗｔｏｃｏｎｓｔｒｕｃｔｔｈｅｃｏnceptofstrain・Severalmethods

areintroducedtogetstraininfield,ｆｏｒexample，ｓｔｒａｉｎｇｒｉｄａｎｄｇｌａｓｓｓｈａｒｄａｎｄｓｏｆｏrth

AllthemethodsexplainedherearedifferentonesthanthosedescribedbyRamsay
(1967）andRamsayandHuber(1983）intermsofusingstrictdefinitionofthesignof

angles・Thepaperdescribesclearlyhowtomeasureanglesclockwiseoranticlockwise，

andfromwhicbdirectiontowhichdirectionThefamousR【／jtechniqueisconsideredas

anappliedexamplesofthetbeoryofsuperposedfinitestrain、

ＩｗｉｓｈｔｏｅｘｐｒｅｓｓｍｙｔｈａｎｋｓｔｏＪ.Ｃ・Jaeger，Ｊ､Ｇ・Ramsay，Ｍ､ＬＨｕｂｅｒａｎｄＷＤ・Means，

becauselwritethepaperbyreferringtheirworks(Jaeger,1956;Ramsay,1967;Means,1976；

RamsayandHuber,1983)．

SpecialFirliteDefbrmation

Dilatation，contractionpureextension，ｐｕｒｅｓｈｅａｒａｎｄｓｉｍｐｌｅｓｈｅａｒａｒｅｗｅｌｌｋｎｏｗｎａｓ
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specialdefomlation．

(1)Djmmtjo〃istbedeformationwhereanobjectextendstotwodirectionsatthesame

rateRepresentationis，

，範＝（’＋ｅ）〃 ‐－－(1.1）
ｙ，＝（１＋ｅ）y

whereapointP(甥ｙ)ｉｓｄｅｆｏｍｍｅｄｔｏＰＩ(苑叩ｙ１）andeisapositiveconstantindicating

extensionratio．

(2)ＣＯ〃Zmctjo〃isthedefonnationwhereanobjectcontractstotwodirectionsatthe

samerateRepresentationissameasthatofdilatation，buteisnegative．

(3)Ｐｕ泥“蛇"8t”isthedeformationwhereanobjectstretchestoonedirectionbut

doesn，tchangeinotherdirection・Itsrepresentationis，

，〃’＝（’＋ｅ）〃 －(1.2）
Ｊ１＝ｙ

(4)Ｐｔ`7℃sAearisthedefonnationwhereanobjectextendstoonedirectionand

contractstotheotherdirection．

，罪’＝（’＋凸）露 一一(1.3）
ｙ，＝（１＋ｅ，）ｙ

ｗｈｅｒｅａａｎｄｅｙａｒｅｔｈｅｃｏｎｓｔａｎｔｓｗｈｉcbindicatetheextensionratiofor海andy

directionsrespectWely．（1＋eｪ)(1＋e，)＝１istheconditionofconstantvolume．

(5)Simp/esAearisthedeformationwithoutvolumechangeandisrealizedbythenext

transformation

，#’＝好＋ｙね"＃ｺ ｰｰｰｰｰ(1.4）
ｙ’＝y

ThisshowsthesimpleshearparallｅｌｔｏｊＥａｘｉｓｂｕｔｉｆｉｔｉｓａｓｉｍｐｌｅｓｈｅarparallelto

ydirection，ｉｔｓｆｏｍｍｌａｉｓ

ｌｊｎ＝〃ｙ，＝ｙ＋好、〃ウシ---(1.5）

Furthermo顕，whenthesedeformationsaresuperposedeachother，manydefonnations

areproducedasthecasesofgeneraldefomlation、Theyarecalledasswpe7posed

de/bmlqtiO〃．

(6)SuUpemosedd2/bmmtjo〃８１＋S2

AftersufferingsimpleshearS1parallelto〃axis，sufferingtheothersimpleshear

S2paralleltoyaxis，representationofthedeformationｉｓ，

ｓ１，発’＝エ＋ｙ…＃エ ーーー(1.6）
ｙｌ＝ｙ

８，＋Ｓ２１必２
兆

エ】

y，＋妬,2α〃ｐｙ
----(1.7）
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ThedeforInationS,＋S2isthuswrittenbyoriginalcoordinates

sI＋ｓ２ＩｊＤ３＝ｙｚａ〃ｳエ＋必
ｙ２＝ｙ（１＋…ウェZ｡"＃，）＋ェzqmゆ，

(7)Ｓ秘ＰＧ噸ｏｓｅｄｄＢ/bmMutio〃＆＋Ｓ

Ｗｈｅｎｔｈｅｏｒｄｅｒｏｆｄｅｆｏｒｍａｔｉｏｎｉｓchanged，

ｓ２ｌ鋤＝宛
ｙ，＝ｙ＋幻ｔα"＃，

ｓ２＋ｓ１１螺＝懇】＋ｙ１ｔａ"ト
ン２＝ｙ１

Ｓ２＋S1isrepresentedbytheoriginalcoordinates26and】

ｓ２＋ｓ，，汀２＝聾（’十ｔα"‘スピα犯＃，）＋ｙｚα””
ｙ２＝亦姉＃ｙ＋ｙ

(8)so`pem0seclde/bmcqjio,9s＋P

SuperposingpureshearPtosimpleshearSparallelto妃axis，

ｓ，〃］＝必十Ｊ』｡〃ｉ
ｙ１＝ｙ

ｓ＋Ｐ，灘２＝（】＋ｅ,）鰯ｌ
ｙ２＝（１＋ｅ，）yj

RepresentingS＋Pbytheoriginalcoordinates＃ａｎｄ肌

ｓ＋Ｐ，灘ｚ＝（’＋ｅ１）（無十ｙね"＃）
ｙ２＝（ｚ＋ｅｙ）ｙ

(9)Ｓ秘pefposeddER/bmzatjo〃Ｐ＋S

Exchangingtheorderofdeformationabove，

Ｐ｛蝦＝（ｚ＋ｃエ）灘
Ｊ１＝（】＋ｅ，）ｙ

Ｐ＋ｓ，"２＝〃’＋Ｊ１、〃ｉ
ｙ２＝ｙｌ

ＳｈｏｗｉｎｇＰ＋Sbytheoriginalcoordmates難ａｎｄｊｂ

Ｐ＋ｓ，螺＝（ｚ＋ｅエ）幻＋（］＋ｅ，）ｙ、"ウ
（１＋ｅｙ）ｙｙｚ＝

byoriginalcoordinates〃ａｎｄ弘

---(1.8）

----(1.9）

---(1.10）

---(1.11）

---(1.12）

----(1.13）

-----(114）

-----(1.15）

－－(1.16）

---(L17）

ｌｔｓｈｏｕｌｄｂｅｎｏｔｅｄｔｈａｔｔｈｅｆｍａｌｒｅｐｒesentationofdeformationisdiffe正ntduetothe

orderofsuperposition，

Ｆｏｒexample，superposeddefolmationSI＋Ｓ２ｉｓｄｉｆｆｅｒｅｎｔｔｏＳ２＋Ｓ１ｓｈｏｗｎｂｙ（1.8）

and(1.11).Ｔｈｅｒｕｌｅｉｓｒｉｇｈｔｎｏｔｏｎｌｙｆｏｒｔｈｅｓａｍekindofsuperpositionofdeformation，

butforthedifferentkindofsuperposition・Saypureshearandsimpleshear,thechange

oforderofdeformationaffectstothefinalrepresentationformula・Ｔｈｉｓｉｓｃｌｅａｒｆｒｏｍ

ｔｈｅｅｘａｍｐｌｅｓｏｆｓｕperpositionS＋ＰａｎｄＰ＋８
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GeuleraIFiniteDefbrTuunti⑪n

Generaldeformationmeansthedeformationthatisrealizedbytheaffine

transfonnation・Therepresentationis，

ビーロ鋸十ｂｙ ‐---(2.1）
ｙ＝ｃ罪十dy

wherequantitiesafterdeformationaredescribedwithbarabovetheiｒｓｙｍｂｏＬ

Transformmatrixof（2.1）ｉｓｄｅｆｉｎｅｄａｓ

[:：］
Reciprocalrepresentationis，

－－(2.2）

Defbrmationofaline

Transformingａｌｉｎｅｙ＝、灘十Aｂｙ（2.1)，ｗｅｈａｖｅ

Ｊ＝２±222昂＋２２コ２A
α＋６ｍα＋bm

Defbrmationofacircle

Transformingaunitcircle〃２＋ゾー１ｂｙ（2.1)，ｗｅｈａｖｅ

（c2＋dz）牙－２(αc＋Ｍ）薄＋（｡‘＋62)y‘＝（αd-6C)ｚ

ＴｈｉｓｉｓｃａｌｌｅｄａｓｓｔｍｍｅＪﾉjPse・

DefbrmationofaneIlipse

Transforminganellipse此2-2m”＋”2＝１ｂｙ（2.1)，ｉｔｂｅｃｏｍｅｓ

ｐ"2-2qry＋，y2＝１

where

〃2＋２知cd＋犯ｃｇ
ｐ＝

（Ｑｄ－６ｄ愚

－－(2.3）

－－(2.4）

-----(2.5）

伽（⑥｡＋６０)＋化｡＋、EＣ
----(2.6）Ｃ＝

（αd-6d2

J62＋２ｍα6＋〃Ｑ２
γ=＝

（｡｡－６４２

１fthisellipsebecomesaunitcircle，

ｓｆｍｍｅ"jpse･Theconditionforthecase

strainellipseiswrittenas

（α2＋c2)態‘＋２(α6＋c`眺囮ｙ＋（62＋d2)y2

PrincipaIaxisofBtmin

Aprincipaｌａｘｉｓｏｆｓｔｒａｉｎｍｅａｎｓｔｈｅ

theoriginalellipseiscalledas花cim℃ｃｎｌ

ｉｓｐ＝Ｉ－１ａｎｄｑ＝qThenthereciprocal

１ －－－(2.7）

directionwheretheoriginalperpendicular
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directionkeepsitsperpendicularity・Ｔｈｅｌｉｎｅｔｈａｔｉｓｎｏｒｍａｌｔｏｙ＝,ｍＢｉｓｙ＝－－
，．

s…｡…｡…-……f…i･凧h…'r･･Ｍ･…鵲by(…。
１

gradiemtofy＝一三afterdeformationisobtainedbyreｐｌａｃｉｎｇ－－ｔｏｍｉｎｔｈｅｆｏｒｍｅｒ
ｍｍ

ｆ.r…Th……鰐狐……｡'in…囑……Iicu1…h…ｗｅh…
、｡＋ｃｍｃ－ｄ
－－＝－１－－－(2.8）、6＋ａｆＴＭｚ－６

Ｔｈｅｎｗｅｇｅｔ

加2＋α２－６２＋ｃ２－ｄ２ ｍ－１＝0---(2.9）α6＋cd

wheremshouldhavetworealsolutions・Ｔｈｅｄｉｒｅｃｔｉｏｎｓｏｆｍｍａｎｄ－Ｌａｒｅｃａｌｌｅｄａｓ
ｍ

……"……………mo1hed…i･…f型＝｡n.鶏…、6＋a

calledaspmocゆロノ…ｓｑ/Stmi犯峨ｅｒｄｅ/iomzatjo"・

Wecannowobtaintheprincipaldirectionofstrainfrommthatiscalculatedfrom

(2.9)．

Ｉｔｉｓｃｌｅａｒ，omittingitsproofhere，thattheprincipalaxisofstrainbefore

deformationcoincideswiththeprincipalaxisofreciprocalstrainellipseandthatof

afterdeformationcorrespondstotheprincipalaxisofstrainellipse・Wethuscallthe

ellipse,whichｈａｓｔｏｂｅｃａｌｌｅｄａｓｄｅｆｏｒｍａｔｉｏｎｅｌlipsebecauseitwasdeformedfroma

unitcircle，asastrainellipse

AxialIengthofstrainellipse

Inordertoseekaxiallengthofstrainellipse，letconsidertheintersectionofa

strainellipseandacircle．

'(;:土鱒'(…胴+け+`w-(`… ----(2.10）

Eliminatingconstanttermsinthesimultaneousequation（2.10)，

ｗｅｈａｖｅ

（ギー会川些li＝し珂十山ｉｉｷﾞﾆｧｰ‘－－(2」'）
where

ハ2＝αd-6c．‐---(2.12）

Ifthestrainellipseandthecirclecontactattwopointseachother，thequadratic

curve(2.11)denotesaline・Itsconditionisthattheequation(2.11)isaperfectsquare・

Ｉｆｔｈｉｓｉｓｔｈｅｃａｓｅ，rbecomesaxiallengthofthestrainellipse・ＴｈｅｆｏｒｍｕｌａＤｗｉｔｈ

ｗｈｉｃｈｗｅｊｕｄｇｅｔｈｅｅｑｕａｔｉｏｎｔｏｂｅｐｅrｆｅｃｔｓｑｕａｒｅｏｒｎｏｔｉｓ
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。‐(坐f空)2-(午-つ(午一つ-,－(z'3）
Rearrangingtbeequationwithregaｒｄｔｏ塒ｗｅｈａｖｅ

ｒイー(α2＋62＋c2＋d2)rz＋ﾊｲ＝0---(2.14）

Ｓｕｐｐｏｓｉｎｇｔｈｅｓｏｌｕｔｉｏｎｏｆｒ２ｔｏｂｅＸ２ａｎｄＹ２（Ｘ≧Ｙ)，wehavenextequationsfrom

therelationofrootandcoefficienL

X2＋Ｙｚ＝α2＋６２＋ｃ壇十．２ －－(2.15）

Ｘ２Ｙ２＝ハイ ーー(2.16）

ＴｂｅｎｗｅｈａｖｅＸＹ＝ｈ２ｆｒｏｍ（2.16)．ＩｔｓｈｏｕｌｄｂｅｍｏｔｅｄｔｈａｔＡ２ｍｅａｎｓｔｈｅｒatioof

dilatation・Fromthisrelationand（2.15)，ｗｅｇｅｔ

’１%±M:二|:土3蓮'1平:|：－(217）
XandYaregivenbysolvingsimultaneouslytheseequations．

TranBfOrmMatuPixRealizinglrrotationalStmiuIisSymmetric

AsdescribedintheSection”Principalaxisofstrain"，theprincipalaxisbefo正

deformationdoesn'tgenerallycoincidewiththatofafterdeformation・Strainis

generallyrotationaI・Theyhowevercoincidetogetherinaspecialcase．Ｔｈｉｓｃａｓｅｉｓ

ｌ鑿ﾆﾋﾞ帯 一(2.18）

Rewritingthem，ｗｅｈａｖｅ

０
０

’
’
一
一

ｃ
６

一
一
ｍ
ｍ

企
の
韓
の

一
一
ａ
α

く
“
－

＋
＋

２
２

ｍ
ｍ

６
ｃ

---(2.19）

ＩｎｏｒｄｅｒｔｏｈｏｌｄｔｈｅｓｅｔｗｏｅｑｕａｔｉｏｎｓsimultaneousIy，thecondition6＝cisnecessary

andenough．

DefmitionofFiniteStmin

ThereareｔｗｏｋｉｎｄｓｏｆｆｉｎｉｔｅｓｔｒａｉｎＯｎｅｉｓｃａｌledaslongitudinalstrainwhich

correspondstochangeoflengththeotherisnamedshearstrainwhichcorresponds

tochangeofangle、

ThelongitudinalstrainhasthreeVariations・Whenlengthノochangestoノ,，theyare

definedasfollows

IUE…i…=上７号上．~器

'２１……'．､…ルー(差)'‐川：

(3)N…!…｡=ﾉﾅ“＝１噸宍=Ｍ十｡）
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whichisalsocalledaslogarithmicstrainortruestrain、

ThequadraticelongationiscoUwenientlyusedtodescribelargehomogeneousfinite
strain・

Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ，shearstrainisdefinedbyγ＝mfi＃ｗｈｅｒｅｉｆｒｉｇｈｔａｎｇｌｅｉｓ

ｄｅｆｏｒｍｅｄｔｏｌoseitsperpendicularity，thedeviationfromtherightangleiscalledas
angleofshear＃．

MBthematiealRepresentationofFiniteStmm

Letconsideraunitcircleju2＋ｙ２＝lwhichisdeformedtoanellipse・Ifweconsidert

heirrotationaldeformation，generalitydoesn,tlose，ｔｈｕｓｗｅｃａｎｕｓｅＦｉｇ･Ｌ

ｘ２+F雲１.,．．。`．．
X2/My2/A家１

、１承
Ｘ Ｘ

|ノ
befp君defmnatimaft臼､defmn3tim

Fig・LDefomlationfromalmitcircletoastrainelIiPse．

ＡｐｏｉｎｔＰｉｓｍｏｖｅｄｔｏＰｉｎＦｉｇｌ，ｔｈｅｎｗｉｔｈｒｅｓｐｅｃｔｔｏｔｈｅｐｏｉｎｔＰｗｅｈａｖｅ

ハーr2＋ｙ２ －－－(4.1）

’菫深二霊;源一㈹
where入，ａｎｄルareprincipalquadraticelongationｓい]≧池)．

ハーハ，cos20＋Ａ２ｓｍ２０ －－－－(4.3）

ThisrepresentsAbytheanglebeforedeformation8、ItisnecessarytoindicateA

bytheangleafterdefonnation6、Modifying（4.2）ｔｏ

に童一州
Substituting（4.4）ｔｏｓｍ２０＋cos28＝１，ｗｅｈａｖｅ

、
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に驚競糊
whereﾊﾞ,入.IandI2arecalledasreciprocalquadratic

…｡c…｡…1.,………､…曇ハーナ，
Next，wewillwriteshearstraininmathemａｔｉｃａｌｆｏｒｍＴｈｅ

Ｐｉｓ

：;＋芸ョ
ＴｈｅｅｑｕａｔｉｏｎｏｆｔｈｅｃｏｎｔａｃｔｌｉｎｅａｔｔｈｅｐｏｉｎｔＰ(鍋ｙ）ｉｓ

－－－(4.5）

elongationandprincipal

l

Ⅲi-7ILTandﾊﾞｰ両
contactlineattbepoint

----(4.6）

芸+ザ=’ ----(4.7）

Iｔｉｓｗｒｉｔｔｅｎａｓ

１｜｜

型
ル＋

率一川 ---(4.8）

Substituting（4.2）ｔｏ（4.8)，ｗｅｈａｖｅ

ｊｒｃｏｓ８ｙｓｍ８

ｖ后＋ﾏﾇｰﾃｰ’
----(4.9）

Ｔｈｕｓｔｈｅｌｅｎｇｔｈｏｆｐｉｓ

----(4.10）殆乙５p＝

ＦｒｏｍＦｉｇｌｗｅｈａｖｅ

ｓｅｃｊ＝」正
p

Substituting（4.11）ｔｏ（4.10)，ｗｅｈａｖｅ

----(4.11）

----(4.12）SCC＃＝

Whilefromthedefinitionof7

72＝、"2＃＝sec2＃－１

Substituting（4.13）ｔｏ（4.12）

-----(4.13）

γ，=川竿十竿１－Ⅲ ---(4.14）

Substituting（4.3）ａｎｄ（c“２８十sj"２８）２＝１ｔ。（4.14)，ｗｅｇｅｔ

ハ２７＝（入１－池)cｏｓ８ｓｍ８ ---(4.15）



FiniteStrainAnalysisonGeology
1３１

where

A2=ｿﾞｽﾗＴ７ ---(4.16）

Thisistberepresentationofshearstrainγwithrespecttotheanglebefore
deformationa

lnordertodescribeγbytheangleafterdeformationO，substituting（4.4)ｔｏ(4.15)，
ｗｅｈａｖｅ

号=(会一語肱….‘－(417）
Ｔｈｉｓｉｓｗｒｉｔｔｅｎａｓ

γ￣（入．２－A〕)sｍ８ｃＯｓ８

ｗｈｅｒｅ

----(4.18）

γ
’
八

一一

γ

---(4.19）

RepregentationofFiniteStrainbyMeanBofMohr，sCirde

RepresentingA‘and7withrespecttotheangleafterdefommation8,wegetnext

equationsfrom（4.5）ａｎｄ（4.18）

に(j:ご'鰯鰯一側）
Consideringnexttworelations，

'二M章 ---(5.2）

,theequationfor（iswrittenas

A-l1芋.＋師子，…７－(鼠3）
Ｔｈｉｓｉｓｆｕｒｔｈｅｒｃｈａｎｇｅｄｔｏｂｅ

ハーハ】十A１入1三Ahc"2７－(5.4）２

While,wehavetheequationforγas

γ＝ﾊﾞﾆﾊﾟ,,輌2８－(5.5）
wbichisequalto（4.18)．Aftersquaring（5.4）ａｎｄ（5.5)，addingthemforeachside

（ﾊｰﾑ｣些去△』),+γ～(A1三4｣値)？ －－(5.6）
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ThisrealizesthecircleshowninFi9.2．Astheequations（5.4）ａｎｄ（5.5）are

modifiedto

入.'十八．ｚ＋入'１－A２
２２

聖＝-A｣§ｓｊ〃(－２８）
２

Ｃ
■

。
、
二
（
釦
へ
〉
一
ワ
ク
０

Ｊ
■
■
ロ
■
■
■
■
■
□
■
■
■
□
〃
巴
Ⅱ
■
□
■
■
■
■
■
■
Ⅱ
０
。

ＣＯＳ（－２８）

----(5.7）

７，

(ハ

Ａ１

Ｆｉｇ．２．Mohr,ｓｃｉｒｃｌｅｗｉｔｈｗｈｉｃｈｗｅｇｅｔｖａｌｕｅｓｏｆｓtrainparametersforafterdeformation．

,ｔｈｅｓｅｎｓｅｏｆ２８ｉｓｓｕｃｂｔｈａｔｃｌｏｃｋｗｉｓeispositivaWhile，ｗｈｅｎＡａｎｄγare-

writtenbytheanglebeforedeformation8，ｆｒｏｍ（4.3）ａｎｄ〈4.15）ｗｅｏｂｔａｉｎ

'ﾙﾃ4iifi雪ｵﾉ鰯邊:鰯‘ ----(5.8）

Modifyingthemsimilarlyasformerｃａｓｅ

化寡言｡…
Squaringthemandaddingthemforeachside，ｗｅｈａｖｅ

---(5.9）

上告=)`＋(帯)`-(Lデツ,(ﾊー ----(5.10）

Thequadraticcurve（5.10）showstheellipseillustratedinFi9.3．Theangle20is

heremeasuredsuchthatanticloCkwiseispositive・IfordinateiscalibratedasA2γ，the

ellipseisdrawnasacircle・Whenordinateiscalibratedas7，wehaveanellipse，

鰄h…ngtho1………､γ…-豊（A`γ…=jMneroR-ﾙｰﾊ,２

istheradiusofacircle．
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γ

γ伺
い

Ａ

Fig.３，Mohr，ｓｃｉｒｃｌｅｗｉｔｈｗｈｉｃｈｗｅｇｅｔｖａＩｕｅｓｏｆｓtrainparametersforbeforedeformation．

RelationbetweenStrainEIlipseandMohr，sCircIe

WewillconsiderthecasethａｔａｃｉｒｃｌｅｉｓｄｅｆｏｒｍｅｄｔｏａｎｅｌｌｉｐｓｅwhereAl＝１．４４

andルー0.49ａｓｓｈｏｗｎｉｎＦｉｇ４．

ｙ

Ｕ

2二

、

Ｆｉｇ．４，StrainparametersareilIustratedonastrainellipsewhereA，＝Ｌ４４ａｎｄルー0.49.

(A）Quantitiesafterdeformation,whichareobtainedfromtbeMohr,scircle・

ハーバ!+汀,＋Ｌﾗﾑ』cos26￣(5.3）２

γ_とラム』sin20－(55）

(1)Consi………Ⅲγ十,1h.n㎡ルー…h…γ－γThe…｡ｐ
８２ｔｏｗｈｉｃｈγismaximumafterdefonnationisthusthedirectionofacontactpoint

betweenthecimleandacontactline、Ａｓｗｅｋｎｏｗ２０２＝±60.5.ｆｒｏｍFig.５，ｗｅｇｅｔ

８２＝±30.25゜．

(2)Ａｓｐ…＝29.5.ｆｒｏｍFig.５，γmmx＝0.57
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７．

鳥 Ａ‘

Ｆｉｇ．５，Mohr，scircleforafterstrain．

(3)Thedirection83towhichnolengthchangesisthedirectionofthecontaｃｔｐｏｉｎｔｏｆ
ｔｈｅｃｉｒｃｌｅａｎｄｔｈｅｌｉｎｅ

Ａ１=1,directionofwhicbissameasthatof入,=LAs203=士57.
fromFig.５，８３＝±28.5゜．

(4)Strainofanydirectionafterdeformation，ｓａｙ８＝１０°，isobtainedasfollows・

ＦｒｏｍFig.５ｗｅｈａｖｅＡ，＝0.73ａｎｄγ＝0.23,ｔｈｅｎｗｅｃａｎｇｅｔＡ＝Ｌ３７ａｎｄ７＝0.315．

ＡｌｓｏｗｅｏｂｔａｉｎｔｈｅｌｅｎｇｔｈｏｆｔｈｅｐｒｅｓentdirectionisVE所＝1.17ａｎｄ‘＝arc､楓
(0.315)＝17.5.．

(B）QuantitiesbeforedeformationcalculatedfromtheMohr'sellipse

化重臘芳…－側
(1)Thedirection82towhichγismaximumbeforedeformation・ＦｒｏｍＦｉｇ６ｗｅｈａｖｅ
２８２＝±９０°，ｔｈａｔｉｓ，８２＝±４５．．１ｔshouldbenotedthatthevalueisconstant．

(2)Ｗｅｏｂｔａｉｎゆ…＝29.5゜ａｎｄγ…＝0.565ｆｒｏｍFig.6．

『
ハ

Fig.６，ＭohrUsellipseforbeforestrain．
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(3)Thedirection83towhichnolengthchangesisthedirectionofintersectionsofthe

circleandthelineA，＝１，ｔｈａｔｉｓ，ＲｌａｎｄＲｚ・Ｗｅｈａｖｅ２０３＝±８６・ｆｒｏｍFig.６，ｔｈａｔ

is，８３＝±４３．．

(4)Strainofanydirectionbeforedeformationiseasilyobtained・Ｓａｙβ＝16.8.,we

haveA=1.36andγ=0.312fromFig.6.Thusthelengthofthedirectionisl/I雨=
1.17and‘＝α7℃…(0.312)＝17.3.．Allthequantitiesobtainedareshownonaphysical

spaceofFig4．

Superpo8edFiniteStrain

Superposedhomogeneousfinitedeformationbecomesagainhomogeneousdefommation、

Superpositionofdeformationisusualingeologicalphenomena･

AxialratioofinitialmarkerellipｓｅｉｓｄｅｓｃｒｉｂｅｄＲｉａｓｓｈｏｗｎｉｎＦｉ9.7.Ifthemarker，s

longaxisintersectswithanangle８ｔｏエａｘｉｓａｓｓｈｏｗｎｉｎＦｉｇ８，andifwetransform

A1i元,2+入ziylz=lbyrotationQ,angleofwhichis8,wehave

入'1i(…ＯＳβ＋y2sj"β)2＋入'2i(－灘2Si"８＋此Cos8)2＝１－(6.1）

$,－淵where汀,iand八2iaretheprincipalreciprocalquadraticelongations

Expandingandrearranging（6.1）ｆｏｒ妬２ａｎｄ並

(入・Iicos20＋八．2,sj"２８ル２２－２(I2l-A〕i)sm8cos8"ｚｙ２

＋qiisj"２８＋入゛2,cos38”23＝１ ----(6.2）

Ｘ

Fig.7,MarkerellipsedescribedbyX1iand入.2i

ノVxjx2-27'ixY＋NYiy2＝１

/'』<］
Ｘ

／↑

Ｆｉｇ８，Markerellipserotateditslongaxisto8anticlockwisefrom〃axis．
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Replacingeachcoefficientas

ハュi＝八.ｌｉｃｏｓ２８＋入’2,si'020----(6.3）

ス,vi＝八１，ｓ、２８＋几,ziCoS28－－－(6.4）

γi＝（入.2,－八,i)si犯OcosO---(6.5）

ｗｅｇｅｔ

Ａ１ｉ灘２２－２γ､i難zy2＋A,,,y22＝１----(6.6）

ThisistheequationdenotingtheellipsewheretheaxialratioisRi，ａｎｄlongaxis

ofwbichdirectS8from＃ａｘｉｓａｓｓｈｏｗｎｉｎＦｉｇ８・

Whenacircle，ｒａｄｉｕｓｏｆｗｈｉｃｈｉｓ筋ａｎｄwhichenclosestheellipseofFig9，suffers

irrotationalfiniteｄｅｆｏｒｍａｔｉｏｎＲ３ａｓｓｈｏｗｎｉｎＦｉ9.10,theprincipaldirectionofｔｈｅ

ｙ

Ｘ

Ｆｉｇ．９，AmtatedmarkerellipseamdacircIeｏｆｗｈｉｃｈｔｂｅｒａｄｉｕｓｉｓ７ａｎｄｗｈｉｃｈｅｎｃlosestherotated

eIlipse．

〃xfX2-27,fXy＋l,Yfy2＝１

Ｆｉｇ．１０，EllipseswhicIlaredeformedfmmarotatedellipseandacircle．

ellipsechangesfromOto＃ａｎｄtheaxialratioismodifiedfromRⅢｔｏＲｌ・The

problemishowtorepresent＃ａｎｄＲｉｂｙｔｈｅｋｎｏｗｎｖａｌｕｅｓＲｌ，Roanda

Wedeformtheellipse(6.6)irrotationallybyreplacingx,byl/rT;灘3andy,by

,/,｢=…r・碑=證一鵲ｗ…………ui…f､n.”。
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Ａｗｌﾙｪｮ2-2γWrT了JT百ｴｮﾝｮ+ルバ2．y3z='
Replacingeachcoefficientas

ｽﾞ風I=ﾊﾞｪ1A〕魯

八,『=入）,ﾊﾞ2.

71=γ１Ｖﾌi~T;Ｔ;Ｔ
ｗｅｈａｖｅ

（ご『ｪ32-27,1必3y3+入y｢j'33＝l

Theequation（6.11）ｉｓｔｈａｔｏｆｔｈｅｅｌｌｉｐｓｅｓｈｏｗｎｉｎＦｉｇ10．

ＩｆｗｅｕｓｅｔｈｅＭｏｈｒ,ｓｃｉｒｃｌｅｏｆＦｉｇ､１１，２＃，Ａ１１ａｎｄＸ２，ａｒｅ

………．､R'＝器woh…………。
hereafter．

(1)Introducing2‘

ＩｔｉｓｃｌｅａｒｆｒｏｍＦｉｇ１１ｔｈａｔ

７Ｉ
ｔα"2‘＝

（』)ｶｰﾊﾞ魂）

----(6.7）

－－－(6.8）

-----(6.9）

---(6.10）

-----(6.11）

graphicallyobtained，

valuesbycalculation

---(6.12）

７，

几

Ｆｉｇ．１１，Mohr，scircle．

Consideringtheequations（6.3,6.4,6.5）ａｎｄ（6.8,6.9,6.10)，and

coefficientas

A,ｘｆ＝い,ｌｉｃＯｓ２８＋ルｉｓｉ"２８）几．,ｏ

ＡＷ＝（A'１１ｓ加２８＋X2icos28）1,2.

γ}＝VnT:~XT了(I:,-A1,)sｍ８ｃｏｓ８

ｗｅｇｅｔ

replacingeach

---(6.13）

----(6.14）

---(6.15）

2ＶハルＸ2。（A'2ｉ－Ａ.,i)sm8cos8
---(6.16）ja1o2ゆ＝

…~「い〕ｉｓj"２８＋I2,cOs20）ﾙｮｰ(ハiicos20＋ス2,si"２８）入．1ｓ
､￣●￣￣J

Dividingnumeratoranddenominatorbyll,andIIo,andfromthereplacement

凡．=砦…凰令,woIi…
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2Ｒ,（Ｒｆ－１)ｓ伽８ｃｏｓ８
、"2ヅー ---(6.17）
．…~‘（sjlD28＋RWcos20)Ｒ:－(cos20＋Ｒ:ｓｊ"２８）

Representing（6.17）ｂｙｕｓｉｎｇ２０

2Ｒ・(Ｒ:－１)sｍ２８
、〃２．＝ ---(6.18）
一一『（Ｒ:＋1)(Ｒ1-1)＋(Ｒ:－１)(Ｒ:＋1)cos28￣￣￣山.△ｗ

(2)IntroducingRl

WeknowA．＝几．lcos20＋入.2S醜２８ａｓｗｒｉｔｔｅｎｉｎ（4.5)．Ｔｈｅｎwehavenextrelation

fortheeUipse（6.11)．

Ａｋ`＝入・Mcos2ゆ＋X2fsm2＃-----(6.19）

（”＝几.l1sm2P＋八2jcos2＃‐---(6.20）

Dividing（6.19）ｂｙ（6.20)，ｗｅｇＣｔ

Ａ・風『A11cos2#＋入'2ｆｓｍ２ｉ
－－－(6.21）

Xyf A1fsjjz2i＋I2lcos2i

剛h…'一器Th……｡…,…､……bwM,｡h…
入,底，Cos2‘＋Ｒｉ２Ｓｍ２ｊ

Ｘ,「ｓｍ２＃＋R12CoS2＃---(6.22）

Dividingadenominatorandnumeratｏｒｂｙｃｏｓ２‘，ｗｅｇｅｔ

Ｘ１ｉ１＋Ｒ12ｍ"2＃
－－(6.23）

（,ｉ、〃2＃＋Rf2

Thus，ｗｅｈａｖｅ

凡'一差三芸|窯;：－(`24）
Substituting（6.13,6.14,6.15）ｔｏ（6.24）andconsidering

畔=器｡､…＝両…`vo
A12s

(、〃２８＋Rd2)几２－(1＋Ri22｡〃２８)、"2‘
Ｒｉｚ＝ ---(6.25）

1＋Ｒｉ２ｍ"２８－(2｡,228＋Ri2)Rs2tα'228

、efbrmationofStrainGrid

Straingridmeansanetworkwithwbichwemeasuredeformationduringshortperio。

(aroundlyear）byusingsurveyinstrument・Glacialflowisanexample・Ｗｅｓｅｔｕｐｔｈｅｓｔ
ｒａｉｎｇｒｉｄｂｅｉｎｇａｒｅｇｕlartriangleasfaraspossible、Afteradequateperiod，we

calculatestrainbymeasurmgthedeformednetwork・ＴｈｅｎｅｔｗｏｒｋｓｈｏｗｎｉｎＦｉｇｌ２ｉｓａ

ｓｔｒａｉngridbeforedeformation，ｗｈｉｌｅｔｈａｔｏｆＦｉｇ､１３isastraingridafterdeformation．

(1)ＤｅｆｉｎｅＤａｎｄＥａｓＣＤＬＡＢａｎｄＡＥ－ＬＢＣｏ、Fig.12.
(2)ＤｅｆｉｎｅＤａｎｄＥｏｎＦｉｇ・l3toholdthenextrelations・

而一器麺‘蓋一器
ＡＤ

(3)Then,ｗｅｈａｖｅｊＡＢａｎｄ‘BcfromFig､13.7AＢａ､d7Bcarealsocalculatedfrom
γＡＢ＝tα"＃ＡＤａｎｄ７Ｂｃ＝、"仇c、
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Ｃ

Ｃ,

Ａ

Ｆｉｇ．１２，TrianglebeforestraiH1．

Ａ,

Ｆｉｇ．１３，Triangleafterstrain．

(4)ＡＡＢａｎｄ恥careobtainedfromthedefinition,ｔｈａｔｉｓ，

川｡-(鵠，｡n.ルー飴：
(5)Makeanarbitraryγ／XcoordinateonFig､14.

７．

Ａ,

Ｆｉｇ．１４，Mohr'scirclefordeformationofstraingrid

(6)CalculatethecoordinatesofPAB（AAB,γＡＢ）ａｎｄＰｂｃ（Abc,γbc)．

(7)ＤｒａｗｔｈｅｐｏｉｎｔｓＰＡＢａｎｄＰｎｃｉｎＦｉ9.14.

(8)DrawacirclewhichconnectstwopoiｎｔｓＰＡ３ａｎｄＰＢｃ，centerofwhichlieson
Xaxis.

(9)Confirmtherelation,α"g/e(PAB,qPbc)＝２α，

(10）Then,ｗｅｏｂｔａｉｎ２０ＡＢ．βABistheprincipaldirection．

(11）Calculateス，ａｎｄ恥ｆｒｏｍＡｌａｎｄＡ゛2．

DefbrmationofGIassShard

Glassshａｒｄｉｓａｓｅｔｏｆｔｈｒｅｅｊｏｉｎｔｓｔｈａｔｉｎｔｅrsectl20･together､Ｗｅｔｈｕｓｋｎｏｗｔｗｏ

ａｎｇｌｅｓａａｎｄβbeforedeformationandwegettwochangedanglesaandβafter
deformationThetechniquehowtogetstrainisdescribedhere．
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(1)ＤｒａｗａｌｉｎｅＡＢｏｎＦｉｇ､15.

(2)Makeatriangle△ＡＢＣｂｙｕｓｉｎｇａａｎｄβ、
(3)ＤｒａｗａｌｉｎｅＣＤａｓＡＢ－ＬＣｎ

(4)Makeatriangle△ＡＢＣｂｙｕｓｉｎｇＺ７ａｎｄβ、
(5)ＤｒａｗＣＤ．

(6)Ｔｈｅｎｗｅｏｂｔａｉｎ#ＡＢ，whichｉｓｔｈｅａｎｇｌｅｏｆｓｈｅａｒｆｏｒｔｈｅｓｉｄｅＡＢ．

(7)DosimilarlyinFigl6toobtaintheaｎｇｌｅｏｆｓｂｅａｒＡｃｆｏｒｔｈｅｓｉｄｅＡＣＷｅｋｎoｗ

ｓｏｆａｒｔｈｅａｎｇｌｅｏｆｓｈｅａｒＡＢｆｏｒｔｈｅｓｉｄｅＡＢ，‘ＡｃｆｏｒＡＣａｎｄｔｈｅａｎｇｌｅ万ｂｅｔｗｅｅｎ
ＡＢａｎｄＡＣＬ

ＢＢ‘

， Ｃ

ＡＡ

Ｆi９．１５，TriangIesofbeforeandafterstrai、 Ｆｉｇ．１６，TrianglesofbeforCandafterstmiｎｗｉｔｈ

ｗｉｔｈｒｅｓｐｅｃｔｔｏｔｈｅｓｉｄｅＡＢｒｅsｐｅｃｔｔｏｔｈｅｓｉｄｅＡＣＬ

(8)｡…芸…恥1㎡
(9)CaIculateR2＝」-Ｌｆｒｏｍ

Ａ２

妬
｜
雄

７，

ハロ

Ｆｉｇ．１７，Mohr1scirclefordeformationofglassshard．
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Ｔｈｉｓｉｓｔｈｅｍｅｔｈｏｄｗｈｅｒｅｗｅｕｓｅｏｎｌｙｇraphtogetstrain，Ｔｈｅothermethodwhere

weneedcalcu1ationtogetstrainisdescribedfrom(8)．

(8)SupposingtheanglebetweenABandlｏｎｇａｘｉｓｔｏｂｅ８，ｗｅｈａｖｅ
￣

sifzゆＡＢｓｍ‘Ac-sj"#ＡＢｓｍ（＃ＡＣ＋２ａ ）
触れ２８＝Ｆｑ占汀⑰￣巴夕

…(＃ＡＣ＋2万)si"＃AB-cos＃A圏ｓｉ純＃Ac

fromwhichwecancalculate0・Itshouldbenoted，however，thatsincetherelation

isintroducedgeometricallyfromFig､17,ｗｅｈａｖｅｔｏｕｓｅａｂｓｏｌｕｔｅｖａｌｕｅｆｏｒａｎｙangle．

（,

(9)Drawafigur…C･rdingtoFigl7toget而
入，

(10)CalculateRfrom両

DefbrmationofFossil

PlottinglenｇｔｂｏｆｈｉｎｇｅｌｉｎｅＡｏｏｒｍｅｄｉａｎｌｉｎｅｍoofbrachiopodasabscissaandfre-

quencyasordinate，pointsshownomnaldistribution、Pointsonthefrequency（ordinate）

ａｎｄｒａｔｉｏｏｆｒｏ＝Ｌ(abscissa）diagramshownarrowernonnaldistributionthanthose
mO

oftheformem

ltissometimesdifficulttodistinguishwhetherafossilisadultorimmature，ｂｅｃａｕｓｅ

ｓｈａｐｅｏｆｔｈｅａｄｕｌｔａｎｄｏｆｉｍｍａｔｕｒｅｉｓｎｏｔａｌｗａｙｓｓａｍｅ、Wesometimesdistinguishthem

byplottinga〆9匹"CJ／rodiagram．

DefbrmationoflFossiI

Letusconsiderbilateralfossilssuchasbrachiopodtrilobiteetc・

directionoflongaxisofstrainellipse,ｗｅｇｅｔ８ａｎｄ#ｗｈｅｒｅ８ｉｓ

ｂｅｔｗｅｅｎｔｈｅｌｏｎｇａｘｉｓｏｆｓｔrainｅｎｉｐｓｅａｎｄｔｈｅｓｙｍｍｅｔｒｉｃａｘｉｓｏｆ

ａｎｄ＃istbeshearangleforthesymmetricaxis．

(1)Ｄｒａｗ７／XcoordinateshownasFig.18.

Whenweknowthe

theintersectangle

thebilateralfossil

０ 川

Ｆｉｇ．１８，Mohr，scirclefordefomlationofonefossil．
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(2)ＤｒａｗＯＰｂｙｕｓｉｎｇ＃

(3)ＤｒａｗＰＣｂｙｕｓｉｎｇ２８

(4)ＤｒａｗａｃｉｒｃｌｅｏｆｗｈｉｃｂｒａｄｉｕｓｉｓＣＰ

(5)c･にu……'…‘…R=岩一器
ＴｈｅｏｔｈｅｒｍｅｔｈｏｄｔｏｇｅｔＲｉｓｔｈｅｏｎｅｕｓingtheBreddingraph（ヅ／βdiagram)．

Ｗｈｅｎ８ｉｓｃｈａｎｇｅｄｔｏ８，９０．－８ｉｓｃｈａｎｇｅｄｔｏ９０ｏ－８－‘・Ａｓｗｅｋｎｏｗｔｈｅｒｅｌａｔｉｏｎ

ｔｑｊｚ８＝Ｒね〃８，ｗｅｈａｖｅ

Ｒ＝12222
ｍ〃８

Ｒ･＝…(９０．－８－＃）
、"<90.-8）

Multiplybothsidesseparately，ｗｅｂａｖｅ

Ｒ２＝２α"８ｔα"(９０．－８－＃）
、"８２α〃(90゜－０）

Sincetan(90.-0）＝cot0，thedenominatorequalsl，ｔｂｕｓｔｂｅｅｑｕａｔｉｏｎｉｓ

ｔ”８
Ｈｚ＝、"８ｍ"(90゜－８－＃）＝

、"(７＋＃）

Ｗｈｅｎｗｅｄｒａｗｔｈｅｃｕｒｖｅｄｅｆｉｎｅｄｂｙｔｈｅaboveequation，ａｇｒａｐｈｏｆｔｈｅｃｕｒｖｅｓｉｓ

ｃａｌｌｅｄａｓｔｈｅBreddingraphwithabscissaOandordinaｔｅｊ．Ｗｅｇｅｔｅａｓｉｌｙｔｈｅｖａｌｕｅｏｆ

Ｒｂｙｕｓｉｎｇthegraph，thoughthesmallertheanglei，theobscuretheRvalue・Ｗｈｅｎ

‘＝０，尺＝１，ｔｈａｔｉｓ，Ｒ＝ＬＷｅｇｅｔａｌｓｏｔｈｅＲｖａｌｕｅｂｙｃａｌｃｕｌａｔｉngthelastequation

‘`"(晉岩)噸…usin……F…m….､｡.…｡､…Ｒ`２＝

β＝￣6.5.ａｎｄ＃＝－１５．，ｗｅｇｅｔＲ２＝0.289,ｔｈｕｓＲ＝1.859．Ｓｉｎｃｅｗｅｄｏｎ'tknow

theprincipaldirectionofstraininfield，thismethodisnotthepracticalone．

Defbrmationof2Fossils

lftwofossilsaredifferentspecieseachotherbutarebilateraltogether，wecan

gCttbeRvalueTherearethreｅｍｅｔｈｏｄｓｔｏｇｅｔｔｈｅＲｖａｌｕｅ．

(1)Calculation

mIT0
R2＝

、伽(７＋＃A）

ｌ－ｋｍ０ｔ[ｍｊＡｔａｎ８
ｍ腕了＋ｆｕｎリヘ

＃α"(β＋万）
Ｈ２＝

#α"(７＋万十＃,）

１－ｍ"８t｡"(万十＃B）（１０，０＋ｔａ犯万）

、"７＋2α"(万十＃図）（１－t｡"７t｡"万）
￣

ＷｅｇｅｔｔｈｅＲｖａｌｕｅｂｙｓｏｌｖｉｎｇｔｈｅｅｑｕａtionsnumericallywithR､andOasunknowns．
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Theequationsarechangedtoa4thorderequation，thusthemethodisnotthepractical

ｏｎｅ．

(2)Mohr'sdiagram

Whenweknowtwoshearangles‘ＡａｎｄｉＢｆｏｒｅａｃｈｓｉｄｅＡａｎｄＢ，andthe

intersectangle万ｂｅｔｗｅｅｎｔｈｅｓｉｄｅＡａｍｄＢｗｅｗｉｌｌｇｅｔｔｈelongaxisdirectionOof

strainellipsebyapplyingthevalues＃Ａ，先ａｎｄ万ｔｏtheMohr,sdiagramas

illusfratedinFi9.19.
γ、

入,

Ｆｉｇ．１９．Mohr'scirclefordeformationoftwofossils．

(3)Breddingraph（＃／βdiagram）

ＷｈｅｎｗｅｋｎｏｗｔｈｅｓａｍｅｖａｌｕｅｓａｓｔｈｅｍｅthodofMohr，ｓｄｉａｇｒａｍｗｅｇｅｔ８ｂｙａｐｐｌｙ－

ｉｎｇｔｈｅｖａluestotheBreddingraphwbereweshouldtakeangleasabsolutevalue．

Defbrmationofmorethan2FossiIs

Ｉｎｔｈｉｓｃａｓｅｗｅｕｓｅｔｈｅｆｏｒｍｅｒｍｅｔｈｏｄsmentionedinthesections“Deformationof

lfossil，，ａｎｄ“Deformationof2fossils,,ｔｏｇｅｔＲｖａｌｕｅ、Theothermethods，whichuse

onlyfordeformationofmorethan2fossils，aredescribedasfollows．

(1)Ｌ／万diagram（&／万ｏｒ、／万diagram）

TheconditionofthemethodisthatthefossilsarethesamespeciesandA0isconstant，

buttheirbilateralityisnotnecessary・LetanarbitrarylinePQbeareference

line・Measureanglesintersectingthereferencelineandhingelinesandcalｌｔｈｅａｎｇｌｅｓ

ａｓ万．ハOislengthofhingelinebeforedeformationReplaCingOby万一８，inthe

equationA,=パ,cos28+A`zsm28,wehave

A-(÷)’一璽竺｣互二上)+空ﾋﾞﾕ互二LｊＡＩル

whereOlistheanglebetweenPQandthelongaxisXofstrainellipse,Ｓｉｎｃｅ

Ｒ=器櫛…。
入，

A＝AＣ
1＋(R’－１)翻團(万一万]）
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ＷｈｅｎｗｅｐｌｏｔｔｈｅｃｕｒｖｅｗｉｔｈａａｓａｂｓｃissaandAasordinate，ｗｅｇｅｔａｄｉａｇｒａｍ，

wherethebighestpointofthecurveisAMi-randthelowestisAol/７i~了Wegetthe
valueofRby

An1/Ｔ７
Ｒ＝

ｈｎＶ７ｉ~7

ThedirectionofthehighestpointisthelongaxisXofstrainellipse・Ｔｈｏｕｇｈｗｅｕｓｅ

ｈｅｒｅｈｍｇｅｌｉｎｅｓｔｏｇｅｔＲ，ｗｅｃａｎｕｓｅｍｅdianlinesinstead．

(2)＃／万diagram

Theconditionofthemethodisthatfossilsarebilateral，ｂｕｔｔｈｅｓｉｚｅｏｆｔｈｅｆｏｓｓｉｌｓ

ｉｓｎｏｔｎｅｃessarilyequaltogetherandfossilsofdifferentspeciesarepossibleｔｏｕｓｅｉｎ

ｔｈｅｍｅｔｈｏｄ．

い゛２－A）)Ｓｍ(０－万)COS(８－万t…＝\■F￣、｡「￣

八（’COS:(７－万)＋入2sj"'(７－万）

DividingthedenominatorandnumeratorbyA〕si"(８－万）ＣＯＳ(８－万)，andconsidering

l2

therelationR2＝フi-Twehawe

Z(、ﾘー（Ｒ2-1)tα"(８－万）
’＋Ｒ２ｍ"(７－万）

Ｗｅｇｅｔｔｈｅｄｉｒｅｃｔｉｏｎ８ｌｏｆｌｏｎｇａｘｉｓＸｏｆｓｔｒａｉｎｅｌｌｉｐｓｅａｎｄｔｈｅａｎｇｌｅ８２fromlong

axistothedirection#…fromthecurveasitsintersectpoinｔｔｏａａｘｉｓａｎｄｉｔｓ

ｍａｘｉｍｕｍｐｏｉｎｔ，respectively、RiscalculatedfromtheequationR＝ｃｏＺＯ２，using０２，or

fromthenextequation

R2＝1＋２(！｡"＃…)2＋2ｍ"＃…seci…

Itisdescribedinthelatersection“Deformationassociatewithradialspberulitic

texture，，howtogettheequation．

(3)ｒ／｜＃｜diagram

Theconditionofthemethodisthatf・ssilsarethesamespeclesandn（=上）
mO

isconstant．、ｏｉｓｔｈｅｌｅｎｇｔｂｏｆｍｅｄｉａｎｌｉｎｅｂｅｆｏｒｅdeformation・Ｔｈｅｄｉａｇｒａｍｉｓｓｈｏｗｎ

ｗｉｔｈＭｌａｓａｂｓcissaandr（＝上）asordinate,Sincethelargestvalueofriｓｒ０Ｒ
ｍ

ａｎｄｔｈｅｓｍａｌｌｅｓｔｉｓｒｏＲ，ｗｅｇｅｔｔｈｅｖａｌｕｅｏｆＲｆｒｏｍＲ２=＝ユュ
ｒｏＲ.．

(4)Wellmanmethod

Thisisafullygraphicalmethod，backgroundofwhichisdescribedonthetextbook

afterWellmaM1973)．
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DefbrmationfromCi正ulartoEllipticaIObjects

Generaｌｃａｓｅ

Ｗｈｅｎｗｅｐｌｏｔｐｏｉｎｔｓ（Ｘｆ,Ｙｉ）ｉｎｔｈｅＸｆ／Ｙ１ｄｉａｇｒａｍｗｉｔｈＸｆａｓｏｒｄｉｎａｔｅａＭＹ【as

abscissa，gradientofthelinerepresentstheｍｅａｎａｘｉａｌｒａｔｉｏＲＸｌａｎｄＹｌａｒｅｌengthof

shortandlongaxisofellipticalobjectafterdeformation，respectively・

Sincethemethodissimple，ｉｔｉｓｃｏｎｖｅｎｉｅｎｔｔｏｇｅｔａｒｏｕｇｈＲｖａｌｕｅｂｙｔｈｅｍｅｔｈｏｄ・

Iｆｔｈｅａmountofdeformationisgreat，however，ｉｔｉｓｄｉｆｆｉｃｕｌｔｔｏｍｅａｓｕｒｅｔｈｅｓｉｚｅｏf

pebblesbecauseedgesofthepebblesarebroken・IftheamountofdeformationissmalLon

thecontrary，itisdifficulttodistinguishbetwｅｅｎｌｏｎｇａｘｉｓａｎｄｓｈｏｒｔａｘｉｓｏｆｔｈｅｐｅbbles・

Ｔｈｅmethodthatisdescribedasfollows（methodof3direction）ismoreprecisethan

thesimpleX,／YIdiagrammethod．

(1)Ｍａｒｋcentralpointsofalltheelliptica］objects．

(2)Considerthreearbitraryreferencelineswhicharenotparalleltogether・Drawthree

linesinsideeachellipticalobject・Thelinespassthroughacentralpoinｔｏｆｔhe

ellipticalobject．

(3)Addlengthofthelineswhichareparalleleachotherforallobjects，

α＝Ｚα’’６＝２６１，ｃ＝Ｚｃｉ．

(4)Sincetheellipseisdeformedfromacircle，thenextrelationholdsassuminglbａｓ

ｔｈｅｒａｄｉｕｓｏｆｔｈｅｃｉｒｃｌｅ・considertheellipsewhichcontactsthethreｅｌｉｎｅｓｏｆｗｈｉｃｈ

ｌｅｎｇｔｈｓａｒｅｑ６ａｎｄｃ

ル:ルルー';)::';川;１－｡，:が:c，
(5)Ｔｈｕｓｔｈｅｃａｓｅｉｓｓａｍｅａｓｔｈａｔｄｅｓｃｒｉｂedinthesection"Deformationofstraingrid，，．

(6)WegettheprincipaldirectionandaxialratioRofstrainfromthemethｏｄｏｆｔｈｅ

ｓｅｃｔｉｏｎ“Deformationofstraingrid"．

、efbrmatiOnAssociatedwithPressu正SOlution

Changesoflengthamongtｈｅcenterpointsofsphericalobjects（ooidetc.）represent

bulkdeformationonthesectionplane・Eveniftheobjectsdonotassociatewithpressure

solution，ｗｅｃａｎａｐｐｌｙｔｈｅｍｅｔｈｏｄｔｏｇｅｔｓｔｒａｉｎ，iftheobjectswerehomogeneously

sｃａｔｔｅｒｅｄｏｎｔｈｅｐｌａｎｅｏｒｉｆｗｅｋｎｏｗｈｅterogeneousdistributionoftheobjectsbefore

deformationWhenweplotthedistanceDasordinate，whichisthedistanceamongcenter

pointsofobjectsbeforedeformatio､，andtheangleaasabscissa，whichistheangle

measuredfromanarbitraryreferenceline,thepoints（α,D)arescatteredalongalineof

meandiｓｔａｎｃｅｍＷｈｅｎｗｅｄｒａｗＤ／αdiagramafterdeformationbymeasuｒｊｎｇｔｈｅｖａｌｕｅ

ｏｆＤａｎｄａ，valuesDreflecttbestretchdirectedtoa・Ｔｈｕｓｗｅｓｅｅｔｈａｔｔｈｅｄｉｒｅｃｔｉｏｎｏｆ

ｍａｘｉｍｕｍｅｌｏｎｇａｔｉｏｎｉｓａＩａｎｄｔｈａｔｏｆｍｉｎｉｍｕｍｉｓ丁２，ａｎｄｏｂｔａｉｎＲｆｒｏｍＲ＝－
ｍｙ
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Defbrmati⑪nAssOciatedwithRadialSpheruliticTexture

Werecognizesometimesfan-1ikestreaklinesaschordsthatpassthroughthecenter

pointsofellipticalobjectsWethusmeasureanglesathataretheanglebetweenan

arbitraryreferencelineaITdthestreaklinesAshearangle＃ｆｏｒｔｈｅａｎｇｌｅａｉs

obtainedasthedifferencebetweentheangleabeforedeformationandtheanglea

afterdeformationWedraw＃／αdiagramfromthevaluesofaandshearanglei

forthedirectiona・Theprincipaldirectionofstrainisindicatedbythetwopointsthat

aretheintersectpointstothecurve（＃／α）ａｎｄａａｘｊｓ（γ＝０)．Ｉｆｗｅｏｂｔａｉｎｔｈｅ

ａｎｇｌｅ８２ｂｅｔｗｅｅｎｐｒｉncipalaxisofstrainanddirectionｏｆ７１…，ｗｅｃａ１ｃｕｌａｔｅＲｆｒｏｍ

…－尺…Ｒ‐貴Thooth…hod`…ICU'…vaIu…､…｡､恥ho
A，－ル

ウ…valueisdescribedasfollows・Fromtherelationγ…＝、"ｉ…＝
2,/７｢~７７i~5

ｗｅｈａｖｅ

……－４－L＋芳一，A2

Aj

SinceR:＝７iT,wechangetheequationas

Rイー2Ｒ２(2t｡が＃…＋1)＋1＝Ｏ

ＳolvmgtheequationwithregardtoR2，ｗｅｈａｖｅ

Ｒ２＝１＋２Zα枕2‘…＋２tα"ハョェsec＃…

DefbrmatimlfmmEIlipticaItoEllipticaIObjects

Owingtothedataofl４４thinsectionsperformedbyCloos（1947）ｗｅｓｅｅｔｈａｔｔｈｅ

ｍａｘｉｍｕｍａｎｇｌｅｏｆｌｏｎｇaxesofdeformedooidsfromthelongａｘｉｓｏｆｓｔｒａｉｎ（fluctuation＝

2‘…）decreaseswhenthevalueofaxialraｔｉｏＲ、ofstrainellipseincreases・Itmeans

thatafterstrongstrain，thelongaxis'sdirectionsthatareinitiallydistributedrandomly

tendtoconvergetoacertaindirection，ｗｈｉｃｈｉｓｏｆｔｈｅｌｏｎｇａｘｉｓｏｆｓｔｒａｉｎＸ鶴．Theaxial

ratioRfandthedirectionoflongaxisafterdeformationoftheobjectsthatareelliptical

objectsbeforedeformationdependonthenextthreefactors．

(1)Ajd…｡………Ⅱ…＝芸
Ｘ‘

(2)AxialratioofstrainellipseR＝了
(3)Principaldirectionofinitialobjectellipse8
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AxiaIRatioRloflnitialEllipseiBConst8mt

Theconglomeratepebbles，ｔｈｅａｘｉａｌｒａｔｉｏＲｉｏｆｗｈｉｃｈｉｓｃｏｎｓｔａntbeforedefonnation，

｡…`h…､………when`……f……R－筈……‘h･雌
shapetobeflat、Deformedmorestrongly，ｔｈｅｙｃｈａｎｇｅｔｈｅｉｒｆｏｒｍｔｏｂｅｍｏｒｅｆｌａt

thanever、ＷｅｓｅｅｔｈａｔｔｈｅｓｔｍｎｇｅｒｔｈｅｓｔｒａｍｔｈｅＩｏｎｇａｘｅｓｏｆpebbIesafterdeformation

arerearrangedmoreparalleldi配ｃｔｉｏｎＷｅｍａｋｅａＲ１／idiagramfromthevalues

Ri，Ｒ・ａｎｄ８ｂｙｕｓｉｎｇ（6.18）ａｎｄ（6.25)．ThemaximumandminimumvaluesofR1are

obtainedfrom（6.18）ａｎｄ（6.25）asfollows、

Ｗｈｅｎｗｅｔａｋｅｔｈｅｖａｌｕｅｓ８＝ヅー０．，ｗｅｈａｖｅ

Ｒ…x＝Ｒ・・Ｒｊ、

Ｗｈｅｎｗｅｔａｋｅｔｈｅｖａｌｕｅｓ８＝＃＝90゜，ｗｅｈａｖｅ

Ｒ１ｏ,｡=筈(…）

＝＆（R,＜Ｒ,）
Ｒｓ

ＴｈｕｓｗｅｃａｎｓｅｅｋｏｕｔｔｈｅｓｔｒａｉｎＲｏａｎｄｔｈｅａｘｉａｌｒａｔｉｏＲｉｏｆｉｎｉｔｉａｌｏｂjectellipseby

drawingtheR,／ゆdiagramofdeformedconglomeratepebblesinfield，ＩｆｔｈｅＲ１／＃

diagramshowsaclosedcurve，ｔｈａｔｉｓ，ｔｈｅ”onioncurve，'，thelPelationRo＞Riholds、

ＴｈｅＲ,／中diBgrammethod

(1)Takeanarbitraryreferenceline

(2)Measureindividualangles＃betweenthereferencelineand

longaxisofmarkerellipse．

(3)c`IcuI…‐美
(4)ＤｒａｗｔｈｅＲｆ／＃diagram

(5)Ｗｅｇｅｔｔｈｅｄｉｒｅｃｔｉｏｎｏｆｌｏｎｇａｘｉｓｏｆｓtrainellipseasasymmetryaxisofthe

R1／ウcurve．

(6)SincetherelationsholdaS

R…エーＲｏＲｉ

Ｒ,…-筈(JR川

Ｒ,｡－畳(凪ぐＲＪ
,ｗｅｈａｖｅｔｈｅｖａｌｕｅＲｏａｎｄＲｉｆｒｏｍｔｈeequation

R-V77T百百丁了777百〒T(R・＞R,)

Ｗ雲三 (凡くＲｉ）
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AxiaIRatioRioflnitiaIEIlipseismotConBtant

WhenRitakesvaluerangingO＜Ｒｉｍｉ,,＜Ｒ,＜RimⅢ…thenextrelationshold．

Ｒ…バー几．Ｒ…パ

ハ,.Ⅲ一志(凡>凪…）

一旦Lﾕﾆｰ（Ｒ＜Ｒｉ…）
凡

ThuswecancalculatethevaluesR､ａｎｄＲｉ耐!“ｂｙｔｈｅａｂｏｖｅｅｑｕａｔｉｏｎａｓｗｅｌｌａｓ

ｔｈｅｆormerdeformationwithconstantR,、ＷｅｃａｎｎｏｔｇｅｔＲＩ卿ｍｏｎｔｈｅｃｏｎｔｒａｒｙｔｏｔｈｅｆｏ

ｒｍｅｒｃａｓｅｏfdeformation．
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