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MR Lo EERL D6 >DOWEAZHMICTH N, du = 0BIWETRLLEEEBKT
s 2ABEENREVCEEZRL. BITEREEEZRIETEZLOERICDVWTREIL T
W3, Parry0BiFic 6 o0 BERoHic3omEICEREMBGKRT2E . HERE T, E&
E. BHEFESEPEEN TS, £/ Lanbe(1973) 13 % @ Rankine Lectured ¢, +
EMOEEMITFHE LB L EERE S A - 3BOTELEb-THBh, HERRE
HFEEZ2HVWTFHIFEORBELX I LT TS, ThERBERSSS A-SHBA 7y b
F - ORBEEZ LT RTAE, B THOREN T2 EEHRL TV 5,

Pltozfliz, EEHE~ORTEOHMIZI>WTOFERTH 20, HUEEREZH VL
MR BT2EROBRICBLTH, BENO T OMEFHEOEHEIFEMBBLEARNTRT
HBHIEREIETH RV, RBER TR, HEEHE. MEOERFIER. M0 EE
FOFERGHEZHEILTHILEVAETHD, BHOBERZEZTHI) L TONETER L EE
EWNRELALEBRHABRICERSZEDTBV, CORPERERORERMNETEH 205, +
DME - ZREFESEONFEH EEHMB LEMKI Parry0B T XS E4 0 ER O &
ST B o THMIE-MNRERFBROA P oMBOMEREEZRET 20TRE L,
BHEBLBT 320K EERIANTCHEBEZT - CHOFEEERE LA TRASK
W,

AWETHEE LTV ORHKMECREER 0. EHKBE(cu)Th
D, PRONOBADODEROLERZ T 5, TOEBSDON, (1) BAHH, (2) &
HE, (3) vV Y IBOENETHD. HEFTRINSEODVTHEBREIHAD
BRERTOH, AMICTHR, METHEOFP KBS Y ERRT 5 LCHET 5 emTER
WER S OBERIE S VT, ABHTH S MEEROHRME &S B BEOFEE
WME S 2,
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WCIHEBRKEE LM RETH A2 I EHBIBFINLTWVWSB, (Table 1-2-1-1 BHE)

T OHFESKBECE T ELF IR, OVH#EERASHE (inherent anisotroy) &
QOIS EFM (stress induced anisotropy) EWdH 3,

ORHETHRFOEBERTHEZ2 I LICERT 20T, HEBELBLWTHRI N 3
FOBEEEICX » THEMECPHELEFELENS, IR FOBERBELCETHEMNE
ETCHEANBCLicLy, TR TREBVHR S v/ A RBEREZE >, HEOHN &
R AREGTOMEABEEE SN, 5B FEO—-RIEFREOHF cH N IXKELG
AE&DEBBIEDBPALIEM>TWS (Mitehell, 1956; Rosenqvist, 1959;Martin,
1962) o ¥R COEMRBERMBHLOBGLEFLLL, Bl oL B SRBEDOEH VWL
REEWMEZRT CEPMohTWVWE, —FQIBET 2EFHR, EFDO—RITEEKRE

WEBEAMEADEKEENCIBER2ESFEERETH I DIciRE 5, K0 HEK
CPHBELTOENAFZTRL LD D TH %,

MERAGE. bdxoEAMOEcHE I MEORLzERN AR OEHEALA
ER, HEEAAER LTBA0AETHY I v LcEHAREI LT—EREBRZT D
FETHB, CORFETHEAMOYBICHAFRRIEFIGHRELZ > TE S g G
OLEZOIGNREATHICEHEBE LTV WY, tBEFEE2ETLILEL. b5 VWit
HOMELAED M) I v Iy T UDOROLBEIELWLEDLPZF = v 755211
TE B, —WEE, SHEANRER (UU, CU), —BeAMREEEM:EZROT
BTBEL OMEE (HlAI Bishop, 1948;Jacobson, 1955:Ward et al., 1959 :Hvorsliev,
1960;Lo, 1965;Bjerrum, 1973; =52 5, 1984) ek oTmEN, WEOBERS L, AT
HMEYTOBHICL - TERZIEBPSHICEIN TV S,

MR AZEHBELROANEobicid, BAUAERMMLAZRABBETSH 2,
BV EA M T 28B4 EEL DX Casagrande & Carillo (1941)T&H 5 H,
Fig.1-2-1-1 1243 Lo(1965) #% Welland Claylic ¥ UCHEM L7 —#EBRE R % I O Casa-
grandeil\ & LI/ R L TH %, —F. Hansen & Gibson(1948)&i8kempton@l—theory(1948a)
THWT, METEH (de, ce) HFI ia@?:;ﬁ@ﬂﬂ\KoJ“ﬁ?th Jimé"*ﬁﬁ'%ﬁﬁéi
DR &2E &, %iTDuncan & Seed(1966a, 1966D) S I L > TEZOEFEMUESHEL D SN T
%o Davis & Christian(1971) &, Hill(1950) BB L A LBMBE I 2EHEORY
MrZRLULCHERE (CHEHBERFHOIPFRREZ 2SS 2) %, SHEBEE
LEEHBEPRRZLVIBELEOFEBFRELBMIET 2L RBIELRBEHEZREL 7,
¥ fzCasagrande & Carillo®F AR % & » —f%{t L 7cBishop(1966) DX & & o EAK 8
BEOERBEREESCWHIGT 52 &% /R LA, Ohta et al. (1985) . BAHFEZE Lt o
MRl TH 20O - KEHEFVERW, KIEEHLOFHKBRELZRERTIL O H O OB



PLTHE, BAORAMRRI B B EHARER SRS %o

Cofy, BWHEFUHEGEALBERFEZHAL2EBN T, ZWEMR, HEEAR (HAAJ
Parry & Nadarajha (1974), Nakase & Kamei(1983)) . LHEFEM. MERB (H AKX
Heakel & Wade, 1966; Campanella & Vaid, 1973) « LEZEicH c B A Wl B& (DSS) %
MA 7% ®D (Ladd & Foott, 1974) . field vane(Aas, 1961)ZF 0 HEFHAB LN ITbh TV 3,
¥ 7cLadd et al. (1977) & HELHED State of the Art ReporticBWT, EREZTH#
T O HKERERBE LT, BT ANMRB I VB SN IEBEKEERSME O B (Table
-2-1-D WO R =ZMERKRCPHERBR B 2 EHERE W T 2 HMEREOLEKs (I
FEREAEEZRDT) LHEEEROBMGE (Fig. 1-2-1-2) 2R L. Z#MERIC BT 5 Ksl3 P
HERXBOSDLDE~15%/NELEBEWMELTCVWD, Pig. 1-2-1-2 K EATTH
v7z 2 ] (Mitachi & Kitagou,1980; Kimura et al.,1981) L T2 BWEHK O E
Lo TW3,

DERLUZfbic bHBO B VR CETIMABZT IR TV RN, KX THRES
PEHREFEShAEVERELCET 2EHKEERFEc Wz oRMEZ L LD L
UTol&ECicids, b, EFBERMEBEL DRSS, @HEIRZIRKR, B/MEE
Bde CHBEHEERTOL I CBENEZEEANNESL. MEMENETLE > TV 3
REET IR, kém%ﬁrfﬁé&ﬂffma BREMEERBTD, MERAFEIERIENRE
Eﬁ@w%ﬁk%m&&%mt1m5<mwetm.ww>o%oT¥ B oAb & ik
BT Cassgrande & Carillo®FRX I &oT#ﬁD@F T%EﬁQ CErRET B
EBWTEBENVWI LTI B

(2) WRRZHER ; ERERENE

Bite L 0 HK R - ZE T ABEBROME LT, 20— 7, W0 P
B O BRI BT B C LD TE By T 02 o M M 0 I Bk % 5 b % A
$RLCHBEEERRTTHD. BHOENAROBBARTHEE L 5 L0017
0K &I CHAEIT > o b, WA RN TR SN B MEEBATE LT 4o
RoTe 70— TR, CANMEDERE RGNS ZE LB ABEE R D,
Bjerrum(1972) WREBEN B LI NR VKL 2 OHEEFREIRLTWVWS, COEBEMYER
wﬂﬁﬂméﬁ%ﬁﬁ¢5if@ﬁﬁLﬁmm@@f&a Bl N 0 I8 6 HEK

KT AU ERET 3Dl EYD 24— 5 - odt -5 - bKREBESITH
BRI F, MM TR A AR OEERE (S c RS oM
— 5 -UERETBSDENRZ, o THIBHNTHEINIBELIBEEOELRABRL SES
N7cbDERER>HdDERD, ELLEREZERG 2D REEBERIEULBEE



AW LEND o Graig(1982) REMELENOHUMCBY 2 ERHF O ECH L CHE
2 QAP SBREEZMA TV %,

L OB EIZI R CB T 2 RV O RKEM BB L. Casagrande & Wilson (1951)D b D
THA I HoR, BLOLREEAB L, 1 04— — kR RIBEHETCERELL
tE%Eﬁﬁ%@~%Eﬁﬁ%%%ﬁb\%ﬁﬁﬁmﬁhfﬁﬁﬁéﬁﬁﬁ%?éﬂ%ﬁ
DHH 5L, BEDENRBRTCREZIMELIOLRYV/NEBRFETS 7V - THBENIEC
BIERF Lo COEBRBRERZY T, WHET L5 H WA BRITONE (B 21
Maruyama & Shibata, 1961) P ERHEBRIC X 2 EBRMHE (HlA L Saito & Uezawa, 1961;
Bishop & Lovenbary,1969; Finn & Shead, 1973) D¥(£ { TH N 2o Singh & Mitchell
u%wﬁ\§<@%ﬁ®M%%%%%ﬁL\1)m HEE (&) O B3R 3 Eic H
LTHDT 5, 2) BREONBRFERECLAL, ChoREVWREIZLTWE EL
T WA ='W,

t m
& (t,D) = Aexp(aD)'[—J ..... (1-2-1)
t

Tt WEMEERE, DREEIST, AR e (t.,D=0), o, nidD, ticBIT 2 EHTH 3,
IhiINE 7 V- 7EHOFMIRA, o, n OZLHTTEBZ I LR, HEoOR IO
BB D TENCERERZREIN] (NBHE) oifios ) - 7#EH 2 +OBE L
CERBFTEDZEL, $hn KE->T2 UV —TEF v v eV Y — FTHEEOREEH % i
T& 5 I &%R LI (Singh & Mitchell(1969)) o

Mitchell(1976) k. “EHfiEGFRH OB AWM PHEBERIBEOMEIEN c L > TR E 3

BETHEL. K BEKEDBSOZBETHRID” EERL TV D, - THKZ Y

— T RAEHE, REERDDV., —EDOEMNLNOTFTCHRET S LT 5, Sekiguchi &
Toriihara(1976)iE. —EBFHENOT T/ )V - 7EBH AR L O —RTEZESEE K
BI571— - B HIBAR Z E oo Sekiguehi(1977), Sekiguchi & Ohta(1977) k. LR OB
FRReELRRS S EREFENEL O - MEEBLEF VLY 20 - KHEF WV
EHE, 7Y - THEY I AW O BEE KE T B 0T 70
COWTHRHE LTWS, Cofl, JRPIKEE G o B/KEEECEH L PR H».
Richardson & Whitman(1963), Kimura & Saitoh(1983),0 reilly et al. (1989)5ic &k » T
TN TWa, Jofhic b ORRMEFEE AL CHEB O ZWHESTbh TW 3 5,
FEPRIK DR BE O B E ARG 1CBE S 2 B R (Casagrande & Wilson, 1951;Richardson &
Whitman, 1963;Bjerrum, 1969, 1973;Berre & Bjerrum, 1973; Vaid & Campanella, 1977;:
Graham et al.,1983) o, ML O /KEEREAEFECHBEMET 2R3 5.,



OWECHFA L THMT A2 EE2ERELTBTLZENTE S, Fig 1-2-1-3 HFO
BB o (Casagrandek Wilson, 1951;Graham et al.,1983) %Rdo

(3) zofhoER

BRAGECIHNESFEOMICKER L HMBOREUTIFEDO L TZEITNEERE LT,
FHEEABOBRE - ZEFEcE A 28 h. ETHEEE. HBO R —HENE T S 4 3,
ANOEEE L TR, BHOEKICES 0P, ¥ v 75— 0MASE &Ha, BRko

PO VIR OBBNREBEENS 2, CNOSREZEANEED A D =X AT 2HE
DSELFS (1974) % Kimura & Saitoh(1982)Fic k- Titbn., FhE il T 2 KT RH
70 (IE3E, 1988) PEBHNMA R LcElhicB s 2 ME OfIEH (Nakase et al., 1985)
WRESN TV, COMENICETIMERKMEL 2B 5T I 20 FE L EHEICHEM
THHERBELEINTOVRAVWEE > Tl B (9T RFBERNIL LW E2Z T 2856
BELLL-TZzOoEHEFMTE2 LHWELCV I, BHilboFHMdab bR YME
KKEOHEPRERZDLFLEANBHFMELRETZ2ETCIRBE > TRV, KT
HOXH i, WHERBRSHES/NDEENEROSS., HHRBEEANEZ T 2 &R LH
EOHBEELFEO>RLELZ L LZLONENP,. T THHEUMBOMEROBRE CHBER
DEBPTREEET OB, RHOBOELFEMY 5 epTEd, AR 3HEIM
B b IREOHNOBEER Y3 R EELLFNE V. Kinurak Saitoh(1983)
B, B 20 /A HOoBEERONFEH ZHMIHAN, ETEZEENDO2 ~4E0FE
NTHEET 5 LEE PLEBEH AN OEENS T BB EHEL T Wa,

Parry(1971) . HMitHBOXERZBRFMIT 2ER O —> & U CHEITHERE 22
B R L eE LA AEERLI R SDWTREINEZEEBTALESEND B EBRRTW 5,
Dascal & Tournier(1975) . FEF ICHE THRIEXER/EE L2 /R I L HE F o SUERE L
DERPOLFEMOFMIC R ETHRELZEREI RETH L EERL, Bjerrun(1972)
ON— yREOFHERKEZEIEL Sl a - aMERREREL, ¥ i
Lefebvre & La Rochelle(1974)iEt A ¥ 5 — ¥ a3 ¥ 55| )‘f_Champlalj‘*ﬂj:’ﬂ@’Ciﬁ_%t
HEOICSDVWTRE L, XEFBELCBOWTHEL L TY -/ BETRE(BEBREEZAV
5 EOEMHMEIR L, ETHEER, LERoERAHEESER B I LETE -7
BENEBILREEINTVWAHDREISLZ(DOTHD, F-/7BEFEICEZELLE. BE—FH

EEZROEHEEMIPECABEEZESINAMLEICE I OMBEIRT STV, HioivE
Lf:%it*%l KX L2 BMEEOEFZT ) CERIDERLAAHR BT 2 WA TR

HITHRBEOBERBLASEHLEZ DEZEL LN S,



1—-2-2 @WENFERENICHENT 2% (NCHE) oXFh - #i#t

BAETEEENp LENEHVE v PREZF LVERESEE LB 0Tk

BEiX. Fig. 1-2-2-1 OMBHABRT LI CEIARAREIEEN CENT 3, COTFHEE
ER T HBORSAMOBESHICERMWICEE LzDiR B S < Skenpton(1948b) TdH A
o P Gosport D RIREE DI IF OMA = FHMIcTH . = D8 #E 175 [F 3 E 25 48
ThrILERELD, COBOHMBOXEHR LBV THBEEL-FLRET S &
ORI FEATER L 7co Nakase(196T) I HACTRE Lt T HBOHEM c > v CHH~, 3k
BkmEORS TR OEMAZERINIT d= 0 BRIV NBEZEHNCHHETE S WA
LTW3, Gibson & Morgenstern(1962), Kenney(1963) 3. ZEBME o TEIFEIKHE
B ICRESENT 2B OBAIMEOLEH EMHMBEVETRD T WD, Fikclunter &
Schuster (1968) X REMENE TR VIREHMME OB Y M E O % EHEE M E v &
EFRAOCTHFEV, KBEEOES LTS SOPLERCRESEET LI EETR L,
COMMBAMNSHMERNEREEMINBOZEMBEL R -~ HERIEEL . B LIF S
NV 28520, TOHTHIRGEZEIFDODNTVWIOPARMFEOFTEH A2k T
TEHEAMBECTES Y, A TRESEIHBOSZEHCETIBEOMEIL> W, Hictk
EHNMEcHT 2 b0 >0 THBIT %,

(1) XBHEEECET 3R OHE

XEIMECRZSNZTOXEMER - MBPARER CGEHEEFRL) 28 T HRE
b EMoKE > BE, L2 - T2EHEMBLER L, XKEE#HELABLEY X0
MEPRE SIS EEEFELT, BRHEEAVTLIORERFTZT 50 —MIA VSN 37
FiFEE 1) BEREN (LA) . 2) OB (SL) . 3) BE¥ER (LE) 0
3FTH 3,

Chen(1975) k. MUZE T 2M B ORE LBV TERINE 3 >OEALELL T, b
NoB &R, BT -EEK, B LIREMENY 2 EEEGHEZEY. LD > Wi
BB ORI > W THBELTY S, LAZ EREHE (88 & FREHFH
(LB) KU C#HMlidadE. Chod >0 FREHEBOTE X, MOEHRIE s
WCERENRFSHEFEHFELTCBD, BOEMETRSL, UBLLBOMA&Y, #A
ODESHE, EETRLE, UBBEBIRTWS, Table 1-2-2-1 B kit 4 FiEiC & 28+
MBOXFRNCEATIMAHAEZI LD TH I, WIFNbHTOEEH I &L
RHEPREHEO T OB TH D, FKiexact LFELTH2 b0 ERE, FTHRMEMNE
EAIHLETHD EBRENLHTH %,



MEMINMBO XN =BT NICERDF > 0. T E(1966), Raymond(1967)T
bb. PHEIEZ, TRATREINZLIREIHFMICHEIEBNICHINT 2L, AL Fig.
1-2-2-lE RTRELSALZR MR LOEBEEROXFEH2HEBIEEZHVWEZLER X »
TEE L, ¥EREKRZERL TV 5,

c{(z)=cO0+k-2 i (1-2-2)

T e (z)RBEEzOMEAOEME, c VIHERFRBE, Kk &;t‘é%%é?‘il‘rﬂ@éﬁf%i%ﬂu%'cés %o
Raymond 3 EHBIES K EC W2 &, BEFROBEHEMEZZRLASTRESBVEL T,
Ml v EERY. PEHOBALEHTHBOFEBROTENIME LMD I - TV 3 55,
FMEEEE T 2 XBNORNMIERDBREBES B D> ko 2 2 OBITHTHE, VWY
NOBHERY - F v 7 FCHERAMTE 60 LREL, 7-F v /EROHEORE
RERBLTWIE W,

Davis & Booker(1973a)id. X (1-2-2)DEBELH 2R oMM D 2 Wor X H M ¢
ZIBOBBRZIT>-TWVW3, HOHRIOBOMBO ¢ =0 HicB T 2KotterNE kD 5 &
o, Bk LOoBELZLESA MR ZE VWL, Chick DB OBRMBIFcESN 2
fEM, MAFWRAESRE (WRIGE) 2HET 2 LABEEHENIC TR (UK
HER) TH, EMERZIEEZRLEL, BohtXFHNEq % Fig 1-2-2-21t/R T &
RIL7*7 2 =2k B/c0 (JCTBRERR) Ko KESTIWMERKFrEAVT, kX
DEIiLEb LT, Hb,

q= Fr [(2+z)c0+k B /4] - ..‘....(1..2_3>

Ihicky, BESNMMBCEMEN - FRHBCRAESARVEAREGOEBIC L 3%
RNMEOEBEHDLNLZIELERLTWS, $AKB/cIBARELL S &, Fig 1-2-2-3 T
R LI, BESEYHERBEBICEXZTRAEE» R 0BERICFEMT 2 &2 5
e Ly MEEnt# ey L CHEEzEAT2 CERBBETH S CEEHBRHL TV 5,
COBPHEI(1981) ik, T D Davis & Booker'(1973a)@ﬁ;%z:go“mf\l M 0 3 B R
ERIE L. SERER T 2 EANRLHNEERD 5555 RE Lo,

Salencon(1974a) 3. MEMTEH V., ZHEHCTHENER c (2)=k z f&%ﬂi?ﬁ?‘\ﬂ"]f&ﬂiﬁ
EEM#IHMBOLRNHEZT Y, PRBEETREN —HTB2EMERD S LKL
TW3, Salencon® FPRETHBERICL 3 & 7——?Vﬁ"ﬁﬁ”ﬁ%’ﬂ#éx@ﬁ[%@%ﬁﬂﬁﬁfq(x)
B ER B, Al B,

q (x)=k x - (1-2-4)
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chEE#HOBIHR % Davis & Booker(1973a) 78 L TW A 45, Salencon® 7k L 72 Al &I
FH11E & DavisS5 D D EWRENB B 72, Salencon(1974b) i Davis S5 O AR NG IC &M %=
i e itio

Table 1-2-2-1 KRTHMEFOMROZK KM EREHETH 3, THEFE TCRIEFITE
VWHEBHEERVWHET PR TS D, BEOWME LBV T TREHELT- %2
Fldiv, FREHE TR, HEOLZH TELI NI 52 BEEQENBFEEOA N =X
H (AEBEEE) 2RETHE. Tl 2BNMIRBLERNEZKROZ &8 TES

 TREFECRHMBRACHBRESEHBRBE, IRV TREORREZRD 2
D ERACIZEE T2 (Chen, 1975) o Lysmer (1970) & F EME B ik iF 2 Bt B{L F ik
IR EER L 2RECFEEZRHVT, ZReHBECET 2 TREFEFEZREL,
XERAPIECELTHIrROBEEORWHEEZE T WS, 7 Arai & Tagyo(1985) .
LysmeriEDRE E U CEBALFEBERTH 5 A ENohr-Coulonb3HEEABIAL L TV 3 &
B, CNbERRTAROFEBHEREEA TV, COFRRTRENE LS
THELEHEABFETH 2, HBECHATREEET 2S0MERS ., CoFEEH
WTHEFHNIREPKEEREZEBZ2ETIRRE-> TV,

1 —2—-1TbRLAEBY, XFNECELELRITERO— 2L LTEERI LS
% %3, Chen(1975) ®Reddy & Rao(1981). #5A7 (1986)ik. COFiIcEH LELHMBO X HF
HEREHEZIT > TW5, Cé[ﬁ Chen & Reddy & Cassagrande-Carrillo®! o B H i
MyzEnrArH0wTwd, —HEfdEs 0B AT s R R Rc>0wTRFE LTS
h., =5 5(1984)fﬁﬁ<Lf:??ejiﬁi@%ﬁ?iﬁ&:C—assagrande—Carillo ODERILDELNS
XEIER IRDHNOBET—HTHILERLEL, g IhoDBE EF LI A
NEZRNVEIEFBEEHRREOEHBELZR >F BB OXXFAE L IEFRHL T
& - 1o

FEER (1985) 1. B MMM LoEREROXFHELL - TRIFBLDKRD, BF
BEE#OEREHR Ik B/ coolEmetiermbl, 2~30LTRAEEROLE 114
HEWOXENETERAIE, £k B/cERK(c0=0) @xf,mai:-ztjﬁ{ﬁ, TR 28—
BT sERERTYD, EFREROIFHIFERD2 /3 &85 &%/ 7, Kusakabe
et al. (1986) RMIEERO X% LRMEFAHE I 0K, k B/c o 1L ETR, HillH
ODWEE-FERBILERT LELEDIE, XFNCHET2PREBEALKEK B/ coDinL
Hiombs s, MEBMIMBORS #ERHFTCH N TV AREREH k=122 A

BT HENDLIEEBERHL TV B,

rFROZFRAFETE. HBOWBHEISERTAHCEZIFMERAREBCEH L X
BhHE=RkO3FHETH %, cnt‘o&iﬁﬁ?%ﬂﬁ;ﬁﬂéé‘ET’xﬂﬁi?}ﬁﬂ@%’ééz:f;éFa‘i@%’ﬁﬂé%fﬁﬁ
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RE, BoNKEERGSRET I2WAEAFRNKEEZR LTSS, BcgE> oz
BEAFMT 2 ERTERY, COERMEZRO>BLIEURTFRANERELRRBIT (FE
M) THD, RIETREBOH T —HBNKAVWLNE LI KB >TETVWSE, FEMT
. BRXFARFEOBRBONM A FHE-—UTHRIORDON BB, — R aHE
Btk (FlA L Cam-clay model(Schofield & Wroth, 1968). BII - KHE F ) (Seki-
guchi & 0hta(1977)) 2 VWABAETHIESL I XHNER. BHERCLIZ DL KE
CBZ2O8EBETHD, FLZOERI VAV IDOTERP Ay vadBERICEsTREL
EmﬁéoC@ﬁﬂ@@m&Diﬁﬁﬁ@&éﬁﬁmﬁ%mﬁf%FEM@%%ﬁ@@i
EAOHLTWY, FEMICX 2B (Tanura, et al., 1984) PBEIEHREZRED &
IREGHEHNRZA Yy vaOHHHEFEEF VWL EicE, BRI IATERELIEFE
LOWEFENEPBONE LI > TETWD (/MK 1990) o ¥ 72 Asaoka & Ohtsuka
(1986) 3. B - RHEF VICL 2#BHEF EMEE It WT, Hi B o GRE~
BAL, CNZHVWTELHHELZ U 2T HBOWEATEL. AbE THRERAFM
EEEBLICERERBRBENZT »7co COBR, FEAKERETEBREL DB D
HPXFNEREIE -T2 LEERL, BHKEHETIT- A HERTFEMBRERE LD, &
HORLTOHFEE TRIF/KOHRREARTSHI0% TH2 I LEFBRL TV S, ‘

(2) Hith L OXF B § 2 EBRNHE

T HBOXRNCET2ERE., DBz hichER2EIBEHEITLATL
R, HIT/NELE S CEo O NEMMLBEERECE 210, FEZLOTHED bR Y
R ENTETOVLIRELMMEBERIBIZEALETDON TV, de Mello(1969) i 2 % ¥ =
S D General Report O TTablel-2-2-2IK/Rd & D CBEDEHKH %= F & b, WG
TOEHMONCH IMOERSCRIZOEH L, XBIRIFETCHLTVWEOR2HEOHE
THHELOVIFEZWMOEY, BEEROREER EOMBALERHL VWS, LrLE
RICR LB, ERESEITEICEARECRZEEIZRLTB Y., HRPOBERE R
ODRBE P D TR, ERAEEK %LT%%EW%%méka%T%%io Ebh
%o .

AR VISELBOICV OLOTENERSEREINL TS, Kinner & Ladd(1973) &,
TV Ve =Ny 0 fALEIEEACTER LA ERESS IR L. EEER
L AHWHABRET -T2, BoNEREREZ, S v cEBoNLMELRE >
— R (Ne= 5.14) OXFTIE. RUOBRFHEEZZRBLANCEPHERABROIHRUZ
BEREORHEE RS AT HENFEEEE L, EFUEEZZER LB OB M E M
BL—HFT2EE2R LAk, T THinner5 0RO B HMAZERB U/ NcfliiZ4.85TH -
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. — S HEHBO N5, AL PHBE L DR LB HEOFH E D EREIE
BoTWB I EIKERLZVL, COEERY 1-2-1(3), 1-2-2(a) TR} T &<, IFH
FEHBEOBE. ERGELIHERES 2 WHEBME L SHREOTHELS >S5l
M s LTHOIED Ceind D, XBNHELRETRERFHOBER +5FEH N D
ADIEPTEBLEZTEBWE D TH 5B, Das & Gangopadhyay (1978) 125 H I % 4 3
CERKHBMHBTE SRRV, EHEE LA 4 ) vHtHBEH L, ZbalkR
CHIBFREBRC X 2 XBNEREFoTeo OB, BROBMEIHEL TR s ¢
D%%LHDC&\”4-Uif@ﬁ'Eﬁmﬁ—%%%%ﬁﬁthEM%ﬁTm\ﬂ
BAEHPHE - BTEBEER R TR CER W EEBLTY 2,

Sibata & Sekiguchi(1981) i, A4V Vv T O EHEFEEEMMBIc LT, b afEH
RBC L2 BHRRAABOREAE O F TRV, BEORD &2 KRB A = <
BORENESEAT BREBEE TV D, ¥ BEE. BIT(1979, 1980) 2532 L7 5 i
R Aq/46 (6 : ODEWOKEER, q : BEHE) RO q 0BG &y . K%
FCWEEMEESEBETRHLE S CLER Ui, dbE(1981), o B (1981) ik, JIB#
TOEREBEMEHRCK L, bsESRBC X 3 XHIRREEE (EHK) KOB
BEFEREOTCITVWHEBRFEMPHERRELOLEE2HKS 1, 0ER DHBIRFO
BAMB RGP IGESC AL, HERABOEHAETRT S DREENL. 1~
145 MECHFEMA B D RIAZRE S BBETHTE 555, WA IE T THIE
AREEESELNL, BRREMREMBRIENOFBEL RS DELENL. 5~ Lt
MBI B R E B ER Ly LA~ LS TRIFRBBRLE L, 11~1.2T 2 ) — THRA S
BEAIHREBEL 2, 4)E2FEBHOEE (A Snax/B),/ (ASnax/H) B#0.6 (& 2T Biz
0, MRRELREIE, S naxid it B AKTEL, SnaxHBAKTE) Tha o LEDER%
BHTWwb,

B S (1966,1967) . WHRABOBEEE~ S L2 HNIE, BHEHICBA LLEKE
£25 Y T ABBEHERC A DA EC L A RERBROBEE B Lo L
DFE &b MEE WKL >N THRBBA A Uy IR 4020 #8800 B 5
BoT—EERRSBWIE, bIUFEOFBEHFEE LT T A2HEBEBEN &,
MR ER—EHEOF CRBHIRE AT 35, ZOMMIAGRAMT 5 EE0ERE
%70

PLERUZZEBNRIR, EFEWOES k> MBI RSB OMmE 31213 —
FERRLEZIEERERICLL60TED., KPFATHR L+ 2 %N 58
OXENEETAFHEBAUMERINETTOEIAREAETHLOLTVE Y, chik. o
HEEZIC & » TR & 1 5 M E AR % 5 7758 O /N B I FERR S 2 © & 238 b T
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HLWLDTH S, BRKEZFEDOT 7 = v 7 (Inai, 1979) % B\ 43 ok B 38 0 M8 % fE Bk
THEELRTELZN, COFETREERTHPOBHCELETCOBBCHAEEHRE S
2B 9. WHBEEEZREELI(RELAETOERZTFS> CERE LYV, BHEBRER
B L, BABRBEZWHEC LARETHEFERETVELIFER, BoAWETH
WERLDERERDOATEH 5 5,

1—-2-8 732 rHiBEoXEH- TE&EE

EREHREOETHME TR, EFKTANME c s L icERNIENT 2,
L L. RE#HSEOwRE L MBo b ic 3 TRKEOESick ., -8B HFOES
HiomBTEZR, HE. V—F 7, BESic i, HBEEBERESKEL I S5 2
b@&ﬂof“%g&#%mo;@ﬁﬁ77xﬁﬂiiigﬁbT%®Eﬁr EEEck

KZEDHEEBEALTHB Y, Bjerrum(1973) R EAMICBIT 227 52 FE%Fig. 1-2-3-1
@iaﬂ3o@%ﬁmﬁ5f\%wﬁﬁ\%ﬁ%momfuT@;vwﬁerméo
DR LD Frost-affected zoneld XM E#EZE T 2 HE T, COWH O RIEE K
%ﬁbfﬁmkmﬁﬁmﬁﬁﬁﬁﬁofhéﬁz<@%%%ﬁbfm5om¢ﬁ@mmm
out clay B TR EKLEBBEUBRIDETEC D, BHOKR EEBIcHE~ADE LR 3,
3) F# DWeathered clay B THEBELEZ L SALEB K X DBILER A2, wERD
mi. EfEEED T 5,

732 MERER. [R&G. T KOME. it oBAM R EckFEL, BEEOFK
HOL VL TIRE6~8mEBAS D028, ZLOBEE4mUTTH 3, Fig.
1-2-3-2ic, CoEOMBDOH & L TH JF 5 DChanplain Sea Clay(La Rochelle et al.,
1974) & = v — ¥ 7 ®Muar Clay(Brand & Premchitt, 1989) OES FEOBESH. Kk
FHERTo WINSHBRATHInE T, cubFEsLEragicgdblocBy., s
EEOMESHIE. HEMNBEHREEMB EEAKRECRER > TV 3,

1990FERIETHic TSI NAE 1L ORER 7 P 7 FEEB LS FOMAFRICBWT
Balasubramaniam(1990) . ~¥ 2 » 7 fi+HBic BT, E‘JL%{\Q o O T % H W
TRRLERITONRA -7 v h 5 PRHBRESABROERE 2 WE L, BHIEOoVERBEE R
Fig. 1-2-3-3 WRd@EOLTHD, PO IR LAKRFRIBENNEGOHE L LIEE
D. BOBREEA LN MAEO L1 OREHSHELFI. WAED1:6, S C P
Hol:4, GIKOED1:3 ONEHEL TW5, Balasubramanian @ Chick b, ZEo 7
FRAMPRAEFEICRECEE L, WEEREI CEicLoHics 732 FFOBEBET G

e d 5 & a2mli, COWMER. BB 52 P 3HBOREMIcREEEY

_14_



BH. TORENEELS RS 2702 52 P ROBEEATFLC B3 U4EDS 2
ZEERBEBLTWL S,

(1) 752 MEloLo1ZF/H%

77 A MHBEFLTN-VEBRZITI) &L Bon2EBKBERSEFLKEREC
EBZWV, COEINRI A MHBLOBHBELABER WL T~— vEBHEELH L
TEEFRZT I &, BWERKOXLEN1 2 KE LB %, La Rochelle et al. (1974) i3,
717 5@ Saint-Alban® 7 Champlain Clayfi LHIB L CiT > #BLOWERR > L
T Fig 1-2-3-4 CRIBLAOBELSHEHOWTEETHEERT 720 TOER. 252 b
HomEE LT~ @EE (full strength) ZHWA I ERFEFCBR LD, £/72 5
2 PEBELZ 5 METOME (nin. strength) 2 W3 & XL L2 B/NEMT 2 & LT,
WHBRTRON LI EHEMEZREICREL» S BERNICEDT 2 MEDT (residual strength
D)EHVWI2OPRGAEN TS S EHERLTWVD, Lefebvre et al. (1987)ik. 2 J X K
Mt l, EBREREBRCRE v IHER, EN=ZHEHE HEXBRLzERL. &€
THF 5 DOMataganiil B 2B T HBEERZFHET L. UTo k2752 FgEFicwtL
TEEZT>TWVWb, IBDBRLEOIENEHOFTTO2 52 VFOBER. 252 FETF
DIERERTON - vEBERELIB S, D)BEEITEBWTHBLroolELZ Y. &
HHTHEHED AOBREE DD, TNBES FEIRESNCHDT 50 3) L » <
PHMEE LT Fig 1-2-8-5WRT LI RBAHEHA VB, Cofi, 752 F#HiE = 8IFE
R THELWS A L -2 v2RL. CNDBN— VBENBASE T B EE TR EH
BLTW Z)vo Bauer et al.(1973)ik. # + 4, Ottawad® 7 3 2 VIO EEEE (o7
BRECHMBRAGE) 222N E LT, ZHRB., HBETEREMERTZ S 0K
RE7 -5 v FHERBREZREL, EEARE 7S 2 P EBTREO/NEL, TR s &
RECHBHEILEER L, MAT, ZWHARTRMBOEBEREZB/NCTML, /s
By 52 POIET - ZIEB BoussinesqDETFERELB O EERL TV B,

792 bBOMETHHLR, T OREFI L > T OIACT 3 K oab 0% i T Mk s
BTFLOTRXTHETEZ DI CRBTOVY, BSHHOBELSHORREL TR, 75 %
PEETREREL SEENICZ 72 P THECTED L. ZNLEREY O LR TZH - g
ERBRICEFRBCHEMNT 5 Fig 1-2-3-6i R T EREZZOE—-REMET S ENTE B,

(2) 732 MHIBOZRT)

7 53A P eHTAIHBOXFENEBICOWTOMER, ChElhr _BHMEMNE® —
DERMBUEITEINTE o Button(1953) ik, Hild v Eic kb FEME c 1. FEBKE
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cC2EROMBOLENERD T WD, Reddy & Srinivasan(1967) ik, Button& FE# ot
HEREAHEEEBLCIT>TWb, % f<Purushothamaraj et al. (1974)it. Prandtl-
Terzaghi # # = X & (Terzaghi, 1948) 2 EIE LAHEE RN Y LT EREHE LT V. ¢, ¢,
r NG A= L LR GHBOXFNINFEELRL TW B, Desai & Reese(1970) k. —
B FOMEEROIFIMEL., ZHEBRLI v ECW L) -FHEEZEAL -k
EFEMBHZEAL, LB CERBLALENEROEREEEL, FEMERicky =
BHMBOXFNEBELELO TRHERA B ILPTEILREL T VB, ERIM AR
& LT, Brown & Meyerhof (1969)i3, EAHBIE BV T cuDEIX 2 “BHI#E X p—Eo
i%ﬁ%ﬁ%ﬁohﬁ%\Mum@ﬁﬁ@©7azr@mmy%yﬁﬁ%%ﬁﬁbrﬁi
LZXRFNERBRCH2E L. COBOHBHEORBH L L TEITHERIE LI EiF i,
bk ImEcBRwThs, RN EET L5524 ~-5ELTB/h, cl/ci%%
ATCW3o e, KEBTOMBOMRERRIFEAC—EFETHSLLTHBD, Fig. 1-2-3-6iC
MLl 52 VHIBOBELHOBRDO1 >ThH b, 75X MNUFEOBREEMIERS D
TBOT., BIHHOBEHEMER EXFHOBBREODVTORFEZSh T v,
REFHEOMEEZERBLUILBITNTIHMIEE LT, 752V ROMESHEHENRUEB
EML. MledRN0FER LD XFAMEERD 2 Grahan(1979) I X BN H b, ik,
XFEHEE 1) ME ”ﬁlmavxr%@ﬁk,2)%éﬁﬁ@ﬁ§%m$&03)7a
ZFT%®@§&%%?%A7%—&R EoTHREZIEERLI, L LANST
WO MBLERADEE c IR TRVADIBNFEEARDZ LB TETIBEANE %
(T 5 CIRIE > TR W, - |

77 A MBERNTIEBHVRE LR, 1 -2 -4 THE~NZEHEBRLEHEABIE
EAETH Bo Fig 1-2-3-6 KRT L) NMEEMBPATIAERT 52 L RAZHL . F
MIcRT X NICHESTEZ S A - oW TRELEEHERIIBF LA T TVWR
Vo

Fig.1-2-3-6 KR g LI BMEZE>7 5 2 b Hi4 :iﬁbfcﬂi*@&:ﬁbﬂf:ﬁﬂ%
BELTEH. vy 7Y o VRKRELBIZ2HLEIERBEIT SN 55 “ILT’V1S(1981) Davis
& Parry(1985), Almeida et al. (1985)id. XEWBCBEERBZH T 5 EHEEH#K % &
OB EEEEHOTHERL, BLOEERR >V TOEBRA2IT > T3, HoOmAL
oA DERNFE R, LTo@n TH o, BB, DEST A4 Y v+ 0 EicGault Clay®
EEMKPaTEABIC B W TTHEZEE1T 5o ZRHEIC. Gault clayZFVWA OB, A4 v
Bt REOY 7 v s VERT, KDREBRELELT VLD TH B, 2) I DFEK
T EUWDOAE» S DHKEZFF LLIS0kPaTH 2 RMIIAEEZ T, ZEMNEDOAH T4 v
I - VIRRB S RERETEERENSGER>DHBLEZ, DZORBLNENTE
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FAERTBIERRED, 752 FPUETES HHICHE ﬂﬁmﬁéﬂﬁ%ﬁmﬁéoc
DHERLE > THONs SR MBOBESHE. RKEOBEEZEHSORE (cl) &XE
B T(c2) OMEDOLS L.MELIN TS D (Alneida & Parry, 1984), EHM TEE T 2 &
HSRBMELSMICENcl/c2 BIEREILKNEZVWLEDTH - 2o

1—2—4 HEHMBLOBRTOLEHCHET 2HMA

AMETHR ET HEE HEICEBIICEE SN 2 HMEH IEHE 258 #4893 o
i, REBR7 52 2F 32 EHEEHELIHBORMERIFET /NS, Ihs o
BELEZIWZ b OR IMEDEEREITH L, TN COBOMBIIRS ¢ — BT R
BREMBECHEERI03BLETED, 201D, ZOREREFARLZLDOEHRD
HABBETERETED, ChETREESOMENTEINL TV 5,

(1) EYRELER

Lambe(1965) 1ZKEDuke KETH N TEBOXENENT) BT 2y E Oy A
DFMICBOT, HEIHBOZIFH N cH T 2HROMBOES DD IR, ERATE
KEDZL 2HFERAEBSRBVWIEETER LA, P TCOEBEVMIEBKEEZE L2
F-2ERBOWT, WEAEIMECHBKESED - s BB EAERONTH ORI ICE
B, THRF - s BRWMETORBSO0ORYAEAHABROLEREH AL to T OHK.
ERZMTHBRELBEA TN 19728 KE, Purdue K TR & 1 7c [Performance
of earth and earth-surported structures] DOSERBOVWTHEL ORBBETHELEK
FomEEfOBESTE L,
CORFETHESNLBGBEBRBE LIPS 0RROE R, HBOMEOFEMEICEY 3
SDTHD. Pilot(1972) &, 5> DRFGHIME FOKL: OWHER =T~ EERITICB
BN - VIBEORIEE MY, BUHEBRALELICL-TSITA S I E%ERLK, Ladd
(1972) &, BKIEPVBERAZ £ &0 2 IS B T OIEPR KRB £ F i § 5 72 0
R R AR L — IR R TS L < B/ S LB < — v B b
WL eRE 0.1 ENSSRES & L. SHANSEPH: (Ladd & Foott, 1974) % FH 75
PR IEE R b RO BMITE B LI LT 5o Dascal et al. (1972) B A F 507
Ny 7 N DMatagani THT » Fo SEH LB EoEYREIHBER I D, XEHEOFM
BRL CRETHFBOEEAZE LA CETSB WV ER W, Lefebvre(1974a) .
Matagamiic B W T10n OEELTHB ATV, WENLTEELNEZEBA % EHWET 3 &0
IFEREE I, FABRBEREGLEHERM W T 2ENCEB I, €A v 57— v
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a vEHSIHITRREIEFTERCHVERERDL LI ERITCELERL. Cdpe
AHBATBROWEORENRZ LHEERLTWY 3,

TR OMETEBREEOFHMES LT EIFHHKEEEZRH W ¢=05kc & 3 HIMB v
BEXRAOVSNTED, WFNdZTORWE L THERGPIHMUTHELTESZ T LB TV
%q

TONFERHEEHECAHLEI CERAHNOEETHD, HEMITOEDDHIERIC X
52500 EGHENTHSLELEL LN 5, Margason & Simons(1969) . 3 D OHEEE L ox
ERTEFCED L, & LR THIBAKERIEEICERNE N 2251, BHE BT E
KESCHEBEKOHBERELZLEOMFREZRTEXERZAVWT, BLtoAHMRBTEER
TABEHMLTV B, Parry(1971) . BFEOBESHBOWBEL o LALIE BT &
HRGABEF 2TV, ¢ =0& LEBHGARITBENT WS & %R L, Tavenas &
Leroueil (1977), Tavenas et al. (1978) RERBEHH OB L 0B S, EE I FENET 4
Ll %i%&"iﬂnﬁﬁﬁoﬁfiﬁb}(?ﬁfi(Bjerrum@ﬁIE%:ﬁof:%3@) WG IR T
FZLA 2o BERREL R 2L L. WP THA & N BIBEAKE % B\ 7G358
EEFHIWIE L ALXEEEE5 X 5L B8~TW3, UL»L Tavenas et al. (1980a), Tavenas
& Leroueil (1986) k. BREOHMIEHBITAZM Lif, BR CH2BEEREFOEVWER
BELNBEF - 2T, ﬁlJT@Margason & Simons DG & A bR EBICIEME S EIBKE»
HESh7:dDIKBEZ &R ’\'Ck\é gl bLEBAKEWHETCES LTS, BOIE
LOo2BEIENN, 20T HOELEEFE LRI L5TRELAOBITCBY 3RETR
KBOEYIENEERCRFMT S50 &0 30 B 8 B A 3 1o B 1o
BS2FZHAOMBEPS ). BRTREDGHERRSIENECE B EHEHRZL TV 5B,

(2) HWEF OZIE 2T & WIE T Ml

HIHTORLABOREFRERLB VW TEEREY L 02 A>TV bbb S T, L
ﬁ@fﬁﬁ%ibt&—xd&ﬁ<mmocmxé@ﬁ%mﬁﬂ?étw FELT2o0
HEPOSDT 7u—~FBiiadhT0wd, #0120k, 1 -2-1 ’@wﬁﬁ C/Twat D I
ERTICLBERRHBERE L IO THIEFMLE > 4230 TH D, ﬁ@lo@ Lo
B PHBEOEHZNL., TOEE» oWBOKEL2BN CRABYIRAWEZHE L LS
ETBHFETH Do %I Terzaghi & Peck(1967) MME % 7z 0bservational Method® 5B
Tho. BEWBEBECESC L, HBEECHBAKER S ERAS»ORERERE b
20T, TOBRREMOTHWETUNFELZBELLI>LTSHATH 5, BRoo LAy
STFEOHMEICR, BEVHLOWBECEL2 I TCORMRELEEHORAE, RIMVLET
HBo
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BZOBH» oWEZTFHLEL I LW FHR. BT, MIAFEA. BLEEDS 2
WIREBKEOBRBHAEREZ VWA RCHHAT 22 L VI HEREBEET 3, 2T BT
BOEMMRKEZELDEE, ROXDITH b, OBLRER /U Tr 59 2 BEL
45, OQBRLIIRFTOUETHEHE TS, QBL/ VATOKELMMBBELAMICHD - T
EHTE. OBRL/ VAERBEET S, OBRIFEOKLED K BBAKEN LR G 2, C
no?D2b, ORBEOERIKECSZ CLBE, HEIE2BST D 0BBIHNKBHE L
DT, BITOEBHIRBFHATER V. Ty BDOO~Bl>WT b, DAL T &
ORERESELILTVSED, 9 0LbbHEEI TCORBBEICABBTISE4HET 3 C
LRRN#HETH S, T TN OWBETHRFOEDHETEN TSRS 2 BERLE L,
CORRKELTRELSZELDMABLTEINTY 3,

Hoeg et al.(1969) . /WY x2~DJs 4 v 77 v—Hi#E LT, AFOKBELT ZIT UV,
BRI FELET SHBKEpvO BB EZHA LAAKR, Fig. 1-2-4-10k > KB LS 314 5
HEFMEhy ZHZ 2 Ldpw/dh OENEE T2 EE2E W Lo D Appolonia et al.
(9T b Ef, BTN LERZ py~hBEREREL T WS, 20OH T hylc b4
DEEFFsOEMPL5EHE STV AN, ERCHEEZAT2ETBIBINERTINT
WRLOT, COEOENKICIERET T EIERT G, £ Dascal et al. (1972)
b, A FFIEH ?ﬁL*cm5ﬁﬁ@iﬂiﬁﬁ&%ﬁﬁiﬂﬂﬁizuaﬁﬁﬁ%i&ﬁm BB E 2
FCoEHLFAL. Lic f\t&ﬂﬁmpw~hF§§J£+7b>§;mﬂ!Jéﬂt&$Etteréo &
CAB—FTR, BIWRBEOREHMZRT LT, py~h BB EEBEEC>VWTORkIZE
bhliwessHEsH 5 (Ladd,1972;Mars:1'and & Powell, 1977) o

Marche & Chapuis(1974)id, MM L OB LB TH Sy —2ic>0wT, Bt/ Vot
RICBYDMEEMES L XLEORBRET N, ZRENI14EZTHZ & BaET 5 (i
HimBogE) CEERWEZLTWS, Tavenas et al. (1979) RERGHAL P LM Ficfe T
SN UBMATOBE LI D2WVWT, Fig 1-2-42ItRT L3RBT TR s EB/AMEERyn
axDOBFRERN, BEVHCBOTHBIE AT ZREDOHNIE. Asicitd 2 A ynaxd
IR T0. 16 E/hEnA, BRLELMBR EHEFZSRECK %“éfﬁ”lmigwyrmaxi)i‘%:féb
As ERIEELCERIZEHELTV B,

G RBEIBEELET LAROREGMIcED#EE T 5 2 L 28% %, Dascal et al. (1973)
AmEMEOBMEKE LB 2 BB 0B R, WA%10, HICE D KFZE L S e
KHELTWS ZEERL (Fig 1-2-4-3) . i UM% R 28 35 047 < 18 5 7k JF ) 2
HRICESCERERBOMEZT V., 10, AMIRAELAZETEOHN, BUBFZ L3 b
DMB0%. BUEFEICL200820%. 7 V- THHEELS6 B THD., FOHLATHE
—REZERREALELTVROVEREBLTY 3,
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BEEFTCTELREIN TV IHEFNCEIIBIEEFEOS R, EWEE & L
FEMZEROWTOWS, Bko(9TDREL VAEOHBRERAELMN S &, BRI
HMXLTEHp 2ELETCEA L. Fig. 1-2-4-4IT/RT X 570d6/dp fHOEBESE % & - TR
THEOFKET 2MITEREZRELTVS (Fk - BAE) o HHRE. A (1975),
Matsuo & Kawamura(1977) B, REIC BT 2 RB[HB LoBLoWEEFA 2T, Z o
R SWHEEHFOL TR CHRMEEM S DI 6/p & OBIFEN. Fig. 1-2-4-50 T & < i3
B—ROKRESZCEERWE Lt OB COMBEARBEEELZIHRL, BLB T do
ERAREEZp~6/pRER Ty P LEBE. ZORBBWERERICF S hBESH 2
MES> THRES LSHEEOFHINCEZELTVWE (BE - JIHE) » %M. MO
(1979,1980) 1. WML oOWBUNEEEL 7 )~ 7ORBKEELERICHEF S 28 - f58
HEFVEEBHALALZFEMBRZTV, WIEOREE LTBL, )V EREROKEL A
BEAFT BT LV BHREH L, KELEMEWS (46) wld+afmERS
(Ap)@ﬁ?ﬁéﬂ%%ﬁ%ﬁ%ﬁ&@iﬁé<q>&@%%Ki%ﬁﬁ%%(ﬁgk
2-4-6) /"R LTV 3B (5 - BOE) o K (198N RBELELIRKBHLIEEDOL 5EH 5
BREEOBRITOMBOMNFRGORMERA. ROZHERER» SEOh b HS
HECBET 2 FBEEEZHA VT, MARBOBEFRELZEREL TV 2,

SeM S (1982) R{RAEHIMIc > WO - KHEFAVEHWAFEMBRHEFT V., BEOD
W REO RS ERT Lo tORR. Bk BAEREEZYTH2 L EH LT L
o . BBRELF -2 Lo BRIVEH - -MHEORZYELRLTVD, £ 7-5H,
%D(MWDﬁ%ﬁ@ﬁﬁ%iwﬁhfﬁmgﬂkﬂﬁﬁﬁmoMT%ﬁ%K%N\Ngl
=2-4-T KRS LX) ICRTHBEAEIMAEROECVDEE (MIEFRBEF Y v+ ) i
ML oM B CEEMEL TV D, MATHREBIZENNS ti/n® BTo®RSHg T
By BWEICE BRI OFZEAEL ot Uy XEBHID10t1/n°BL_E © Fo s 0 58 W 4
(Cofics7 52 PHIBOEENTVE) T, BHEEIRHEOETHAIEZWE LT,
BEOHMBMICH L TRAMAEM RS XEEBTFEOBAMBELLELT WS,
W%?MQ@Kﬁﬂﬁﬁﬁ?m%E%&Ltﬁ%%ﬁ%(ﬁéh%ﬁégﬁgk%b8
3 Poulos(1972) BV 2 DBBEAICH>WVWTIT - R HIcd . LTI ~KFELE
HTHREESRECH>TWVWBE, COFRKE L CPoulosit, )ET7 vV Y HOWRFERE.
DO RLM. DT OEBRIZRIE T - ERHG. HHBORE—H., )BT LR
OE, TOMOEER 7y 75 —-OREELLEEIT T W5, Tavenas et al. (1979) & [F
RICHAEHREOLEEZT W, KEZENOFRRKEOJ/E EIERL TV 3,

PoulosO B 7: R OBE-HIEL, L O EHUE2TEL2RVAENRERLE 2+
ORI T 2R P HE S, Can-clay® 7 v (Schofield & Wroth, 1968)icibE & h 5 M

_20_



Eﬁ%&ﬁ\EE%@%W%%%WDAHt%D-km%?wmﬂmmm&OMawwm
DEIUH - HBUTFVSRESh, CHOEBEHLLEREREIF SR b — — R
THNBEILB>TETVS, KH - SREF(1984) 1. FZ Ik 358 FIMB KT OB <
fw&Lfﬁ#-Eﬁ&%%mt%u-tm%?wmxéFEMmﬁ%ﬁh\%Eﬁ%ﬁ
iD%ﬁ'ﬂﬂﬁ%ﬁGEﬁﬁﬁ@i@%M%%&imﬁm%ﬂ?&%ﬁbfh%o%D
5(198) BHBREL L3 - BEERITORBES #E L. MEOETREIILEN XL —54
S0RML. BUTHBERLPPEBARBMUALEMMEEELZ ERT W3,

COLDITH - HUMTFVICLBFEMBISICLD . MM OLTEE TR 08
ﬁibt@ﬁ%#f&%ﬁ,%E\%Dﬂ%ﬂ@ﬂﬁ%ﬁ&%ﬁm%%%%o£7yyk
PREFEREABMBELERL TV L EHMEL TV B, TABKABERICR2L. 2< 0
NIA—SBBBEERD, FT YV VHOARLF INLORTEENEOFRIEEZ L5 <
LESH>T &I B, KE S (1986) AHBBELEP» S OFAEE BIFE ALY B X 5 10|
FricfvasE"ERohE UL B EBROMEACORIT ISR Y 2 0T 3
&ﬁNTU%Oikkﬁbﬂ%ﬂiﬁ@%%%ﬁuﬁuéﬁmﬁ%\ﬁﬂ@iﬁ%ﬁm#
eﬁbéﬁﬁ%ﬁtfméocn6m§<@Nﬁf~9ﬁﬁ@ﬁ$%??bgnéﬂﬁ%
B0, FEORBECHRF— s ORBESEVI L BETTE 0,

| — 2 — 5 HEHOFAEEBR

BRI E TR T ELHE R RB L R 2 BT OB ED A O — Hcdbo.,
C@@K%ﬁﬁ@ﬂhﬁn#ﬁbﬂfh%oLﬂbiT&TMmmﬂﬂﬂ®§5
Prediction A (FREIHRTOFH) . &5 WikPrediction B (&R T TOFH) ok
E%ﬁiéﬁé;&%ﬁ%&bfh6o%M?EQﬁE@%xvﬁébfﬁ%HMMHm
C (BRETREHE) BTN EH, Lanbe®EI L5k HDOMD i3 Prediction A &3
BPHOLBTITONETH S D, BERNVL5 BEE TOTH T NIL. o AT %2
%%%ﬂﬁ@%ﬁﬁthmnﬁmA@&ﬁ%ﬁ5C&m@%TﬁbigﬁQ%ﬁTﬁbﬂ
PERHEN EEEH OB TTUREE ORIV AIETS 3, Lf»t%“%ﬁ“iﬁ%bi‘ﬁﬂz@ﬁéc
CREBEASHS, MEPOFRICLOWHE LA E LTOERRF— 4 BIE STV 2
CERMTH27D, WHEVWIBBILES o TiHlic B BPrediction A& O
®%ﬁmhiiTi&AEﬁbnTmﬂmoCn%%—ﬁOL&#Tg%%ém\%%k
OWERECTH B,

KOKROWHEAB Y LAELE LD 22 OMPIFIC & 5 T 0] 55 5 5 TIT b
am%ﬁ\MITumuf@ﬁ%@i@§%Wﬁ:y%xrf&50%mmiﬁﬁ%?—
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b ERYMBHRENIREROBRRE L - TiITbh A TR R, Tablel-2-5-112 7R
TEICKECH S &, WERHESLTLIBEBVWEREEZ TV, F72. 19894
RU—=YTDITINT VT BT, KEF QA Muar clayiif b CRELIHIEBABSITH O
72 (Brand & Premchitt, 1989), ABRICHET B RN T HER E Mpredictord LTBEHZ 1,
HHBETF - CESVWTHBEZE TR 2TV, - BEBMEOHERF - s It & 25
TRl & fThbN o Fig. 1-2-5-1 BKFELEMCET I TRMEEENEDLETH D, Table
1-2-5- 2R —RBEMBL LB 6D ADLHBEELER CHBFRCEOFAMETS 5.
MITOREPS 1 bFEROBEADIRFHMBOLE - WEXHOERLITARELL., F
AECE L WVEAZBEDLDNE I B R - 2 DEAIN 5,
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1 -3 HLOEEFER

HEOEEKBRBENNEEL DR S TELMEER BV CITLN 3/ NEERBEREER O
CETHD, COFERZARKTIZEPEOBEIEREETH 5, Ko(1988)Ick 3 &
18694F 7 7 ¥ 2 AEHi#E Phillips WA BRBEMBORH DD BLONENE L EER
DTAF4TEHLAON, BOREEROBEFORLTIVTHEEEWS, Chickb il
NEFREAEACEENESOVERNTOMROBRAHE LAY, EROBRLEREROE
HERIIFROREIC BT BXRLOEBELVECBT 2MNEOLEMBE T 2 ERE T
RRE B ST oo ZOHR. VEEBOWTREIRITIEIHFLSEHEICBIT % Pokrovsky
(1) oI Ron s L die, TETH FofMBEcH UROEER O SRENICE S h
7o, RETREOCHEEEROMFRAEL TLE >/ 1960FEKROBERABZE, KT
SRS, Cambridge K CZNZTNHEEZ (Mikasa, 1965) KB TH O ITHEORE
fi&# (Avgherinos & Schofield,1969) &tW o, TOHEMRENTEMN &R 2B O
ZHBI/ DR ORI EBREESER S Ll o,

L9T0FANIT i, HRTRARRMILARY, HEELEAFEY, EE TR CanbridgeX,
Manchester K384 # = THFEEE QT » THEOBEHERIC L 2R 2 HED 12, 198 14F I K
THERBTFSK [HOREERCHETIBNERS] BPEEL. COEBL0T -
THOBBERICHT 5 v v o v & (Kimura, 1984a;Craig, 1984;Cheny, 1984) 25K 4 & Bl
PHee MATIBOFERICBEOCERERES CEHURTHERREEENEAR I, &
DEBRREEC L - CHAEEE 2 D TR CHNEEL SMOIES CEPTEEE R -k
B RFE BIOHERBEOALB ST, 2L ORBMOARFOEHTE LA ER 7o B
ARECBOCT1 0L LOEBEIBHL T, LS OEBEOBRBHEIED ShT
Wb,

ERARECBT 2@ 0BENURBOREE LEBHE B LT, [Centrifuge in Soil Me-
chanics | (Craig et al.,1988) & L W,

—:j:'j:rl e
1-3—-1 HWOERHEEODE FILVL

ORISR/ REBEERBEO 1 > TH D, AfF - HFH1987) i3/NEEEI KR £ 4T 5
HELT, NEHRELEBEOHMBBERP AR THE &, NREEXET 2 ERZZ S
BRERZTI>CELL-C, FERNOPEREEL2RFBT AL PTETHL &, NEE
REREELTCOVRBVWEEOTHMB TE L&, BRI IWERFERERH L LhrH4g
LEBWERSZVRERBHAZIERTCEL L. HERE>BHEBDRLTTO T &5
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B TW5B, 7 Bassett & Horner(1979) . RIF D & 5 W/ NEBEE O] S % 21 T
o B, DEEOITRTORE%2IY o -1 Tx3, DERLENENTEH S, 3)HE
EHBTEOMEEZRBENERCERT 2 LM8TE2 OE-RHEOEBEBK VRS T &
BTED, H)E—DflfHls AL EsRAICEATE 3,

WEERBR SR, 52 ENOEFHZHA, BR, BHv 00 BEFrcdd, Bicik
H2BRHETIUNTEAZEETERR GO T CHIHEROBREIBT I E b H B,
CDEIBELDHRZRO>VBEFVBEGR SO LR B bR, EF L& N /N
BRENEY & ORANBEUEZEZR> L E bt NFENC MU EET 2D TR ITHER
LIV, CCTHENHEUME R, FEE (prototype) LI (nodel) EikBWVWTHRT 3
DOMBENELRADFNARY, 0B Rl 2 AB0/ERNZ/ETE L TH B, B
> THREDERICHL - TR, BEOHKBIHT 2R EMER) 2F/H L T, HEHAHE
HEEESERITRIERS B0,

HEMRZEFE T 2B EHEMHOEE, EMERA-MEZEOAENE comRER
THFENMEMEIE#E &4 % (Rocha, 195T)o U L. HEMBREM IS - FBMEEEE-
DA TONFEEHRIELE, BRI, BHvSy, BT, BERE, BHEER ECRE
T ho Elekh/KOEFHE, MBKEOHKAL, HEBOHMBAEKEHSE S OMEE T icEM L
TWado fE->Tl/n O/NEFRER X - THENHUE A E2CHET 3 N TERL
CEREIETHNR Y, | |

Fuglsang & Ovesen(1988) &, EFNM{LICH D IRD S >OERAEIFEAE CLTHIcE MR
@ueﬁmﬁbfm%owg\Uﬁ%wékﬁ%g%%iégﬁmﬁbfm\ﬁwﬁ%ﬁi
TAHIIBEBME LB TRASLSAV, DHUBEZHEST S LB TERVER KWL TR
FRIEL->-TEEBOEAP RN THSE CEETFHLEBL TRE LKV, DERANOER K-
WTR, EBEERID IS FVEECRVWIEEZHL L E LB TRESR L, N5
B B0 TEMBERNT 2 EF VLo dEEE AL, BREERZ2EKSZ bOIKT
BIODORERREHTH 2, NIl THEMHOIEHERCE S bWETAIERE L TLO
HENREEIT2 P TE S, Rocha(1957) 1. iE/}a&L@F"hﬁrﬁfm@tb@/J\%”ﬁR
BEOMAOAEECHTZHmX ot c, HEEXAZE LB TRESBVWIES, EWEE—
OMBMZEHVWIB LI, £, BB W IENF LoMBEOMEMUAEZHBE L ® F 1L
BAARTHLILEEZRLT VWD, EVlAhE, tholEhoTERKSTHs O HE
MREFBEEACHETENE, I/n BEOHEYUMFRC BT 2HESR 2B 0BHEELZ, C
OHEMRZHENCHET 3 ERIBZOERERcH D, EMEF—ME %2 W71/
Bliing0 @ ONMEEZAER & 5 LIk DFig 1-2-5-1D & S ic® F A HE KK E
ERYEFA-—DLDICTELDTH b, COMBREPERTENE T NVOBRICEY &
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BUBAEMAZCEILED, BT A2RACEMERULH - BRAKE (6H/92) %54
THIELBHAREDEDCH S, COXICHOMED SBONZHERIEMOEHEEL
(RBLicbo &y, HEAKYMET A VELTENERZ2D TS 5,

1 — 38— 2 #H{LAl
(1) fHUROFE

SRS EMO N FORNMEEBEAEES €. EREREEL Vb0 LT 270k,
BROEBOEM I T 3 MRS HUMERDBI AT LRV, OB LD, &
MBS B ATGE (P AEREEE) 2REL. BohiBE0EY~OLHEF >,
B OMMREL T OFHI L - TRD 50 M5, |

1) 2HRIELET BB NI A -5 2T RXTYR T v 7T L, NoFd v T LADrFE
Mk DR T B MATRERD, —o— > OMKTESET & FR TEBETEEES &
AR (BIER) 2HET 5 CAEL. BHE. 1956) o

2) BRERATMHFERE. BRHEEN CRBIREREYT 5 & 5 CAHEE RET o
WIS 555 A -5 OEF Ik, HEHLTWAMEIS LT 2 BROFARANE
KaH, $RCOBERBREAACWIE VI ERORRIESLETS b0 %810
MR OF = » 2 2HNE L2 OBREFO T TOBRMER 7580, ML
WEETAMBRBMLCROML S LWEH YA FERL D BEERD 20, T EDL
FHBER IS LTRDUEE, Chid ), BEERERCRBROBESKIS D2
NP T S I

CIT. 1) 2) OFBHERIZ2EUBBROFEEIC> VT, Fuglsang& Ovesen(1988) AR L
T Ol % W CHET 3, -

1) IRTTHEHT s AR EHBROH % ¢ = 0 M ORI

CCTHEIE S (BRENET) quicBBd s s s i LT,
HEWIEB. TOBE . EANEE g. FHKBE cu h2 Eglqu
b, L R
f(qu, B,p,g,cu)y=0  eeees (1.3.1)
- é >( cu
TERTIEWTED, CNERMRTEBZHWTEEHRZ 3 & B
£ (Lt €l _y =0 ... (1.3.2)

ogB ' pgB

_25_



S TCHUENI

. EBXoxs®
N= o (1.3.9)

TEHEINZOT, (LLLONOERTEABFEHEFHNTE LT3R ROMELE
BELRINER STV,

N =N ‘N -N
qu p g B
----- (1.3.4)
N =N ‘N -N

SZTN UN N (N | Ccu. o. g. Bi S
cev qu cu  p Ng N @af. cus py g BEBETIMUETH 5, N

B1/nBETHE3ENS1 /0. lﬁl—ﬁﬂ’%%h\%&‘ﬁ‘%&Nplil ERBIEDS

B

(1.3. )R BT T EL R 5,

N :N :N ..... .3,
qu cu g/n (1.3.5)

Cﬂ&b%ﬂ%?&ﬂﬁNg=l?&b

qu:Ncuzl/n ----- (1.3.6)

ERBD, EYD1/n OBRE, HEFHEOTTOEREL 2, —FENMNMEFEDOn S0 &L
N THnE.
Ngzn ThHHDT

qu:Ncu_—_ 1 ..... (137)

LR, R LEKROBE, HERKEOTTERZITARRAVI LI 3,

N

2) MAFRBRERXD» S oM oFEE

CCTRUTFOFHNBHEND S OHUBFROFER I ODWVWTIRT,

~\

dox  dTxy ,0Txz _dtu e
x 771l d x oy v, TeExEe -
oy ,dtyL , 0 Tyx :
+ - S
y 75 [] . 52 T ax TPEYEL ST (1.3.8)
doz 0 tTzx |, 0 Tzy 8w
z BB T ox T oy TeEzEL S )

P gXs P EYs PEZ; X~ Y, 2HEMEAD. u. v, w; x. vy, zHBDOEN,
H 7 4 w7 Zpldprototype (JEH) %, midmodel (A 2EFT D& 423 &,
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N = B _ m . N. = xm _ yw . _Vm _ wmn
p op Tp 1 Xp vp vp wp L.
tn " (1.3.9)
N = — “ N - p— N e g.m_
T tp 1% op 8 gp
(1.3. )R Z2HBE W T 2dDE LT, xHFAOFERZHMBOHFER cE4 &
N1 [Oaxm ] omegm om N,? d*%u ( )
1 e + = . . e 1.3.10
Np o xm Ng Np Np N1 o tn
[Gaxm N ] on-gn*N ND'NfF 8%u (03 )
ooooooo + . 3 = - 3 2pm et 5 s . _l]_
o xXm Ng NpN Np N1 0 tn
(L8R LW INBE—ICBE B D%HE, bHEMUMEFERKRK LT 5,
a ( )
e 1.8.12
Ng Np N1
N N2
N -N:? L e (1.3.13)
o 1
(1.3.5)iﬁ&l§]ﬁ&CN0=l\ N1=1/n = ERicHAT B &
N = N/ n e (1.3.1%)
p g
N_ =1/(n-N¥Y% L (1.3.16)
T p .
:n&@éﬁ%xﬁbﬁ%@Np\NTuMT@EDMU%O
EIE Np =1/n. NT =n~ ' . (1.3.17)
iﬁ_:bjji%;Np =1\ NT =1/n e (1.3.18)

Tablel — 3 — 1 — 1{Cid. Fuglsang& Ovesen(1988) W ERER LB UMEAZH VWA EB It Wn
TR LD RO BOBREOHUKRLETOBEZNALbD, RUEBHEBEERE I >
TOMPEEE DTV, ABBUNERENO 1 /n OBEOHFER L 58 01l
xR LTV B, |

(2) BOEZE O ML

Tablel —3 —1 — 1 XD ELEHOEBE. EHICHT 2 HUERLET1ITHS C & Bh
PBe Ihik, &N, WEEEKX (Mohr-coulomd) EIGNBALHE L D ILD (1969) 83k
Bz (13 1) RICRT EM ERMB O MO WML E, EYERBOERIG %S 2
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KMEE—OME (c. ¢) THERLABRBEEATHES 2200 H0K%FTH 2, BB,

) G S A ) R o A o R

ZCTLl, qRESLIBNOEEMT, ¢'=c'cotg’ . f RERESAEAT 2 REE K
DTHBo (1.3.19)ME. ¢ BEHLEYCAI—-EEISNEBSE, c. BT %24
TEMOL/n ETHEBMESN S, LALAYS c 2EEOEOR IS0 1L kT B2k
EEHEEFICHL, REACEOLRETEL LIADOBE TS, BH 6 REETFic
ﬁmf%bmmﬁmﬁﬁ%ﬁ#tb\wﬂéﬁ%ﬁﬂfm¢;w$&ﬁﬁﬁéc&@fga

(3o ftoTHIPT B NRER IS VT, BONBTOERINFOHELELHE S ¥
DR RMSERARBERESEAL D, /MM ENEERNEREIER Y, BOBERHER
TRHESOF 4 A vV a vEEOBEKLAESOMUBPEROFREE LD 2, Ch
F0, BOBEBREEKLABZzE T 2 MBHNOMUMEEZREST 2 EETERIENDE
%o

—Ti. COXRP OO LBEYRMICHT 2HEMUASHRET ZHEECREL L, COK
BELEHEOREFD 1 > (Kinura, 1987) TH b, - THIEROFE/KDO & 5 ik fEic B¢
BAEDUEID R 5 3 TR A RN IC € 2 M bS5 H A, Fuglsang&Ovesen, (1988) AR |
DOLHALLTHET LI Zo0HRONRSIEMNR DO IEDLE TEFMLET L,
MOBBRDRNE EAERCHES 5 FEEE SRIA 58V, L LB LENA
EUHHBORRILO X > KZODBBENE S5 bHRICKE PEY 2541, BRIkKKE
CHHOE WA EFEHT 2R E L CEKICET 2L L 2 FEBSFEON S
(Schofield, 1981) o ¥/ 2V — 7 icBd 2 BMAIGEIK AT 2602 B, HE
LCoZo0 BB oMM EMERNTHET AL TEY. BOERTRE O 2 Y
—TEBHEERT AL RAAREEND D, HL, EOBEEREELRESEER oK
WEARTEHTE, RROWRCME ~ O WG ORRKETEN OWHLE - 12 H WO ER
EUTHTSEENS B b, CO2 Y — FEBC ML TERLZ TR 50
bOI, Mt OMELAERBUEOTHERERN & 2, FHRAWMRO L 5 itk oK
BEEZEBE, FHKEBE2BET 20 0EKICBE T 2D &, EFAER
HETH R Z LB TRHRASTBVRD, MELIEFLREREHREELS T S 2 LITR 5,
CNIEEDREEINIEER, 1 —2-2 (2) KRLAEIE BT vilABToRE 3
BMEERPRDR- DR, HREROHMRK, MF G5 BICRIOIEEZELA
TR S 7,
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o, WHIBOXRIHMBEBWITRERIKWMY EFoh 3 08 WK FOTEDR
(FERE 5, 1989) « F ANOBKPLEER (Goodings, 1982) « K F DK (Tan & Scott,
1985) e ZMHMUANE, RNFJEHEOFEUEL LD HEUNABECTCERVWEHRLH 2, &
DL RHBEICELTRERNTR L s THVEZHE T 2 LrHERLEL, T0DIC
% Omodelling of models® MK L7258 (HlX i¥Mikasa& Takada, 1973, Ovesen, 1975)
BiTbhd, L LEESEEIROMEEDOLVRY (BEOH A4 X)) KEDBHD., LD
WrRRIEDT-DICE. EYMARER CO LA Bnodelling of prototypeBLETH D, *
OERTRATRORER o (1989) OMFTRIFE K BBKE V. La LA Snodelling of
prototype bRURBRVEMARENBRB LB LOERNEBRETRELT L SN 10]
*#%#Eﬁ%ﬁ&§<@7%ﬁﬁﬁ%a&1m%ob@E@WW%Mﬁﬁét Tid. B
@Qﬁnﬁﬁf®%£Tiﬁ<\~O@kﬁ%ﬁ%ﬁﬁ@ﬁnﬁﬁfﬁﬁ?%%ﬁﬂ%%f
H ., LCPC. CambridgeR. DIA (Corte et al., 1988 ; Bagge et al.,1989) Ic L » CEMf &
N CLEEBRBNIERPSBEE(CEREINSZ CEPEEN S, Craig (1988b) b ELE
BEMANMAEOARSTERBICB VTSR HAIN I L B2, BOBBOREEE
WogEz Xk D EHICFHMERIEE S, £k izidnodelling of prototype BHET
HBHEEMBAL TS, LW EiFc@y, BEOBEERI/PEENRNcHEYR 2 H
RBT&E21bZ{oMRZEzHST M, NMNIBRENCTH 2B HEHUANETELICRBET

*&ﬁféf\%@tbm<a$@%%%§ﬂ&ﬁbfsb\ce:tw+ﬁ%%brﬁ
THEBZITOLBERD 5,

1—-3-—3 BOEMERERLEORES

HITHTHD B 72 PANcBE T s A0, EO0EBEEDTOoX MWL oh of#EA
= LTW3 (Schofield, 1980) o Bl
1) HONEE O R —

WA OEOIEE ., HO¥E (b oM A& EEMmPOE OB il LTing 3
@?\%%@ﬁ~ﬁMﬁ§?@ﬁﬁﬁ%&@%%ﬁébéoL%@uﬁgyb\;@5%
BEEIEELEROEBNEVE ENEL R B,

2) a UVt YV HogHE

Bz EE 0 THS 7 — AOEEFEN T, YESEE v CHMER T2 & Pk 2
VoDRESORNFOMBEEND 2 Y 4 U NBIEHT 2, f> TCIOBEERUTO &L
85, BB,

a Ay oEE 2V 2 XBHRANOHEE

15t T a3 Rw® [T OREOEE
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BEHEETT2LINESICR., TOoRELERLER R 3,

3) ENMEEOLE _
BRECEEOMBEOMICENNMEESIEALTVEZDT, b—va v N— itk EER
WRAA YT TS5y bR—-—b2BEESE. BEREZKEREE S CanbridgeKPHEILAKOD L 57
HOBEMNEREE TR, GMEEOH &S BKELFE» SE TN D, OFIIEELINEE
BINEVWRERELN 2, FRESBREBALRVWEBEDOIES, EHB cEIEH TIiF Kk
ETHHOBELLEIFAOMNEBES I NS &, BUONIPEEOKEFHIEFALELX->TL
EFLVIMBAOLEL 2,
PEREOENEREEFEOMER TS 2, BUORBERIMRB/NEERTH 2, H
BEGEPERECRZE, ThEEUNCHER T LRBEAELRTEERY, oS
vbie o > TR, EREMND» SAN T VEHBACTEEOBML LTI CEBBE LR S,
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Eo2E HHELowBEE - hENEMTE
2—1lULDHIK
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BT 2R OMECPHIME B OENR . BT ESIC L > TEILT 20, S
Bt e BT 2 ER W icBlE T 2 EREAHEHE X2 T, ERCERMBHNCRES L
TVWEHEEFZFMLAS TRELL V. CORIELTEBONLERR SR ICES W
TEBRBEREBR, BRELTHO T, FELVWHEHREZEL CEBTEBE0TH S, SWHBA

MBI E WS Y EFVERVIERER TS, BEE SRS, AHe5 2 —
SORBEVEROETE2RDLDTH %,

Ubd~xiz@my, BO0EMNERISHREOTEREBTAMELICB VTR, EBRICHAWV 2
AR ONFEREEERCNS &0, ERULHREHEOKEEZ FF. 20o&E*E©
TERDIEMETH S, AR, 1 -3 -2 ThBARALEICENBHEE K~ %5
B89 % LA Z 278 b K D%@LEOTﬁE?5L&#T%% HOEMEBREEL b,
NPT TH 2B D EFEESC %LTHM@%%ET%Hm@E@H%%miTm5O

Eofttic b, Kkt o AMCEEBHLEELIREITERE LTEH LRGN ERE
FBBTOoN B, FAETR, ERCAVIANO -~ S il T 2 £ BE 242 R
T, AMFLBY 2 BOENER CHCEETH 284 L oIEHEKE AW
THERANE, BEZELRCERFOLE, WP EZEEHICHT 28T - RETOBE L 0
IO WVWTH N,

2 — 2 BB O Rk & 6 b —+

2 — 2 — 15K DER

AR TMOF > COBEEERI, BN 7TELSERTE LT TITbhizdboT
B0 VA OEREZT - FF R L ->TELPEB->TVWE, LH L, WFhozti
I L DR L i, b L RTMEAEDE2REA L TR LARE T TH D,
R ic e N b, BAMIE L THBHERNS 0BLU6 00 2B+ %/
W COIBLBUEHI 000D REDEEERICOMHL TV 5, BT 3y
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#20THD, Co2@EOJIBMTCBHBED EZORY L2 1 1 DESTRESALH
BHERTTERLALIDOTH 2, Lk, TOoBHERCETcEtEHK30, 600
NIEAS T ZM-30, M-60. 7 S XD ER LB AL EM-20,M-20 & #5950 O O THIME
HAEEE LTM-602 Vg, BEHERES/NS R 2BV RBEE., FHESHEE FR
T5ODOELEBECET I2RMEBANEBHTL-DTH L, 4B TRIIBHERBR KL
Ei3 1 5cnOBEOHBATEEL THERT I oI 60T 2 B Lo AL LT
DELEBOFFEFBEZEMEZREL LA ->TLE I TOROEFHEKPRE VWBH
fEHOHRM/NERABEzAVWTHBEZERL. BLEEBMOERE . >k T8
W2 0 0EB ZzBALOR., COBRFEOBMERE U8RI VE SN 3 )R
Fro¥i L THELERB T ENTELZ LS TH S (Nakase & Kamei, 1983) o
AERDORESEIZ. BH. BT ORWE LALAER EESLTOBREEOH] L &
BB EOEREBETFORS, ChE2RHCHEBERR2 0ER23 L3 CRFELR. *
NENDORESREM-300FEEH20%, M-60360%TH %, . BARBRBELH»SH
REEZREL, BRKETHRO EECERT 5. COBRBO NS v 2BAWE 5720
KTCEIZDEDRBIEMERT 2. AR TRFEREARAAE L L OM-302FHVwTH . HH
5 7THE~FERTFEFTTHrRBROVEHREVHIE2HMKE LD, AR>S T CRAXE O
EREIT > T3, FILEFPOoBELALLTH, BARBERBCBESETRER S C
EBTHE N ko REERE R, I A BB R L,

2 -2 - 2B oYENET

FRBRICHOWI3 >O0AB R ON-600 R BMBEdh#. MEHFEHE 2z h T nFig 2-2-2-1,
Table 2-2-2-1 WK/RTo F 7cFig. 2-2-2-2 OWHXKIc, 4 >»oHABOBMERFL L, Wi
BHIpoMEE T wy b Lico BARKE TS 2 M-30,M-60RB R L Th . HAK—
SEE(ETES 1990) L2 B8RP S0NBRCTHD. ZABE» > OHH
MALE (F) &%, —hH. BALTOBEEM-300 SR LAN-203 2 hFhonEET
CL, F&ZBHB, M-600 5 DM-20 liﬁﬁ%’miﬁﬂ@%@c‘:ﬁbC".t“jz'____fgié B BHETIR
@Ei(SF>mﬁﬁénéoWMWiwwib@ﬁﬁﬁ%ﬁw%%é%bﬁ%iﬁﬁﬁ
ERELTHL, MBFBLHNHMORMOBRM TP oEohicbDTHE I & SHR
FOMEYUNEELTVWBE D EEZLN, CHEDBHERINISEEELIRDE
BIBEBLTOVWSE I EXDD 5,
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2 -3 BHOEZERHE
2-3-1 FREFEABRIOKRE 2HKHE
(1) Emsst

Fig. 2-3-1-1 L B D e~ logpHFEERT. RicREBERBELIT- R BEREL R
LTs 20, BABEREOERRLALRSNT Vo FM-20,M-20" 2~ 5 L BARHE
MRERBDLZECEPPDLLT. MBELRKEREZFI R EHEHEIRZIBIESEL W, Fig. 2-3-1-2 &k
AT PHEEENEABEMAERE v OBGL S bEBO CEBHEA 5, M-30, M-20%
B3 ERBEHEARCEBLTRIAXEBOZR IO R VW LS D 2, -EEXK X
Do N RETable 2-3-1-1 KELHTRT, ZREFHGER et >0 TR, FiLRT
JOREERBRIVEONZaRRECH O VWD ER - T,

(2) e~ JE #5 B8 £R

Fig.2-3-1-2 icidmv oic EZEH{ZE cv /R LTH %, M-30,M-20 @ cv i ERKRE
FEORBELACITVEN-200M-20 2 LIRT 2 LBEDcv BHRIED 2 ~3 K& <,
AWK cLrdbmy BREELCCORERL>Tev $ROEBKEH KBRS
CRBBIEDGDP B, Fig.2-3-1-3 B3HHMOBKERELHUEEEHOBFEERL T
WEB, M-20,M-300 K RIRIEE L THH. M-20 Ok FRIM L/c@ofhbk v 2 ~3 & K&
(B >TW5B,

2 -8 - 2HMBRAEICL B ORD

EHEZESHCEABESHESEOmy RIEFI/NEL, BHEOBBRME C @MW T
HBo /o> T, BHAEERBEORBEMRIUNNEEL L CESHTHECERBEEZD
FHEBITON D, L L. ~RIGEEEZHFOTTATHELZRARVEATS., #i - &
FOFRLWEEZRT B LR IDHBEOHMODBE 2, - THEEZBLEEN
@mszéﬁiwwﬁﬁméamﬂﬁm&uﬂéﬁmocw%@&%ﬁwm;@\%i
OMER ER T 2l d 5,

AMFCRHAZEL, 5ETHOKI 7 53X P HBOBAOERKBIETCIORHE - Biio
MBS RAET 50 S0 32 P HMOBEEIGAEED 5k H WA b B & 5515
LR OB OB TAERNTH S EHET 28, EROMBILEICOEREL DRD 2
bOLD/NSCRZIEBFHENS, -T2 52 VHIBEBNNOBREDFMAT S 72
HILF COBEERBICBY 2 RBENMFHZFASTCEMSLENH 5, Fig. 2-3-2-1 X 3
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~3—-1TRABTS7 7 A PHBIERKERLBYT, BEHOMEBZT 3 I HEES
EEEERBENON- 20 CEA 2 RIDAELABBEOLELEZRL TV 2, #Hi -
BRaEic XD RIBEEPEDT 28, COBEBELFEC I 2MREOEMRERK LD L
HEMEINET 50 CCWRLAHATR, THENBEHZRE LIBE (XH) £0o0.01s
BEALLTWE, COMBILOZMMBEFMBERLIZ. H83KPad> 5 99KPa~ EE{L & ¥,
JEHEKREEN 2 FIBEHNS ¥ 2,

2 — 4 HAB OIEHEKE AW
KETREHOEFKTANMBHCEEERIIEL OBER I >WTHRIT %,
2 —4—1 WBERKFH

Table 2-4-1-1REFEBC >V TIT - A BENTZWKOEZFEHKBAMERERZ F
EHIBDTH 2, JOTABBBROTN S EHEMN 0.08%/ninTHFbNTH D, £
TR DOFHM 3 Kanei (1985), AH(1988) FicfEl v, COFRREIDVWTFhoRE b BIEE
HROBAMBUZELTVWE &P %, HETERBZHE LT, BHREBEESNSVER
MR E CHEEN/NECB Y, AILBHRER L. BH0E W M-200 05 B Z DA
BHELOWIEBET SN, $hMERELEHBEOLN b RER >V THES &,
M-30,M-20,M-20" DIETEHETF/NESLKBRIZBEE RS2, ChBIF—FELRBTEBT
250 3BMITHIZZHWMOIHBRIVEBONEIEH -F, B2 %Fig 2-4-1-1, 2 &R
o CNODHERPSOHVAIHABOE T -EMBCRRERERLL, BIFEHOE
AR ER STFHESHE L ERB T EBTE B,

1=2-1 (1) TRXXABEVIEHREET L bEEEBMIE VRS, FMFME, HE
MEBENENRAKR, R/NME &2 D Cassagrande—CarilloBl OB RATRIEREHEEED
TIEBNTE, XFNWOIIBEEHWBEOE A, EHEELMIEBREO LY OME %
oS LORYRAR. CoRORERF OB S 5 1 EEHR I I
DAL T EBTE B, .

- TAPWHORAK OB E, MR MECOINIEEHFEE DO~ TISORELFHH T N
Fhwa &ici s,

2 -4 -2 MEEFEHELOIFIEKE AW

AR CTH., KBRS RLBEZET 2252 VBOEISAKIFEEE W THED
F-TEBD, 4B(I)TABNTVBE LI IRIHIETIEOERNERLZT-TWS, O
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EBRICBIT 275X MV HIBOMERIES L - TREBREBEZ LT3 5EE2HVWTED.
772 PHRBEEFMT SO’ BEEELOEI K ARSHEEHEE R LB
BEP S bo RIATR Y 7 2 P HMABLFRICHVAM-20,M-20 OBEERE KW LT - %
ZHERABERICOVTRT, BM-206DWTR3IEOERITEEFEN (ove') et LTBFF
Z (0CR) Z1~10BEE TR I T THERHE, MRABRZTV. M-20012W T o ve =
392kPaD LM ER &2 0CR=1~8T1T » fuo Fig. 4-2-2-1 BM-200c DV THIT » 72 0 ve' =392,
588kPa B TH ONAIN T - EEFZEERL TV 3, @¢ﬁ%m%§mﬁq%%ﬁﬁﬁﬁ
Tlove THRLILEOTH 205, EfE, HRERKRE SBESH OBV, HWE. Btk
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RO REOCHEE v EHPKEMHBEOMBRERL TV B, PROM-20T o ve K
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MEETZRET, 0CR 4RBEDLSFLVWETZRLTVWS, Chicd L M-200 Tiz—o
Dove HIB392KPadAORBECH 20T, FEHALOTREOTTRIE » =0 L0,
COBETHEMEM-20LFERD, REEDCIEIHAL CREBSEDLT 2 0L -TH
D, TORWPEEGR ove' @ 0.127CH %, M-200 DEREZARBOIEH KEER X
cu/ov’ 130.39TH B3 DTH Fz?HQ@%EHM—ﬁ?* BculliRRXTERLT LB TE B,

Cuw =0.8390ve - 0.127 Cove' - o v)  eeeees (2-4-1)

Fig 2-4-2-2 5 &30 5% X 51 (2-4-1) REM-20C BT 5 < & i, M E 8/l
TAHIEWRR D, SO, Fig. 2-4-2-3ICRFM-20c30 F 2 HERBER A B 2 &, (fifk
ELEMBELEBOBETHEEZRL TV 2,

Fig 2-4-2-4 WRBEBRBROEYKBE cuoc 2F—DEAHEOFHEESRE 0%
Bcune TRUZZBDZOR O LTT ey PLTHB. CORELOM-200EA.
HTONITY+RH26DOMBFE, BEICHEIEEOETIZOR OMB kAL, =@
ERIEM, MEMERCETEEENCBEFR0.23&8 2, o TH-200BERK O
HEKmMERRRTEDLE L, A5, o

cuoc= Cunc {1—0.2381og (OCRY }  «eea.n (2-4-2)

CZTcune tkove' - (cu/ove) . 0CR=ove' /ov Thb. if:\ cu/o ve 13T
FET0.38, {HERSEEE T0.224TdH %,
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2 — 4 — 3 FEHIKE AMBE IR E T ERE OB
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BRZT o 7oA. M20ik oW Tk, IEHESE L %49KPasE CREME & ¥ 720CR=8 @ BE &K {4 1o %
LTOEMORABZT » 7o M. BAEHEIC OV TIREE(1930) ITFEL W,

EhENoRABERTIRABRI VG O AMEIL ) - EHGR BT BBEKE - BTG
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Fig. 3-2-3-6icEOEHFFOMBOR TOHMEOPI 2HEHE R LIiIRT, TITH
cve LCFig. 6-3-2-4, 5OMBIKE OB& EEBED0. 025en®/minE VTV 5, EMMEE
HEEOMIEETOERR WM, TOXRBTEOMAIRR ., HEZERERELNEE »
BOBCHEHALTWS, ChLoERHBCR., FEBDIC—RTRETOEENMETL
TWVW3EbDEZELZTEY,
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(2) HMEAMESH

Dl b~ MBEAES Sk Todflicky, BLEEL L > TEIMCESFHIK
PMENEMT ZHBBERTEIS LW EXEREI N, lvorslevD BEEHEED & &
BandEo it toRBERERILICAECERELTEY., - THIBRNO KT
ARIETACERIDBEOHENTEETH %,

FEEETH. BAESHIs z e T 2 BHENES S G;L;t‘()h\iﬁ-@gi BN B HE.

()
w

=1

o' =ny ' +6dzZ =n yw-8z e (3-2-16)

v 1+ e
ChEG-2-INARCRIFEHREZERETCOFTDRNOHAWNH EERIEOMFZICHS TR
»bhE, (8-2-18)RoBF%EEE 2, H b,

e=¢eo— Alnc’ e (3-2-117)
v

(1+eo—Aln6’ )66 =n(Gs—1)rw -8z  ceeen (3-2-18)
\% v

IHEovIRELTpIMSov T, zRELTEIDPS ZETHES TS E, WO LS
REFREZE 3, Hb.

qv’ z

j (1+eo,—klnd’)dd’=f n(Gs—1)yw dz
p0 v v 0

6’ (1 +eo—Alnd" +2)=n(Gs—1)ryvwvz+p0(l+eo—Alnp0+ 1)
\Y v

----- (3-2-19)

FlZARINKNEZEDOLICHEBRBOEZEECOFYENSMIR. B-2-190X LKL 2HE
mﬁ¢w+mﬁmﬁ§@E%§@ﬁ@%ﬁT%ﬁktfﬁi5@%@@%&@%&LT%
S5NB. COBMBENE(B-2-18)ReRALRRXZAVE Lk, fEOESDEK
hrxkosdlencssd, fib,

w=100 (e /Gs) \ "——‘-7«_.]'—..(3_2_20)

Eaee S T

CNLDOFIEE BF . (3-2-20)F 10 & » TEHKID 53K 7 B I % (3-2-18) 310 14
AT Bl EDHBHNOGEHIEN. NbESENBEETE, o hic IEHkEEER
cu/ 0 EHM T REOHEMERD B EVTE D,

\%

HEBHRTHR, v 75—k 0BBMLARE K » THIE L 72 BN O EIKE ST O 4F
Z. Type TiC>WTI3Fig. 3-2-3-Tic. Type Tic>WTIiFig 3-2-3-8 1K iR o RHHE
BRTHRED D CELOEEZELE LAY, KEENRE TS EFORMZET L2, T
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HHKERC TR S CBEO b ERERTEEL DR EC B D, FB T T IR
PEBOLECL > CEHEITEMEEZTEH-TVW2D005 2, LALENS, £0f
OMEBECREMEFEMBEFT L OHIEERL TV S, Fig. 3-2-3-90 5 12k B 2 0 H
2WT, BR->NEFHEOTTH-AHBRAE L GKRIEI DR A HBEEFEE, 100%
FEEORETHELAME L LIRS, Fig. 3-2-11IK/RTM-300100g D — 2 (N8I,
N892) CTEH/KILIDKRDIMESHEMEZL B TE-ERER B, Tofhor —
ZTCHBEHERREOHIEZRL TV 3,

UERLIAEEROEE, RUEKLELORDIHEESIHFLO. SEA VL HEICLD
REFEICHEHBYICHENENT 28 (NCHE) OFERBTETHD. 2 0BRELHT
W ERITL*7 A -2 kB/c0d(3-2-D)~GB-2-)XEHVTRDZ I EBTE B L
MTDIENTED, LB EI L > TR e, BEBEONCHIBOLZHE (k, c0)
%Table $-2-1-1ICF & B TR L o
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3—3 735 Z HIBDOIER

1—-3—-3TlRR7ED, CHhETIKZSRXA M 2ETI3EHEFERELIHBc VT
EBROGSHAR., B L ORI EETHR (FlA X La Rochelle, et al. 1974) BiF & A
EThD, POHEREZHFOTTCITHLNAERER IR S { Canbridge R TIT b om0
BUZEER (Alveida & Parry,1984) @A THA D, COEBRTIR., HIBREBEBHNICHEZIKE
TEHEWEREZR2E LI ENTE S6ault Clay2flvw, EREFRNRCBIIHHEE L ELEE
ZHAEDLEDL LI, REBHNCRELHMEEZET S22 52 PEERLTWS N, fF
kEnftBDO s 52 b LEBE (cl1) ETFHOMEE (c2) Olhcl/c2idl. s BETH
D 732 P HIBOFFKLERICKRE(FED-T(BbDEEASNSEcl/c20EED
FENFMET > ETREE > TR0,

Fig. 1-2-3-6 W/RSHESHA27 52 VHBOBESHTOE 1 IREMNEBRT &,
cl/c2ofttics 52 P HIBOMBEZEL LT S A MEOES (h) . 752 EHUEOD
EHEEHLTBOSMEENEkBBT S, ChoWs 52 v HIBOXFER KRS ED
BIERBREETRALES. -T2 52 VB ORI KK ELOERNRIAMD 25 i
. kfd 9 A~y 2SS AEEEREZT I CEBMETH L, LELLEBBSEIS
WRFEY 772 P HBORESFTE/NPUREHENCER T2 LoRExDDIC, Th
FTCR752 MMBOMESHIEEH LAEERIMERIBEETbhTwiRw, AL TR
EBRENOEZLRLEFZEOMAEGLBRLIBFEZAVWE I LIk, RBEW CILWME
WEREFREEDP L, 52REh P oMESES LTINS 2Fig 1-2-3-6 IT/RT HRE
NHERET S 5 A PHBEEOERERA L, KETR, C07 52 PHIBRERFEHEO
B EHA L, fER LA HBORESHSCET 2EREE R,

3-3-1 {FRGE

CCHERR T %27 5 R FHEMR I, Fig. 1-2-3-6 OMENSGEE >t Tcho, L
752 M, THEHREEMR» 502, 7752 M MOEMESHRRERME ¢ 1|, NEHEAH
Bc2, 752 NEShTEDTCENTE, —HEHES ﬁrs;tczé{%!évﬁmw B 3 I

KT - CHEPHEHEENZ, 3 -2 TRLAMSBEBOEEIC L - CESHRICHENE
I 2 EREEMBEOFRRIAR TSI 0T, B hiflBRVAIRLTZ 5 2
PHZEED D TH B, 752 PHBOERAEEL TR, ERLEARCEEERBRIELH
EREEMEA VSR EE. r 7 ) o VRTHEHALAMEEL 1 gl B TCTFoBLEZLTH
KHHEZEBELON B, Lp LEBSWTNOHEICE > THTOED @D ORELS A
EEOHT CEVE L, TOFHUF CbMEN 220, AEBDOD LS cl/cl%kE

[
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FERRNFT A5 ELTEBIETHLIVEBACRBEATER Y, 2 TAPE TR, &
NG L EEBEERELEEzHAGDLE 5 HEICK > T, Fig. 1-2-3-6 IK/R$ 2 7 2 bl
BOERZETI T &EEHA T,

7 5 A B DFERIS Fig. 3-8-1-1IK/RTFIETHT > . COFMEICHE » TBL T ic
BAEEEBIET %,

DEBOMIT

75 A MHBAEKDOILDICHOWARELEGZOBESFig 3-3-1-2I R T, Bit. BIFLH
ZopimE, FEK, MEXACE THO7 S Y VBB > TEASLAATHE S500m,
BIT150m, & & 350mm OAEKE, iRV FH vy vy— b, RU200ER(1,2) RULIE%
BT HEYEPIKAZR-F (R, /N, 0B >TVW3, L THRO7S5 vy YOFRNV MO
HNERUV2 D OERBE-KKELTHD, FHRIEILTE2RELCHEHT 2 &BAMER
BEERB->TW2, ERTRETTFOUVFHY Y v — PEMO T LAREHLD Fig. 3-3-1-2
WRY EENCER (1) ZEOME. FHERRSBE L2 R—9 (K) 2FBECED
AA, BNGHAEEREEZMAIUT S,

ii) #Hk o

AuicEB . XRBNEBICBOTEM-20,M-200 T 0, BERETERTREM-30TH 3,
CORBZRERADOL 5~ 0EOEKELTCEICBOEE X3 Y —ROFBEERK L 7212,
FHEREKEDHAZT 20 CTORF5Y —%-900KkPaliTOBEETHLLU LRSS %,

iii)7 5 2 +EBOER

WHEEBEZEEBRHO ) — 228G LA L0BEEEFRCERE2RASER VL Y IcdS
LEHW6, EEAS VBB Z20.5~1.0cni@0E XK A TRAT 2, 77 Y VEIHRE
Wiexw 75 Ay ) vy XD HEZANSREI LD BEIEORENEFERAS
B, 100% EESZERINAOEY tFECIOBRLABRBEARSEENOAT, EEZD
BESPHECES (0.5~1.0en)lEER->TWABER. HERTEH VMY, B RE
DHLEDBUBERC T BRDIEAD CEEIME> Y 3o ¢ ORHEHERORE
Y —EHAL. IEOCENTCEESRIT I COFEZTARBVERT Y., BRBIZERORE
BRI RT—E&NB2LIL. EEENR 1 BEH»S4BEE The PSR 5,
STABOEENR T LEARROMBRNORKETEEZERE IS X Fig. 3-3-1-3(a) 0
LB, EEEVY —XOFI¥E (Table 3-3-2-20C R 3 — FTHR C10% 4 EE) T it
BEBOBAZRI V-E3R 25V -gKklt, EERTRESRVEEEN L SEE S
RHDEEFTORBEIZMAILbDE L, FERT 27 ) VEEMIKOE T O & 138
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B EBTEY. 2R THEEERZHRRETILDERIOABEESBUKRETH - . %
ORDICRAZH VM LENE L, COFERIMILRETBRBNIENLEESZL 2 0 &
KD, RIETRTBEOFAEOBRELSGZERL2LDRRCOLHERFE LRV &Y
HLl7o Z2ITI 52 MEMERBORBOEZELBLVWIREROBE 2B INA. FEH%
FMECOESERDI X, vV —XHBEDOEER (Table $-3-2-2lc7RT 2 — FCR% {14 EE)
THEEROEZ Z2enh SbenkERI B, BRHROZA L - RBHO-DIKIETERN
HEHFAREOMICETORMERZRIRSTRAST. CHMEEOREK & - TYO 7228,
WROBEEEZWT I EREIDINELPBOIMA B IEBTELLIICH - T,

iv) EREEROER, MBKE, 5—-% 9 +0%E

ABHE COEEWKT LAEZ. X5 V) —%215enESEEHITBEAL. 19.6KkPa OFEH
THEET I, COEEBIOBUERT LA EAERAL, ZHMNEOHAA L 4 v v —
FPEIRD A URIBREIERICEMITREXE S - o FEBREL. @Y - VE2FEOWD T
Ho #E\VT Fig. 3-3-1-2R R T HSBTEPOR LI L n/NERIB/KEEEZHA L. HE19.6
KPaD R T 100% &78 5% FTHEET %,

v) Bis 0¥ (Fig. 3-3-1-4)

THEBKTE. BHKRZM0A L, HLBEE 75 ¥ Y LE» S OES H6en &7 3
DI T B COW, HTBOLBE R 6cns B, BE D 5E S senod Bk I
EZR—%— (/N) 2RBDRAA,. FOLICERQ 208, D5 FNVMEDE L 72K,
FEEWESE 2. BEROBRUZ<—4 DERDBOAR. BER(QOOENL %L 50D
BHAs, BEROBFTRUBT L) CABEEES LS, CO—HOREET, HARE L
TREE L. Fig 8-3-1-3 (b)Iic R e i < BB P ic K & MBI HES S L BAME T
5kl B,

vi) BOEZE

HasERER Pig. 3-3-1-5IKmRd koL, Y274, a—-VvEEETFERICE Y P L,
BOE I LA o fe v %P AR IR AR UL 10050 300 I A T 909 Bt oo FE BEE & 7 3
FTHEEZHIT L. W, COREFRETIHMINIEBTHY, COMMBHTE, W%
HREIBRKE OB E %17 5o ;
M-20,M-20" Z WA XEHBEGOERcR, HBERHCY—F +— Y25 LML
DT, BELEFEROMBHLOFYTIHOIE, BRETEEENDOSH IXFig 3-3-1-3(c) D
TELRD, BEFELE (DRRT IS MBI TEBKRKEL S, - TIOHERMTED
MEOFMIE+AEEL TITHLRINERL SRV, AR TIT-7 7 52 Pt > W T
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ODERBRIT Fig.3-3-1-3(c) ()DL H»BIENEREZZT 2P, 5 -3 KKTAHR~NBE7 35X Ml
BEOBRTEEABO1AOA, ¥ —F +— VA2 EHETHIHMBAERL TV S,

vii)a—YEARR, 7-F v I/ BERAR

BODEZEER TR, 7—F v 7HERBRAEIC Fig 3-3-1-6lcRg /Bl o — U 2 HBHICE
ALTHBEBRNOBELZHET A 2R A 7, COa-VvEBRBELENAICHIELL D
O TdH Y (Kinura et al.,1987), I —YSEmELEr - FELVZ2HFLTED., ik k
THFELA2 - vEABRRBEIOHMBRNOEHKEEZHNELLI> LT E560TH %,

2 VEARTR., BH Yy v FRBCHBLATVIEY —F v SR D EREHITS
KOBEKBEZIT Ho BMEEE L 6nn/ninTH 0. N2 501 mEEOCEAZIT?. O
M. MERHE, 7—F Y70 TE, MBEAMBKEEZF - v -5 — itk pEFENICT
F L. BEREEHIODE T OB OZ M ORIE LT - 7o

viii) &/KEO#HIE

7—F v I BERBR TR, BLEELLLLRELIE, ERV A FA2Z2BLEE D
SHOHL. HHEEFZROAL, v ¥ 7T VY ITHATAVIFa—TleLb, EXKEBHAIE
a2z MR o REMN - oo HEM->CHHEREABE LD, 772 PR TESFEIC 4
r i, EREFEMRTE yiid oBlMEZRIML KL OHE E4T - 7o

3 —3-—2 Hi#E&H

2 5 R b HLHE O MBS F i 752 EBBECL, FREE 2 752 FES KU/
SRAMIFEOFHFEEROEIFEOMELERKILI > THRELERA=RR, &K
HBTERINoDNSA—F DN A MROBELEZ, llbcl, c2RUhDER I
MoMBEOEREAA T, CO7 72 M OIEF/KME IR, Fig. 2-3-1-3 KR LcENE
T 73X MPOEERCHEINIRRETEEENEELEEROBYLH OV EZ.
M-20" D& X uﬂﬂh&lwm@%éw;uqﬂﬁﬁmﬁkﬁécew;kbﬁbéc&bﬁf
&b, RASBTEEENOSTHBREER L DA HE m®@@&mofm%”¢ Litot i E
B & JEHEKRRE B R B & Fig 3-3-1-3 () IR T & 5 10 MEE AT b A FAHEA b 0
E18 B, CITHR, 772 MEROEHREEROMEZcIE L, CORNEREISHEZHER
HCTc2 LBERBOMEFOFHEABESEBRCEML, COBEBRLMETFORSAE clE L
7o

BOEZER7 92 MHRBEAFEFLIVWEZELIONEDT, 752 EERIEES
BTlER L7 S A b HOBESER—-ERBLTRY, —H. 75 2 FLEOEHREZER
IM-20,M-20" & S, MEFELRBEEMHZOIOTHD. BOMEEZ100gs —F & L
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e, WFNRORBRTy 2BV T HOREEAMOBENH LB 5, 7 72 PRI
PXRNERE. FFeEOMBICH L THEIEOR R 2EHE%T > T3, Table3-3-2-1
CHIBEOBEED 7 5 X MEREMH %R, £/ Table 3-3-2-2ik REB I~ FEOMBOES
RUZOBNBELORO - MBEBESEE EDTRT.

BI¥OTHY Y —XTHEMELIM-20 ZH0, B¥D 10, CRYI—ZXikBWVWTHR
M-202 W TW3, AMBRENBEBOWTI—HUENTEEL R LEL DT, HE
25X PRELTOVR G, -1, C-2H8 I h B4 enTC28C-10H2 fEDcl/c252E L
TW3o —HC-3~C-5HMIXC-1, C-2MMDIEH DL THD, €-3,C-407 5 X FEED
EEENEC-IMBLEIE L TH b, F/HC-5ECL4ELEBL2 IR MEETY 5 R P OBMEDR
H1/2 &7 -TW 3,

Table3-3-2-2ic /R LIcBEL I, B, BEHECKOIRL, RUBHN I oBEE
ERPBOZMEMABERZEC L CEELAL O THD. cl, c2 OHEIZTEHED. 08
B/minO ZHERBERGE LA bDTH b, RETRTH, 752 bR = 0ERAR
THEA2DENOEEERT, TOMBLEOEARURBICTIERED SHREL2EET 2 BICR
ELbDERE D, BEOCHEMBLEL R %,

3—3—-3 s+ HBROBE

CCTHRAEI2EHTRLULAFIE, B> THERLULAERE S 5 x PHIBHNORE ST IC
DWTHEEY % b, BOBHERBAUEL &KL, BHABRicEBELL2 - V&
ABRBERPICHEBLDHELLE/KE, MELZERT I LED, FERTRAL
o 72 P BIERAEOEHECLPHBER c>WTRE L., 5 -3 CRyIMHEEBEOLHE
NERBRICHT 2 EEMBORMES T EZRET %, “

(1) o &KL

HHGBRETRICUELLEMBORSHEOEKILSHE. Fig. 3-3-3-1TRF, T C
. RPORBREHEED SHE LA SKLAHTH D, EEEI00%EEE LT0 5,
COFKEDHE, BOEEROHERNSHov EHEOLITLE 0 IE o ve W Tt E
DIEHEZERCEEEFEO e ~logp BRI ORDONZ, M, T TRATEEHAEOF
i WHESM R TERNTH D logp bl B & L. ZOBIFEE T Table 2-3-3-1I1C/R g
CrxflvwtTw3,

PHROMEEELT, 752 M HEBVTEKRKLEOE S DEPAREL B >TWE N, Ah
OHIBIC BT HEKLOEAERHEMEIENASHERETLCBYY., BERTFOHE

...53_.



DERTETVWB L LEDLNS, HBOBEIL L - CHEBEAEHOZEOBENER
STWVWEN, TOFRELTRMBD 7 5 X VMERFENERZ E, Bt 52 Vo
EEENCENGZENELSNL, HBOEREBERUTERTLIICER - TV 3,
BB, AMMBERENECBW I HBEELAHBE2ELEE LA OTHD, 23 2 b
MERLIBEZEHOESIHSenTH b, —HC-1HIA, C-2i#BIZ 27 5 2 F Eden, C-3H14
B2 72 FE2lenT, b N EZMBREATTEEZEL TS, BEOEZKRTER, 1%
HOBEEEZIT->TWOWB, £7/C-4, C-5HIBIZ 7 5 X FE2L6enTHD, Th o OHIBAE
RICHe -T2 52 MERFERKBEEZMA, EERTEHEOBEEEE2TOLRITHEN

IRLTWE, ¥707 5 2 MERBEOEEREDIE. SH#ic X - TTable 3-3-2-1iKR ¢
FHOICER-TdDER->TVE, UEOREZEL D>, RHBOSKLESH O EE I
DWTERT %,

9. BZBE (M-200) BREILT. 295X PEIORBIESZLVARMS, C-1HIA. C-2HI8%
gz e, AMMBTR SA M FoEAMMPERMEICERAKESRD, C-1,
C-2M M CRFECEMERNSBEER->TOVB I EBGH B, AHBRAR S 52 FFic
BULTFHEZBRET, /752 MVEEZHEBCHTBRBHLEERE N2 E L5 E0WS 5%
Lo TR IEBERBFRREELONZ, KBRCOBECTHT. BREFABOVELZY 2
N BINRTHAEEFHBENTOREOLLTH 2700, FETRIOBER I B W CH
HHEHBELEOENDANKEI 2 EREFLTVSE, LA LENS, EBICIEFig 2-3-2-11C
KT LI COBECHEUNBHBEoBLBREE 2, COBEZIC L 2L ORI
%W%Uﬁﬂ%%ﬁ%&ﬁ%é?%C&ﬁﬂbﬂfﬁb\ﬁﬁ%%%a*ﬁﬁ@Q—.&
BEDTH bo

M-207% V7o C-3Hi A, C-4dhAg. C-5Hiffic-ovwT, EFENE O I 2 VOB HE
FEBEEFLOC-SMME - E LB LTAE L, GALOSHEERRZRELUAL O
CH->TWBE DD, 775X PHICEIT KL HOHERMEE OFhikc-3it# 0B B
LAREW EBDP 2, TOFNREFBHBICB W TC-3HBTHI%. C-AIBTHI~2%
&nofm%ocwMMw4mﬁ@ﬁmia7zbwmﬁmﬁmﬁ%ﬁn iZdhH B b5,
THOENIIERFEECL > CTALLBERMNEhc X 2B oB S L TS &
FEATRV, Fig. 2-3-2-1 3, ChooMBNZ U A BREEEEEERFENON-208k cH
BULERZRLTVWS, JCTHEONI—RITHUREVRELEH I HBLoZ i
F0.016THD, CHhILIET 2E8KEOE/IZ0. 6% LB, it - T, C-4MIBOEELR I

BUHSGKEDTNIU~ 21K DOHNELSEER. BHBREHOBVELILL->THRELLLD
ERZIENTES, 7732 MKRSFERER L S X FRBHOBLAEZELT 2719
KEBRECEE DT RBIERT -T2, RN NWOEELZL L RRIKBIT R
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WZ EBFD B

AL 72 VESTFHEBENOABREBLZC-4HIBEC-SHIBEZHET 2L, BK
FEFEETIHB L4 1kPa®D C-5HI M O 2 98kPad C-AMI#E L D, 7 5 2 VBRIt BW 35Kk E
AE L REOEPRE V. CRIRIDEBNEANPETBRETOR VR Lic X Mk
ZAABBAVANVITEREL, TOPHRBETVAAVDNEVEDELERENI EBDH B,
DERLAaE I, 772 M MOBKLBEKOBEROBEEAZ T 5720, SERLES
Bl - Td, TOEZEHRICTH T 2 ILEBEBETHE2IEBOD B, SVEL NI,
BEZHEOMBLEECOWERERE LS AEBCRESCHETR. EHBHEE O
ML <. AERGETHERLAMBOMELZE LLFHdT 2k, Mo520EAET
IMEND B,

(2) MMBOHREDT

S S 4 T onT, ERBRRMES W EKES T CE STV TSRO EHAKEED
SfE, WMBOZHRENBERECESOAHEMEHEICFig 3-3-3-21t R, BEZHEEO
BHERBRRUREOHFEERERZRDED TH %,

i) BHREECES {HE
AMSBEILT o v SETEEET o ve’ OBEERE S 5+ OHBI G LT o dli# &
¥5b0D&F 5, BB,

e=¢ek—k -lnov - ceen e (3-3-1)

IE 31 2 %ﬁiwz1nﬁf%xbn MHBEN o ve DIBTITRDZ T E L0, e kil
ToXcEasnsd, 5.

ek=el0~ (A —«x) *lnove .. (3-3-2)
iz (3-3-1) % (3-2-16) RN ic R AT 5 &
(l+ek-x +lnov')Sov =n(Gs-1)rw:6 z '_-v‘-_jz__;_;‘(_3—3—3)

ERRD, INEZoVIEOVWTDPIRS oV ET, 2K2VWTOS zETESTIIEICL
DIROBBRBESh S, 15,

ov (l+ektx -~k +lno v )=

n{(Gs-1)yw-z+p0{l+tek-x~x +lnp0)  ceees (8-3-4)

(3-3-2), B-3-1)XEHZHBIORKREF S e 0. A, «c ZUove EDov BEREH, O
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oV .ove EM-20" (C-1,C-2, AHEER) Ic > W T i (2-4-1) K. M-20(C-3, C-4, C-5HIAE) i > W
TRQ-A-D)NERATE LI DBREROIEHKBENRE 2, COEEAE 7 5 % b
BORBECFARE VDO TH S, 752 b BOMBOTL RTINS © . 2E
OHREDov 2 B-3-)XRALTEONE ek REZ 7 270Dy OREME
RELToV ZRDTH, TOBEBERERLEZEENEV, /2 —~F+—Cp00 o0
e, KEBOBEZRLBEBRRKERD, Q-4-DATHEISNIBEIZOOLT-TLE 5,

i&KklEX ok 2 HE
SKEAEERCOHREFENIL N Zov . KL LR E 2L E e &35 &0 (3-3-1),
(3-3-2)XEbove' KT 2RABESN B, Al B,

el—e —x +lno v’
A— K

o ve' =exp oo (3-3-5)

CDove' bov &, BHBEEOBE LM HOFFPEKBEERD B &
T%%oC@i5wLT*&t#ﬁ*ﬁE%FMJ%#%Km?O@iD\Aﬂﬁ%@%<
WONDOHESE, 772 P HIKBOTCEKIL L DRSO HPKBENISIBEEL S 0t HE
HIERTHBORELBVBIEBED D, COMHAIREKRLESFICE WTEN 7 MEM
&@bf55oitmﬁgﬁﬁﬁmomféféé&\mfn@mﬁ@mﬁﬁﬁmiéé
DETE>»TBD, COMAPREFRECH L EBhbdd, SLRAMBLAD SO
KOoWTH, RKBLBT3FHKTEAMBEOREVWSORILTERICLZ D EDE
BRECW> TV B, CNRBOBHERKBEOEERM LOFWREIbDTHD, 2
SR FHMOBEBKETbDOH. 752 M HOBKGHEIBNE 820 T. 248 HEE O
E%I‘H%F'Eﬁ'@c;tuz\*fb%‘;%b\&‘%ﬁi*@E%%ﬁifmmkt&)&%i%h%o

772 MHREBTA2MESHERICEHT2E. OFhollBicBw T sERBTICEB L
THENNELBL>TVEIEBNP 2, CNRBERRICBTEY —F+— ST p0odso
ThHhofel o, KERCELVWERBSES LD THZEELIONSE, EBOEERE
NHBESPNEVC-SHBI B CHMEN L OBELIKECHA, 7ﬂxb%@ﬁ i
EHROE 0D SN T WS, CNOXDASERMA LAY 52 NIBOIEREETE, ¥
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BoMBOXEN - EEER > W THEMICKRE ZMA 72,

41-2 XFIHAERE

HMBOXFAEFEE LC—BHIcHAVOhTWEFkic, DBBEEHE. i) BEREF
(EF. THRIE)  iiDBVRBENLED 2. BIWOREL LTRELOBE., B0 EE
b Eve L LA HBERPEARESER LRI E. BOBBITIEE
LB, EFHUOETHP®E 2, chic LT, LREAEIEEOHR B BB
KPRPHEDLZ DD, WIEWHEENEE TH2L0WIRERFELED 2. FHH BIEE
DA =R LRERICEVWSDIRT B ERE - THROBERET I EBTE 2, HICH
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4 (1)~2—1 BoEER

CICTHENCHEBDIEHK 2 RTIRBEICK I 2KotterROFEE ATV, #hEFAVWERX
BETEEZ1T 5.

(1) Kotter® XD FHE

MESEBRNICHENT 2N CHIE O 2 RuuEFKEEO., DMBEE. DBAFTER.
HWMBmMEHFXELTNOED &7 5,

i)mﬁ%#

JEHEKHE c(z)=cO0+kz . (41-2-1)
JEHkKEETHD, HEZEWHE TS 2D T,
pu=20 ] ) ‘
----- (41-2-2)
v =20

2) 2RERETOHEHERX

8 ox 8 T xz
+ —_—— =
d X 0 z. 0
8oz 0 txz _ e (41-2-3)
0 z + o x =7t =0

3) WERHR _
pu=0Th5%M»5. Mohr-Coulonb O E R KA TCHE I N 3,
(o1—03) /2=c(z) L. (41-2-4)

COWEBEZRELARET, BRALERHOF RN xH &L OFEFLT L E0x 1E.
TN EHOTRO LI icRkEN 2, HL A RREHEDD 2F &3 %,

0X=0,¢08> A + 0 ssin® A x €
= <O‘1+0'3) /2‘!‘ (O’l'_O':-)) cos 2 /'{./2

=omnt+tc(z)-cos2 A

oz, txz bEBEIKLTEKRE D, 7 )

INoxFEDOTHRICRT T X2

ox =ontc(z)cos2 L

0z =on—c (z)<cos2 XA p eeens (41-2-5) gz

tXxz=c¢ (z)+sin2 A

ST, on= (oc.+03) /2 Thbe A
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4) BB EDIE/TIRE (kdtterX D FEH)
(41-2-5)K % (41-2-3)RIcfRAT 5 &

dox(om L) + 8 txz{om, A) -
8 x 8z
doz(om 1) 8 txz(om A) P (41-2-6)
e n = 0
0z 0 X
THbb
dom . 8 2 ‘ o 2 ¢ (z)
3 x 2 ¢ (z) 31n216X+2C(Z) cosZ.laZ—’stl 32
m‘FZC(Z)‘SinZl'&—FZC(Z)’COSZKﬂ‘—ZCOSZlQ—C‘—(—Z)
0z 0z 0 X 0z
...... (41_2_7)
iz, che 2op Odom 04 02 pvr@prER:n

8dx T 8z Y 8ax > 8z
B, Efldon, A 2EKETIWHBEMRAFERCH . = 08Kl oH 6 1K
RTEAON. BOBOLAE—KT 5, M5,

d z ) 0z _
5 x stl*—aX cos 2 A
A=
— 1 cos2 A 0 2 —sin2 A
6x_
= cosZA[aZJZ —2-sin21[*6—z]—cos2k=0
0 x J X

d z sin2 A+ 1 -
= — o= -+ LY e e e e -

9 x c0s 2 1 tan(X £z /4) (41-2-8)

2T, INIVBORE2AEE LI SRxMELF 2 /4ADAFEELB T &0HH
Dho XMEL—n/ADHEERTHOIBE s BV, B2 s BOHEEE 5o
T, FREMOBEGBEEHWTUI-2-)K%E s . 5. @?&é}ﬁﬁiﬂjﬁ%ﬁ@“%o
LRI |

d

el 9 ; _ e —9q;

is. - 7x cos(A —zn/4)+ 3 7 sin{(A —z/4) (41-2-91)
d _ 0 . _ 0 e N o g
T = 7 x sin(A —xz/4)+ 3 2 cos{(A —m/4) (41-2-911)

THO. (41-2-91)+sin(A + 7w /4)— (41-2-9ii)-sin(A —n /4 )& D
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P s1n(k+n/4)—-dS

(41-2-91) ccos(A +xm /4 )= (41-2-9ii) -cos(A —z /4 )& D

sin{dl —z/4)= ———  ..... (41-2-101)

d
d z

cos(A +x/4)~—

Is. TS cos(A —z/4)=—

ceee (41-2-1011)

INEUI-2-TDDIRHEWVWS &

| don d A don d A
cos(/1~—7z/4)[dSl 2c(z)dslj+cos(l+n/4)[dsz+20(z)d52]
+osinz 2 &2 oo (41-2-111)

0 z
) dom d A . don d A
sin(A 71/4)[61——51 2c(z)dslj+81n(l+7z/4)[d——sz+2c(z)dszj
- 2 (41-2-11i1)

0z

LB CNZUTOLIIE, BBOBEBR--BERCERT 2, b5,

(41-2-111) -sin(A + 7 /4 ) — (41-2-111i)cos{(A + 7 /4 )k b

dom da _ 8 ¢ (z)
ds, 2c(z)dSl = cos( A 7z/4)az
: >
(41-2-111) vcos(X —xm /4 ) — (41-2-11i1)-sin(X — 7 /4)& D
dom , dA c (z)
dsz+ac(z)dsz —cos(/1+7r/4e)aZ J
~~~~~ (41-2-12)
EJN AN S1, S: (%D%}i,tfli%ﬂ%n
dsicos(A—rn/4)=4dx ]
"""" 22n{41-2-13)
dsgscos(A+nz/4)=dx I
THBHHMOH. A1-2-12)A ik
3 Y o aC(Z)
siiEDEBE:don—2c(z)-dL1=— . d x
S0 dont2c{z)-d L= QgC_ZLZ) d x e (=214
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Booker DBEBR TR O =7/2 — A BTV B,
EoiUl-2-DAoBEBRER WS &L Ul2-10)R Bk 3icET 2, BB
1 4 : d -2 + k- dl=—kK-
s B #EL on (co z)d A kdx ]””(41_2_15)
s 180 E doent2(c0+k-z)dAl=K-dx

(2) XRBNEEFHE
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BUENBEHEFIHZEREE S CECES LB AEHICE - THE T 5,

@ Fig. 41-2-1-1 €HBVTC, EF IS UL AP CRENAHEFEOBOEBEEM LT T
Bo MIOIKZMHBEAMOEREH L DFa. bTiR
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Edit, WERBRUCBEGRELZABICHET 2B ERD L EBBETH S, LrLE
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COFEEZFPTEI2ORUTRRT LI BELERMHCH LTCDATH %,

RBEMHE B AEEZELT. TORBHESEERF v L EEH L, BER
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BUBERAH YR THD, 2T EBETIEE L L,
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WRF v v VAT B IREREE W-2-ORXKRRT P v 27 OWEREX L35,

Shield & Drucker(1953) k. FEEMEHE TP v 2 » OWREEIE I > ME AN O #EEEN 2
ﬁﬁﬁ%mg5W%ﬁﬁ$AWu$@ﬁﬁ(@Dﬁ)ifﬁ%éﬂéﬁ%%ﬁ%&Wﬁe

%ﬂ%ﬂ(ﬁiﬁ'(%if:g E”E\ “'j”‘»w
r .

AWe=| Zcuwmaxieidvol L. (41-2-16)
J vol
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CCTmax| &€ | RERAEAMEHESOENE. | Av | RFREGEH S dLOHENHEED®
SHIET ® 56 |

—H BRLETANCE - TRENDIEERAEE L TOHEBER L > TR I BZHEERA
Eidznrfhir{cs5xon3, b,

ABe={ o TeVe' dSt L, (41-2-18)

AEG:J\}OITVV.dVOI ' R (41_2_19)

ccow, TEg VE | SE BATJOMEBRE. Thik X 2HREOLEM. RUANOEAT
PHBETHD, 7 FLOBEMNER, VviREEZOTHEXOHRBEEMRS 2 E T,
EREEE D, FNTOAGHEBOTTEROBE S — 2K, FRO LS & (11-1-16)
EUI--1D A MA R RBBBERAWE (41-2-18) & (41-2-19) 2N £ 7= 2 A+ =&
AEZFMT B ELIVBONIWEREORNMEEE X 5, B,

AW = AB e (41-2-20)

BRI ET 5 M > Tl BB LAEE TREORFARD 2 C WL F L
WA, TREHOBHEARBEHFEOL IRELEKBEEOS VARG HEZRWET I LWk
B Lvo ChiIH L EREHERUI--15~20 R0 LI K ZhZhHT LAY
BIaNFEHEEFAIRIL, ZORONEEICHETH 3, - HEBNBEED A
HERLAREBECEERET 20, BFEBORMEEZRUERIC L > THREST 3N T
S BBV ERERE B LCHEOA ) = R AR EANT S L bTE Do fE -
THERBWCEET3RESS L VRECEVEESR TS5 C LA EBOCHAL~ L
TERABATAE., THEHEISEKOS 2@BBEONL ISR b, /- FRAED
i, XBACPEEHE 2 LRAROETELL LN TEL LD, BERLHEY 3 BRK
EROPTCSOHIHEPTE, BEEQA I A - PHRATBERTSCHET 3 &nT
5Bo HoTINGO T A -5 2V CHERRER LD 5 Lk > T, T¥ L®
THHBXRBNRECLEREOMFRS T E 2 2, T

AR TORBETIREBMBIc>WTO LREHEEZFV., 20EFIH L EBRS I X
DN, BERESOIEREITS> M. AHTREOE—BBE U< U1-2-1)R 0% EFE D7
EROERESM I ME (N CHIS) oXFHNBEERVE I T TRETHDE L B
MERERETDOHE - BOoREEERLALHEET -7 UTi. DERSB. EGHO
2 —ZRHODVWITEEBEHEREROFHEL TS,
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(1) ERESEIBEEROXFET

CCTHWE A =X A, Fig dl-2-2-1KRT TEL —LTHBTHETEDTE B
HillZ 4 7O A D =X L%2BEICLIS DT, Salencon(197T4) B W c0=0 DA H =
ZLEFMUSGDTH b, CCTREFEOHHKBEEZZL, UTOZEFEORED F cHEEo

]7*@17\}]/#‘_% E%ﬁ'ao

OZLEDORE : 7—F v 7R THD, HEQEMUMETAHICUI O[S AEEL 5,
BRI L. DTHEAATHD, I FanfAlli TH 2, FEEITI R Y v+ VEEERE L. 45°

DEDEdelTB>THL BDETFT 5,

OHNHHEHEE  LULOERBRELD. Fig dl-2-2-1KRTEMD S A 775 2BKE D,
CNEWEA =X LRUCBELSTHLDZBOECK I CAWMHEE. BoHOoES, 7 —

FUY7OBEEMU0 KT 2HEMNEMITRICRTHED &5,

IRl ME cu B X [EESERM
B U
b + =
c c0+k z 5 cos 8 sinB
de ” ——gsinﬁ ”
T
” + — ,7
FanCP?Jj)I( angle &8 p
Panf 1% & s ' -E—sinﬂ ,Uod 6
2 - sinpB

NIV BRBOEHLONBHBEBAWEZEE S 2,

b c)
Es'nﬁcosﬁ
2 1
AWbe= (cOtkz) -UQO dz =UE]B <0 +choszfo’ L (dlm2-2D)
0 sin?p 2 tanf8 4 .
de)
N/
——Bsinf
4 U0 UOB V2
AWde= '\/i(C[HKZ) - dz= (CO‘*‘I kBsin/a’) e (41-2-22)
0 sinfg 2 8
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Fan acd)

% %

. — (R

4 (cOC+kRceosé) Uo

AWacd:J Rsinb’ dé +J4 (cOtk xcos@) dx (U0d 8)
-8 ' —-8J 0

U082 ik Srn( g
= {CU(2+ZB)+41<B ) sinB+sinf

------ (41-2-23)
C(A1-2-21) . (41-2-22). (41-2-23) R LD, COA N =X LADOHNPHBMBAWRETD &
LI 3. BB,

AW= U0 {Co(tarll/a’ +2/3’) (1+2/\/_sm/3’+231n26)} ------ (41-2-24)

2 4

@NHHE: 7—F v VOB BEE/M U T AAFHEHEEAE IR, ®REA LT 2,

AE:%—UO ------ (41-2-25)

AE=AWIXOUTOZENLELRMER (41-2-26) WEr N %,

CF%:CO tarll/o’ +1+%+25 +k4B (1424/2sinB42sin28)  .eee.n (41-2-26)
7t - WMEREOESG. XFNRBERKRA L - THEZXZ SN B, Al b,
qult _ 1 . kB » ‘
Ne= <0 tan/a’ 2 2/3+ - D(l+24/7s1n/3+231n B) (41-2-27)

CORIDEHNEBREERTERKB/click->TREZEBbL D, Bk B/cok
B3 ERERERECHT 2 (U-22DROBELORMEE LTE A b1 5o

(2) EESEBSHEEROXFEN
1) 2H=x4 1 ]—

HBEEHOBAER Y - F Y 7ETRRAGS SUBERENLELELISN D £ T,

CTEESPrandt]l S A4 T DA =X AEBER LT, Fig 41-2-2-2 KRT & al
BOERTEEINGI AN =X LT WL TERMHFEEZIT I I TobHHHEEELL
TOEFOREO T CHESLOHEB KT 25TEET I, AL, 7—F v JlAITHD.

Mk ST E—FIKB-T, WHQRUUMETHIRUIRTERMT 2, £/, HARI. I
ERMA. B R FanfAliCh D, BOBE &R PRAAE T IZKEE & 45° OHE %7& LT
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HLPDET B, CORETODEMNDIT A ¥ 5 AEFig 41-2-2-2 Ki_RdTdbDERD, &
BOEICHEIEE. BrHEOES. HNZEMITROSES kKRS Z, BB,

ol HEE cu & *H’Xﬂ"%{‘fﬁ
B cos B
+ ——
ab c0+k z 2 cosa sin(a+p)
bec , Beos{a+8) cos
2 cos« sin{a+8)
cos a
e d ‘ sin{a+8)
Fan s cos
V4 + -— —
M ¢ d angle  f+ /=1 U0 5700 %8)
cos &
F ” R LAUs &
ant £ 45 sin(a+B)d0
B
T R= 2—(tana cosB +sinB)

INED, BoPBEBLIAHOEFE LY, BN TRERITEOED kD SN 5,
1RSI ’

+tan® ¢

Ne= qu _ 2 I\B[ tan &

c0 tan(a+B) ana - 2 +2E+4 cOl tan(a+3)

I T . . ) ) .
+sin(a+/3) sinatana ( s1n/3+sm2/o’f;os/a’)+2«/2_ (smatano:)cos [}

tsinasin2B+cosasin?B)+@2-cosB) (cosasinB+2sinacos)

ceee (41-2-28)

2) A A=A

W@@fﬁ:fA%%ﬁ?%%ﬁ@ﬁ%%ﬁc&m;D\%ﬁbméxﬁ_XA@hﬁ
SEM Sy, EE OB \A@mmxﬁwahﬁénaTgﬁﬁk§<méoL
DLEBOEHOHBE s &, ERAEXNGEE LR, BERZE -0 ERMLZE
LSRG B > THWED AN =X AZRELCHEZTOBESGR. 2 =X 2% KH

TEOIEHEZH2BEEORCHBELEL TERBOSRB VL, FLUPARREREBLTHHTL
bEHENR A =X aPBEONELEES T, ERODLBVWEELEIURERSE LN S
CELH D, CITHWIXFNEMEOE S, Fig dl-2-1-5 KRTEIITHOHOELE %
WTED2DOBLVEBZONIHN., INEERALERBETEILBARTMETH 2, 2T
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1) TRLAEZEHO A H =X A

XFNERERNOFEET 5o

EZRORFEIR. HAEI OO IcB{EERBENVSENE A ELAR A = X A
5 EREIBETH D,

LickkR, v+ B EvoMoBEROELO
0y —ERME I EDTE BFig 41-2-2-3 WiRT A A =X A (A Hh=X4H O)

COEESOEROS A ¥ 75 AERFig 41-2-2-3 KRxT D& B,
BBOVBERDHIME, BovEHOoES., HUEEMRKRRICRTEY CHD, HhEitELR
BT didic, FaniBoHNLEMAFAVTEBVROENER 2E L 2o

slip shear
plane strength Length Displacement
N PP
a b ¢ u(2) B cos[:’sm(B.co 7)6
2+cosa cos @ +sinw
b ¢ ¢ u(z) B's11.1(a+,8+a)) sm(,B:Hu—'r)
2-sinw *cos« sinw
s + 3 —_
ac ¢ u(z) Brsin(a+f) sin{B-7) &
2-sinw -cosa sinw
i + +y -
c d ¢ u(z) Bsin(a fS)cos((o vy -B8) s
‘ -2-sinw *cosa
e f cu(z) R é
Fan :
M cu(z) R ' S
F
zggjﬂa c u(z) R | 5-d6
27 L.

cu(z)=cO+k z

B-sin(a+8)-sin(B+w-7)

R= wRMLEIEIISIAPTOTY _9-
2-sinw *cosa (41-2-29)
INBEAOTABHHEAWERD, WROS &7 -7 7 U0 OBIR
sin(a+8) sin(B+w-7)
Vo= Gy (41-2-30)

cose -sinw

ERHOWTARTERAEA2EE L, AWEAEAZSEIVBHIEICED A=A T I
DWTHUTRRTXHENGEH T2 FHEERXRE2E S, b,
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cos B

Ne= sin(a+8)-cosa
cos sin(a+B8) sin(B+w)
. _ . - -tana}
sin{a+8)+sin B sinw -cosa
sin{(B-7)-cosa
sinw *cosa ~sin(B+w-7)
1 ) .
- - {sin(B+w-9):cosy —sin(B+w)}
siny +sin(B+w-7v)
4 49y
2
kK B L cos B ‘tana
c sin(ae+8 ) cosu
cos o sin*(a+8) sin(B+w) .
+ . -t
sin(a+8 ) sinpB sinw cos’a an” o}
s sin(B-v)-cosa ) sin{a+8 ) -sin{(B+w)
sinw *cosa -sin{(B+w-7) sinw *cosa
. ; »
+ - _1 . s%n(a £) ‘{sin®*(B+w-7)-cos®y
siny *sin{(B+w-7) sinw *cosa
. 1 sin(a+B)-sin{(B+tw-7)
-sin®( B+ + o
sin®(f+w)) v 2 sinw -cosa
" 3~sin(a+,8)-sin(,8+w—7).( 1 sing)
sinw -cosa V2 T (41-2-31)
(3) BtEHER ’ -;,j_

FETEWAEBEREOA N X LARUVERERHO2 2O £ 7 =X LITD2VWT,
(41-2-27) (41-2-28), (4I-2-3) DXF N ERRZH T, XFNHERELZRD 2, T H
T, RHENERERNM T IEHOMAL LY, MBWHED A/ = XL EHEREIL LD
R 7eo Table 41-2-2-1c B LAMHABEORRZE LD TED, k B/c0itXd 23X FEN
% Nc, Davis & Booker(1973a)MfRZ= L /2 (1-2-3): L &E Nec. Kk B/c 0 oK F 2 #HiEf%
MFr. RUBB AW =X L0BKREEAZ 25 A -5%RLTWVWE, KB/cOWKER
Lo, BOMEMELL. BHE I LRMEESFA2WEHILENIK/NECED. 7
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—F v VAAMBERCEREBERTZ 0B b, T HiEdFig 41-2-1-4, 5R L A#ED
BRITORRE-HT 3, EEHEDOES. Mechanisn I, T3, kK B/c0M2.5»53.00
MTCEURHEEL, BRERMABBORER 50 £ 4 BHZEH SMechanisn T DOREFN
ZED, BH 2 D OMechanism 1 KV HBAT2UEBNELIE T W B,

TREAEIDRDOAHEREFr ((1-2-3)) LKk B/coicwdd 2 0BE %, Davis
& Booker (1973a) DEZE MR & I icPig. 41-2-2-4ic /R ¢ P O KM ® L F i 1ldMechanisn
NS 20 CTH b, EEE - BOBEE bk B/c UMV ERMEBERRIEE
HELL, kKB/cODEMELLHHEROF e EZWAE U LEREINKER L D K& B, Fig.
Al-2-2-bRT LI2iC@BERCOFBoHB T L TRk SHA-HIMBEVEIZ., KB/c0o
K cHERERES LRV EF cBBRUOEEZEZ 20 L. MEE L LRED
BEUH Bl - 2REORATIOUEBEETH S, SFTEOEESE2YMET 2 & LAMHE
BRIFMEHBLEVNRFRTHELEIENTE B,

ABDOKB/cORHLTCEAROLE TR ELVEONAREDO 2 # =X 4%,
EEHOS sUEHETLIHESOBEDHEEN (4 (D-2~1 (2)) XoEShABEOHRE
& & BIKFig 41-2-2-6lK/Rdo KB/c Ol 2& B/ NS EAR., LREFEILES
NEAD =X LBBOBPEFERICLIOHIGER LTS, k B/c 0252, 8Tk EFME 2 »
2ZXLADEUCBHEAT 20N L, BOBMBITOBRER/NE RS UERBPRTCE
L. MHFCLBDOENENT VWS, Kk B/cioBinétiic FRELEBVBERITOENRK
EXHBAHBMEL T, CCTRT LI R EAMHTOWBED A 7 = X 4 TREHO—HH
BEDBMEBIWELZERZR LEBRVENET L2, COLDBOBEBIFTIDLINREBY
BHRETHZMENL O, MEOEBMRKTIEDEEZILONE, LMrLEBHSKB/c0s ‘
42,5 BEHIZRKESB-THWMBOER S EF VAR, CHIEKEB/cWKREL -
COHMEBRLELRBELOZEDNSZVELBVWEROFERE—~F T %, Ity L FHEsHE
HEB/cIDWRICHI XFRNOENZH2BEFMLELSOTH LI LVBHRTE 5,
Ao, Fig 4l-2-2-62 5 A H =X A TREAN =X & TIRE~EDRIFHOER & BV
EEFRLTHD. BEBHETREEALHUBRER > T do CHICE > THOWE
AR =R AT CAFEREESR, BEOWEREICEWREEZE5L 5 LA2EETE 5,

_72__



41-3 HLUEHNER

Mt ABOEET 5l XD ES HRENICIEDKRE BB 2 IF 5 F &8 E - g
(NCHIM) 2R TEEEE3EIRBWTRLE, AHiTR, 3—2CRLEEBAOD
HBLEtEETANCHiMc L. BBiE. EREHOH - B2LA 8RB ET- <
BONANCHBOXEN - ZEFAELDVTERL, IS kEETIELOERK -
WTHE N oy 4 1 -2 T - AXBNBPO/RRLORBEERF V., BIFEEOBA
I >WT HRETZEIT - 7o

41—-38—1FREM, ERFE
(1) EBEH

NCHIBOXHNHEELB|RIT /5 A -5 kB/cIPERCHERLTYE &k, BiE
O (B A . HEE, 1966;Davis & Booker, 1973a), 4 1 — 2 T - X ENWITOER
oS THED, COKB/cOBARERICBVWTSEREZEOEB LR, - T,
DS A -7 ERRT Ak, By cOMIbEIFOoMEHMNEK, AWIE. HEXRERE
EEATCEBEZTICEE Lk, CORAMBOREATE2ETK E cIR, ABOEYEE.
HOMEE, ¥~ F v+ —VHERI > THRE S, ARBRTH, 3-2-1TRLALI L&
DMEEEZENGTOERREGHTL g 5100g, ¥ —F +— PEZ10kPak 520kPad i
&S, HEON CHIBEMEZ/ERL. ChiEHLTHL, 6. 8ecnd 7 —F v 7
EHOCTEARELZIT 7o THEBEHRHORNKCIAH LHEEZLZE A LERLIT-o-TWV
%

O, WL HBOXRNCEESTLIZEL LT, BHEHEE, BitEOES, £ o
ANEBRZEA SN S, KRR TEHELORI/KBBEEZIMOF > T, HikoPEE
TELZROMADLENSD. ?ﬂﬂ‘]’@iﬁﬁ@%ﬂﬁﬂlif’uﬁ%f&Dﬁﬁlﬁl'&“f‘ﬁ%%ﬁﬂ@5<E)ﬁfg'i,‘.f?\
WET A HE S LT, HEFHOType ] OEEBR TR, skpa/minggjskﬁkpa/min\ 7 L)
ffloType I DOEBTE 6 m/ninZERA L. £/, SEIEFC LD I A - 0EEL
HNBIEEHNELTVWE Y, BRGHGZSOREROBEPHBERICADATI VX
i, HEEEREAERBEOH2ZO1iecnd L, BERBRINTEABHT & LTV B,

REERD — PEHOEREMHF I Table 3-2-1-1(a), (D IKRTEY TH %, . N8T24kfth &
B, ¥—F +— V45, 0kPa. BOMEEN g O FTC—HEE LB EZ0Y —F 4 —
SDOLI/AD11.3kPaTHEZE L BEZEMBICOVWTDERTH 3, SEBRALAKZE 5
A—sOHMlAGLEICEID, KB/ cO0DEAENBER(T) 0. 035K EM -2 00
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100g. p0=11.3kPa, B=8cnD&%HTOEE (N884,N886)D5. 7% TOHEHIHE TEAL T8 %,

(2) ZBhE

3—2—-2 (2) THHLALFERIDIERLIZEL, OB icxt L, MMBIERE &
OELOMEEO T THHERZT /o NCHBOXBNER TR —F +—YVE, 7 —
FrIEEETVy v =Ny FERNLTCERESE S YR 7 A (Type 1) . KUY —F +
—VHEBERBICIOVMAEL, BHREEBHE -9 T85O0V % vy FRLELoTITHIVRAT A
(Type 1) ZHWVWTW3, PITFTZNhZEFNO VXA FaxfH0icEREE RO VWTHEIH
B3 %o

i) Type 1 : vy v =Ny r2HWIhHE

Type 1 D ¥ X7 A%Fig. 3-2-2-2(a) IL/RTo CDYRATLADR KR, BER—-FHRTRD
AWM, BNBCBOTERESHBZER L, BHBKRT 2 LR BHEREITI &
BTEDRTH 2, —HEBERAEL TR, BOMEEENIERCEFL TRIEBVWTT v
w Ve — Ny SIERTEEINEALTCLEIRE, Ty —F v IRy s2ET Ly
=Ny FOMIc b2 BEOERBEEET 2O H I RBENET o N2, O
BOKESPHBHETER D o /oW, WEK O ERE g K39 2 M A& R R KE
AulcEHL. Typel, I TEREELPIFE LV DOLHE TS L (Fig. 41-3-2-22(a)
TK5. Fig. 41-3-2-23(a)N8T1) | R DA u/q PEREREF IO NSCB > THD,

Type 1 CHEBRE., BB L 7 —F v IEABHMBRE RS CREZIATVES
HoTrbDEEZLOLNG, COMIDYyRFLATIR, BBER 7 —F v 7Ky 7 20
OHIFE L 8endEBELBLTRB ST, BOBEEFARZ I ENTERVWEWIHESRS
HBo

Type T DY RFA52HVWCHEBELAERIT, EOMEEZL0,80g D2, +—F v —
VHE#9.8,19.6kPad 2 FICEAL S WRF 4 MOBLTHER . READIGTIA9. 8kPa,
(9. 6kPa0 2 OEHE (1 g) HETH 5. 8. EF1%E— CEECHINES & T
BRI AR TV, WEEEE LT g ¢9.8kPa/min, 40 g T9.8&39. 2kPa/min® 2 T,
80 g T39.2kPa/minE Wit M. EHE VY —RKEbD 7 —F v~y FHEN%,
LV.D.T. R 7 —F v 7 NEZ, DEBBRAKER I L MM ABEKE 258 L 7o
T AHBALEMUEO D ICERFIHOBEEBE Z1T » /2o H. Type TICX 2HAERS
BRTA(1983) v a4 V(198D RFHLIBNSN TV B,

i) Type I :#H Y+ v F2HWILHE
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Type T CiType I OMEAANRES 37 DL KBEMA . Pig 3-2-2-2(b) lLRF &
2FLERWTERZT 7o Y2AFL20ERWUBRE. UTRRTEOTH 3, BB,
1) BLEEEROY —F +—V2¥F1nn OERBEZHBRFA~NTHE T 2, 2)
7-F v SREABRRESEISIRNET S, 3) BEELWLABERE -5 —EHo v
vy FICL- T, BNEHEFRNCHEASE 3, 4) EHOH - BOBEEFNL 2D, 7
—F a7 UNHEOMBREDET B, . EREOREE YV a v+ 4 Vv EZEHLK
2y PROTAAYT UL vEERREM T2 Eickd, HOREEY ¥ F—re—
AR 2 ickfEO i Lo COfh, EEROBEINMB LOoRENP—FHRIZT B2 LD
K, 7—F VY T RMLEBEBOMFHEZBEE 7 —F VI TORENE2 Y —F +—VEEFELLT
5l EzE BT '

Type HOEEBETHWR 7 —F » 73 Eden, ben, Senm@D 3 EHETH Y. FH-EOMEE
ELTI00g &50g D 2FEH VK, COI0gOMEETTOERELIEBEOY —F v+ — ¥
FEp0idll.3kPaTdh v, 50g CHEHKB 2B THULUENEL S, £ I TNBTLENST2R RS
TRTOEBRTIDIL3PaDFENZp0& LTHIBRAE Ui, T, Ih s oHifET
Fc 04 4kPaTH O, EONMEEIC X > THRE % K100 g THI. 1kPa/en, 50 g THIL.
6kPa/em& 7L 572, K B/c0M#2.8, 4.2, 5.6& 7 %, Tabled-2-1-1(b)Ic/RT k B/ c
INMCHODEEETERZ OB 20, Chi3EB L - THRESECHENEENE D
BB 57120 TH b, £, NSTIENST2T W cOMfBE D B REL. KB/ cOZEFNFNILS
£0.9TH 3o | ) |

Type T OEBRTI., BEHEnn/nind FTTRHMHEZTV, BHdF e - Ferickd 7 —
FyrsEEE, LVDTLEID 7 —F 7 TEZE, NEMB/KER © X 0 8P R Rk
FE, BEERpC Lo MBRENZETHIL 2o  Ofh. Table 3-2-2-1(b) iZIRgN8TLILEIE D
B=8cn®ERBRTE. ERMELFHA2WMAT L7 —F vy 72HVWEBRAOHE & 17T
o fo Moy Type TOEBREMGECHD, BEVHOFHEOHMENIEFICRELLS
tb\?—9®WﬁkaUy&—@nywa—ﬁ«@ﬁﬁmbﬁagﬁ\?—9v:—
5 — BRI L oo .

41-3-2FEBERRUER
(1) ZEHHEHT
1) WELTEH

NCHIBOXBHER L D E N ERE - THEEFig A1-3-2-110RTo 24D
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Al E L CRFENER. ERBEBSKEVELE, BEUOMEENBbkBREVEIRELR
B EBDDP B, WTFNDOERBILBWTH, HBRBRETIITEEKRELE-TBYY., o
EAR O DR, =0 Foib%éﬁﬂ@ﬁ WIMRkHWRKELBEEMKRTE LN
b#%oﬁg4F%%HMKﬁ?Wm IDKPEEEoDENZEH TR I OAE X IZE
BTH. BIEWLOEBRIKEREL > TWb, kOB & ic L% F o i i
KT ZMHEEE. BROUTCHEVEESEEORETHBELT CRATVL &, RUK
TlEBBANYDENEOLIEE AT 22 0E—BANES G L CiELID
FENKE VR, BANDESKERE S L 0BT 3 LN TE S, ¥ Pig 4]
-3-2-1(a) /R TType UDHERTHEH., COoABR 7 —F v /iBoEREFLEFRELR
ZEMEBERI TSN 28, kicH L THE- &0 L LAEAZELN TRV, KR
O -BEELTR, HoBAPBOBEGI D ETRIFOMEVREL B ZEMNSH 2
B, EHOHEREAL L TCIHBRIFBOHESKITAEREIEELEVWLSI T 3,
FHEMN-200 B=8cn®OEEBHERLD, c0BPKZVELHEZVRK/cOMN/PEWVIEER
EOMERBBEOLEBDZIENDDL S, HIKcIPKECEBIDOCRH 4 ON8T2TILEHIE
BE—7BHHALTWV 5,

Fig. 41-8-2-2i%. #EM-200 . BOMEEI00g OEROHMM e B 1T 2 HEBRE — Ik
THERTH . BRESREVEVHAESRKELS B 2Y, BEREEHOH - BoER b %
DHELEDILTVWRY, EEHE -  BOoZERETHAED R >NERECHEE LD, WT
NOEBRETOHOBENPHOBEG NS RUTR T, LTS 25 ERE QN
FEHbEGERHESET LB, BRELTHID NS RIHENEL L, ORI
TEHBANORBEEBOLEL D ZRT SOTHD. COMMBOEIBRKE R B3 HAIME
MAE—BoMBOBREERT O OELEZL &L, BRBABHEOBAEL Y., T HEREN
REVHIBKkB/cOBRENVRE, LD/NEBUETERTHRAIPBELTVWE, 27T
KB/c0=4.2,5.6lCDWVWTFig. 41-2-2-1, 8R4 D =X akHui FREFE L E
SN 5D #R L DM R %ﬂ&ﬂ@%AT&&?%&\7~f/7% B U X

B, BOBASHOBEOKL SERS . £5. 00BE ML TED . HE b10%
BERESCMD B, HUEMEERRKREVWEWI T L, NERBETETRERLENREL
BMICER CEZHERLTEBD, COBRTERLHAERIEEGOLNAL DO ENR T
W5,

2) X/BNORCUTE

BFEBIDVEONALZFENqu, TN E2REERE cOTRUASFTNZEEN R OLHFE =
5Z2H0OWTES t%Tabled]-3-2-11C/R"d o Fig. 41-3-2-11cR L7278 D s BA N % ©
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REEEE - THRICHBER Y — s BEAB VD, REBI/ 1A 7d LT T L S
LU THWERETEE Lo £ 9 Type I Tl Fig 41-3-2-3(a) IK/RT & D W& & Fic
7Ry P LAHE- L THHEOMUINER EREDBEROLHEAWEALEEL CXEH
EasRKdfo —HFig 41-3-2-3(b) ik R T Type I Tk, HHEEBE LW FERE
UTHROMPHER L RESERTORE A WEEEA EER L, BRAK, Type I o
LTEBHBRTRKDLXFHNER, HRCL>TRKDLBDIDI~TINERAEL, &
RO O >WAEEL-THD., HicType T TR, MUBROMSBRET CHESELR A
5ENTERIPo7co Type 1 &EType ITICOXIBENELLOR, BEHFEBRER
27:0THBEELOND,

Table 41-3-2-1DNcOf D LB, c0& L TTable 3-2-1-1IC/R 3 BHE OEME (& 1=
0.08%/min) D= KIEHABL 5B/ cu/ovV XD RDILBEEHVAENCTH D, TE
ICOMEZEQ-5-DARL > THELABELORDANcTCH S, 2-5—-1TRLE
WD (2-5-DAKCEEN2 3 >OMIEREON, BEREAFHICET 2na. YEREMSCHES
5 npldM-200 M-30Fic 2 Zh0.86. 1.05&70 %, BOOERELETIHELKnric
DWTR, UToXko2kctkdl, £4Type 1 OBE. Fig 41-3-5-18~ 20 ReEHFAE
AWIE(rna)BRER 2 &, REPEB L EI-TETOER S 20, HMAREBOREAY A
W 10~20%. i COBMIZI0~40secTH 3D T, HMBHOEBHE15~40% /nin
BBELEATRV, CHREZMKIEMABRCHAENZT 2 v nax (0. 12%/nin) 0125~
3B0fETHD. INZO-5-DRCRAT 2 EnriEM-307T1.23~1.28. M-20T1.19~1.23&
8o, THEOHLSDERInrREZMLIVOT, zofHBEORHEEIE-> CHE T

260 BETL2UEREBMEE Lo SEZORERKORE IR, M-30T1. 14, M-20T1. 09T
HD. COEEMVWTType TOEBROIFPIKEEORIEZIT » 7o —HTipe T (M-30)0D
EROBG., WECEIBMAPETRECL5~5.6ninTd 0, WEROD 7 naxiZH10% T &
20T, COFRMHFELOnrEL 14~1.18 (PR 16) LB oty ZITR2EDOHIERKE L
T 05% fl Wi

EEO2EED c 0k DRDAEEKBICBEBENcE k B/ c OOD&EHT%j:EﬁEﬁ;%Z”*%i&
HizFig 41-3-2-41K/R T (a)DType 1 &Type HORAEM-200 D, — 2% H 5 &,
KB/cODBWRELIH - WHOoENHL, HOoBAPHEOEAEID16~21%KELR
2 TWd, EfType I Tl Type IKEREBHECLPEDOES>ERNEShEM, BE
BiE bk B/cIDBRELERENAHAL T EENHEHEICEHbLDNL TV S, Table 41-3-
2-1. Fig. 41-83-2-1» 55> 3 X Hic, Type 1 1dType Hickb~, FEFHRIC LD KD 12
BERETEPNS VPP DOFTE DKk B/ cORHTA2XBFNREPREL L > TV
B CHEL BB T —F TR I RET Uy vy =y SRIOBERLLZ DT
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H5H5LEAOND, M0 0RBHERR. HEELI D OETF/NERMEER 20 LR @
HIDESNAKB/cIENcOBEBEBOWHIEEZRLTWVWS, FEHOBEOfMiIc. M-20°
ODEBEPFTEMLID O/NECRIEHELT -0 KB LTRE#HEAT A ER AT
SLETERP-TlD, TOREFOHEOK., EHEOHLEAN-20LFHLEETL, 2
—4 - 3ERLAEN-WOEFHELREOMFEZHA VWA EBBT SN B, 2 -2 — 17T
N XD IEM-20" . I pBe0ll L oEmBH L (M-60) XD L7 d. DORASEE
H60% EHERICE . TORMBMBME (Fig. 2-2-2-1) EM-301C20% DR % /B ¥ 7 M-20 &
MIBY R >7dDENR D - T TOMBHBERTHNOBELEIONLIBREDSE
HERGEEE, 20 OFBM-0L 0 /NS BR2A#EBERSZOOEEL LN B,

—. Fig. 41-8-2-4(a) ik R+ A B SM-20&M-300 7 — X (Type )T b, kK B/copi
ME/HE XFHIOBEMERIPHBEILEN T WS, EREETEMAL <2 &, N§s1. N8s2.
NEBSTHERBRVHEEAREC LEH>TVWE Y, 2oBoEBRTCRIFEHEBE VX
ERLTVS, LEOXEHNEBF LS RELB-L=Z>0FEKR b3 28Kk X ok
7o IEBEIKBREE % Fig. 8-2-3-101/R¢ o Fig. 3-2-3-9,11, 12KKR T TR SLUAOER I B WL
T, aklbp o 0MER. WHER>P SOHBEELVFET /NS LI L. co=o
DEBOSORIGENERNPSOBEIDREL B >TWVWBE, Hb, EXHEOBREHRNK
KDBEREELDDPRORERSDER - TVREZEZ LN, XBENEBKEL B ->1-0
TR THDEELOND, IO LI, Fig. 41-3-2-1DN8S I ERE — L T o %
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0?6 =0

s 1%7?03%’%@? .

s HRDBFAE :
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MEOHERGHEERC VWTOBIT I,

2EH DI CEZBIEILT B,
T—F v VOMEEMUCT T AHETLER S R
CNIDEBLETCORNRETERAWEZTE ST 2, HLEHEOW I

slip plane shear strength length displacement
B
ab ,UO
2 cosa sina
cd H4T-2-1) B:tan« sinB8-U0
2 +siny sin{(y +8)tana
B tana Uuo
=11 +— B
b 2 [ tan B ] tana i
a4 c B-tana siny -UD
2 tanB sin(y+8)tana
. o p o= . g A tana h
i)bcEMBs s 2 VR ELIES p < B

ETRTUZEZL 2T EEHBREAWRKAD L 5 K 2,
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B-UO cl A-+B 1 1 1
= - ° + - *
LW 2 {[sina cosa 4 cosza] rala)t(cl-a Z)[tana+tan,z9] r2(0)

[ cl'sinw _l-B' sinw tana
sin{B8+w)sinB 4 sin(B+w)sinB

]rx(ﬁ_/g)

-si - B i
+[s cl-sinp A sinB tana ]rz(w)} ...... (41 -2-1)

in(B tw)sine 4 .sin(5+w)sina)

¥, T—F Vv IBUORITHRBELMNT B ETAHATTQB/2 BERITARTERAERKD
FHici b, Hlb,

B
AE=q‘2—UO ...... (410 -3-8)

AL BEREAP L ERLEFIE, MBI 2/(cl-B-UNEEFEFT B Ei0L-T. T
THEEBNcl(=qu/cDREKRATE L SN B, 1B,

c 1 A-B 1 A+B 1 1
N = +]1 - * + :
¢l [sinacosa 4 cl cosza] rala) [ 2 c ltana] [tana tanB] ra(0)

[ sinw _A~B. sinw tana
sin(B+w)sinf 4 cl sin(/3+a)_)sinB

]rl(n—ﬁ)

+[S sinp A-B sinf tane :lrz(w) .......... (41 -3-9)

in(p to)sinw 4 c l'sin(13+a))sina)

tana
2

bec#EMHsSAMNTF2ELIEER. AMERREZRS, X (40-3-8) OAMAER EEHE
FEBIECEDEFDONclii»WTOXE2E B, Alb, -

)b cH#iss sz bAETEDIBE : z b

2 kB k h 1
Ncl=A(Mab+Mac+Mcd)+[C—+ tana - ][t +1 ]rz(O)

cl 2 cl c 1 ana@ tanp
e e e (4]1_2_10)
ZZlcMab. Mac, Meds AR ZHNEFH A -
1
Mab= ——r (a) )
sin’ «a
sinw ‘
M o — > oooooo ]I——
ac sin(/9+w)tanasinﬁrl<” B) (4 Z-11)
sinB
Med=
» cd sin(,Bﬂu)tanasina)rZ(w) )
h A h) c2 h) kB. , kh h Kh
_ = AL z & _ = I+ - — fm e /= i e —9
A 8[2 Cljcl[‘uana 2B]4cltana CltanaB 1 (4T -2-12)
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ﬁunﬁﬂJw?iénéNum\a\B\w@@@hnacyéLxh/chBml,
Kh/clOADDOERILERICI->-TEEENT VS, CCTEEDI >OEIRTHRUTO
FOWREEBEIDLIENTE S, Alb,

&_Il:ckczg_:l___z
cl h cl cl
kB c?2 B B c¢2
2 2 -, — = =, =L > e -9
ct ™n ‘c1 ™n el (41-2-13)
kbh_ c2h _ c2
cl h cl cl J
I Tmit.
k
=TT e e e e H__.
m c2/n (4 2-14)

CHR7 52 PMORE (FFiwce2) CHTIFHEEROBREAMOMEIN A AE S5 2
TNIRA—3THD, FIZERERE c0 PEOBENBEHEFEHBENERE 75 2 P Ho
AREBHEZRE-LEAE. m=1.0 &85, XUT-2-9~14) kv, 752 o F
RAOGBENCIB=Z=>08KRTE, h/B. c2/cl. mic k> THREZIEDBDNB, ¥, %
BHEZ7 5ZA P THOMEc? TRUAESGOXEBENRERRIEINclEcl/c?2 2#/F 5 &
ik bkx 3,

(2) Mechanism II : Prandtl% 4 7

(1)Td%@ﬁM%éthKVDv794i@%ﬁ:fA%ﬁﬁLtﬁ\Cﬂﬁiﬁ
BENRTHEEE L TEMTEEFEELALSGOTHD, BIEOA I =X 3L SUH 52 E
ﬁ@@m@ﬁﬁﬁﬁﬁ#é%@&%zen%o%:T:;T@ﬁgﬂb%ﬂ3wﬁ¢a\5\
w D 3EHEREOPrandt] typeD A A =X LAEFEL. CHIESDVWTLREHEXRIT S, &
MOREREOMHRD e DKPEHEHT 2 &0 2ZHE L EUARTHESHE - ER
fOMechanisn I ERILTH D, B DR F 5 7 EFig. 4T-2-1-3 Kkt b D &1 B,
HRBOHEY 72 F FRERTOHMOHEMEICE > T h 0B E LI TH I
Fig Al -2-1-3 WIRTZHOESE 2z THET L. BAD T LB TRBSBVWABMERT
TNENOEEDON/BEZEHREOBBRUTOLI £ 2, BB,

sin{a+8) 2 h
<
cos & B

Case I 7z g< h
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Case II ze< h<zg sin{(a +8)cos B < 2 h < sin(a +8)
cos B oS &
and
sin(a +8)cosw 2 h
zd< h < —
cos« B
Casell zb< h<zc¢ tana < 2h < sin(a+B)cospB
B cos
and
sin(a +B8)cosw 2 h
zd<h < —
cosa B
CaselV zd<h<zb sin(a+B)sinw < 2h < tana
cosa B
CaseV zb< h<zd<zc¢ tana < 2h < sin(a+8)sinw
B cos @
CaseVl h<zd 2h < sin{a+B8)sinw
B cosa )
and
2 h
h<zb — < tanca
B -*iﬁ_h )

...... (4]1_2_15)

HWOHOEZXRPHEREREMBIC DLW T OREGH OMechanisnl EF L THb., BEHM
OHELSHMIBIUI-2-1) R THEEINS, IhoxrHWT LRy — 2 d 2 FHEHE
ZITHE. XENFBENc (=qu/cl) RBEUTOXTETIENTES, Alb,

_ 0 _ _AB ¢cl+cz[ﬂJ c2—kh K B
Nel= ~ A= AL o g AT T AS+ A
....... (4H_z_16)
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CCTAO~ALRBE Y —RICE->TZEDHLD, LITF

Case I
2 A
A0=tm+tana+ (-2 w+2 B) +tanw
cos B sina sin{a+B)cosB+sina , 3sin{a+B) (cosw +sinB)
Al= —2E2 >
cos?asin{a+8) cosa tan{a+8) cosa
+sin(ot+,3)sinzw
COS & COS @
A2=A3=A4=0 )
.......... (41[_2_17_”
Casell
Ao=—S08B it — 4 (72042 -4 8") +tanw )
tan(a +8) tan(a +8)
cosB sina sin(a+B)cosB+sina  sin{a+B8)sin‘w
Al= p A 5
cos’asin(a+8) cosa sinB tan(a +8) COS @ COSW
i +
+M—)— (cosw+sinB-2sinB ")
cos @
2 cosa , >
= TS
sin{(a +8) (67)
h cos
= o oL —=== ¢ ’
Al 4[5 B sin(a+8) (5 )J -
sin{(a+8) . [th cos ,
Ad=p 8 || Yt
1=6 cosa sinf — 8 B) sin(a+A8) (67 J
""" (40 -2-17-11)
Caselll
cos B cos h b )
= >t fana + 2|21
tan(a+8) M T sin(a+8)sing [B] ta““} A
+tanw+ (-2 w-2 B8")
5
cos B sina B tan? o cos
Al= + 14 ~
L cos®asin(a+8) [sinﬁ sinﬁ]sin(aJrB)
. + . 2 - +
+31n(a B)sin w_|_381n(a B) (cosw-sing )
COS COS W cos
cos a ,
= ———— | f f
A2 sin(a+/9)[ (B )+ (,8)]
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_cosB h cosa
A3= sinp 2 [B]

sin(a +8)sinB

h cosa .
_Z[B]un(a+5)[f(ﬁ)+f(ﬁ J

+2(B+87)

_cos®’Bsin(at+B) [(h]®__cosa sin(a+B) , . .. .
A4_cosa sinpB 4 [B]sin(aﬂ?)sinﬁ cos @ (sinf " +sinf)
h)? cosa .
4 [B]sin(aﬂ?)[f(ﬂHf (8 )] J
------- (40 -2-17-1i1)

CaselV

_ h cos B B ~ , A

A= 2 [B]sin(a+6)sina+tanw+ (r-2w-28")

sin(a+B)sin2a)+3 sin(a+8)
COS & COS W cos @

A1=4[E]2 cos B (cosw-sinB ')

B)sin(a+B8)sina

_ _tcosa .
= S (1B 1 (B°))
Ag= cos B g (1’_1] cos B cosfB sina
sin(a+B8)cosa B)sin(a+B)sina sinB sin(a+B)sinp
. h] cosa : >
b2 (BHB7) -2 [B]Sin““ﬁ) (1 (B)+1(B"))
_ _cosBsina _ [QJZ cos B sin{(a+8)cos®8
cos’asin(a+8) BJsin{a+8)sina cosa sinpB
sin?a sin(a+8) o
_sin(a+B)cosa'sin/3+3 cos (sinf’+sinf)
hl?® cosa : , '
-4}([B]mn(a+6)[f(5)+f(ﬁ J y
cecee (A=2-17-1v)
CaseV
__cosB cos & h , h
AOMt——_an(a+B)+tana+sin(a+,8)sin/9 2 [B] tana}

+2[g] cosa
B)sin(a+8)cosw

Al= cosB sina i [11]2 cos a +{4 [Ejitanza} cos a
cos’asin(a+p8) BJsin(a+8)cosw B sin(a+B8)sinpB
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=S-E‘i—‘2—sf;r§ (1 (B)+1(F-0)
] O Pty sy tbey METEL () Prteey-prrers
H(r-20+2 8)-2 [%]s?—n%)“ (£ (8)+1 (F-0))
Aqsin(e@+plceos’B [g] cosa sin(@+8)sinw tanw
cosa sinAB B)sin{(a+8)sinB cosa
o () ety e eosoraing) >
—4@—]:?&%7(f(,8\)+f(725—w)) )
----- (40 -2-17-v)
CaseVI
no=a (B e e (Hasen |
R (3 ey et () ey preees
Az=ﬁ)—(f(b)+f(g——w)> ‘
A3:sin((;oi.§)cosa—2 [%Jsin??fﬁ)sinai?ié_sin?ianfﬁ)sinﬁgtanw
2 (e e e ) >
-2 [%]mjojfﬁ) (1 (B)+1 (Emw)) —
A _Sinacosp [lf_l] cos B sin(a+B)cos’f
cos?asin{(a+p8) B)sin{a+B)sina - cosasinB
pdnbetploinotone  (b)'ceosd g SLELE) (cospusing)
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TP O f IR THR &N B,
8 e
f(0)=1n (l+tany) —1In (L-tangzy)  eeeeees (41 -2-18)

HUM-2-16~18) LD, Prandtl s A 7O A =X Ltk DREBZ 27 532 P MBOXIHHE
i, ZZ¥-ofiich /B, c2/cl. AB/cl. kh/cl. kB/cl i&&->THE&h,

(1) @7 wy s 547 LB, UT-2-13)RXLDNclidh /B, c2/cl. mO=> DMK
TEIRL-> TRESZ I EBDD %,

(3) AAHEHEHE., XHFENIRE

FHEEBOW T2 BOBBEOA N =X AWM LEXBFA LA 2EE, 752 P HIBOXESR
. h/B. c2/cl. mOEZE2DWRTLBIC L > TRELILERL o AETRERI C
Mo EREHEZITV. 75 2 P HIBOXRHFRE > VTR T I L L bic, LD
REBER S A= LEXBARELRZERT %o

1) BEHFHEOLEITOWT

FIEO (1) TREMEBCLIIEFTEZI 2752 VIBOREDO A =X s s LT,
TRy 5 AT DAH =X AEREL T, Casagrandes 4 7 (Casagrande & Carrillo, 1941)
OMERTHAZERBLAIENLERL 2E W/, Table 40-2-1-113, 4 I~ 3 THABT 3
752 P HIBOTHENEBRTCOBRBFRKBEL DVWTIToeT ey 294710k FREEOE
Rehbo SERBOMO LB RMBASHME EEELLBAONERRTHD. FTERI
2 -4 TRRIM-20DFHELF BT S EREFHAFOMERS . N5 EHME 3
FAZBMBEO a0 A B CEERE TS b BERT Nl REM, ZEHOLHHRE
TEBEDOR (L TI4/DEEFMEBIRODVTONIKELAHBENCETH %, H. Nclffiid
YEHNEMEOLOTMBEE TR LALSDTH S, BAMEEZERE LA LR LR T H
ﬁ%&Nuu\%Eﬁﬂmﬁﬁ%%ﬁ%ﬁﬁﬁﬁﬁmtk@@&&&ﬁ%pto:n@i%
NERETZHE, REBCRAERFEZHERCHOANZC TS, FH., ZHLLRE
M. WEEEOLEEEEH LY, BEEFEEZRBLAIBENEZFMULEL L 2ERL
TWad, BAEZMOANCRBLERENAOBERIEF O 1 TRUOEBHEH K E R
T4 b, Lok Ji%@ﬁﬁ&:ﬁ?‘% bOTHD, BHEEDS A4 T & L Tt Casagrande s
ATERELTWD, 1 —2ThRLALEIIR, AR THRELTVLHBEZRE B VIE
U BRI 12, B LR F ORI, BB RIS A DTS TR, Cassagrandes 4
TORFUHCIDDBORERSCTOBMERFURZREATEZ LG > TWV5H, fE- T,
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FROTHBEA*FAVWIFERCOBOREF AL TR IDIREZ OTEY., CHic &
DO-5-) ARSI NI RER AR DV TORIRROBETEEOR U A WE 4 2 - &5
TE %,

2) EREE 7 s A MExDl, MEcl/c208E

Fig. 40 -2-1-4R3EHHME s 272 v 7 94 7R UPrandtl s 41 702502 =X
AEODWTOHERKRTH S, KOBEMIEB/h, MEMIBEIFRENZEZ 7 5 2 P THOBE
CITRLATENERNCTHD. 1~60cl/c2icild2n=1.0. n=0. 20 & T >0T
DFERERLTVWS, 772 M MBOXFENHRE L L THEL Ne2&Table 41-2-2-1IC/RF
73 A FHEEcCIRERH LNl H 5B, clDc2icxdg sthcl/c2Z/ v 4 —-5 &
LTHOT WA, clHEG—HOLK LRy, XP{HEEXBENEREAEENIS ST
500N HNEHICENCIRBEYTREBEVDOT, CITRIEFNERELTNE AWV,
XRAERB/hick > TRELCEALL, TOEMAEMBUTOWLC L2, A5,

i) B/hB/IhEWEE&, B/holEin, Bt 5 2 FEiesdy 2EMEBMcv. I
NBEBEEFELIETS %2, TOBTHERE cl/c B REVWEFEFLWVWHE, B/hBW2EFX
TEMIZEBERRD T,
iiI)B/h2%2HAES NG Z2E, N2BBALEBED S, B/hB/NIBBEEEERTD,
COBRBEMEImPREBBRECBELL 2, cl/clREBPERETNEFLERE LAV,

COB/h L 2XFNEOEAR. 752 NHOBENHEET 2B/hd 57 52 PR
OMEMNMBEOEENERTE3B/h~OHEBOITREETVWAEEELLONDE, DF D,
25 2 PESCHAEBEIENINS VIS Bo. R 752+ EROMENFERFRKRER
HE ek E 28, RBESHEHENICRECRLZEBEVHEER S 52 P THOBED /NI ILH
HETRIELICED, BOAE L TREINILAMBRNOEEHBERIET T 2. BARAD
B/h il cid. cl& c20HMMRTENKERE, COETHRIRARKELAZH. B/h
ﬂﬁﬁf%@@k%ﬁﬁﬁiz%%fﬁéfm%%@\77zruW@¢W%ﬁ%§?m
XEAERBEAEZE LR VW, Chicx L, ERESE L. (‘ib@ﬁﬁa%@f‘ﬁ DT TR
PR OMEMMBTRES 2L B E, 4 1 TR LUARERIMBAOIEIHSEBIHE
wH N, MBOBMEMINEK LEEFET I2mEEBIREVEE, KB/cIPRESLDIEH
TIisEENd %o

Fig. 411~-2-1-4 X D Prandtl s A 7’7 2 v 7 54 T XDNSRIFNERESLE &N
DI Be TOEEB/MBNEIBEIATREL, B/hDBEIMERLIE DU c1/c2h3. 0L
LB/ h W08 CHEOENRLSRB S, ChULOETCHRBET T v 7 54 7 DEN
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RKELCRBD, B/hoWnEdticz oZRBRLTWL, Chivs 32t HIBoXHENE
OFMICE T2y 254 7EDPrandtl 2 4 7O A A= T ABBLTWBE I EBLH 5,
AHEXAPSORPBREELLREB/h=0.8F%I. Aidlos 52 FOE PEES
LS EBEHENTOBVOEELRECEANIEBOBRFEAE oD, T L HEB/h
DHEBIEH LTLIDNEIRIFNEREEEZ D2 AN =XLELT, Tuy 7547
Prandtls 4 7O MBS OB ELETZ O LHFTE 2,

Fig. AT -2-1-5i&. Prandtl# 4 70 A A =X AR SVWTO FLRBEHELIVE SN m=
10V 0.20BEDHEDB/h it 42 cl/c2tXBNEENCROMBETH 5, cl/c20
BNEENIFENESZFLLENL, COBNERIRB/hiEdicimic k- THhiED ER 3
EEODRBROEREER T LI ENTE 3,

3) BEOHF & DK ;

Davis & Booker(1973a)id. RAHME c I ZOoHBENABNCHBORB IcBEN —#
(cl=c2) BRI/ A BERIN LGS CHY T 2, Fig 40 -2-1-61C/R T HRE DM %
DHBOXFRANZBOBRBIT LIRS, HERKFr2AVTEFHIHEENLE

Nc2=qu/62=Fr[2-+n4—i'{%] cee (4 -2-19)

@C&<K§LtoMgubpkmﬁmmuy47@;ﬁ:fA&mmfx&tFr&

K B/c2DBf% %, Davis & Booker{(1973) Ko 7R & Hic/R L TH B, K B/c M/
WHRBDVR—BHEEDOI S X MPHNBOATEI 2700, EREKRL > TOXENEOIFR
(2t ) cIPBONZLOBWMHEICER RV, KB/c2WHBL, THOMEMNMBRN OB
DI 72 PO ENIE_EGH NG 2, ERMBIE S Fr.&davis &
Bookeric K A Fric ZEN BN, BIENEHFLIDOKRELLZTD, kK B/c 2200 5500 T20%
BEKRESR 2, LOLBYOSEBHMBILBOTHETZ2KkB/c20EAREFNIEEREL
B PIARBRKERELIOM. 752 PE2mBEéd2E, kB/c20RERTS BE
LRy, COMETRIEDERLOKLUNE B, TREAS BHEHES K Vo
Button(1988) ik, Fig. 4 -2-1-TI/Rg THEBOEMENS—# (k=0) 7 5% PR
DWTOXFNFREEZMMBE O EEHOTITY, ARIERTEIBEFEOL/Bii>0TO
c2/clEXFNHEE (Nel) OBEEE At COXKICPrandtly 4 7O L RFFEHEE
Bl LTdBE. c2/cim0.30LE (cl/c2M3LLF) TR EFMPButton®iF L /&
CRD, c2/clDOEMIRFEVZTOENE LB %, MEHEMN C A O EJ1E o Fffic
BWTHR SN, Prandt1 2 4 70O A =X 20MME D 44 FTicd 4 2EMEE. TiKE
DMEN—H72 7 7 2 P MBOXFENFEMCBOCEHET S I EBTE D,

41!
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4>751rﬂﬁwi%ﬁ@§

2) TRLAELABHEHERORYM, RCFig 41-2-2-3, ARTHEOHIH & 0Lk
g DEW LT, SET - Prandtl s 4 7 A A =X A ES EREHE R 7 2 PR
PEHNZEHIBEABENCHFMCE IO LERTE S, TITLREFRIL XD, BER
752 FPOXBAFEMEENE LcXBAIREK (Fig. 40-2-1-8) DfEREIT » 720 7 5 2 b
&m%@i%ﬁim (AT -2-1 XU L AZBHHEE N2k > W TORR

Ne2=qu/c2=Fr[2+z+B/(4h) ] cee o (AT -2-20)

PHicEENEFr&EB/hOMEEEAT VS, ft-> T HBEHELD UI-2-1)Ki kD
KEZ2mORE»S, HMBOc1/c2BYSHEOB/h COFrERDHNE. (4T -2-20)
REDI IR MHBOXBENE2EFETACENTES, TLIOXFBAREKENPSS7 T A b
WBOTEHANcl/c2. B/h, mD 3 DDOERIL/NT A —FiIcL>TRESE(L.
B/hM/NEWHEAcl/c2d, B/hBKELKRZEmOBESIENICE D & ZHER
T5IEMNTE B,
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ANM—3 7352 PHIBoEROEE X HEER

3-3KEBVWT, ENRIEBH 275X M FOBRENREZELELDEE LA HAEHLE
BHEILED, 752 FHCRES HEICHESED Ly 2 5 % b BUET 4 82+
BFig. 1-2-3-6lKRT X HINBMELNMEET S 5 R VHBOMERITREEL L EERL
toxﬁfu\3—3—3u%mf%@? AT EFEM LB s 5 2 iR LT
otgbﬁiiﬁﬁ%@uomffﬂéo%ﬁf B, e EEOMBRLYLTHEORO R
BHMEBREACTREZTV. 772 PIBOXHT - ARBHEL>VTHS, 75
2 MHBEOMBREPCERBEOHFEZEIXFN. EEBHRETEE >V TER
T ho N, AN ~-2TRLAXBNEREGHESEREOREAITW, BEOEZYH -
WTHRET B, |

4 01 —3—1FEBREMHE, EBREFE

(1) ER&EH

75 A PMBOXBNIRUBICEETZLEIONE 54— LT, 752 BEE
#Fdcl. c2. 773AMEEh, 7R PUEOHBILBY 2EIHEOBEBNEK .
HEWB. 752 PELUEORBUHLBOFEIEAZE T2 M8 TE 3, KER TR
wely c2Dtbcl/c2, 752 MESEHEBEBOLL/BREAL, NS EHRT 59
FA = EPBEALERET > CRODNT A -5 DA, cl. c2. hiZHIBORK
ENMERDIEZHETHED. TS5 20D/ A —gic>W0WTTable 3-3-3-1IcRTHAEH
T HEe OB LT, BEIEBMNS, 5, 8cnO 3 EOMMy —F v s/ 2H VT
L5[E D E A EERAE AT » 7o Table 8-3-3-1ICF LD THEIRERT — FEOMMBLHET, 3
— 3 =3 TIT»EKELSOFMEESTVWTRELALOBDTH b, BILRT TELASE
%fﬁ&btmﬁ@cbwzmﬁ@mLM%wJ?&@\n/BiOﬂ@b1M@@@Ca
fLLTWwa, TabledI-3-1-1ic/ReH#BOmM (=Kk-h/c2) | \(:rJAﬁﬁz&ﬁwvtﬁ
NTOMBETEIFL0TH205, (BRI THEOROESTROLEBERE,L >0k
BHEEPNEC, mPOTEEFET/NEDHER>TVD, FlCAMBOBEE Y 52 o
WEEE (c2) BINELK W -TWVWBH, mOENRKELN -7,

(2) EBRAE

Fig.3-3-1-10 7w —F v — PR THEO, HEMBOEODTEKTHR., BOEE %5
TAEHIEEL, EERHEE L1000 0FEDINHEE D T TFig. 3-3-1-51cxnd#HE L 2 7 A
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BRI T ER R/ - ko NCHREOXHAERTHBOEES. 77 v /% X
HIEHBEL, 7-F I/ o0RERFELE LHERELEEA 29 —F +— P2 MBER
fTE LB, 75 XA VHIBOBE, 7THVIHORB 7 —F v 72 BAY v v 45 BICH
HULARECTHLEEZT > Ty, IBREREY—Fr—YRAFshTcwizn, #
> C, WRRBHOFNE NV Lo DRETHFTEZIT>TVWE I EILE 3, FABMRENMN
HEMARTITO. COBOBEAEERNCHBDType TOEREEH D 6 nn/ninTd 3,
ﬁﬁ$\D—Rﬂwm¢@7—%y¢ﬁé%,Lvnrm;09+v#wﬁkim5%
&%, MEIEBRAKES L o MIBANIBEAKESE, SEREIC X DHBAEM 8L 7o
EBRFEOFHMIC >V T, MH(1981). 3R (1981). AR (198 KBS T 3,

401-3-2KRBERRUVEK

(1) XFIBE

1) mEHLTER

BEEHBERORHE., XBRNMEOWEMBIEET 2RDOIDDAIC DV TIT - #2,
O 7-F Uy II/ROHBERBERE OEE

WAMBER L, FRBERRCBAALVF Y Yy - P RB Y~ - R VT 7Y -
A, vV a vt ANELSIRBHREL, £, 7-F USRI Y A vt 4 VE TSR
Do, BHEBEEOEKRBEE »7/co Mair (19T BRI THIBHO + v 2 VB4 2 @0 HE
HRIEBOC, 9a—s— XY T 7Y - 2B+ R RERERHEEE L TWAC EERL
TWbe INMoRE->TH, BEREBEELERLATIERTERVN, DR LOHBERIYE
TE B, M. EEEEOMBOERNRTHARBEATRATETS 3D, O TRE
HEEEC YOS OVWTOLTEHNEOFIEIRIT > TV WL,
@ 7—F v ITRERYTAERES

HUHEEIC Y —F Y 7 RERRBAKBZELTVEVWOT, v — Fe LOREMEICIR 7 —F
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Lic->T, BEOBEARLFVWCORANYESENSL LK 2, THERICBOVWTN
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> TW3, B=30mmik 20T, o2y —RI0REBIXFEHWEELIZ2b0EFHLTY
7o D8, ﬁ'ﬂmb¢ém%®&mofbiotoE@%%ﬁ?éc&&?émmﬁ\ﬁﬁ
EERIR7 - FYIFNER IS v IBREELLIEEEFD—DEELONE, COEBRT
BY—F v —VPEN/D, REMETI S v 7 BFRELPLT WV, $7, HISEBOEA
WESRVWERALOLBHBIRIIEFTVATNIRELRD, ¥y —F + — VB A L,
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WEF 75w s DEEPRESIH b0 EHBITE 5,

Fig 4T-3-2-1&FZBL T, 7 52 FPlEIEXKEVWE Y, FEBES MV DR E
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D, EMBTREI N Z2VIREIOMEBEOTHMOMIRALL2bDEEL LN D, 1.
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EPFEBELEAEOZEEZRE LAERBERTH R EEL NS, LD L IcHEW
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BETBILicdD. 79 2A MOREPHBOLHEEHIRETHEE C>VWTERST 2,

BEOEHREEMBICREOGIT VB E LT, Fig 40-3-2-3(c) ik R+ ERBIck 1 3 3EH
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DEEIENALEREHI. WorRTH-4ERENR->TW3, I, v—F vy Z7EFBVWT
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SGHOFEREHFOTHE TR, MBLXGEIPE L TEINEEBIENRLT DL > Td, TRBFAE G
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HREZBHZITV, BEOBEBEC>WT RN T 3, —HOKFN 2B LTIoEOX
FREC BT 3 EREW O b L, HEHATS LoHECEYNBLEREOER AT
D0 EFl, EVREBELTHEABRELW L CFHIZ2EA. COBOLXEHOTFHMAETI LT
BEASc>VWT ORI A2MZ 5,

5—2 BIoLEHIET s EREHE

AHTRAETCTWMY LF RS HRICREI T 5 EREFME (N CHisg) | i€
CIRAFEINTHWD FiF7c /7 52 VB OBEIHE WS 2 EHEKEE B >VTO L H{E
HEZTV. BIHEEZRO2 CoBoMBoMEREZA s 4, KER LR E T
FeDBERIESWTRI L, TNEOBERE T 4~ LT HREMREERT 2 &%
N
5—-2-1 NCH#ELo®Et e

EREZHIHB OB L OEER I >VWTORFHIBEHEOREN A & LT
(LT DM EBE T o 5, REIKHIE O F%EFH Wi 1=2-2- 1T /Rd & 5 7S s EE 3 N
HBOLZERIES>VWTHER, WO OREREZMER L TVWE, TITR, 4FEIEBW
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fro IFZHFROA S =X A DV CHBEROEE AT

(1) Mechanism I :Hillz 47
SCTRVA AN S X AR, Pig 5-2-1- L RFHIEO SO THD B, n. a, O
EHTRT tEZTI )k, BEEELELTUTOREZRH W, Hlb.
i) BEHOf alcs7 5y 7 BRELAESGEZEEL.  affOo v AWMBKRMRERT 5,
1) BEWTHABOBFRET 2 I bFOBRE., FA1Vv—vs YREVWLD LT 2,
i) i) OREZBRLLOBREL2BEE L b0 THD, BLtlabfEl. beHOHELFROD

BEERL-THREIIEHEBERLIZAFODAIRES T %, ;
I TacHOHEWEMNE S T 2L, BERADS A ¥ IS5 LIEFie 5-2-1-1ICRT HD &

B, AMEFERAE EAFHBRAWRERWENU TFTOXTREN 5,

@ E L EER
. 1 . . . he?
AE=<Bsina-he-=|(1-n)’sina+n %cosw 7 80 eeeeesen (5-2-1)
2 tan B
Ty REBEIVMORUAKBEER.
® 2 IR H HL R
AW= {CO [cosa+sina'tanco+2 sina (72£—a)+a)]
kK B -
+—_[sina cos’a+sin®a tan®w cosw +3 sin’«a (cosw+sina)] } Bé&o
....... (5_2_2)

STy BEEHMOBMARER, K RESHEOBRERNE., c IREHRETS 5.
Kl BLEHAMA L, ETOMEES &%

(5-2-1). (h-2-)RE2HEHEE V., Pl .

Ty he/cOit2WTORUToORZE 2, Hl b,
. 12 R
sina=/sinfa~{—el-wltel-kKc(w2l+w2i) £ SR
yhe B ,
c0 iel-é """"" (5-2-3)
B
T
el =(1-n?%)sina+n’cosw
w1l =cosa+sina tanw +2 sina(;i—a)+a)
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w2l=sinacos’at+sin’a tanw sinw
w22= 3sin*a (sina tcosw)

¢ =c0/(7rtanB)

Ke =k/c0

FRIOVELTORE®EZ. C=c0/(ytanB )RV Ke=Kk/clikt-THREBZENbM
%5

éfgk_vc\ 1) ke=0d@b5—HMEHBL, i1) kesodBbBcI=07Td3
ToORRBIBAEIE O VWT (- KNIV BOSNIBEREDOLI LR EZPERANTE B,

i) ke=0 (k=0) o4&
CDEE. G-2-DRBKA T3, Hl b,

sina—,\/sinz—iebwlf
7 he B
i T e (5-2-4)

—gelé

CORDOELR 1 /Bl CHFE THFARGLD T 2B EL - T3, ﬁOTEL@BQw
OBER., e VvOEBLORINER 2, b,
{')’hc el-wl-Z

c0 }Bm: {

2
. 2o 2 a1 ew ] -
el Z,/sin BelWlZB

=wl/sina

_cosatsinatanw+2sina(r/2-wta)
sina

(5-2-5) B a=w=45° TR/MIZELED, TOHOy he/c0 Br+2 &0 D— e
T HBOZFHARBEBLIIER S, M THLEEBEEZEEEIRELTVWSE I AR
LB TRIESF, FRESOEEDr he/c 0Kz +2 XD KEL K 5o

N
ii) he=e (c0=0) OHFA
O —2TRGE-2-HDABRACEFESHRAI SN S
h _ B / . }
g ek

I Tn=0&95&, el=sina &z =iz

[

h:Btan[a’{l—/\/l— ,k (w2l+w22) 1 }
sine Ttanfs
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’ 1
=B+tan [I—A\/l—k{cosza+sinatanmsinoo+33ma (sina+sinw)}————— | ..., —9-
B pomy (5-2-1)

EFRica=0%2KAd 3Lk DLEIci 3,

f k
h—Btan/a’{l— 1- 7 tan } ....... (5-2-8)

COXROEBOREAN OFAE. §70H5 vtanf=k#HS5Eh=Btang &7, 5%
TREROBEXMN UL THEST LKA B, —Hrtanf<h BROFBERNRALED,

G-2-NHAEWMETIBRELETT. WINOFHILBWIOHEFET S LKL E, T
DFBILBVT, MRV D=0, a=0&ERBIELEDVTHFAZIT TR LR, &
@y tanB = Kk {dDavis & Booker (1973a) @ VMM EL I DE WL, COoBOMB O
BEROEBEROLISH (X)) =K - x (JITxBEBETD» S OKEES) & —XK3
%o

(2) Mechanism II : B0 414 7

MMlE oA H =X sk EREFHICHALLEE, Bon 2 RIBETHELBY
ZHMBOHEHREBGERAROBERLN 2, -C. COHBETEONIHERBIH
(1970) DRFER & BEF— B 5. EREFECRERNZOATREZH S RER ST,
TDDHLEMEHPHBRGF TR EAENROIPETREDOEEELS I &L
Bo CCTIMOMD AN =K AWPIg S-1-1-2E RS FMBHO A 5 = XATHD . (1)
DG LEMa el 5 v I BETEEDET 2, HicRdTEIic/ VHOKEES %
L. Hillo¥&E2r. BrEsZhe, / VHAKEZtans & L. AN OB KRE & O H
b EHMOPLEBEMERE OEHSLOtEET 2L, Ly r BRATES N %,

L=he/tanB }

r=1t-L/sina

WA T y A A 0, EEEHL0OEEE(0, yO)Edss. Btod, OWMOELO
FEEGI. GO

G 1= F'L”lﬂ”L Eﬂ G = BgﬂnL Eﬂ ----- (5-2-10)

2 T2
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1B, TITn-Liz/ VEcHEROEDK
SEEMAERT, DEX v AFECHVWEZHILO 9
WEA A =2ZAlda, tRUENDIEHTERS

NAHI &I 5,

—HEERLOPSr OMBEOEREV -y OH
CENSOEETAI LD ENRNLTAS -
HEEGE., FRABEZERKT B EUTO LI LR 58

T i, 08
z)o EHB\ 5 (9+ 2:‘

EG=Vyr:- 6 6cos(9+(¥)

§ 0
=Veor (cos0 cosdz—e'(S 6 -sind sin7'6 6)

=V rcosf 5686 e (5-2-11)

PlEABZRUTTHINBEY A4 =X A0BEE0AREER, WBHEHERERD, T
2525 LREROFELELIT S, |

) AEERAE
(5-2-9~1NNXAFA VR MM R LA EIREIAREBERAE R, T HE., I

Btz hEhUTFTDo I LB 5, .

t+1-n
E1=V1 — L - .
FAN v 2 11 rl-¢

AEU=Viy 2/r—31—n_L'r2~gb ...... (5-2-12)

TV I, VIREBEMES DO 1. TOKER, rl. r2idf0&GIRUGLOIHE
THD, G-2-1DRBRAROIIIKEEWMA LI ENTED, 1B,

’T.‘!"‘”'&“&r'
AEIZ%ythZ{W—U—nV}¢ |
1 2 opo e e (5-2-13)
AEHZE';/th {2/3-n} ¢
o THBMEERAEBLUTOL I %,
1 . 1
AE=57th2</) {t’-n +n—3—} """ (5-2-14)
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XTI Tn&fhoZEH (L, o) BMIZTHY., n BHNTEBEBRIBEELIZ WD T,

Lﬁﬁ%%i%nm\AE%%XK?%%#WB%&£=O&@ﬁib\n=%rtm

o FE-THLOR/ VHOFRLoOHE LI ET LI Lichy, ARTERRIELY
IR THEALZ O3, HlB.

1

12

1
AE=_7hcl®¢ {t?*- b e (5-2-15)

ii) NEEHBEERAW
¢ DEERICX S 2 2NWHEHBEAWRRKRIN L ORF %5,
¢
AW=ZJ cu(z)-r2-¢-deé¢ (5-2-16)
0
ZZTcu(z). zRRATERIN B,
cu(z)=cl0+ k z e (3-2-1)
z =1 (cosf -cosa) e (5-2-117)
o & G-2-NXor ofFEERH VT, G-2-18)ROFELEIITH>E. EHBILEERAWE
LTRA=E %, Hl B, ‘

C2(L-t)®
sin’a

cosS &
sina

AW ¢ [cO-a+k-L-t(1-a )] Ceee e (5-2-18)
iii) ZEBRE (7 he/c0) B4 2 EFRE
(5-2-15), (5-2-18)ATRF 2 L2AMMTFEFRLLANMBERE zFHEE R EZIERLIDRD

MErsEIN 3, b,
v he 1 :2(L-t)2 cos &

LZ t2_ . + N ’t —
2 ¢ ( 12’ sintg ¢ Letravk Lot (l-ar )]

1 1 @ Novs .
she (t?-——) =4 co-t?—2 +4K-L~t3[.z T ﬁ"
12 sin‘ a sin“a. sin«a

(5-2-19) % 4d. AU D BB & 0o MR (R 1970, 2 (16)) OB+
FHEENTVWEBAEEEMER S, 5-2-1)RicG-2-OR0oL oEBZEERAT S &

1 [o4 hc 1 a cos o
hec t 2~ =4 c0-t?——+4 Kk ta[, - ] ]
7 ( 1 2) sin®a tanpB sin®a sin®a
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LR, ChEBHET I LETOEZFERCHETI2UTOLRABEZL SN 2, A5,

7 he 4t%a
c0 1 4k-t"‘[a ] ...... (5-2-21)
t2-——)sin*a+ -1
( 12)Sln @ v +tanB Gana

G222 RNEDEEHEDVWTO EFRER. —> ORI Kk /(7 -tanBlic k> T ZF 3
Tl B, HLUFig 5-2-12 R T ETOHWEA I =2 X ABTAETR DO LR D IDITIHE.
BrEEEoMHRoPLMERNELS R TEHAZSE WV, HlldO, vo i
t-he/(tanatanB)TCHREINZDT, ABRFHE L TRAZHE LR TR STV,
Bl 5.

tana tanf <t e (5-2-22)

(8) FtEM&ER

FIHICBWTHILI Y 4 7 (Mechanisn 1)K OCHIED 7 4 7 (Mechanism I)D 2 2D A
A= XAEREL. NCHIBBEORTOLER (7 -he/cl) KT 2 LAELE A2
(5-2-3), (522X EHE W/, AHETHEH., o EZHAVWTERMETELRIT W, N CHi#E E
OREWEICSDVWTRET %,

wﬁanﬁﬁeﬁm%¢5m\Gﬂﬁﬂﬁ@ﬂﬁ%#%%ﬁ?hﬁﬁ%%@xﬁ:fA
EOREBERERE T A=K/ (7 tanBle ko THREB LI B, —H. (5-2-3)
ATCHASNBHNINIATPOoREBZLEEH X c0/(7 ~tanB)EK/c 0D 2 DDIeT A —
STk > THE B, Fig. 5-2-1-3l 220D A H =X A XD RTFILERERBE L DTH
5o Mok /(y «tanB). MLy - he/c0TH 2, CCTHMELIRDVWTOEE
2 G5-2-22)LDFHEANTICIT>» T WD, —FHHIllLZ A T2 Tiky ¢0/(y -tanB)
0.0 51.00 K/c0%0. 015 1. 0D CENMSECIT-> i BLIVEONATTEH S
22077 A=y DRETHBK/ (7 tanB)ORHERLTY 5o H?Tﬂl¢7"@%ﬁ§%b>%ﬁ}
BBEIR, 20DF A —FOMBEDEBREBL - TWThH, k/(7 - tanB)BELTH
NELEROLFRERFLCR L, (5-2-)RXE Kk /(7 -tanf) OB & L TEHET 5 &
BTERP oW, HIFZATDOA D2 X a2 ORHEERE»P S SN CHIB EoE L0
TEWHITK /(7 tanB)IKKELIKEFET B2 EHB0h 5,

Fig.5-2-1-3L DHillZ A 7O A H =X A 3HMED 74 TEIDRERETEHEER B C
EWSpD, MHEOERK/(y - tanB)BHEMET 2> TREL LD, M. K/(7 -tanB)
MEeOEEG, MBEIHEOREEMERBEel, 50V, VENHBEETLES
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i, 5—2-1 (1) TRLAXI KIS A 7ORES. U4THY. MNEL 0BED
5.50k D/NET WA, k /(7 -tanB)=0. 005 CHEF O R/PEREI YT 2, BEW O E
EEBYFHEFBNIC LD 2HFHOEBESER ET . / VAESEL R B IEVEE
HoEzE/Rd B (Hilly47) ©t-L (HM@Evs47) E¥mL, BoHoEsrr ks
2%, MEHMMECTIATHHRREIBF o HOLA L ASEL LNt 2, —F. &
@ﬁ@mkwﬁiﬂ%ﬁ$$®§mmom1%ié&;mnﬁ%i@%é%i@%ﬁfﬁ
OB S EREELTEATWS LB, (5-2-DRb 55b 5 & 5 I ABIEHE A B
OBELEEINS BICRIELALTHEMNT 2, Chicd LHIED 4 70EE&, BLEEO
OEMEMHMOEs, HIEEvHEBORESCHALTHENT 2, ABEERIZL L
D2FITHIFEAT S ((5-2-15)) o E->T. 4ETRLAL LI ICEBLAEUMCHT BN
HERROL TRERDPREIXFNHEOT G R, RBERIEVEHEA D =X 8525 %,
BOTHYNTH > HHillFATDAD =8 b, HAPAEBEENRICKECHET LB LD
FHBEOL I BEGRREVRBEOA N =X LA LRBOLBVDOTH D, L.

BlEf o ics 2 NEBLEERPELMS Wl T 211154 TORFHEERLI DT D KEL
BAMMBEO A A =X L3 WEE- FPEHER L LTOVEDIC LD L S KMt E
BOPRETHILMOAL LB TE, BRNI/NSBLEREE5A 2 &b, BLE
O LD NCHIB LOBRLOFEHFKLEHEFEEL LT, X2 o —BHNTHNT
WEMIE L BT HESERRE S s

E(1970) 1, NCHIBLOBTOZEHE K, cORUEL, VEOKEERL» i
BHERITTNNTIA—FLK/click->THEL, CHEAVCEENEOERAIT»70 5 —
2 -1 TlE~N@y 5-2-1) AR FTHOBCABEROBETHOLHELBVES ESHT
Ho. ERMERA(5-2-20)% K /(7 ~tanB) AT, L -K/cOTHEET 3L 6TE b,
Lﬁnbf&bi‘t’oﬁﬂ@ﬁﬁ%ﬁﬁh\'c bLUERE 1 AR TRE LS, -1-20)RiRTH
BREESVWTORNETI CERTERV, % ITtanB & K/y k05 A—5 &L,
(5-2-22) A DM Z MY ANt LRMEH ATV, Fig 5-2-1-4i0 R § ZEREFEER L 720
COREFEADK/ 7y ICO2VWTOLRER Y he/c0&/ VAKL/tan B %ﬁ{'f%%%_fk\%o
INED 2 VHEEZZRPPICT S LR, BLoRERLE Law 3 ETHEBICRERS
EWB5 &80, TONREBK/r BREBBEFEECH D, T Kk/ 7L >TH
EHPELCAMLET B /tanBOEBER T, COREIVBELOLTEW,EZE EEE 3
RORNZ VAR ZHBIEAEL 2 B TE 3,

LENCHIBEOBLTOEER K >VWCLABHEERCE S EZEE L. ¥ENEOF
THREERZE DD, SHOHETRRBELBES L >V TORFRIT- T 59,
Pig. 5-2-1-4c B A ZERERKEHTBOEIZHBALEE LA BAOTEEE TS
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Bo WEEOE A HERETH LA b/ YARSEOITHE L. BSERAORETE
SMA2EBVERKEEA2EA2 LR, EBORTOLFEMREFig 5-2-2-2TE5XA o0
2bDEDKELTRD, LOLAMS, AWMFTHRE T 2B RREARENIFR /D&
BEHESHE TS, BoREBoBRVHATREIDEVWI L, RUBERES ORER
HAMOERE25 X3 E2EET S E. Fig b-2- 4R R THXERRIEM LY LSO
THBEEIIENTE o

5—2—-2 73R MHMELEOEL

752 bHIBOBE, AEI TR AXFHAMECEY 2 EREFREER> S DD 5
£5K\%®£ﬁﬁmfééﬁﬁﬁﬁﬁmﬁ§<&%oLﬁﬁﬁﬁ@ﬂﬁm\4n—2~
1. 6—2-1CHRLAEY, FEXOFHELZBELTINSZSOEEERNZ, oD
WABDRILLS (B OBAERTH) BTHBT2IeBTELILETH S, AR
BAIOBRITHECEET Lk, ZLOREBEREZHUROLER R LD D
IEBTE, FNSWRI IR MHMBOLREROTMET > LTCEELENTSH 20

Kﬁ’ﬁ“@&i\ (1) i%ﬁﬁﬁﬁﬂiﬁ“f%@@Jﬂ‘f’fﬁﬁﬁéﬁéﬂfzhandtlﬁ?/f7°<E\ (2)
B—2 -2k BOWTHRENEFWICHENT 2NCHBREOBRLOHE., LD/NSBREH
%%i%c&ﬂ%%éntmm%0747@:o@;ﬁ:fAmomTLﬁﬁﬁ@ﬁ§&

Do

NN
{1

(1) Mechanism I (Prandtls A4 7)

S TRig 5-2-2-1IKR T ABENT Y 52 FHMIBOIZTRD EFMEIFICH WIcPrandt]
SATEFEULI A D =X EAOTERROFEZTH0 CO AN =X L RHBEA DN
DEORAER D DT B« 0 EELOBEHERDIBE L > THEND
@iQDﬁﬁﬁ®W@%WD&5tb\W@mﬁM%D&ﬂ%o%&@ﬁ4%75A%E
KicReH, Cht 0 EBHFNICHEBHERETL DD #tt@ﬁ@ —ABEAS
N5, A5,

azp’ ] ~~~~~~ (5-2-23)
a+B =7 /2

BAEEr >V TORERS —2—1 (1) ONCHIBICH T 2Hil1s 4 TDAN =X 4
B3 bDEELTH Bo AHEHERIEG-2-DRTHASh, RS0 ZHE L ONE
RIS TEEXHZHERANENR S, AIB.
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AE=[th—%{(1-n)z+2n2 COS & COS G } he

sin(a+87) | tan B }75 T (5-2-24)

—F. HEEHBOFERS -2 -1 (1) OXBAHHELEAH. BoHLI 52 TR
EOMEHWHEBEGRICL > TENRZTHOBARST TROBFNIETRE S5E WA, Prandtl
SAT7ONPHEBEL I CTRELLAMBICLSHEERL e, 87, o VAL THNR
LD, (5-2-16)y (5-2-1T)RickVRFBNclZzHAWVWT, 2N HEHBEBAWIRRA
THEILIONB, ({HL. (5-2-16). 5-2-1MXD LA ITRB &ELTWB, ) HB.

AW=Necl-c1-B-8 e (5-2-25)

(5-2-24), (5-2-25)RDAE. AWEZSHEEZEBROKFEZEZE S, Hlb.

RN P , cosacosw | T . =
7he Z{(l n)Hen sin(a+8’) | Btang he?-Nel- ¢ 1=0 re (5-2-26)
TR OBE&%
2008 @ COS &
: - 2 2_ 000000 — —
el {(lln) +1 sin(a+/a”)} (5-2-27)
c
2.;— ...... (5_2_28)

T rtanf

t

ERHO, EXE2EFTEET LI EXEBRODVTOLAREARELT

el -
’rhczl ,‘/1-2—B~§ Nel

cl el
B¢

£ 18 5o

5-2—1 (2) CHRLECES NcIE=EHa. 8« o®fich/B. c2/cl, m®
B chn, BLTRBREKTH S/, Prandtl s 4 V20 a, KEHIE, h.
co/cl. m. c1/(7 tanB) DM ORIE L » THE B ERR Aol

(2) Mechanism I (HIEL 14 7)

CCTHWA S A FFig 5222k kT HME L 24 TDOSDTHD, AN =X L%ER
TEH. BLHEORMERF. 5—2—1 (2) ONCHEBRLHNSZ2HMFEL AL =X L0
BEALEILTH bo Mo THBTEHERAERG-20-1)RTEEN L, —HHATMEHEAW
OHEEMIM Y 35X FHAOAZBELEE (Case 1) &7 72 FPUESBESLHEG (Casell)
KA THFPRTAERESF. ThFhor —20&BERRRATEIL N %, Mb,
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- 1
CaselI : t-L- =t.L({(1-—)<h
tana tana

1
Casell : t-L(1-—)>nh
tana

i) Casel
Case ] DELS. NCHIBICE T 2 (5-2-18)FD kA2~ A1IC, c0EclicZBAD I LK &
DIRARIC T ELRAWERBZ I EBTE B, BB

. 2
AW=g Lty [c lra-AL-t(1-a25% ] ~~~~~~ (5-2-31)
sin" & sina

(5-2-15). (5-2-3)R L D EEH T2 EREALLTRAZE S, Hb.

he 4 t%a
Zl = 1 ;{‘ 3N (5_3_10)
t - ——)sin*a-4 t -1
( 1 2)s1n ¢ v tan B [tana j
ii) Casel

Fig. 5-2-2-2icnd HulE o N HEEEAMHIMAA . BB ETOAWLIEHIMA B £
T@AWHQ%HT%E?%&\%ﬂ%ﬂwopTuTQﬁ%%%oﬁé\

AWI=2r2yp[cl(a-a’)-A-r{sina-sina’-(a-a’)cosa }] (
...... 5_2_33)
AW2=2r21,b{c;2a’+k-r(sina’—a’cc;soz’)}
CCCTHE o R
= t-he (5-2-34)
tanAsing
CETIEBTE B, —
. LA OBDL/20METHE o BIKRTEALONB, MB,
h *sl 2
a’=cos‘1(Cosa+—~)=cos‘1(cosa+—h-w T e (5-2-35)
r t-he

PlEX 0 2NMHEBMEAWE LTRAZE S, A5,

- 118 -



-1.)2 t-h
AW=2(L_—)~1,!1 Cl(o:-oz’)+c2-a’—/\—.c{sina—sina’—(a-o.")cosa}
sing tanSsina
t-he s )
+k~ﬂ(sma - cosa’)
sinaian L e e e (5-2—36)

1 1
(5-2-15)R & (5-2-38) 2 EHH & ¥, MA % —sz(tz——

9 T clrehd o itk b, Casel @

ZEHRBELTUTOMBREZE 2, Al L.

yhe _ 1 {4t2[a_a,+c2a,]
c1 . L sin?a c1

t
12

4t?® h A , .
- . cy[ {sina -sina’'~-(a-a  )cosa}

sinfa ¢l {7y tanB
—7tan,8(sma -a'cosa )] } ------ (5-2-37)

HEHO LRI (G5-2-35), (5-2-3DRELOKRFEL. G-2-3NKNOGLBHE AN =X LD
BR%E£T22>20FHa. t OfMKEEHR » he/cl. RFA/r. kK/7< h/he. tanB
OS> OBREZATY S,

I T /1=(c1—c2)/h\Ak(=(m-c2)/h®f§éﬂ%’*\7§:ﬁﬁh\5c‘:\ A/Jy. . kK/7.h/hclk
ZNEFNUTOIIRCHFEIMAB LB TE S, BB,

=R >

cl—c'2:C1~c2.cl_[1_ﬂ]gl )
7 h cl v h cl 7 h

S
[y

L&
7 h

=

m =m

2
7 h o]

[y

ID‘ =

ci 7h
v h cl

=
o
e}

AN

7 he cl .cl
N St T/ m i
c1 > © ¢ 1 dgh an

(5-2-38) X L v (5-2-35) KR U (5~-2-3T) AN D HL I

| @]
Do

FEFIEHTE, chEpEERL “lc i 4 > o KT R Cm. tanf T &

cl
c cl  7h
DIREB I ENDLM B,

Db, FREHFED 5 A -5 304 2OERITCEELENL D, B2ics I v 7 B35
ELEEGoMMKEEORREMEE L TRLUL, t >tanBtana ((5-2-22)3K) ZHE T

Ctanp i~ s LTr i B ERTE B,

. - _ cl
Vif. FER4 oo EKR TEDN —
il _Lua (K G E W?’ h y htan,@
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(5-2- 2N ROHBEANTEEXEROB/NMEEZRDLHER, IBFHRBEALOY -2
cEE N, FhChEEET A RL AN 0T, KLY 7R FHUEE DA

1 o S .
ralr Sl —C P omOZooERERICE - TRES LHABLTHVI LR

¢l o htanB
%o

(3) AHEER, HERE

HiIE I B W TPrandtl# 4 7 (Mechanism I)RCHMILED 8 A 7 (Mechanism o280
WO AN =X A LB HEES T 27 52 PHIBOLFERIHET 5 RN EZEH VG,
o OB, Mechanism I @&, hy cl/c2. m, 7 -tanfB D4 D>DOE, FfcMechanisn
I &, c2/cl. c1/ (7-h), m. tanB D4 >DERTRBERER DI A — 5
LBl AR L ABTRINLGD AN =X ARRDVWTO EFREFHEZTV. 77 X
PHIBE OB OEERROVWTRET 2 & Ebic. ChHLDMRITBRE /ST A -5 & LK
T HEEZERT 50 B (5-2-3NKTHALNAHMED I A TDAAN =X LEDN
CTOREHAEL S FRERXR. HLRGEER s -he/clE2BATBY, BR/NDOLFE
AAEBAD AN =X AOFEICY > TR, Newton-Raphsonik % F W 7o

1) Prandtl s 4 70 *H =X A EMHWMBED 54 T O*H =X L DK

Fig. 5-2-2-31%. Mechanism I (Prandtlfiff 7)) &Mechanism I (HMlEL &4 7)) &
oDT@ﬁﬁ%%%&ﬁbk%@f&%oCiﬁﬁmﬂﬂ\CUW'mM)in&h
h=l~5mOEEDOFTT, HEHy -he/clEcl/c20BBREMAH =X AILD2VWTK
BCWDe 5 —2 1 THRLANCHIBOBToZE. BT 5 L RMIH TR & [k,
MHEN 24 704D =X ABELO—H B TFTEEELPrandtly 41 7D A7 =X L&
DINEBEEFEABAT VS, LVARODARCHEY T 2 c2/(7 -tanB)=0. 1DH &,
HEOERNSCE->THBY, b5 —2 -1 LEMBEREL>TVE, TITHY
72 ¢ 2/(y «tanB)=0. lii%[%‘i}:ﬁﬁéﬂ%ﬁct DN X WS, %%@iﬁ%?c 2/(y -tanB)
DERCHhFThBc ERELDE. NCHBEAK, 52 P HIB LOBLOKEED
S MBS AT OAN =X ANELTED, EROBES ChicE v OBEE
N ERBIENHATE D, (> Ty UTIRIEAWLED & 1 7 DMechanism TxH W07
HERBEESOTOBBEREIT o

2) cl/ci. tanB OEER TR T T EE

ﬁgSﬁ—%4@m=UL&8t4f§@czﬂ7'h-Umﬁ)Q%HWLﬁﬁéiﬁfﬁT'hc/cz
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Lcl/cl2O0BFEERLTVS, 22T (a) dc2/(y-n)=0.2CEEL. 1/tanpg %
1,2,3, 4B B CHELAERTHD, Hiw (b) Ei/tanf=0.2LFEHFEL. c2/(y -
h)%1,2,3,4E LT-BEDERTH I, T CORPL. I/tanBEBX-Tdc2/(r-h
ctanB)BHE LT NIEE, BoMAEERIKRBAREENT VI EBSL D (5-2-22) O HAHE
AR RS D EEEZYRVES S LT E B,

cl/clicBZEHT B &, TOEOMMERICEFEHPENT 228005, £ OEINE
B EFig A-2-1-5ICRF 27 5 A M EORIBBEBOZHIRMIC >V CORKRE BT
L E., HEMEESNSEB/hBREBEESELEML, B/hBNERGESRBIZELED
HEMOMMBEMIEE SNV, MAT, mBPNEIVWELEHBE 52 MAROBOHESH
EOREMMBN/NSVEES, c1/c 20N E I REROHMOEERIAS(R-TH
D, COMFHASPig A0 -2-1-5K/RT B/ h B REBHHCEHMLTVWSE, 4(0)~3—2
KBWT/Z 52 M BOBLESR, ERBEBIDhCREEKFLB/hBEED-Tdh
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B Be5 A—5ELT, c2/cly c2/ (y-h). m, tanB ® 4 D DERITLENE X
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T RS DB W TRET B,
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ARBRy ) —XTH6REEON CHERERC 1 EHO7 7 2 MHIBMENEER L, C
LT EEEREIT > 7o T, AEBIKH VA ERBEN-30T S 3,
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BRATIVavBEROWARIELAR, - 2BV THHELAIBEAERO LD O
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M OKPHA EEERIZ2.3g/cn3TH 270, 100 g OBEONEEE T2, 3x10°kN

- 125 -



/m3ETE B - TELIenES W 23kPaDHEME LR D, FECHEST 2 EHMKRSEE
D2 3t/m3DEE T OB I T B0 — B E2 t/miCHNETFREBHNERTH D
B, COKPESELIDEREIIAEFEORTIELEEE-ERNNICHE T A2 &8 T
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B) RUTEH L cnfBEOBO N CAMBLWET2ET1IHMBTCEHEIESTHE (57
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DECAERTRHFERE L CEHRIEDRFETDH S, LErLENSIOFELRLTH
BB DOTHEHR V. RELTOEHETLLERALE %%@Zﬂllbi‘ﬁﬁﬁ'jz}} vk, <
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Io7us s ald, BB GHE L CSekiguchi & Ohta(1977)ic X 288 « g8 £ 7 v, B
BHRZZEB LR VHBREE A VRUOFREFVEHFA TS, COFRERBH I 0/
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2) BITMBRER LN

HEOHRNBELAERR, 257 THEICE > TIT - 7B L EBEER CH BENCH, ENCER
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NFENKI=0.7,0.5, 0. 4504 % FH i,

- 130 -



) HITEEEHove . BT EE oV
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BEHRZERED ZRSI B o/ VEHMERECE 2, FPEINTORMITME R 1E20
omnEEOEDIUTEB2BOR—ATITH5Tm/dayTH » fo 8. HEOHT T 1 8224
mEE TR TETV, PHOED I CHER6m/dayTHh - 7o BEHMELTCH S
NIHMBRPHER LTSN L7574 b Td o, WEDEOFEEAERIL2 04t/n3
Th - T, |

BT L 1988 10H 2TH X v B & 1. h;[%ﬁ RISHHE. By CHE &5 an (Ut
éLhﬂ@%ﬁf@i$%%ﬁ K75 7 PFEAL. 100HIRBOL TS 6nD D 77 T A5
TUREHRICHAEZEOBBENREEL 72 CORBB It >V, Brand & Premchitt
(1990) e = DFMMB T & h T W3,

5—4— 2 WEBLERKORHFH
(1) WEALE & RO EE
1) ¥IF 8l (Prediction A)

BERLESOTFUREEY = v =y REHOARERITICL DT - 720 BB O+ o
XU TAT » 7o 27K LB 7K B BR (MHA, 198T) K DB S M BAKHEM 1 0 "~ 1 0 *en/secd
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R Fig. 5—4—2—4&:%@”':‘& CERBofeo WEHBELSTS MU TREESEREML D
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- 144 -



COPKOBBPHMBOLERICEA 2L ELTAZEAN T, 2 HHOBKERE % KE
UCHBERBITZET » oo BAKGEI/NES RIEE O ERHT TR BV TH - 725
ML E > K RILSDOTHD. K&ELTIHFig §-4-2-5Ic/RT FHP OEREH VWTW 3,
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TR TRESNAZEERTAIIERTEROVY, MIFHEB W CEEM OMmE L H S Hh
W/ L T WA S EREPB LD TH B,

Fig. 5-4-2-dic &, WEHM OME%E c =40kPa, =0 LCHT - EHHB LD ESAER

- 145 -



BOEEVIH TR OEMEER, 0 IcBrand & Premchitt(1990) O EHEE (Kt o
c u=42KPa® & D F s=0. 98~ 1. 020 FEPA O # v fil) LM IRLTH B0 W+# D ¢ ufii
BAE IS EROTARBEC LA b D FE&F 5 & A5 AL, Foll &
BOW—HERT, LHLEBWS, HERMOEREIINICILNBZ ELR NS LR - TV D,
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Table 1-2-1-1 Combined undrained strength anisotropy as measured by CKoU plane strain shear tests
' (after Ladd, 1977)

Strip load PSC = Plane Strain Compression
=== PSE = Plane Strain Extension
| DSS = Direct Simple Shear
PSC iy PSE O\ Direction of major
principal stress
Dss at failure

(a)Stress systems along a failure surface

Cy/05¢
LL%
SOIL PIo PSC ml 0SS o PSE “ REFERENCE
° | Celar| Cuslh | Cusly
Portsmouth 35 : Ladd &
Sensitive Clay 15 0.285| 0.20 Q13 Edgers {1572
Haney 44 . Vaid 8
Sensitive Clay 8 0.27 O.75 Cor(r:g_&;g)ellc
Boston 4] Ladd &
Blue Clay 21 030 | 020 | 0145 ey o io72)
; Tl MIT & Univ. of
A H Ci
GS CH Clay 40 0.295 0.25 o.8 British Col.
San Francisco 88 Duncan &
0.295 0.25 ] :
Bay Mud 45 2 023 Dunlop (1963)
Conn. Valley |clay 65,39 ' Ladd &
! 0.
Varved Clay [silt 35,12 255 | 0185 023 Edgers (1972)

W Tge=0.5(01-03)g €058 @ Tz (Th)max
(b)Anisotropic strength date
for normally consolidated clays

Table 1-2-5-1 Results of prediction for MIT test embankment

Effect of 1.8m added on at failure
Predictor
Pore Settle- | Lateral | Pore Height on
Pressure ment | movement | Pressure | new fill
1 24 kpa| 12.0 cm| 1.5cm| 46 kpa 4.0 cm
2 64 5.1 2.5 128 3711
3 37 12.7 3.0 78 1.2
4 43 2.0 1.8 119 7.0
5 22 7.6 0.6 42 4.1
6 28 7.6 3.8 38 2.1
7 22 3.2 1.9 51 4.0
8 29 1.9 0.4 71 8.2
9 67 35.0 22.2 73 2.1
10 29 6.6 4.1 86 6.4
nature 20 1.7 1.3 67~206 5.7




Table 1-2-2-1:9hiRic X 285tk L (6 =0 ) HOAR O 7% 18R4T 9]

Types of footing

Strip footing

Rectangular
footing

Circular
footing

Ground conditions

cu=const

cu=Cotkz

cu=kz

anisotoropy &
cu=cot+kz

two layer

anisotoropy &
two layer

anisotoropy &
cu=cotkz
& two layer

on a slope
edge

on a slope

eccentricloading
& cu=const

cit=const

cu=cotkz

cu=kz

cu=const

cu=cotkz

Type of solution

upper {(exact)
LE

upper

lower

lower (exact)
lower

LE
LE
SL (exact)

SL

upper & lower
(exact)

SL

upper
upper

LE
LE

upper

upper -
upper & lower

upper & lower

upper

upper

upper & lower

LE
upper & lower

upper & lower
(exact)

upper & lower

upper

Workers (year)

Prandtl (1820)
Fellenius (1929)
Hill (1950)

Lysmer (1970)
Bishop (1953)

Arai & Tagyo (1985)

Raymond (1967)

HE (1966)

Davis & Booker
(1973)

Livneh & Greenstein
(1973a)

Salencon (1974a)

Reddy & Srinivasan
(1970)

Reddy & Rao (1981)

FEA  (1986)

Button (1953)

Reddy & Srinivasan
(1967)

Chen (1975)

Drucker (1953)
Davis & Booker
(1973b)

Kusakabe, et al.

(1981)

Murff & Miller
(1977)

Shield & Drucker

(1953) ”;fii o

Chen (1975)

Nakase (1966, 1981)
$8A5 (1985)

FS87 (1985)

Shield (1955)

Kusakabe, et al.

(1986)

Comments

circular
linear programming

non linear programing

circular
circular

Prandtl type

circular

circular

lower bound:
numerical solution

combine two circular
surface



Table 1-2-2-2
I1lustration of shallow foundation load tests and failures establishing Nc values
(after De Mello, 1973)

REF N' ) OBSERVATIONS
CASE ond DIM, CLAY AVER. ¢ 1/m2 Nec L.T =LOAD TEST
400i- 5.C= SWEDISH CONE
18! ronaJYSED] B x L xDm AND TEGT VaVANE ; 63 DIAM,; FsRAILLNE
toe) L o] 0,08 x 0,08 x 52 ’ strip
°°‘.SE.“ 1‘243\ {250) [ Models 0.0810,25 Rem. Lendon = 67 square
(19 144) Uc =~ 0,68
ooENsTa (2191 | 44y 9;-7- g-; x f? Und. vV = 0,8l : g': strip * vane
9  §
HAGALUND | (17) pits * ' sc. ~ 1,05 '
tabron T |50 Footing "F. Und u L6 | 60~-72
Seerr2 i |25 25, 2.8 ¢ 1,7 nd. ¢ L 0=
i HIKON (17 l {zia) Tank F. uc,uu I,5 7.4
‘G40 Siw ) . . ' ] »
5'—;«'&"’"?}? B3] 7,54 1« 0,0 Und. 38 6,2
Rrewnaventizsor [, .o [ Tenk F. )
e il [ESS R 0,0 Und, Uc,uu 1,40 .9
MEIGH + Models penstr from [ i
Rem. + Und. London 6,2 f interp. diffarently
u'g.gl:« 12301 Ji250) """’"o.oos 10 0,025 ', {from penet. curve
(20} uu 3~-7 R
:ﬁ';?_;' a (20) 4 :5;13.':0,3 ‘0 Und. block, tubs, and 5,6 cf. in-situ shcoav
L . 6in-gi .
1987 0,3d x 0 London S:?‘Bokhxrmu 10, 3 cf. tubs UU Lt
(84) LI
ERTEL 184) | 05dx 0,5 in pif, Frankfurt uc = 1 6,5 Oy o P =old
1967 possibly narrow Und.
14 LT, '
(i11s} (0,05-0,15) d x 0 |Danish preconsal, min, av. max.
JACOBSEN tie) 6 LT boulder clay v 6 X06]4a5-586-64
iver 2Ly v 22 5,4
6 LT v 70 4,7- 5,5-6,6
2} BJERRLM
(242) Tank F . Und v 3-8 Assumed local F for part
OSar o (T |22 254 x 0 Marine uc 3-8 5.6 of loaded area, Om wide
tnyy = 50 L.T. Und
HOSHIND mn3) n uc 2-§ )
1953 02;03; 0,54d Marine
fe2) 2 16 OLS':' 0,3
° v ' Slickensided UC tube 8-13 2,6
DASTIDAR 27 '
1967 2of 06x 0,6 Haircracked UC block2-3 10 ML test
Tof ,5x I,5 -
47 A) CARLSCH Tank F. Und
1474) uc 2 ~o§,2
8 FRICANO : 504 sifty =~ &
(224) Sito F. Und. , silty
FSCK‘ B Yan Jzee (Tronscona) — slickensides uc 5-35 | 51~ 7,2° SKB“"‘ °"( 1951)
BRYANY 20x 60 x 3,7 Stiffer at top smpion
(2e7) . . . ‘j
Silo F Varved glacial, stiff ct Skempton (1951)
TSCHEBO- [ (17) {(287) af top, St increasa | UC 10~-5 52— 59 averagi
TARIOF Bx69 x 0,9 | T L0 veraging
1951 wi [ progres. effacts
(21 4 L.T 0,364d Quick D/B'O 16,8
BJERRUM | (17) J(21) at O st = 80 uc 6 D/8 =78 cf Skemplon (195()
1954 0, 0,36;0,36;072 D/B=2 . 8,9
(791 Silo F. :j
EDEN B (79} 67d x 1,2 Varved yu 1,2 cf Sksinplon (1951)
] i
aolzg::x bad 550150 tons S = IB v 1,6 6,6 Meyerhof (1951)
(56} ' U . ue
aﬂﬂau?m (58) 2l LT Skive Seplarion, 3_'5 6.0 Nc assumed checks
HANSEN 0,05 — 0,54 high pracons. VvV 9-14 ! with LU, UC
1959




Table 1-2-5-2 Summary of predictions for the failure thickness and failure surface
of the Muar test embankment (after Brand & Premchitt, 1989)

Predictor Strengths Adopled Predictions for Fallure, m
Method of Anslysis Fallure Surface Fill
No. Neme and Organlzatlon Soft Clay Compacied Flll Depth Radius Thickness
-1, | 1.5. Younger, J. Riyanto & C. Setjadinlngrat, Fellenlus 0.68 - 0.86 x vane 3, = 160 kPa - - 9.5
Bandung Instltute of Technology, indonesia (p varied with pI) (from cone data)
2 K.L. Slu, Special Projects Division, GCO, Bearlng cspacity sy = 20 kPa Zero 7.0* 144 8.0
Hong Kong
3 R.A. Fraser, Maunsell Geotechnical Emplrical chart Kurlhera Fig. 6.5, Zero 1.0+ ~25° 6.3
Services Ltd, Hong Kong (Kurihara, 1977) with w = 80%
4 ‘Trainees', Design Division, GCO, Hong Fellenlus L2 x vane c=1{kPa, @ =31° 8.0° 20¢ §.4¢
Kong . {consolidation} (partially cracked)
H 'Deslgn Tet;m', Deslgn Diviston, GCO, Bishop 1.2 x vane c =4 kPa, @ = 3}* 8.0 e 6.0
liong Kong {consolidation}
[ C.0. Lo & Y.C. Lo, Port Works Division, Bishop 0.8 x vane ¢ = HkPa, @=13" 5.2¢ [ 6.0
Civil Engineering Department, long Kong (partlally cracked)
1 ‘Englneer’, Island East Division, GCO, Stabillty chart 0.8 x vane Zero 4.0 bE| 6.0
long Kong (NIRI, 1982)
- ACTUAL FAILURE o ~35.0 ~26 5.4
3 J.M. Shen, Materlals Divislon, GCO, Fellenius 0.8 x vane c=50kPa, @ =0 1.0 19 5.3
ilong Kong
9 AS. BALASUBRAMANIAM ot sl, Aslan Fellenlus 0.9 x vane c =3 kPs, @ = 26* 5.0 13 5.0
{nstitute of Technology, Bengkok, Thailand
10 T.5.K. Lam, Special Projects Division, GCO, Bishop 1.2 x vane cx 4 kPa, @ = 3® §.0° 16 ¢ 5.0
liong Kong {consolidatlon)
il P.To, Special Profects Division, GCO, Stability chart sy =12 kPa ¢ =l kP, @ = 2]° 3.0 19 5.0
llong Kong {(Low, 1989) (consalldation)
12 ‘E & N Sections’, Island East Dlvislon, GCO, Stability chart 3y =15 kPa Zero ~ - 5.0
llong Kong (Taylor, 1948)
n S.11. Mk, Island East Division, GCO, Stabllity chart 0.8 X vane c =14 kPa, @ =37° 5.0 M 3.0
flong Kong . (Low, 1989) {® from cone data)
2] ALF. Chang, Nanyung Technological Bearing capacity sy =9 kPa c=0,0 =40 2.5 ~49.5 4.7
Institute, Singapore . (20 kPa in crust)
is C.P. Wroth, Oxford University, UK ‘Judgement® based on ‘Corrected vane! ‘Seme contribution’ - - 4.6
Invited Predictors
16 C. Wong, Greg Wong & A:so;:lltes, Hong 'Experience’ checked Aversge vane, Zero {cracked) - - 4.4
Kong . by bearlng capacity with N, = 6
i P.K. Chen, Ove Acrup & Partners, Hong Janbu 0.8 X vane ¢ =14 kPa, @ x 3]* 5.0° [+hd {.0*
Kong . :
18 5. Bultling, Scott Wilson Kirkpatrick Janbu 0.8 x vane Zero {cracked) 1.5 12 1.0
& Partners, Hong Kong
19 H. Aboshl, Fukken Co. Ltd, Hiroshima, Fellenius 0.85 x vane Zero 454 loe 1.9
Jepan . (+2.5 kPa consolidation)
20 J.P. MAGNAN, Laboratolre Central Bishop 0.85 x vane ¢ =20 kPa, ® 20 7.2-11.0 13-21 3.8
des Ponts et Chaussées, Paris, France
21 I.G. POULOS, C.Y.Lee & J.C. Small, Fellenius Vane, lower Zero (cracked) 5.9 13 3.8
Sydney University, Australia bound
22 M.IL. Goldsworthy, Moward Humphries Jakobson (13418) sy = 13.4 kPa Zero {cracked) 8.0 1 3.8
& Partners, Johore, Malaysia {average vane to 8 m) : -
23 1.5, Tan, H. Ernst & C.C. Ladd, Blshop Yane/SIIANSEP en0, @=3*" 12 1.8
Massachuselts Institute of Technology, USA (Ledd & Foott, 1974)
24 B.N. Leung, S.1I.Tse & Y.C. Chan, Main- Bishop 0.85 x vane cx14{kPa, @ =31* 6.0 I 3.7
land West Division, GCO, {long Kong {partially cracked)
25 | 'S Sectlon', Island East Divlsiaen, GCO, Bishop 0.9 x vane Zero (cracked) 8.0 1 36
llong Kong
26 A. NAKASE & J. Takemura, Tokyo Instltute Fellenius sy =0.27¢y ¢=0,9=10° 1.6 9.5 33
of Technology, Japan
27 D.T. Bergado, Aslan Institute of Dishop 0.8 x vane c =19 kPa, O = 26* 8.0 17 1.3
Technology, Bangkok, Thalland
28 G. Aas & O. Eide, Norweglan Geotechnlcal Bishop ~0.63 - 0.7 x vane Zero (cracked) 5.0 12 2.9
Institute, Oslo, Norway (eflective in crust) {p varled with p1)
239 ‘Stwlent’, Development & Alrport Dlvislon, Fellenius Yane c=l{kPa, @ =0 5.0° 10.5° 2.8°
Civil Engincering Dopartment, Hong Kong
30 T.W. Lo, Nanyang Technological Institute, Fellenfus 0.75 X vane Zero 3.5 16 2.8
Singupore
hl} K.S. Wong, Nanyeng Technologlcal Finite elements 0.8 x vane, ¢34 kPa, @ = 3j" {.0* 16 2.8

Institute, Singupore

Ey =200 5,




Tablel-3-1-1

Scaling factors in centrifuge and 1g tests

dim. less

parameter symbol similarity scaling 1g
number requirement factor

acceleration a Na= n 1

model length 1 Ny= 1/n 1/n

soil density . o Np= 1 1
particle size d d/1 Ny~ 1 (1/n) 1 (1/n)

vold ratio e S T R

saturation S7 S7 NS= 1 1

liquid density Py pl/p ‘ Npl=Np= 1 1
atmosphere a, a t/p‘X\ Ng =N _=1) 1 1

surface tension o, © t/a ¢ N, =N, Ny 1 (1/n) 1 (/n)
capillarity h, hcplad/cft Nh=NO_N;;N;’Naf= 1/n 1 (1%
viscosity n n/pd@)'? Nn=NdeN;/2 Ni/’= 1 (1/n) n? (nmr?)
permeability k kn/d*ap Nk=NéNp)NaN;;= n (1) % (nm7)
particle friction qS ¢ N¢= ) 1 1(?)
particle strength o, ac/p al N0=NpNaN1= 1 1/n
cohesion ¢ ¢/ pal NC=NpNaN1= 1 1/n
compressibility E E/pal NE=N;)NaN1= 1 1/n
inertia t, t/n Ne=N) 72N 1/n n~'?

lam. flow t tk/1 Ne=N N = 1/n? g_/_r;) n~*?
creep t, L R

p :unit of pressure
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Fig. 1-2-2-1 Typical strength profile observed for Japanese arine clay(Nakase, 1967)
and idealized profile with depth for normally consolidatedv clay
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veathered clay compressibility than anveathered clay.

Fig. 1-2-3-1 Composition of crust layer in cold area(Bjerrum, 1973)
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Relations between the intensity of embankment loading and maximum lateral displacement
for nine soil deposits(after Shibata & Sekiguchi, 1987)
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Fig. 1-2-4-8 Comparison between measured and predicted horizontal movement
at various locations(after Poulos, 1972)
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Table 2-2-2-1 Aoy i

M-30 | M—20 | M~20'| M—60
Specific gravity
o rarticren Ge 2.69 2.68 2.68 2.69
blauid Timit 54.0 i 36.2 9.0
Plastic 1inlt | 25.5 20.6 16.1 34.3
Plastielty index | = 44 20. 9 20.1 53.1
Sand fraction (%) 19.6 35.1 59.0 3.0
Silt fraction (%) 49.2 41.3 25.0 36.0
Clay fraction (%) 31.2 24.0 24.0 61.0
Glay Traction (X) 19.0 147 9.5 23.0
Table 2-3-1-1 R OEERBRER
g ) Cc Cr e at98kPa a (dev/dlogt)
M-30-1 | 0.318 0.035 1.046
: 0.002
W-30-2 | 0.307 0.041 1.048 ~
0.005
M-30-3 | 0.313 0.047 1.020
M-20-1 | 0.250 0.032 0. 865 0.0035~
0.009
M-20-2 0. 240 0.016 0. 830 SR
0.0023
M-20° 0.263 0.022 0. 857

Table 2~-4-1-1 AEO=ZMEFIEPK & KB R

Soil Test Ko Cu Cue ef E 50 ¢’ M
type av Cuc (%) Cu ()
Comp. 0.393 0.87 472 aaaia 1.58
M-30-1 0.45 0.60 St
‘Ext. 0.236 19.5 503 55.8 1.30
M-30-2 | Comp. 0.42 0.385 | ———- 0.87 620 38. 5 1.60
M-30-3 | Comp. 0. 40 0. 40 - 0.85 425 | 40.5 1.66
M-20-1 | Comp. 0.38 0.64 603 39.1 1.60
0.41 0.59
M-20-2 |Ext. 0.224 18.2 684 55.3 1.28
Comp. 0.39 0.40 754 38. 4 1.59
M-20 0. 44 0.54
Ext. 0.21 14. 4 860 51.6 1.22
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Table 3-2-2-1 Mark Il Centrifuge %%

Maximum centrifugal acceleration 150 g

- Effective radius {(static) ,1.25 m

Effective radius.(dynamic) 1.05 m

Maximum package mass ' 250 kg

Driving motor (AC variable motor) 15 kW
Electric slip ring (data acquisition)| 76 poles
(power supply) 8 poles

FM telemeter 6 ch

Hydraulic rotary joint | 5 ch




Table. 3-3-2-1 /MBI BT 32 5 = b JEfEakslE

Hy o AR c-1 cC—-2 cC—3 C—4 C—5
75 MEE h 50.0 40.0 40.0 20.0 26. 0 26. 0
21 Pl 39.2 98.0 196.0 98.0 98.0 4.1
2B P 39.2 78. 4 156.8 78. 4 8.4 38.0
B3 P3 39.2 58. 8 117.6 58. 8 58. 8 31. 9
BEARE P4 39.2 39. 2 78. 4 39.2 39.2 25.17
5588 PS5 39.2 19.6 19.6 19.6 18. 6 19.6
BA(S7 (h:mm, P:kPa)
Table 3-3-2-2 7 5 & MHHMEDZHEESEM:
GREES TG TITERE D S BIE U 7 ST 4Eaaer)
C1 C2 Cl h B h k
CODE | 0 A ) & H (kPa) (kPa) ? {mm) (mm) —B— kPa/mm
TH-P || C-1 M-20" 2.0 | 14.5 | 1.9 40 50 0.80 | 0.33
TH-2 | C-1 M-20° 2.0 | 14.5 | 1.9 40 50 0.80 | 0.33
TH-1 | C-2 M-20° 55.5 | 15.0 | 3.7 40 50 0.80 | 0.33
TH-3 || C-2 M-20" 55.5 | 15.0 | 3.7 40 50 0.80 || 0.33
TH-6 || C-2 M-20" 55.5 | 15.0 | 3.7 40 80 0.50 {| 0.33
TH-4 | A M-20" 10.4 | 17.9 | 0.5 50 50 1.00 || 0.33
10-4 || C-3 M-20-2 | 27.8 7.6 | 8.7 20 30 0.67 7| 0.31
10-2 | c-3 M-20-2 | 27.8 7.6 | 3.7 20 50 0.40 | 0.31
10-3 | C-3 M-20-2 | 27.8 7.6 | 3.7 20 80 0.25 | 0.31
CR-1| C-4 M-20-2 | 28.7 8.6 | 3.3 26 30 0.87 | 0.32
CR-3 ) C-4 || M-20-2 | 28.7 | 8.6 | 3.3 26 30 |-0.87 || 0.32
CR-2 || C-4 M-20-2 | 28.7 8.6 | 3.3 26 80 0737 0.2
CR-4 || C-5 M-20-2 | 13.4 8.3 | 1.6 26 30 0.87 || 0.32
CR-6 || C-5 M-20-2 | 13.4 8.3 | 1.6 26 50 0.52 || 0.32
CR-5 || C-5 M-20-2 | 13.4 8.3 | 1.6 26 80 0.33 || 0.32
BLIHERE : 100 g #HHE : 6mm, m i n




Table 3-3-3-1

erFaN

EZIKEED SFHE L e 2 5 = - Hhiggeqy:
cong | 1w sz ¥ Cl 3% 02 El_ h B h ¥ k
(kPa) | (kPa) C2 (mm) (mm) kPa/mm
TH-P || C-1 31.0 16.5 1.9 46 50 0.93 0.35%
TH-2 || C-1 31.0 16.5 1.9 46 50 0.93 0. 35
TH-1] C-2 60.0 175 3.5 56 50 1.12 0.31
TH-3 | C-2 60. 0 17.5 3.5 56 50 1.12 0.31
TH-6 || C-2 60.0 17,5 3.5 96 80 0.70 0.31
TH-4 A 9.2 9.2 1.0 50 50 1. 00 0.28
to-4 C-3 45.0 8.1 5.5 26 30 0.87 0.21
10-2 (I C-3 45.0 8.1 9.5 26 50 0.52 0.21
10-3 | C-3 45.0 8.1 5.5 26 80 0.33 0.21
CR-114 C-4 32.0 7.9 4.1 33 30 1. 10 0.24
CR-3 | C-4 32.0 7.9 4.1 33 30 1.10 0:24
CR-2 || C-4 32.0 1.9 4.1 33 80 0.41 0.24
CR-4) C-5 25.0 9.5 2.6 31 30 1. 03 0.30
CR-6 [ C-5 25.0 9.5 2.6 31 50 0.62 0.30
CR-5 | C-5 25.0 9.5 2.6 31 80 0.39 0.30 7
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Table 5-4-2-1 Prameter used in FEM analtsis for Muar test embankment

crust clay 1 clayll
Critical state parameter:M 1.07 1. 07 1.07
Gradient of compression 0.095* 0.288 0. 144
curve: A 0.177**
Gradient of swelling 0.023* 0.090 0.035
curve: k£ 0.048*"
Irreversibility ratio: A 0.757 0.757 0. 757
Void ratio at 1.0tf/m. L7t 2.41 2.01
on N. C. curve 2.29**
Coefficient of seconQary 0. 005 0.005 0.005
compression
Initial volmetric 107° 1078 1073
strain rate: v o (%/day) .
Effective Poisson ratio:p’ 0.35 0. 35 0. 3%
Coefficient of earth 0.6 0.6 0.6 .
pressure at rest:K,

* :upper layer of crust
**:lower layer of crust
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