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Fig. 1 —2 Shear characteristics of nomally —and over — consolidated
clay (Skempton, 197057))
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BEFKLEPEEMICBI 2L 5 -7 BELOSREBRE~OBEETARKENE XTI, #E
DRERBEREICL>TAEKEEND ENS T LN OREOMICARECIR- 2D LT
AL 4244 46.56) e ok BROR 1T >\ T O—BE DBUEIRIT 15 Gould (1960)2V12, +0MEREB T
ToTWee VIEMICEAL THRAL T 32L&, ELTEORTEERY MBEHUE) FLEbLR
BHERELN LI NEBREOFTREEEL 2,

Skempton (1964) % HBE B +tOBRFHECEAL, SNCHT SNABRFRE LS DT~
DTREINIEEH e VBEEOBBERL 12, £NICET 30 2pOEHH, Hutchinson
(1961 Bir k- THRE S, ThiICkBE, LHCET2F~VBEBIEZ, SATATE NG
— VBBV EDBVEVEBER L > TOARBPOLBRTH 5,

BEFBHERT AT 2ETHE BB OBE & B RE & OB EM 2 Bjerrum( 1968)10) & -
THEIN, £ LCHRREOREICHT 5 X REMOEB Peck (1967)°" & Bishop (1971) ¥
KX - THIFE XN

W DD OKEREHCOVTO—E £ VI RBRRERD 5, Skempton (1964)® @k & 28 & b
Rlto TRHLLEROEDENOLETE VHIBENII—FEOBHEBCHET ST, ©—
IEBENRIBBLI~2AVFORMBLELZING, ThWZ, BEMEMCRERRIN-BEREC
B335 - 208 CIREEL & /AR E (Reversal shear box test) * AWV TKD LNTI 3
(Bishop & Little, 1967% ; Marsland & Butler, 1967%®; Symons. 1968%®), +cic+
VYERBEELTV S, BRI Y FESEINTO2EETERCEHN TR, £0FEMIIRT TIC
+ VREEREEEI TR XTI S, L1cdi-T, COEIOBRHEBEIZ, KERFSB/NCIEZ
&5 CBE SN IEES# £ L AR L THE SN 5. (Chandler, 1966'%; Leussink & Miiller—
mmmmmmn19m”50co;é&*vv@Aatﬁﬂ¢~%6mmwzcafwaxﬁ7ﬁaﬂ
OBREBELRDIOIE, SLEBREOKERIZEBTI0THNIT, RROZHEBETHRAER
A4 TH5 & L, London Clay OB % OMEICHIA L 72 (Bishop, Webb & Lewin, 1965% ;
Webb, 1969 ™),

Skempton (1964 %)) D2 7B BEHE 2, © ¥ MR A% ICHRIE LBBISETLONIKE B O B
THEH, EROMTNOTEEDLSTRELICL ZBMIEIBC VAN (MT~YRIECHOHH
SEVHENE—EFMICHERTE) o Led-T, BELVEBRFERSITODIOERFETIRI
WENITEDD, VYIS T ARG AEMES A LBADEERAT &L LT,
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Norwegian Geotechnical Institute & Imperial College BETH LIV v 7 & VKB LR
L7 (Bishop, fin. 1971%)), &ic, R&EME2, 3 OWELEHT 3.
(1) Skempton DFFE 41, 42.56,61) :
BEFH L ZOOVT—HE+ VKRB AT S &, BEELEMOBEKIIFig 1 —2 (A) OLOERD
£HiLtE, E—- I/ BELBRHBELOREEBRESLIONEH THS, E—I7BEf 23D
HLICERT 2EBN 0 KM LT oy F&TAFig. 1 -2 (B) KREWTVA T~ 0 BEHEsL
S, —HERERE Tt 0BARI Tr~o BEHEMSZ LN,
EERCHITNOMEOTNOEESG» oK INA I 0TIt bnic cOROXBRERD ’f
ZROTHIRDZETT2E, BEEN2 P LD, IRODEC - BRHERATEED,
ZD1HDRBEREOBSOBANTEbNI DI TH %,
ZNRARERDEINBEZFICL->TB, FlAE FNICXZRAREERIOFMEOMELH S0
2BE, COBFTHBOLBIBEHEPBEC 510, TTCOMELTXOESBE LTS (LT,
ZZ OB O LEDOREIRTf D5 Tr iWETT ) IRIT, ZRETZTIERL TORBHIZ DA
CEET 2 RE, BIRS LRBUICEHEDESI TV SN, BEOBBERCRBLIRDE
NEET 2, ZLTOVRRTRVEOAELBEREARE T TETT 5L, TNVELKRICHT 5¥9
MEE T, REASKICEHOTHE e/ BIBHEELLNY, IO ZOHAVENTEREENLLUTLE
ROTROMBEL 3, THOLLETHMBORKMSEC 5 (Fig. 1 —3)
TAROEEAKD S bEFHBEET LB20BA%R ETHIE, FHEERRATROIN S,
=R «7r+(1—-R) 7f (1-3)
22T, RIZEBHEFEY (Residual factor) EFFEN 5,

Stress concentration

Fig. 1 —3 Stress concentration in the foot of a slope

Skempton (1964) IERYEBERET ARD 3 DOEELERZEB LTS,

a) BREBEOER O 12k OBERE (Original strength) 8 XUAKLOKEEKELED T 7
78— E-THEEBINT, ¥HIRTFONRE ERSIUCEVHEKRKEOHBEERT 5,

b) BERBHNICEITIIN SLOTRDEAISHEINIES e VIIGHE, ©— 7B XD
LbEREBEOHCIVEUL TS, T, BAMEOTNOCHT 2T, BEEO /HED
BREACEHBECELNTCEETRLTV S,

c) ZOREHKEDL O, BEBMITRIBY 2T BIBESEEOETHMNIERE ICK->TETINZEVHE
WOHIN/e LA -> TEAUBEBIX 2TV EORZELNELRKENT2H 5 BRAFME TR,
ZORBOREIRABELL ~TEFIN o
(2) Webb oz '>
HEEK K YHEER T 2B, RRO=ZSHEMABBREZITHYD, WEOKERSEZEZER L TERE®RE

KRB,
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Fig. 1—4 Applied loads and stresses in the triaxial compression test after
formation of shear plane (Webb, 197672))

CHEMRBCESOTHERINE-I7E2BEZL, B+ vy 7TOHRCL->TER F ViCHITE
ABRET 2. £D1D, HRKD, SIPHAFEWOERERITROOT, e XI0EmMEHK
CEZOBEEHET, LIct-T, COMTBIORBERET B LEL>TINVELORDOEKEA Y
KDoNBEEZ, BHRFTETIE > T3, TOWITIZ, BFIENE L TERT 2 RHE LB ERS
EKREFSICHTTREBL TV S,

€ VAR EOZHERRRICE I 2RTELHELNEFig. 1 - 40 L HCEL BEELOFAY
BEGN 0 L VBN T ABEBL TV R, THDE

ar’l=£~s—(cos0+sin0'tanﬂ)+a,3 a-4
T =;&‘]‘—‘;(sin0~—oose'tanﬂ) (1-5)
tanﬁ=%

C Tz TAs R ETFHREAOEMER L EHIZ2OEMBRRNEOKHERS LKFERS, 0 KT
BevMEOME, 2LToy ik oy —U (03&uRENETNME LMY $KE) 2R,
Eh, eXICRTEAs ORILBRATEZ 505,

As = Af *secf-(1-2 (e—ef) ) cotd (1-6)
df
Af ==

ceceidEe X, e df BEhEFRE—/BDOE X LEE, £LTAf RZOBORGNE
BERT.

London Clay T34 2 @t DRERHMFig. 1 — 5 IREN T 3.

London Clay ©Pierre ShaleiC D\ TOERBERYE, KEMESALIABRICL-TIOoN2ERY
BB OELEAERD 2 DL ORIF FEORBAER L 7.
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300 T T T T T T
V Drained .
20 T T Y T 1= H Drained A
=" : V Undrained o
C,=3p.s. 1. T H Undrained A
200 — 10 ¢:17'}*‘ /’{,’ F Natural Fissure -
y c’=0

100

Shear stress 7 p.s.i.

F
0 100 200 300 400 500 600 700

’ .
Normal stress o D.s.i.

Fig.1—5 Values of the residual strength of London Clay from the Ashford
Common shaft as determined in the conventional triaxial test.
(Bishop, Webb and Lewin, 19659)
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 VETE OB EBLVMAREEKE IOEMICH L THERNITE VHIBTEELETH 5
BICEE DL HLtoBRgE®REERDIDIC, BLTWBET EARLTN S,

Yy EBSASBETERAINLE L > BHRE L TROAND 5, T1ihDb, HEORELE
ENHETHY, THEBOEOHEALZERT 20 TR UIERO MR HSR X2 EANHS.
XS, 23, BEMNSHAETPERNIFAOREER,E VSt X R VHBEBHLI T TN
TORMWERBEBEBE LTS, Enbd ) V7w VIERZTIE S LTHREIBE LORMEL &b 2.
Thbb, BREZKO L THABEO 2O 40 Y HEOHBE, & B8 apRRICH#ER L
THLZEDEDHPLETH 5, ) VI HORMMWNSOEEICRERNECD, K&TEIHAKIT
ALK T 5,

BishopZ i LROEMRAEBLTHFLWLY) v e VRS BEZBAEL - (Fig. 1 —6)

HBROFRE  BRUAEKR —EBEBHEZY, AIFAEHERINTH S, €L TKREHCIES
1S EEEBE TR 5, Lo~ T, %Bil, REENEPEREHEH LOX VY £— 4 ¥ PBIE
BZEohdXHIKHRHFZINT S,

ZoHLVERBIL BHA~eXI#ROC—7RDIRELMECLTHE05LT, £ XIHERE
WA T Do

) v s RROBENLIAERIL, BHBEEREW, 2V ) E— 2 Y FMBLUEREAITERS
h3d, ELTENH OB~ X BF BCEREREZRET S HCRBEEER LRSS HIRELC
DVTORESBEEEN L, Lihio T, WL D2hDR—MZIREDOP TRENICS, BAEL S G
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Soil sample —*—/ﬂ"‘/( i LT |
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Worm drive ————n 1 o :
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\ ) _____{:
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Fig. 1—6 Principles of operation of Imperial College — Norwegian Geotechnical

Institute ring shear apparatus (simplified section )
(Bishop, 19716))

ZLTEABUERE LT B EDPSERDIEBERAEIN %,
“BEEN on &+ VBB T AR EEEBE ETE—12amE LT,
THbHH 0 .
op =W/ (g —1y)

(1-7)
3 3
T =3M2n (13 —1;) (1-8)
Thwzi
ry + 1,
tang = & — oM ([1 +T2) = 0.395 (1-9)
an

2 2
2W (r1 + Iy +Ty)

fetil ry =20in
rz = 30 in

LZT, I, RENVENBRRBEAEKOAREAREZTRT,

ZORBERIL BEL VHERTAONIEEREDOLVRE-TVEDT, AESPREFIKED 3

BEOBRRICHODOTRIENIEIN T3,

Blue London Clay, brown London Clay, Weald Clay, Norwegian Clay % XU Cucaraha

Shale from Panama FOHEEHC OV TORRBHIN, OTTRRRINTH R SDRERHC

DNTOEREREDOT— 2 LBEHE X THRIN 5,
(4) Bjerrum OHE 10)

L, BEBHEZOLOOREIET 2ERIAK TE T, Skempton DFFE® s & Fik,

BEFHIMECET 2T XOOBBERAL LS L LD TH B,
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Bjerrum iC & 3 & 10.41) Skempton O Fi#Aid London Clay @ & 9 X HEHIEI T E 29/ ZVBE
#rt (FBEDOE S LTHOEN100~200mbl) DBAICRIOH ANV, BRPH T4,
TAYHEZAONIEBETHT (BLOBADLARS, HELFALABELRMULPILOSD)
hIRRET 2T~ TR, ¥ ORI K 2EHA~OERIEAGETHERBICERTRAEZRLT
B, TNRAKRDEHCHAT HT ENTE S,

BEEKTIRFig 1 — 1 ICGRTLHINBETERINS DT, Thichkis S BKL~FZIEI DB
FRIHEBERO R —VCB T 3 REELER T, Fig. 1 —TOXHCL->TNEEELbN5,

X7, Fig. 1 ~TOAI~BOBBDANELTBIELENTHRS, BIBRIRY GUEFNRT—
L) Kbt TAEBHEAZE T A2 ED S, £OMICKHINTICIE £« DY BLENIE(LE
UBo 1o Aid, IR FOEMAICBOTHEYORERETO—HSEMMEL THIZL »2&& I L,
R4 hiCiE R L TO I LN E SR FOEMAREEL T A vF—va VMERZBCTLV- 1
EOBEADBMNEL Z GWEFE TR, cho>DIERAZMRIL THIRIEA (Diagenesis) EFATY
%),

@ A
Sedimentation
2 Secondary consolidation
2 | ¢ Clay with no . )
§ diagenetic bonds Diagenesis
P, ...
% C Critical pressure
= Ir ovserved on undisturbed
= samples
B \\
Clay with diagenetic bonds \\\\
AN
AX
\
AN\
Effective vertical stress (log scale)
® 7
e
<
S
3 prag
B
b= -~ Pc
w
L
S
= Clay with no diagenetic bonds
2 Clay with diagenetic bonds
L C
s pB
m
/A

Effective vertical stress

. 10
Fig. 1 —7 Geological history of overconsolidated clay (Bjerrum, 1968 ))
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ZOXIBIERORKE, MINFBIKENLEEHIBEL S, 20O HERERKICIIFig, 1-T0
BRB~COLH Yy v FIBRELED LT, ERMB~DDLHWHMBEILE > THCE TR YT
DERBEEANSZRITEIS, BEDOEICDRBEIAINVF-LLTEBEEM TP ICELAYON
% (Bjerrum i3Z#1% “Locked— in energy’ &FATZ)o BILDOHETEESICIDT R F—
BREINZDT, LB EL, 20BRETIHBTIAMARBLEBEI@®IAE T3, TOHRII,
Skempton®) O E 3 HEMRBAERIC & 5T XOEORBEHE » TETHRE D 2RET 5,

1—3 ZHEOAR

BREREEZRNLHICR, BEOY-/EE2AY, « /MBEAE UBRoOKREMICHT 3iEHL%E
BETx5E8BBUNEL AN DS,

COFELY ICAZDDELT, 2V ) v AR TH 30, #HEAKDIERBOTHLOVDOT, €~
W IC L 2—H € Y WRBET b0 5, COBALEREEEICHET 2 TR ETROMESNER
MEBRXKELBIZDT, #EL—H & /KEAB (Reversal shear test) iC & 2 FEMSHEHOONS
(SmmMm&“BO%nm,~ﬁ@wk§&%¢Uéﬁt&mi?ﬁ%ﬁ@ﬁﬁifﬁb.mmﬁﬁ
POBUBILTNOEC OO T VA AELBRET,

L LZoBEBRFETR, $X0VELOMERNTFOFAUSER LD H-UREMRT 20T, —HHIC
B LINFDLORI2TROECHTIRNTHIBREBRELRDEZ LR, BRECE->TH#LL,

AV VD1 DTHBY) VSV iEEIR TOEBZOLOOMELBESETLLL, KK
HENEEEEERT 20 TRINE, ABROMBERMENEL BAEMILH S, XoILENIT. BBHY
RIENEFOREL VP OEBHFRNOREERE V-2 LHBAEZAELTV S,

CNODRELBRETEILIHIRHEHFINIH LV Y v/ & VBB (New ring shear apparatus)
ﬁ%%éﬂ??&%ﬁ”btﬁﬁ@ﬂﬁ&ﬁﬁﬁﬂﬁ%ﬁmﬁénTW5&ifééo(&ﬁ(lWS)
##IBishopHDRing shear apparatus D RFEZBEL, ZBbhTH o4, BEL2, 3 OMEE
RWH5,)

LERDEIBREL € VP REMNEE L5 VAR OB EBICHL, &I, 4FTo
HELZEBICLTRDO2 2DFELEEZ 12
@ RECHRINILTNODELCR > T VEBBRB 20 THNiT, FHRBICA - kOB H
BeXIDKXIZrboT—EHEMETIZTTH3, COLBEBET IRARBRIELLT, F
BIh2 e vEBEEOAE T OB INA L THEEE, PEBETERBOTNOEKE > TR L—
zm@ﬁfé%;am&ﬁ3nttzr/%mwf_ﬁEﬁﬁﬁ%ﬁnvo%Lt%@&ﬁﬁmmﬂﬂ
Wik -TRERESRETS (32", 3-3'),
® BEBENLTREIBECEI-Tr~cHBRBEAENL, Fitr—70MBETORDOT~¢
BHROHRIBEREDOKSE SEELLTOACECHELT, 7~ BEOHAEHEL. (2-3),

BE OB TIRT ~cMBETELIL->TL 20T, BEBLBET 2BA v ~ ¢ i
RABMAERT LR OVTERAREZTIES LA 7 ~0 DEEHICONVTHEREMA TS (4

22 43,

¥ /- Skempton BEiC & - T, BELOBEEK T TH2EBRBREE () OBRMEREEZRYD (2 —
22y, EMOH S~ D EFOLTRITICER L, BT <0 MBEED —B i L (52,
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0 — U ERRC L SREREDRE
9 —1 FXHhe&E

MBI R BB L, BEENSEL U IREFEORTIHEIC AR LANE V5,
Skempton™ ~5 1 ER, TEMTCETHBEESEARILOBAEBATEC EEELL, B,
REBTHoN577 b=y 2 CENE (BRSBE AENEELTED, BEBRECELTNST
C et iz 5%, L LBRERECHOTHEISED 5N 3R EDKENEEL 5+ VERERI
WEETABOATE Y, LREORILER LBEAEOBGCHET 2R HWTH B, LIt
5T TROBHEOFRKILRE EBET~VEL LsaR58E "%, o8&+ 50T
Skempton #iC & 5 RHRE L + VERR AT 150, BEBREERDE (2-2)

FrHT <DL BCBERML) CENTIR, C— s RELBS5Le X318 (—FHeviic
B BKFEAPSHEMICE G 28 X3) OEMEL bitt VBB HRBAT 3. 2 LTHk0S
1 BABEC L > Te VB A~ X3 (t~e) BBOEATILLTED, -7 DME (ef, 75)
EXDHD T~ HBOHRBBEERE 1, ORZFICEHRTILITH S, L-»T, T ~cthiip®
FOTRAEM, BUSHRELE@ TN o AHETES (2 -3),

2—2 Skempton HI-& 3 MEBKILEE ORERE

2-2-1 BREREOHRSEESEKILER

BEEFHEZHLBOOREREB « Y MIBEEOEENSL ONLIDAEST, IR THEEAH
e viiran T3 (Photo. 2-2~1) , N 6DEABIZPhoto.2-2 -2, 2-2-3 ERT XD ICH
WEOEN AR L T 3o Lictio T, BEHHOT D ERONSOCEL, BEORELLFE

Photo. 2—2—1 Natural joint ( Teruya, Photo. 2—2—-2 Slickenside of ship Plane
Haebaru— son ) of softened mudstone
(Landslide at Takara,
Kochinda — son )

Bl D eXI3 e VRAOEREIN T EKEEMOEETRIND, —Ht VIiICKL 3 & VBB
HREMICEL>TEZONZ DT, HAKBSOMBICXAMBELERILYD, BH~EABRE—BH
REFRETH2P, ZHERIBRERORARSHRORXTROELI LI T B0, Y £6” ORY
Y X" 2F0T,
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DGR L > THT D ICHT 2 RLFIZFHERI
B 135%,

TBREREMTEOMT NDERME VDR S
BECROTNIERICNTOEKR RERAKE
BHPERBOFAM) BEET 2, £LTECOD
HTEKBTHOMEGERET 5720, RBEKUR
BRREKECK > TREDLIRILEZ T, &
LEHRE BT,

RILOTTAKMT~ORE S, BREES OB
WREBICH MO T~ VR E OB LHE i
BOT, BT SO0 EEABRERICL 2L, © Photo. 2—2—3 Fully -polished slicken-
YEARY, AIET2T~42cm, ®%ET5~8cm& side (Teruya, Haebaru—
BoTHY, RILRRIT L 2BEBETHHEETHS, son)

(Table2—2—-1),

Table 2—2—1 Softened condition of Shimajiri mudstone

Condition Sof tened Non— sof tened
Takara, Kochinda—son Takara, Kochinda—son
Place Yonabaru—Tekku, Yonabaru— cho Gishi, Kochinda—son

Gibo, Tomigusuku-—son

Depth from G. S. L. 150 200 150 200
(em)
content (%)
Hardness (mm) * 10—21 11 — 26 25— 31 31 — 33
Penetration (cm) ** 30—40 27 — 42 8—-10 7— 8
* By Yamanaka-—shiki ** By Drive—it—gun

BREAMT D EEMET v 7T D iTHB
T TROERELHAMBEMOIDIKTF APy b
ZHEHI U fce BEMA OB E IR Fig. 2—-2—1
KRT LD, BRE LB OMiIcEaKkD
ZARLEE (E%+ %5 50t (Photo. 2
—2—4) IHLICERMAMT NOME TII LR X
D 2.5 mEEOEREBE ICETHME & FTICE -
TW3EE (T0) BEE N7 (Photo. 2 —2
—2) o HRILBEROTHANCIZNIZERRIK
VS, TR LEBE L SIFHE & S -> T 5B

Fig. 2 —2—1 CREMECEES L HEGHEH Photo. 2 —2 —4 Fully —softened
TLLTH 3, disturbed clay
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Depth from G.S.L

Colluvial deposit

Weathered soil

Thin layer of fully-

softened disturbed
clay

Softened mudstone [

Slickenside

Softened mudstone [I

/

Fig. 2—2—1 A profile and soil

(cm)
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180
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220
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Tt
(g/cid)
1.868

1.809

1.819

1.710
1.797

1.910

d
(8 /end)
1.409

1.280

1.298

1.091
1.236

1.434

Wn
(%)
32.6

41.4

40.1

56.8
454

33.7

LL
(%)
62.0

70.7

71.0

62.9
580

55.0

properties after sliding

(a) Landslide at Takara, Kochinda—son

Depth from G.S.L 7¢
(em) (£/cnd) (& /)

Colluvial deposit

Thin layer of fully-
softened disturbed
clay

Softened mudstone |

Softened mudstone [[

Fig.2—-2-—1

50

90

150

180

200

1.750

1.836

1.906

Td

1.241

1.355

1.444

Wn

(%)

41.3

358.5

46.0

32.7

LL
(%)

60.5

60.5

59.5

58.6

Continued from Fig. 2 —2—1 (a)

(b) Landslide at Yonabaru— Tekku, Yonabaru—cho

PL  Gs
(%)

27.5  2.790
310 2774
30.4 2816
27.1 2.784
26.1 2752
27.5 2760
PL  Gs
(%)

24.4 2.760
24.0 2750
245 2770
24.6 2754

0.980

1.167

1.169

1.227
1.227

0.925

1.224

1.030

0.907

Sy
(%)
92.8

98.4

96.6

100
100

100

Sy
(%)

93.1

94.8

100
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2-2-2 ERIKER
(1) FREIREORIREL « v Hims " 15%)
1) &k ERBRFE
BB 15 ~25 mitEOKILEEZ, FAKEERL>>"%, 20~30cn Hictit LERL, F%
FIBREBAE (BEE) CPTICL YHIENC 2E51C, EE6cn &S 2cmdMEHICRE LI,
BEEPHRICHITOEEELT, RBIKBE—E ¢ VIFRRBEE A Lo 2 7 Skempton
ORAMEDORMEE BT 2 BE it -7, MEL« VEET - TRBREE R ¢ OE
B+ VBiKFEME8mT, « YHE EORY +KESTIMRT 555+ YWEES vs = 00077
mm/min & U7z,
2) # B
@ 140y ~D MK 5MET v 7 (SHEED . Fik EBAD , BE CGRRAYH) mpa
T OFBEBEC OO TOREL € VAR EREE Fig. 2—2—-21KRd, 5H+« ETacd
LT YW 7 RI—EBRRNAT IO TRRELBRERESL L, Rbobh 3L 5o E
T BHIKERMD =1 ~2mTREEE— 7 (E— 7 8E) ART. 2 ALUBTIRDEHIC ©— 228
Boh /&M Litd 205, 5E+« /HTiRIZIIZELE . COBRETIIPhoto. 2—2—-5DL5iC 4 ¥
MR EOTERR S ., SALOSHER Sh iz,
HREESN op = 3.0ke /chiCBVTERET » 7 (2) EEBBEZAL C— I REARL, B
ROBROBEVEETRT. Chid, EEBRIENPy pAkE SN E— Z/EKRBRL TS EEB PR S,

20
1.8}
1.6}
1.4

1.2
1.0 On =10 (kg/(:ﬂ“

0.8
0.6
0.4
0.2
0 N

0246802460246 02460246

(a} Yonabaru (2)

9 /dy

On =20 (K&/uh)

[

0
024680246024602460246

d/0n

op = 3.0 (X&/erl)

™ /dp
IS
>

o

02 468 0246024602486 072486
D (mm)

Fig. 2—2—2 Shear stress—displacement curves for intact softened
mudstone for different value of nomal stress.
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(b) Yonabaru (2)

0.87

s 0.6} on = 4.0 (&)

o

S 04}
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0% S e 0 A6 02 460246

06 N 0n =50 (Keri)
S 0.4 —
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0246802460246 02460246
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0.2 { ( { f
3
& o e P P s

0 2 4 6 8 024 6 0246 0246 024F¢6
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2.21
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1.8 H
1.6
1.4
g 1.2 on = 1.0 (K&/i)
S 10
= 0.8
0.6
0.4}
0.2¢
ol o o N B —
024680246024602460246
1.27
1.0'
\2(())2 On =2.0 (K&/et)
0.4 ,
0.2
0
024680246024602460246
1.0T
0.8V
\§ O'GN On =230 (X8/cnf)
S 0.4 /’“" [_—
0.2} r {
0

024680246024602460246
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(d) Tamagusuku

0.8
< 06 On=40 (&)
S 04
& 0.2 [\ [; ( (
0

024680246024602460246
0.8

0.6 On =50 (K&/uf)
0.4

Sttt sl il o

024680246024602460246

’

T™d/0n

(]

on = 6.0 (%8/cit)

(Y Y Bl b

00246&%0246024602460246
D (mm)

Td/dy

1.8
167
14
1.2
1.0

0.8 =10 (%€/e)
0.6

0.4}
0.2}
024680246024602460246

0.8}
o.e(k\__ 0n =30 (X&/i)
0 A A

024 680246024605 460

(e} Takara

’

rd/an

o

Tq/0n
o
=N

On =50 (K&/cnf)

£ S S S S e

024680246024602460246
D (mm)
Fig. 2—2—2 Continued from Fig. 2—-2—2(c)

I

Td/on
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® rtq~0 B REBRELEVHOY-7
HEBEETSay FLICOMFig. 2—-2—-3Th
3o CHIERKILEDRIEZ5MERT v 7 AT~
DREEE (1) EEL5m, (2 EE20m) K
SVTHELIESDTH b E— 7 BERIJEEEL
HEERT, BEFK LG OMMHRERTH, &K
fboRE (pPy ORI CE-TEL RN L, BRER
BERR ICH T H 0, = 0~1.5kg /cdDREAT 74p 139
DA E I BY, HFHOBEEEEL, Townsend
5% cotv, BEEIABBENOK. CRRE

Photo. 2—2—5 Cross— section of speci-

BOBRIKC BV TORABTH S, = 7RED
B ME~OE FRERT 7 ) biss ek
(< lp =46 %, (2T Ip =64% (o = 20kg/
cfDBE) ERT,

shearing

men after fifth— time

Fig. 2—2 —ARERABIC OV TORREERT, [B=T0%L7% by, BT VOBEBTBALN L.
ROBRREK S BDETELSE, RILEOEATHEOHLVEERE Ip BAREL1L5,

Peak Cdf =0.2

df = 28° .-~
ddf 7Y (1) samples

Py =88 ("84

-

g (*8/ct)

Residual Cdr = 0.14
0 gdr = 17°

-
—
-

y (2) samples

Peak Cdf =155

~ 3 =19° py =12.0 (%)
B
Y
=4
- 2
N /
/
1 -
Residual Cdr =
¢dr = 18°
0 ] ] ] ] | ] | 1
0 1 2 3 4 5 6 7 8

oy (%&/c)

Fig. 2—2—3 Shear strength of intact softened mudstone from
Yonabaru— Tekku
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Fig.

Py =100 (%)

Peak Cdf=112
édf = 22°

Residual C4qr =0
¢dr = 19°

0 | 1 1 1 | 1 1

0 2 3 4 5 & %
on (%8/)

2—2~—4 Shear strength of intact softened mudstone from Tomigusuku

© e~PHiEE— 7 « BHBEDEFE

Fig. 2-2-5i3, BRHAAM IRV LD~ L BB %RE DK, EERBERDe ~Piig s &
URERMMEOEREE « VAR ER SRS, EEEH & + v WTRE OBIRE B~ ZRICTIIE DK
TEECBEFREICS 20, ERETRECHIDICL T, RUESIBZAF 4T BLENDZ, T
ubbh eﬁ!bﬂ%ﬁbiiﬁﬂé%‘@ﬁ%oﬂrmﬁmc;s5#3{&83@@5@73%&6&55@&;ctaz‘/
WHEII RIS 2, RERMAAMZHESEO LS5« VIR ICE®, BREHGHTEENKT T3 T
E#ET2HER3EBHHERCH L CTEEFEZEDRIEICS 2 TeH—BANICHER TR T 3,

Fig.2-2-5B\Ta ARERAR OEERRRIENERL, Py =103kg /el Tk 2, BEF R

1.0
0.9
v

0.8

0.7

Fig.

e -P curve

3 \-\ Normally- consolidation
—
o Over- consolidation aT -,

—~—O—
Py = 10.4 (K8/4mp)

C - — -/
Peak Cdf =120 -7

- e = Residual Cdr =0
” ¢dr = 17° i

1 1 1 1 /] 1 1 1 L Lo 1 1 1 1

0 2 4 6 8 10 12 14

n, P (")

2—2-5 Consolidation characteristics and shear strength of intact
mudstone and fully —softened disturbed clay from Takara
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BT Em s BEEREBEAERL, oy 5Py IGE S RONTHMIP B PPICT Bo ONf = 23°
m%&ﬁﬁ%immﬁ&%tyﬁﬁﬁﬁﬁée—7ﬁfﬁﬂbt6®fib,¢m=lym1@tv%
DEfE (D= 8m) TEE L b0 THHH, Skempton #1977 D HR L 1RLRIKL O
Vﬁﬁﬁ&@&,Eﬁ@ﬁ%ﬁﬁi&¢&=1Tib§&ﬁk%wtﬁ5o

2 HRHBEDOE Hows' SO

1) R EABRBE

— T~ RS (Fhl) BRETHON
ZREOHEE (HES) 205 ~2.0 mEE
O VK HESRD SN, £ LT/ YEIC
B 2L BBREORENLT D TIR—REIC
Watter filmDRENE L Sh, KOEEIRWER
< &7 (Photo.2—2-6)o ZCTHHEEL
MR A NLA R, TOEICRKTESL LD
CEEARE U TRBRET - 70, HEERIE
BORBEREL SER LI DTH %o

2) % R -
CHRBSEESESCRE L TROERE Photo. 2—2—6 Joint surface after
2 VIO T, bE¥hRE— 7HBOR—EMBE~ slump (Tokashiki, Tomigusuku—

son)

RiA$ 3. 0p=03~15ks chdict 35
tq ~DEFR L AMEREFig. 2—2-6, 2 —2-1
CRT . BHREER dar = 17° 2 FRETRE OB
ﬂbtyﬁmxéﬁﬁ¢¢=1w;b-&&mé<m5ﬁ.BmMmmi”%mm:qayxngg
. Ok ICHNRICE D PETRABEC ST ABREREHXENTH B BN L,

0.6}
on =15 (&)
0.5}
%0_4 | 1,2
~
2 0.9
~ 0.3
S
0.6
0.2 0.52
0.1 0.3
» 1 1 [
00 1 2 3 4
D (mm)

Fig. 2—2—6 Shear stress—displacement curves for natural joints from
Tamagusuku
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.06 Peak Cdf=0
;? ¢df=2q”
< 03 ““Residual Cdr =0.02
N ¢dr =17°
0 i i 1 N I\ " i " i
0 03 06 09 12 15

on (%8 /i)
Fig.2—-2—-7 Residual strength along natural joints from Tamagusuku
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KERRA 7 HBERICENT LA~ 655 L HESNTO 20 ™), KERTHE, « VIEEH 5 DY)
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Fig. 2—2—8 Shear stress—displacement curves for pre—cut planes
of specimen from Yonabaru — Tekku
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2
- Residual Cdr=0
5 pdr=15°
o1
o

-

dn (8 /et)

Fig.2—-2-9 Residual strength along pre —cut planes of specimen
from Yonabaru-Tekku

4) = vBEELRERE

ﬁ&ﬁmﬁémwtvn=zOM/dwbtfﬁmetﬁﬁﬁianﬁ%w;5a,:étVﬁﬁE
Vg et L TR BE T, £ 70y FLIHBA, Fig. 2-2-10RT LT, Vs N & BB
T M ICFETS BEADY ¥ KE bW T 20 £ L TRERIICRBBAO LA 0 YV -BABFILNLS
FPBRRERBEREL—RT I, C- / REREBCHTHBOREMNS VLD, B
RERETH, SBED« /MEER Vs =0.0077m,/min T+53& YK CEL T 5, 135Bishop
%6) DFfF 15 »7zNew ring shear tests KBV TH, B SEEA R 5D Vs =0.0076 mm,/min %
FERAL, AEEY FKEBTIEETEIELTY S,

0.58
Pre- cut plane of specimen

. 056} on =20 (X/t)
3
%g 0.54}
o v'!'u =Tr o o—
" o0.52F

0.50 " 2 ' . 1 1 1 P TN I g - |
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Fig. 2—2—10 Relation between ultimate shear strength and rate of shear

2-2-3 % -4

@ I~y BE 7Y bade Ip & o) ORIICH Bishop %5 DR & RS th #4288 5 55
5. Ip RERKOEBBRIGH Py Ok 2 (REOKILE) FEERBL, o =1~ Ske/cdO®
B8 0 j5 17 R 80 ~50 B AT F TIET T 5 (Fig. 2—2—11),
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§§ O Yonabaru (2)
8ok \‘3 ® Tamagusuku
@ A Takara
]
60
40p
20 i 1 1 ' 1
0 -1 2 3 4 5

On (X8 /cnf )

Fig. 2-2-11 Variation in brittleness index with ar’1 for softened mudstone

® Ip~Py/o; BE BREMKILRECSOT 3P, o) O Ip=442 log Py/ o,

+ 325 DBRGRAMK DD (Fig. 2-2-12),

—RICBEELNp RERBEICET 3 BAEELE (EITEND) LHYBABHOLTEDENS
v, EEEBROe ~ PHiRD» 51 o 3EERRGH Pyid, ZoRBURLEBAKEEC LT 384
RBROERTENL DR OVNEBEbNE, bbBA, BRMREESOBRRIETENICL 3ERREL

O, EREKHORIICH ! SRR 1 X2 b DI Tl Ls,

L7cds-> T, ﬁkd)e~P%ﬁ1‘)>6iBH%E%ﬁﬂtmﬂ’&%ﬁ.ﬂﬁﬁd)ﬁﬁEﬁc‘:’}f.t'i'c ERE
HTREWV, €L T+ YHREEENCIEERRIENER KL TV boLlrrw Np dFFR

B, Py/oy & OBFHERL 72,
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Fig. 2-2-12 Relation between brittleness index and Py/ on
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©® T4/ % ~an BAGR ﬁﬁﬁmmﬁmcm\ﬂmkawo&ﬁ%ﬁﬁr& BLONBDT,
4 14 =Cdr + 0y tan dgr & Cdr==0 25 rd4r/0n =tan ¢dr £ LT, op &OBFRER~I, Fig
2—-2—13 i€ &% & Bishop % 6) & Noble®® & Rk, an—1~2k9/cﬁ0)ﬁﬁffﬁlﬁﬁ’/’lﬁ%7ﬁ?o
» L Townsend % 8)izrrzs, TDTdr/On ~ On HROKERKICIIBERDHY, ddr B oy, DA
LR C—E THHELTVACE, BLUEBHOT <DL TIRCA =0 OBKICEY, %
AEAEBAENTREREER Cdr & dar TRE L (Fig. 2—2-3~2-2-5),

0.81
O Yonabaru (2)
® Tamagusuku
- 0.6 A Takara
‘g: o Pre-cut plane of (2)
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on (kg/cd)

Fig- 2—2—13 Variation in residual strength 0;1 for softened mudstone
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o, ULAKIRFOAEROEMICONTRD THEARIKSH 2 LbN %, WEBFRERSE O
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Fig. 2 —2 —14 Decrease in ¢r with increasing clay fraction.
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© ctaf /o0 ~Py/oq B BEBHLO C— 2 HRE ra ABILEICE - TEILT B 0T,
Tdf/%n & Py/ o OBFERHBREIC 7D 5 kL, Simons™ ORSR &R L i,

R ORI Olso Clay LFMPy /on oMM & bIMAT BMAETRTH, t4r/0) 13 Weald
Clay ®#London Clay O#8 iTE 0, FAXNBEICEOTIZEACERBEERT LS TH 2,

18
23w MEH~EXREEORE" 20
2-3-1 VWS A~ E X 3 i CRE B O Yonabaru (2)
MERHETIC 50T + VIFRBEFS &, Fig, e Tamagusuka

2-3-1, 2-3-2iLRT &5 ~e BB A L5 & Takara
SN 5. BEFHNp AR B LHME XL &
BNSBY, -7 BFriiRKEL 03, £

Lre—a%ﬁgaa,ﬁgﬁr%ﬁcu,g%-g
HiCRBREE Ty KRNAT 5. LicttoT, 3 200
T~ eBMERILT B LTk T, WETME
REROKRERD SREATHIA ST E X 3
(BED ICET 2 7, OWENTE 3, 0.5F
0 1 1 A bt aal J
1 2 3 5 10 20

Py/dn

Fig. 2—2—15 Relation between 4./},
and Py/o,

L2 Uchiyamada clay o¢=0.6 (kg /cd)

T (kg /cif)

0.4
i 12 1 1 ] 2 1

2 4 6 8 10 D (mm)

5 10 15 e (%)

Fig. 2—3—1 Variation of the relationship between r and ¢ with the change
of overconsolidation ratio.
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Ariake clay Np= 10

L0 0=0.7 (kg /cf)

t (kg/cd)

0 L. 1 1 1

—
D
2 4 6 8 10£E£?
5 10 15

Fig. 2—3—2 Variation of the relationship between r and ¢ with the change

of preconsolidation stress and normal stress keeping the overcon-
solidation ratio constant.

1) Bt vBRiCE 286
Hike v obETIE, BEBHIBYHEHELTERL, BEOLVA Y —RMNITy=0L135,
2nwi, »23—EREFLNp OtERHCENT, K&EQE X3 IR T ARKEEREREEE S

—K T2, LichiaT, E—7LlfDr ~ctiMERDLTRELT (4 -2-10) ABELSNEDT
(4—28R) EWevE @K Tk (2-3-1) ABEIL S5,

brar™s € (e —p)” (2-3-1)
(E—Ef)2+b

Td =

WA RHZ
E=¢€fDEE TY=T4f =Tf
€E=00 P&EE Tg=74dr =7r =VC

(2-3-2)
BEEHERAVT (2-3-1) 2&b#d, ROXHCNL B,
Coulomb D#R#E T
Taf =Cas + 0
daf df oltan ¢df} (2—3-3)
Tdr =Cdr + 0 tan ¢4

THHEM5, (2-3—-1)13(2-3-3) &V
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Td:\/b (Cdf +0'tan @gr )2+ (Car + 0'tan bgr ) 2 (e — g ) 2
(e — ef)2 +b
L35, ZCT, bRIMBIUNp KL -THRE ZEH
2 RFExVBERICLZEBE
REABROBE S EPRBICBD 3FELARCTEbO, t°—9ﬁﬁrfq$xvﬁﬂ&§ﬁﬁfuqli
Zheh
Tfq = Cfq +dtan $1q
Tuq = Cuq +0tan $yuq (2-3-5)
13, T, ol3®EHTH S,
CORERED CRPREAMTE T 37-0 CIIBNHRIC L SRMEXTRONENS S,
1) e vMidEs « Y IHEEOMG
Cameegmm;miﬂE%MiﬂmmLTW5ﬁQ.#ﬁmﬁfufmﬁﬁﬁﬁﬁmﬁﬁm
N UTEUNIC—REMERL, RETEDINS, (Fig.2—-3-3),

(2-3-4)

d = (rg—1¢)/(log t—logty) (2-3-6)
Pa =G/15 L8 &
Tt =Tqy [l‘pa log (t /ta) ) (2~-3-17)

TZTT paidladns—BOEHEKT, ,aaaoam'eas:spbmrbe:-tb;cﬁm:a“abof.
q =02« 1y =pp +1p
FTbb
Pb="Pa (t3/ 1) =p3/ (1 —pylog (tp /ta)) (2-3-8)

T T
a b te

ta tb t
log t

Fig. 2—3—3 Variation in strength with test duration for a saturated clay
in the range of undlrzzsined condition (by Casagrande, A. and
Wilson, S. D., 19497).

2) ©— 7L BRE AR
—MEERPLZ o 22 MUET 13, W ODORERAD 5L 5. THDE
r'=ce+r¢+rd (2-3-9)
TLT, Ce id, AMMBALS MUES culrvroy—Ksa cyom) , Bt HicsTid
Cv=0L7BDT Ce = CudP®MYILDe 743, HHBEMRS, Hvorslev it kil Us ick-TH 3
VEBEn R DoT, Ts RKTRENEEET 3.
T4 EXITANF-RS, Us NS BBRONTRT B,

(2-3-9) @r'%x;kzv#—’-—ﬁmb'c (tzt'—rd)
T=Ce+r1y (2-3-10)
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£% 2. (2—3-10) i3, QEe / HABERDO C— 7 SLURMRBEICHLT, (2-3-5) 0
&AL B, 12120, ﬁf!&ﬁﬁﬁf’:ﬂ%&fi67(%&2?&6&’5'«\1@5!’4 VA VY- BRBRENBDT, T
FNF—HBIEDOLEHNITN,

BBE5ZoNT Vs ICHT ZRE D OERD © VWEE Vst ICHT 2REEHET 270>, 728
Vs DM EELC—REEBFRICHIEL, (2 -3-6) REAV 5,

E— 7 BERRLT

df = (rg—7gp) /log (Vs1/ Vs2) (2-3-11)
BkEBEILT

qy=(ryy —Tyg) log (Vsy/ Vsp) (2-3-12)

CCT. T4 s R BEV2 I ERHUERICTE ZREAT, B UAIMEE 7+ VUTEE Us)
Vs EHT 3D
IR Ty e VUGB IC S > TRE SRV LRELTNZDT,
Tof1 = Tofe = Tof
BERD LD, LizctinT, (2-3-11) &2
e ={ Cep +rg) — (Cp +7ge) }/log (Vs1/ s2)

= (Cfy — Cfg ) /log (VUs1 / Usz) (2-3-13)
FTROLL
Cgy = Cfy — s log (Us1/ Vs2)
cgy {1 —pf log (Vsy/ Us2) (2-3-14)

CTTo i (2-3—1T) Dy LAKT, o =4g/Cp RHC (2-3-12) KHLTH
pu] =du/ Cul tﬁ”%o
LiedinT, EEO & VEEE st KN T 2 ©— 7 HE B L CRKMRE O E IR,

Cit = Cfy {1 -0, log (Vg Ust) } (2—-3-15)

Cut = Cuy { 1 — 0y, log (Vg Ust) } (2-3-16)
(2—-3-10), (2—3-—-15) XU (2-3-16) &b

T = Cfp + T4 . (2-3-17)

Tut = Cut * Tgu ’ ' (2—-3-18)

Vst 2N 150, Hike ARBRICESHA, (2-3—17) XU (2-3-18) BEoY

— yRE L BRERELEKT 5, COLE, Cy=0M1DT, Cft==Cgf» Cut > Cuy = Cdr £ %o
R, - /RESIVBREBERIRRATREINDG L LKL,

Tdf = Cdf * Tgf (2—-3-19)

Tdar = Cdr + Tgr (2-3-20)

2-3-2 £ R

hE—E 4 MR R O BETREC LR EoR € V8 (Us=001%/min) &2&
v HiERER (Ds = 0.62%,/min) 2773 - 2o & 5ICSkempton & &R T 2 70 ORIE L =V BTEER
LBEEN LD« VHTICE T 2RARICB T 2EBROITE -~ 1o

Sk E LTHLmRSE S AL EEA L (Table 2—3— 1), MM &HFER—ICT 27HalR
SR L, BEEENS—EICEEEIC L. ELTHEDRTEEHEP Db L THAKEZEEL,
FREDERHEBN DL ETTIERIETHL S VK LT




HER . MIoBRESERECET IHE 211

Table 2—3—1 Soil properties.

LL PL PI  Clay frac. ¢
Sample G, C. for o=1
%> (% (%> (%> (kg om?)
Uchiyamada clay 2.672 59.7 29.0 30.7 36.3 0.209 0.766
Ariake clay 2.665 94.3 42.0 52.3 43.0 0.717  2.218
2—3-2 BRIER
1) 7 B&Ury & Vs OBF
0.91 =
Fo=140 (kg cil) 0=0.7

//a=o.s
—_

% 0.6 |-

3 wi=102%) We=1K 503
I e NS . Sy ¢

& _o__..__o-—-—-——“‘”g; 106(%) W= 80(%)

e

0'3 - //Aa=0.l
3

0 4411 1 1 Lt 1iil 1 1 Lt 1 ii1)
0.01 0.1 1.0
Vs (%,/min)

Fig. 2—3—4 Relationship between the peak strength (r¢) and the shear
speed (vs) obtained with direct shear tests on Ariake clay
(7¢ varies linearly with log g ),

0.9’"
B8 ooi
= ag=
0 =3} a=0s
~ O
B Y e —e—— " 50 g5
N . BE=40 0=105
P E=20 0=05
= E=40 0=0.8
- =20 0=03
[ //o °=-4'0 0=0.1
T //
i1 441l 1 41 4 11111 | L1 il 111l 1 J
0.01 0.1 1o

g (%/min)

Fig. 2—3—5 Variation in the final strength (7y) with the shear speed
on Uchiyamada clay.
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Fig. 2—3 —4iCEBLIc B B 1f & Vs ORBRERERT . Po =40kg cd 0 =03kg/ cdD
B & log vy OMICH—REFMHD, (231D HMDILD. (Ut LB ITI2 O 3/ & ¢
BBEHB—ED Ty KIRNAT 3,) B, 0=01, 03, 05, 0.7kg cf IKHLT bRBIBHHS
L BDT, ThoOEROAEA ¥ LTdfay, = 0055054 50 3.

3 A ILER BT S, EBRIC (2—-3-11) BRI L, Gfay, =0.100 B2 5 5.

Fig. 2-3—5KRTEHIC, 1y &0 ORI SRBIBENRD L. AWRLE LUNILEKL
T 3 &R, nendfay, = 0024, 0062 &7 5,

PlLEDRR% Table 2—3—-2, 2—3-3iERYo

Table 2—3—2 q of Ariake clay.

P, (kg /cd) o (kg cit) Gr (kg/cf,/ % /min) 4y (kg el /% /min)
0.1 0.047 0.001
0.3 0.041 0.028
4.0 0.5 0.069 0.037
0.7 0.069 0.022
0.3* 0.050 0.032
average of ¢f and gy respectively 0.055 0.024

here ¢ =0.3%: sample of we=80 (%)
the others - sample of we=74 (%)

Table 2—3—3 4 of Uchiyamada clay.

P, (kg ci) o (kg./ ) df (kg /cf/ % /min)  §Gu Ckg/cd /% /min)
0.1 0.066 0.076
0.3 0.082 0.073
20 0.5 0.085 0.063
0.7 0.074 0.057
0.1 0.094 0.070
4.0 0.3 0.096 0.069
: 0.5 0.149 0.037
0.7 0.178 0.075
3.0 0.5 0.075 0.035
average value of ¢f, and g, respectively 0.100 0.062

2) T IEONT
Fig. 2—3—61 E— 7 BECET 2GBBETRT. BT, 14q 8LV 7¢f @ TNTHRE € VK,
B (HEK) e /BiCE->TAONhBE—~ 7ﬁE%T?°%Lfrﬁm.555xbntt/mﬁﬁvs
EZNICHIET ARE oy AECL, BEHRICIIBERTLI L LICL-> THENICRDLENZ L
— JREERT o
po & 2id, MILEREIREOTP, =20k /ol (Up £HF) OBE, BERTH 3 V51=0.620% Mmin
B LU Cs =0351 kg/cﬁ&ﬁﬂﬁ&'ﬁstﬁz =00115%/min 235 % Shiuid, Ris 2 RPABEHEHE

T2 SEHEKIR D SHEAKRICE D 2 BB HICHN T2 € VHEELEIKL, KEOBKERICE-T
Ri%ﬁfbég%nib%¢éwﬁEKHWTmtVﬁ¢.@V*KEﬂ?tﬂ%@f,ﬁﬁw
BIITEMOEEBRIIZEALIIN,
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T& B, £F 1 =log vg BED 5L 50 2FHARAfav.= 0.100 & Cpy 25 of; £K, KICENS
DfE%E (2—-3—15) IKRALTHENRS Cit = 0.178kg,/clZRE T 3,

TRERE S BRI - cEB s nn LRE LT 3P 0T, Usp i ©— 7 3B G ik 8
(rep~0) BYR Cit2BY, tiq~ o ARKBICH LTETREIdOABBETEL 5N 3,

L7ch3->T, Table 2-3—6CRT LS, BEMEDOBEILL 2 Tey DMENETER (Cfy—Crp)
/CHBU2 THEE49H LB, @HICLT, P, =40kg /o (Us E88F) TiE L2 8%, FH
WKL DPe =40kg off (Ay L) TRELZA0BICIZB,

Fig. 2 =3-TRHBVT, RERRERERMHREBEL TROONZ 74y = Cet +d'tan ¢gy B

BABRD> SEEX 5N 5 tdf = Cap + o'tan dgr FHB L1 BAUp B LU AL TRALY—FK LT

WB KRS, Us TRASERAICEIZNS SN 3,

0.8~  Uchiyamada clay Ariake clay
P, = 4.0 (kg c) gl Po =40 ke cd)
' /7
/7
0.6 /7
~ 0.6
T3
§ - 0.4
\—:‘/ (]
o 04
/ / -————-‘t‘ft
o —O0—1 0.2 r
/ fq d o rg¢f !
0.2 —““Wﬁ}
Tf
® T4 0 1 L .
0.2 0.4 0.6 0.8
0 L . k d d, o (kg/cih)
0.2 04 0.6 0.8
d, o (kg cd)
Fig. 2—3—6 Comparison of the peak strength (r¢), which is the corrected
value of a quick shear strength (7fq)» by time effect, with
a long term peak strength (7g).
Table 2—3—4 Shear strength of Ariake clay.
P, '] v, . Tee & Tdf Tee & 7du T3,
(kg/cm?) (kg/cm?) (%/min) (kg/cm?) (kg/cm?) (kg/cm?)
0.7750 0.319 0.159
0.1 0.0117 0.233 0.157 0-150
0.6125 0.517 0.377
40 0.3 0.0114 0.447 0. 329 0.256
0.5 0.6208 0.730 0.515 0.380
0.0112 0.609 0.450
0.6292 0.817 0.570
0.7 0.0115 0.698 0.532 0.482
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Table 2 —3—5 Shear strength of Uchiyamada clay.

P, ag Vs . qu tdf Tuq & Tdu T3r
(kg/cm?) (kg/cm?) (% /min) (kg/cm?) (kg/cm?) (kg/cm?)
0.6636 0.376 0.351
.160
0.1 0.0113 0.260 0.217 0.16
0.6610 0.560 0.511
.300
20 0.3 0.0116 0.416 0.383 0.3
’ 0.6609 0.680 0.601
0.5 0.0114 0.531 0.490 0.431
0.6500 0.727 0.699
0.7 0.0122 0.599 0.601 0.533
0.6523 0.461 0.310
0.1 0.0118 0.298 0.188 0.165
0.5738 0.616 0.420
4.0 s 0.0114 0.453 0.302 0.312
0.5 0.5640 0.812 0.544 0.464
0.0114 0.560 0.481
0.5462 0.985 0.721
0.7 0.0108 0.682 0.593 0.583

3) tp BDONT
Fig. 2—3—TKHVT, gy DERRIRPZBRERICOVTO g ~ el (2 -3 - 455
R o 5 BEBEIC L > TR 1. BHRRAERBRERE AV THE S 1 28R BE 7, EREHR
& ->THELTAONAWE 1y LEGH 0 DBRERT. 2L Tryr RERMBRE LY BRI
BOT3EAED T~ MROBKRELBREBEL L2 bDTH S, 5%, Table 2-3-TIRT &5

0.8 Uchiyamada clay Ariake clay
P, =40 (kg /cd) 06 P, =40 (kg/cif)
0.6 - ~
S 3
B & 0.4
AN )
S 04 .
s (3]
=]
- 0.2 e
0.2F o~ ———Tut //Q ® Tdaofr
A T A T
L/ ® %du T, 3r
A T 0 1 1 1 —d
8r 0.2 0.4 0.6 0.8
1 1 [} - |
0 0.2 0.4 0.6 0.8 o, o (kg/c)

o', o (kg/cd)

Fig. 2—3—7 Comparison of the residual strength (ty ), which is the
corrected value of the quick shear strength (tu ) by time
effect, with the long term residual strength (tus) and with

the final shear strength (rgr) of 3rd shear in a reversal shear
test.
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T, REDRICLEBELT U - 1080, BEEEOKE HETR (Curt —Cut )/ cu1iBUTH &
Z34%, Ui TBEEATH, L TAL TizELE32 BITIE 5,

UEDESiCLTA BN ety Ty BE U r3r 1L LIclBa, Tyt &tquid BEAS—KLT
NS0, T REFLD I ~1THBENI, TH5bD, EFEDOFH L Skempton ETK D SN 3B
HREOMIRIZ ty == 1qy > T4 OBFRS B,

Table 2 -3—6 Parameters of the .peak strength (Influence of rheological
component ).

P, Caf C
Sample (kg/cm?) & (kg/cm?) én (kg/em?)
. 2.0 29°50' 0.221 30°27 0.351
Uch ada cla
\yamada clay 4.0 390 0.250 41°50' 0.363
Ariake clay 4.0 3744 0.173 41°25 0.239
) ; v c
(min/%)  (%/miny  (%/min (kg/emsy  (Cn—CrD/Cpy
0.284 0.6215 0.0115 0.178 0.492
0.275 0.6215 0.0115 0.190 0.476
0.231 0.6261 0.0114 0.143 0.402

Table 2—3—7 Parameters of the residual strength (Influence of rheological
component ).

P ¢du Cdu dsr Cs Pur
SAPle  igjemn  —eah Giemn e kevim e
Uchiyamada 2.4 32°13 0.171 31°40 0.119 29°36’
clay 4.0 34°53 0.112 36°05 0.093 34°11
Ariake clay 4.0 31°55’ 0.118 29°45 0.088 34°25
Ca Pu1 ;’sl_ ;u_ Cut :C“—C.u)/
(kg/cm?) (min/%) (%/min) (%/min) (kg/cm2) Cu
0.314 0.196 0.6215 0.0115 0.207 0.340
0.228 0.270 0.6215 0.0115 0.121 0.468
0.129 0.186 0.6261 0.0114 0.087 0.324
2—4 © T U

TN DEME OF KIS DEERRIE /2Py = 10kg chBIRICH D, MEL€> WEBRER D
5E— 7 MEEMIICar = 120~155kg /ol dgf = 19~22° BREBEEKiZcgr =0, bqr =17
~19° OWAICH 5. &SI+ /IMBEEG+IREL - ARSME T Car =0, dgr =17° fER
DBE TR Car =0, dgr =15° L3, REKILMLOBE, ERET € HiCLt-T2 003 SNt
=23 SNr=19°ROMEI BT 304, LD HDOPA XU,

KILBRED T ) b AiEsid, o =1~5ke/chicH L k% [p=80~50%& 10, Py/on &
DBHTI [p = 44.210g Py 0y + 325 RO LD, 70 0) ~K1 5 0O BED & B 5B LR
Oxford Clay, Jari, Jackfield, London Clay D@BEZK+ &Kl LTwhacidbni,
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P
|  Upper \
,soil mass @ 7 -
L e
sl [ i
& r=const, |z,
7
- soil mass Strain At large
strain
(a) (B)

Fig.3—2—1 Idealized chart showing peak and residual strength
(A) Relative slip between two soil masses
(B) A full line : typical shear stress ~ strain curves in
overconsolidated clay
A broken line : shear stress ~ strain response between
clay surfaces like (A)

777777
(Al

//'/’/}i//y/;%,
(B)

Fig. 3—2—2 Principle of triaxial compression test and stresses on shear
plane
(A) In conventional triaxial compression test
(B) In special triaxial compression test using BB —loading

piston and specimen with pre—formed shear plane

! loading pston, b: pressure plate with ball bearing,

: ball bearing, d: top cap, e:. upper part of specimen,

: pre —formed shear plane, g: lower part of specimen,

. pedestal

o 0N
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BMeXIDBMEESICHNNENZRCT20, FBSERCET 3BHORE, « VINEROZIL.
BIRUTLR) - TOMERICLIZENHY, TNoiCHTEIBELCONTEERT 2, XD
EHERERIOZ SN VKIREL C— JHEE LT,

COKBRI=MEMAREBLFALTITRLICEELLDT, ER+ VIE F FRoHREOES
BB PEESNEDO T T OBERMNIRET, £ 3 X5 CREL 7,

Ptk o~THEid, E®d =35m, H&h=80m& L7 £LTFig.3—2-2KRT L1, 74
?V—&%EDT&Dﬂ%ﬁikﬁmEl—»&@ﬂ@%mwfxgﬁﬁmﬁﬁﬂ(mﬁﬁwﬁbf)
DYERL & VITE A HE Lico E/EM € /M hic LBEEAEMSIER & VIE F2MAB T3 K512
7c®, Fig.3-2-20BROZCESMEREZERCHHL, BEACZ + vOMEESICH LT LI
HAKDOEBHRITROBHETHERIC L, COX D ICMER EZER EDRJICBall Bearing 2B 0 4+
JreEBHEMERELETER Y EBB YR EFSCEICT S (Photo. 3—2—1)

(a) (B)

Photo. 3—2—1 Top Cap, BB—loading piston and mould as a cutting
guide for shear plane.

3-2-2 BEEOKS

Fig.3—2-2B)ICRT LHC, CRI/A2BLTHMEEMI 2L, HAKO#M e X148 L, 5B
B & LTl e VT ICH > T EBBERKIZ T~ 0 HECBHT 5. 2ORE 8 P o/ f
MEEBPSAROBBIC X VHE L 27200, PREBOHEELTHERT 2, WET BLUY#MOES
EHAAEBEORLICE D, TR+  EOT~0 HRIC—H S 43 &, FONEDORERLL
THECEETIOT), YHAHORLCERIBE LS00, BEROHMENG () 1

q(x)=£—+ —Pix—/z- (x—r1 cos @) (3-2-1)
Ac Ly
TZT, Ac ! INDEQEMER As OKERS, €x: rHAOEOCER I/ y,ﬂﬁC'd"ém

Y
H-Re—*vF (AEACBC), I (& o hlB02401 (Fig.3-2-3) .,
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Fig. 3—2—3 (A) Plan area Ac (ACBC in chart ) of effective contact
area Asg

(B} Diagram for obtaining geometrical moment of inertia.

KFEHEE ODAEEBITEMNEOBEIEN 0 BLU VMG T2, REO=HWERARICE T

an=% (01— 03) cos20+~21- (01+03)=(01-03) cos?0+03 (3-2-2)

-zl-—(al—aa)sinzﬁ (3-2-3)

T =

TZT, 0y BRKERH o3 BPEEN, ERiQ Fig. 3-2-20)KRENZESCEHNEART
SHEEZZFTOMMREICBUTERY O mE S RE N (P/Ac) A 1B ABHEORE£R
E

THICH L TAKBOBEIKIE (3-2—1) ATREINIAMENSIEAT 50T, (Fig. 3 -2
-1(B) ., &AM L,

on (£) =q (x) cos® 0 +o0, (3-2-4)
r (¥) =54 (x) sin 20 (3-2-5)
Lie->T, (3—2-1), (3—-2—-4), (3-2-5) b5
.e
ox (1)={£+_—__——P x/2 (.z-__rcosa)}co520+03 (3—2-6)
. Ac Iyt
P-ex 2
T () =%(A£+——L (x—rcosa)}sin28 (3-2-17)
c Iy’

BEoNBe LpLUads, RECIRERM € /i EFTHEKOHEINBEHSAE VDT, T4
— 7OMRROXBICN T 2MIE WIEME or TRT) BUETHY, (3-2—-1) RRKRDLSKC
135,
P P'ex
) =— +
q (x) Ac 21y
Ak ICY * KEUDRESERTOE, TVELOEROARKI 2EHEEGH o () BXU

(x—Tcos &) — Oy (3—-2-8)
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v AaT (£) @}, (3—-2-6)., B-2-T), (3—2‘—8) Ao, TNENRD K DT %o

’ P P-ex
on (1)={X;+ 2 1y (Xx—Tcos @) — 0y } c0s2 B+0g—1 (3—-2-9)
7(1)=L{—P—+ P.ex(x—roosd)}sinZO (3-2-10)
2 "Ac 2 1y

1 (x, ¥) BE%E (7. &) BECERL, 7@ EOBIIHEELZSL, (3-2-9) .,
(3—2-10) Rz, T=7cosb, ¥y=£=0, dzg=03—upbd

P p-e ,
%n (”)Z{A_C"' ZIylx(ﬂ'COSﬁ——rcos @) —0prm ) cos? 0+ a3 (3-2-1D
T(7I)=l{£+—l::—e—JZ (7 cos 0 —Tcos @) — 0pp}sin 20 (3—-2-12)
2 "Ac Zly’

Fig. 3—2-38&U3—-2—4 hobhr s LI, EMBETTIC>NTERHEREKONHFBER
BEATIOT, CxbAT 2, ZORER, TRVELO, () BLUT (1) OBASE BE L
L, #hZhoFEsEiEd, (7)., T (1) dELT 5,

,.FT:'.__'_T__—._ ~ Al
H| ) Ah
! I !
| ik3
1 —~Ah,
] [F —— = - e
i As I\Ahzcme _ t(7)
“ I Tt (7)
| 4 1 : » 7]
I:| 0 { ) — (resec0—4hyecosec ) 1 0" (4hgecot §,2.0) resecd
'I (3]
' |
| | Fig. 3—2—5 Shear stress ¢ (7) along
| plane during shear and its
Y. mean shear stress 7(7)
'F—"-Ao
AcT

Fig. 3—2—4 Elevation of specimen with
pre—formed failure plane
at axial displacement A#h

WEER VA2 T ERERED T D FE (8OBRDHHE) I 4y« cosec 67213 BB L -5
B, TNOEECRETZESE N, (1) 8XUT (7) @Fig. 3—2—5»5RDKIICILZ,

! ((Tesecl
of (7) = a; (7)d
n 2T +secf — gh2 +cosecd n 7
) — (I esec0—4hz cosec 8 ) (3—-2-13)
1 (Tesecd
T () = 2resecl—4ha+ cosecl T (7)d7y
—(T+sec§— 4ha+cosec ) (3—-2-14)

T T T Tesecl : O Ao LHMEREKDOR T TOERE (78 LDOEFM) . T esecf—dh2+cosech :
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O A» o FHHREKORE TOER (AOHA) .
(3-2-13), (8-2-14) Riz, €h&h 3-2-11), (3-2-12)RAERALT, xR %
%3,

— P , eCx ecos2 .
aﬁ(ﬂ)z(KE—-am) cos26 + g+ ———————P Cx - cos2f (—-——-—-—.._‘{’h2 cot § —-I"cosa)>

2 1y 2
(3—2-15)
_ Pe€x «sin 260 ho o
T(W)=‘%(A£°0rm) sin 260 + hd S,m (AZ cot @ -r~cosa)>
’ 4Iy g (3-2-16)

Tecosa=dhzcot 6,72 »SRODBENHETEZ0T, &5, BHEHR @B-2-17) kv
(3-2-18) ATt5x1 603,

A (77)=(KP;—0m,) cos20 +o7 (3-2-17)
?(7})=%— ({'&‘-Gm)sin20 (3—-2-18)

EXD OB ®E o RSN B, THRHLLFig. 2—-3—-1B)THBELI-L ST, ()~ ¢ BT
ﬁwr?mw=mmtwaot&é®ﬁwrr&ub.%nuﬁmﬁsﬁﬂm@ﬁwﬁﬂﬁﬁmﬂa}&
u%.E—ﬁﬁ&%*b%tmmu,%%GEMEﬁaﬁéﬁw.Mmu®Mﬂm%mwrﬁﬁﬁﬁ%
RET 5,

3-2-3 wvHERERIME_KRE— 2V}

LF&&%@H%%E&K&%tVWEE(&%Eﬁ)@ﬁmumﬁmﬁwﬁifa@f,ﬁﬁﬁm
TR HSLEDD 5,

L?&ﬁﬁ@ﬁﬁ%%ﬁwxémﬁ@@tziﬁwﬁm<,Eﬁ&tfﬁb@t%;ﬁuaﬂwvw
T#Z %, Fig.3-2-3ZBT

Ad= de=—2r2‘fosin25'd0=r2 (d——%—sin 2a) (3-2-19)
A a
-.-Ac=2Ac'=2rzd~2r-sind'r-cosa (3—-2-20)

72#ZU, @ =cos' (4hz-cot6/2r) , dh2 = e, by, r2=r02/(1—el), e=e+¢,
Lictdi->T, Ac ORRBKRDESI1C1E 3,

21‘(2) _|(€2h0 * cot BV1 — ¢, )
Ac = * cos
1"61 21'0
hocot 0 - L1 (62h°°°t6 : (3-2-21)
—¢ cot 8 « - -2 -
270 Vl-—e‘ 2

T, m,m:Eﬁ%Tﬁoma¢E$&¥&,e:EﬁtVMK;5&ﬁ¢®Mtzi,ﬂ,%1
EfeXI CUABBICLZMERDE X3, Mk : MIHEROEH RS
ﬁﬁtVWE%mLk&ﬁWK$wr,EmtXimxﬁm$ém;5mE%ﬁﬂTMMtfs@k
%ﬁm#ﬂbﬁﬁﬂwﬁﬁmﬁﬁmiof%iénéoTﬁbéqz& EoxETH D5, (32
—21) Ao

2 1 [ €hoscotd . 2
Ac =215 « cos! T)—eho-ooto.\/rﬁ-cj—"—éo—“—‘-’l) (3-2-22)
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tﬁéocnwﬁbr,&%maﬂmeTma¢®ﬂvﬁﬁﬁﬁmmiﬁ%wv*vrnf-%mﬁ
S THCHERALTRELEE T 20 T, IO« Y IH B BE SHE I3 2T,
e Xt ORIME S bICAKHREABANECY, 60, 6y=¢ &85 Lidi-T, @—2-20)
Ric o= 90° Dgf (LRMEOBE) 254 TRRAEZ %o
Ac =zrg /(1 —¢€) (3-2-23)
wic, YEICET AME_RE— 4 ¥ M ERD D, Fig. 3 —2-3KBLT
Z=2T+sing, x=rcosp dxr=-Tesinf +df

0
Iy'=JZ (x—T cos @)2 dx
a

o . . 2 4,1 1 .
=—%/rsmﬂ «rsing (Fcos f—T cos ¢)*df =T (7d——sm 4a

o 16
—%singd-cosa+acosza—-%sin2d-cosza) (3—-2-24)
Iyl'—‘ 2 Iy’
4
2% (12a—3sin 4 —64sind « cos &+ 48a °coszd—24 sin 2¢ =cos® @)
(3—2-25)

r, axho, Ty, 0, €, € TERDLTE,
s /(1 — et
B __1<62h0 ~cot0\/l_-—€—1>
a = Ccos
2T,
3-2—4 TAR)-THRCIIEE
EFHREOHEIHEMRSA X DT, & VEEROE( LR, TEHERRARICBT AT LRY -
TOTORECELZITHEBLEETDH 5,
Henkel %X U Gilbert® ic k2 &, BlE SN 3MEHA (01— 03)m & RE OE DB %S H
(0,—0g) ¢ OMITIIRD BRI D IL o

(61—03)t = (01—063)m — Orm (3—2—26)
T, Grméij‘l—\x'J—7'0)5!¢§Gci’if?'5ﬁlﬁﬁ'@. (3—-2-27) XTHZ O3,
Grm—':ﬂ-"D()'M'E/A (3—-2-27)

A =Ag/ (1—¢€y)
T, M:BREMYhDTAZY) —7ORREY, A e X3 ey 28ERK Do, Ao -
FERERT O #tERA DE R & WK
AEZRTI3, HHBBICL S« VIFEAROE(SKENDT, Ef€ v RT 3 e HEEKE
BOERE X e DEHIC+ YHECE T 3 EFHEEOENNELIC X 28 HMO £ X IRT e %
EZRUNSTMEE OB, Ld>T, (3—2—26) KD ormid, M & X ik 28E@E 0 UG
KTkt s 3 BIBES ormy &, TRUBEIICH T A5IREN orme 518 %, THEDS
Orm = 0rm1 — 9rm2 (3-2-28)
1) ormi €2 T
ormi BHRAOEME X LT B d0EOT, (3-2-27) XELAHLT
ormy=2M=- e, (1—¢€;)/To (3-2-29)
Mi2 Henkel &DFfF 15 - - BiERB E AR HETRkD oh, EEdt =0005cm D TALRY)—=TT
M= 0.067kgcm % Z. 720
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Photo. 3 —2—2 Test to evaluate effect of rubber membrane Ormg DY using
the BB—loading piston and the plastic specimen with shear
plane at angle 6 =45°to the horizontal

2) Ormg I2NT

Ormg (3 €2 DR L > TREZMETH 5, VEMBAREEZ NS S5 2F o 7 BR 2 gt 4k
ICIERR & VHE (0 =45°) %L, LSHEREKORLBEATICTZBBEZ b v bET=ZWMAE
MHABEITIES (Photo, 3-2-2) o  DEMEM OMEMBH T F 3t kicH LT % VAR &R
WESICT B, EERHRAR S EAALEZERSLIVER F vEES b+ CEXRTEIBED
HUELH T IMUR (L) v 2FERD) 2T~OERCRELTH 2,

c@;imbr.jAzu—7%&%Lk%é&ﬁmbﬂwﬁé@ﬁk%ﬂméthﬁﬁmﬁté
TLRY = TOSREABFECT = 5. COBA, HRKEBKESEL, EMEE X 5B 4,
e XIRTNTCEEBEIC L ZMBARAE T 2. LicdioT, + Vlithd Ac DAL (3—2-22)
XTHEZ o053,

Fig. 3-2-612, T4z) -7%EAL L *ONEME ®HRLMEHOFLME) §o (2) &,
BERALBVE2DREET (2) DEhehe ¢ DBFER L bOTH 3,




224 ER AP BEREHEE #2605 (1979)

HREEDED, TROBEICLS T AR Y — 7OSIHRER ormp Thbh, g LOMITIIFig. 3 —
2 — TIRT & HBE—REKERBRDILD. THO5
orme =F (€2—G) (3-2-30)
T, F,G: a6 - TOMEIK S THRE ZELK
WA, BHREERDHO ZMERRRICENT, TARY - TOHEIC L ZHBICHT HMIE
i3 (3—2-31) XTRKHON %, (3—2—28) Ric (3—2—-29) & (3—-2-30) AERALT
KAEZB

Orm =2M =+ €y (1—¢€1)/To +F(e2—G) (3—-2-31)
0.4
0.4r
=0. o
og= 0.5 (kg ci) O 7 m=5.81 (€2—0.0055)
0.3 o)

b=l O o

S odf o 3

\,_\5 ° 00 qm(x) —|T

(] o E
bg (e} )]
0.1t ooo —
qi (x)
&ﬁoomm
1 1 i ]
> 2 4 6 0 2 4 6
€9 (%) € (%)

Fig. 3—2—6 Variation in mean values of Fig. 3—2—7 Relation between tensile
additional pressure obtained resistance of membrane
by using the BB—loading Orme and strain eq
piston and plastic specimen
against strain e, (here gp,(%)
by the use of membrane,
g¢(x): by no use of membrane)

17)

3—3 RIEBEORE

3-3-1 EBROF&k Table 3—3—1 Physical properties of

ERAEITIE D CYS > TRAD 7 EAAR P SR L Tosu sample
P HtRiR I, FTEDOABEOER e YHEAEEL, = Gg 2.663
BMENTP, CX 2% FHRETEBEETES. £ LL (%) 500
D%, 03F CRELHUBKEE S+, HRELAE bL EZZ; 332
E%iﬁﬁg&bf:o C@—ﬁ@i@ﬁii-ﬁ?"\'bmﬁ clay frac. (%) 255
ZHPOTROEEEOLEMEBEL 2SO TH 5, Deo (mm) 0.032
ZLTZOBEDTNVEIICH > THUT DI D3 (mm) 0.0064
2 2POEEL (3 EBUITLHMIKIC, BBY Coctticiot T ot 0012
2 b AT K ORIEE AR € V8 Lico 7535, CO oefficient of uniformity  26.

Coefficient of curvature 1.2

ERICHEA LRI BRAETNT BE24 nD
MthT+AES Shieh Oy VEREOR Y 7EBEK TH 2. TOLOYEIWEE % Table 3 -3
—1 ‘C'/:]—‘—;-o
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3-3-2 fEReYHEOHEDORE
zﬁﬁmammee-aﬁgﬁﬁc§x;vﬁ(ﬁ%@ﬂﬂg)&xw5¢,%@tymmx@(;
BiTid, E— 7EBRE T ZBBEICE O TRELICTRDENR ST 203 TR ALY DAEE Of
2 (3-3-1) Xc525n3,
b =n/4+¢% /2 (3-3-1)
TRICER € VTR, C- JRESRE SN IR ACEOTT~VEOREHEHN, 20F~b
ﬁﬁaﬁf&~ﬁ?60%LTE—7%@§5&,txs@ﬁk&&bwi&bﬁﬁ%ﬁTémf.ﬁ
ﬁummbﬂméﬁﬁwmuﬁaﬁﬁwﬂé?%ocm%ﬁwﬁwruﬁft£m5ﬁtﬁt~bﬁﬁ
Q%ﬁ?+ﬁ%@bn?mwymym%mgnrwaoTube(s—&ﬂ>ﬁmﬁbzoo
bp =n/4+ ¢7/2 (3-3-2)
LietinsT, RELKO =01, 6. D55, HME & WhB/NOET AR Y 0 iIcibd 2% EE
B Cr, ¢p VEEBEOERE K 5,
3-3-3 #RLEX
LSRR SN, RIED b & THIR LIakin o HIM %% B L >l Shic gk ks P, =
5.0kg e TEFERE L 1-1%, 03=01~0.7Tks/ cf THUBKER S 7o LIt THRKR LR
DEHIEHBEER TS oD BEBEDREICS 3,

2.0r 03=0.7 (kg cif) m(_ A/A\Af;::;(kg/mﬂ)
~ 1.6 ~
g 12 =
~ ~ 03=10.3
> @ 18k
) By .
| o8 | / x&,‘: 01
'y N 3= v
e 1.4

0.4

0 105 : 8 12
e (%) ¢ (%)
(a) (B)

Fig. 3—3—1 Change in deviator stress with axial strain (by the use of
conventional triaxial compresston test )
(A} Normally consolidated
(B) Overconsolidated

cmﬁﬂmﬁbfﬁimﬁﬁxmmﬁﬁ%ﬁuw.ﬁ%mﬂﬂﬁwxaw—aﬁﬁwﬁﬁd:aﬁg

ke /o, 87 =23"50"2 22, RN~ X OBMFEEFig 3-3 — 110, Cm HEICHT 2

Mohr O X% Fig. 3—3 -2 it7R/d,
%@ﬁﬂ@ﬁ%ﬁﬁ%*b%tbm,%@#ﬁ%m%i@%ﬁ@ﬁﬁtvﬁﬁ%MTo%mete

E1l ARBRTERASNZ@ERABRICBOTHFINZ FROL X3 #EE (0.04%/min) Tid+
Wiy FKEDRET E0T, ZOMOEMBANEEL L3,
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L5r ¢f=0.569 (kg cd)
¢5=23°50

1.0

0.5

(0y—03),/2 (kg c)

1

1
0.5 1.0 1.5 2.0 2.5 3.0

(dy+d3) /2 (kg cid)

Fig.3—3—2 Mohr diagram (of peak strength) for standard consolidated —
undrained shear tests

 yREORBAENS ;=51 TH LD, TNIDNENO,=55 L b =50°@ﬁ§%ﬁﬁa‘%&?
3 RREOES « BRICOVTI E— 7 BEEKRY ZERERMBICTTIE 5, BBEX P YiC & % EfE
U RIBREE L E € VIRE OB IR » 5 A bt (3-2-1T) . (3-2-18), (3 —2-21)
(3—2-31) £EMOTo3=01, 03, 05, 0.7ke cdiCHF 27 (7) B LU o7 OEEHET .
15 BHR KD =8 FMRERBRK T R ORRE%E Photo. 3 —3 —1ILRT

Photo. 3 —3—1 State of specimen with pre — formed shear plane at
axial strain ¢=9% after shear

Fig. 3—3—31T(7)~¢e, Onln~ecBRICELITT 1/ 2 DEBETRT, MO VEBNBLT
|EBAHIZ 3-2-17), (3—2-18) RDorm e/ €2 1XTTEIL, EMM, F, G Ofiick

E2 Skempton SOHED C ki, BLLIBEBETR or < 8f ORENEDSNIOT,
0,< 05 OB FFRY Lo
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STHET B, Op=0 L LTHREINTWV 3, 61/6 BRBOBEREIC L ->THREY, 21
WBAIRNEL, RRHICPOOLNBARKELNE, THbL, EMeXINREALRBISRVE
RESE (BES) Tire =0, coxe, KBMELABTIR =0, 61 =meEWBTLRVIZET
b7, Ui LERMEL LTRZOFHOREDH LEBBE IO 20 5Y, KRPUEKDeE,
BEU € KOV TOME # DREHARBRBTRIARTRETH VIS, EBH S e HASNBRILDT,
£./6g DHDIE% 171, 1/3, 1/503BBEICRELTHE L., Fig. 3-3-305bp5L5
iZ, ZTOHOBRYFIKE->TT (NBLV I B XIZT 61/ DEBOEANRE>TWVE, Lic
MBoT, COBEEN ey cog DELHET 2 HEBHLECIL S,

1.0r 8 =50° . ;
= =50°
03=05 (kg /cd) 8 L0p
g 08| 28 ¢ ¢ 03 =05 (kg/cd)
o? @
3 p 88 S o8t e1/ea=1/3 o
£ 0.6} n,“ < o °
= ¢ Z 0.6}
Nt
ic 0.4fe =
o § 0.4}
0.2 L o €1/e2=1/5 QCalculated in disregard of the
° €1,/59=1/3 0.2{—- effect due to restraint of
4 ® e1/e9=1/1 rubber membrane
’ ( 1.4 oCalculated from Egs. (3—2—17)
~ and (3—2-18)
B 12} s 3 S v o
AN 8 o o 12 e
= 10f XL £ 10 °
S °? & ,
-~ £ [} &
0.8 - e O
o o & 8
L i 1 i i 0‘ 1 1 1 1 1
%802 4 6 8 10 Tt 4 6 8 10
e (%) e (%)
Fig. 3—3—3 Effect of the ratio ¢ /ey Fig. 3—3—4 Effect of rubber membrane
on 7(7)~e¢ and op(y)~c¢ on 7(p)~¢ and ap(n)~¢
relationships. relationships.

Table 3—3—2iCE#E & Bk TEROHRAKDOHERPTHEORE LBREFERDE £ XIZHEILLT
€1/ € AHETAFIEER L, 0 =50° 8XU55° T BHEICIRBLD/T Y #0450 5,
FHLTe 6o =2/5%%%, COMIT € OTPBRBCIENTBR/NTH 308, LETHRA KD ERH
BESRC YD, TROBEHE—TICES X BB THOUABAKCE-TVELITHE, Li
NoT, EBERBEAN—ELRIEHSEELLL0T, MTBERLLLERL, RHERECHLT,
€1/€g = 1/3 LHMEL 12,

Fig. 3—3—4R7(p)~¢e, opln)~eBRICBXZTTLAR) - TOHRC I IEBERT, 0=
50° €1/€3=1/3, 63=05ks/clicBT26DT, TR - TOEHELZNENM=006Tkg
cm, F=5.81kg cn, G=0.0055 LT3, MpS5Tar)—7OEEN e DML & bITEAL,
e =TTHRBOTHLZ20HICHET ST L0 5,

3 EEC=@HEAKCAEERBESLIIMNT A EICL-> THREILEAS D,
H4 ZhiReXIHT3HBN0OEIHERPOTFTERTE 5,
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Table 3—3—2 Approach to the elevation of values of the ratio &/ €2

O @ @ @=0-0 6 66=0@x6 O =0—-® ®= 1

0 78 ah 1 g‘ll dh2 cot § tan @ 4hs 4h2 4k, 5]?{2
kg/cd mm mm mm mm mm mm mm

0.1 50 372 gi:g g‘; iigg ‘;:g? 3.93 107 1,/3.67

” ‘0.3 7.0 384 EEE EE i%gg gg 513 1.87 1,/2.74

05 70 389 20 UL 10T 2536 164 1/3.27

0.7 70 387 2;‘;2 :‘:; ngzz ‘5‘:33 495  2.05 1,/2.41

0.1 65 380 g‘;g 23 1:52 jgg 436 214 1,2.04

. 03 10 38 EEE g% %%gg Eéé 486 219 1,222

05 70 se1 >0 S 128 A g5 a4 1,2.27

0.7 7.0 376 gig g‘; }gg i:?f 479 221 1,/2.17

average 478 191 1,72.50

F:__Ahz
€ =E‘+€2

e =4h/ho
e1=4m /ho
ea=dh2/ho

Gy (n) (kg cib)
? =
AN

(=)
[«}]
T
.
;
L ]
L ]

2
\
i
i

02 L 1 I : i
0 2 4 6 8 10

e (%)
Fig. 3-3-5 T(y)~¢ and g/(7)~¢
relationships at angle 6=50°
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€1/ € BLU 0y DEBICHOVWTORREZFA
LTHE XN 0=50° & 55° DFA DK 03 iTxfF
3Tig)~e, onln)~eBFEEFig. 3-3-5, 3 -
3—6ICFET,

Fig. 3—-3—-5p oo &dic, c0EME
EHICT() BEVogn)idid & A ER R O
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Fig, 3—3—T7 Relation between the correc-
ted cross —sectional area Ac
and strain ¢
(A) Effect of change in the

ratio e;/¢q
(B) Effect of change in angle
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Fig. 3-3—6 7(y)~e and o(p)~e¢
relationships at angle 6= 55°
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Ac=rr¢/ (1—e) (3-3-4)
WE, To=1.70cm, Ao =17.89cm, 0 =50°ICH\Te=10BDE&¢e;/c2=5/1, 1/1, 1/ 5
ZLTey=¢, ea=citd5Ac iz, £h£09.50, 8.40, 7.35, 10.07, 6.83ch & 723,
Fig. 3—-3—-TB)i3Ac ~ e AR B XIZTIER VIHEDOBE I OFBATRS, €,/62 =110
Az Ac BRRA &2 5,

21‘3 _1f 05<e<hoecotf\/1—05 e>
Ac:—— 'COS

1-0.5¢ 21t

2
Ty 0.5°c+ho+cot 6\2
0.5+c+ho cot0\/1_0.5‘s < 5 ) (3—-3-5)

(3—3-5) Akry=17cn, A =7.89cmn., ¢ =10%D&EHE%EE%, 0% 45° 50° 55% &Z(bX
¥l &, Ac DfEIRENE08.18, 8.40, 8.60ch 733,

Fig.3—3—813, 6=50% 03=0.5kg chl. €1/€2=1/3 ICHBNTAc % (3—2-21) R T&
BLBgas (3-3—4) ATHELLBAD T ()~ e BEERT, (3-3-4) A L2 W EHE
i3, ERHAKROTNOBEIC X I EMERORY

* 3 : 0.8 0=50°
EEBET, Bice X1 bR ERoUFEX 03=05 (kg /cii)
®6bsﬁc 5&[/?\'—6@?&60 ~ 06_51/52:1/3
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& Orm =0 BLUMY +KEB DL BEERL T 2 4 (%f; 8§ 10
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f3 2 17) " (3*_;? 18). (3 ‘3 AT Fig. 3—3—8 7T(5)~ ¢ relationships obtain-
ﬁﬁbf:r(ﬂ)kct(}an(ﬂ”i» ekt Yo b & T ed on the basis of eq, 3—2
T UORELERERCEREDAELT 2, —21 and eq. 3—3—4 as a

Fig. 3—3—10i3, fEl & vYWEA &> 752 F equation of_ the corrected
y 7 BRIKICE T, = VI th OBEMIETR DAL D ~ cross —sectional area Ac
RUCLIEBEEBML, TLRY— FTEEALL T ooap
RBRRE orm KL > THE L BALHEL 5 2 ozt
BADT(n~e, oyn~c DBFEERT, Oppy I = o

|
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Op( D EAEIGEU T2 E D OERTE B, 0.6

PlE. T(g)~e, opln)~cBEL LT Ac, op o)
KOV TRBRER £FIH L1525 SEREMA 12 3wl
’RIC, Tin)~ Tp(7) B & BMEEEMIC SN TH ~ < 03= 0.5 (kg/cit)
Bo 0=50° DBACHNTEMT 3= >D 158k = 2=
D T~ DE Ll < SENT(nE Thin) id e = e ; y ;

4HBLNTE— 7 (£1I3ENIGEWE)D 80 ~
HETLER Lk LR EEERICASZ Fig. 3-3-9 The stresses, 7(7) and oy(9)

along pre—formed shear
(Fig. 3—3-5), L L 03=0.1kg, ci %8 Xt plane of plastic specimen
‘ obtained by no use of mem-

brane
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TRBPEEFLBC-I7BHBLEL WD,
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T CTREBKRERY £ X s

T EEAD ST TORBDT(7)E ogln) %
G3RBNTToy b L, BIPERECLVEBEER
ZHEL - (Fig. 3—3—11(4)).

T(7)=0231+0g7) tan 24°8"

(3—3-6)
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KL, €=788bniE, Licd->Thhiise
XIEMETEIHNERBT 200 &L > CTHEEK
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Fig. 3—3—11 Plots of shear strength against
effective normal stress obtained
by analysing the stresses on the
plane
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Fig. 3—3—10 The stresses, 7(y) and E,;(ﬂ)

pre—formed shear plane of
plastic specimen obtained by
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TR+ I E OHEORNIC L 2REEFROE(ICE LTI, #ll Lic &k 5 KB EHREIELCHK
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WEOAEICH T 3 REOERIBEREOTHEREK T 30 L1cdt>T0=50°L 55° (co\TOE
BERD oI E L5, ABBTROI=50CCHLTASNBENIVEOBRERE CEL, T
(3-3—6) LU (3—3-8) ARBH~t X I BEBELLESRENL SNEOBEOKRTH
b, EBICIZ0=50"%21 ~2BHRBIRELEICL->THEINEDOERBHFTEX220, (3 -3
- 8) REEBRHBFEAKBRORE L1,

R, AEROE— 7 B LUBREBRE ICHET 2 E8RIIFig 3-3—12 CRTELDTH B,
B IO R ASERHERIAT (CRERR L 7o IR D12 iT, I &V BRI BIEIC L > TREAZ G 12
#®, ZBAIKBO TP =50kg/clic Kk 2BE®R L, E5iC03=0.1~0.Tkg chD b & THKERE D
BHBEEZG TS, LEd->TLOEIBRECH T i BLU T BRREINTED, EXiTE
nencr=0569kg cd, ¢ =23°50", Cr=0.225kg cd, Gr=22°21' LB (g et 8 12
ZhZhFig.3-3-2. 3—-3-11B)TE5EZ 56N 3),
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Fig. 3—3—12 The peak and rasidual strengths of Tosu sample
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EUMEERT T EITIE 5, '

GouldiZ®vE Y B4 MEMTICHLTCr=0, ¢ =12~14°2REL T 2. —BICBICHK

H6 EMRTHETY TELL e HEE, ZORMOR S SHK+ VI ERBRLEEETETS
2bDEBbNB, LIchi->T, TOBFICIZTg=Cq+ 0'tan ¢q £ 2T &5 B8, BEIE
DEHILZLMUOBEE NI T b OEBERIKEREREBEDINNELT, r=C +d tan
$EBNBC LB,
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+OHITNOREF Z2TROMIZFNICL IR ELCABLNTNEIH, TOMBNINESNHEKLKES
B BEASBICELL D, O &idSkempton SOMEEICL > ThisH s T2, ¢p €D
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EEDER L BERRHITTRPEELICEL, RO BEEN LR U EERICT S
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R) 2FFLASDT, +VHHEKOELETLARY) - TOEEBERIN TV 3,

—RCBEER DT ~c L O OB EHIC, £ XIMNEC 3 EABICHEARA LR L, T
DYPRBRBETE— 7 IGE L RHRBL T3, TLTREBEXIDLETRELTROEHIHR X
h BHR—EBCEE EVRR3LE, RECERINLTAVE, THOLERL /HECKH-
Te VBBHBEC 20 THIUT, EFPREBICA-RICREINZBHIEXIDKEICODLDS
T—EHERT CEWCNE, Lo T, Tin)~eBERCBNTIATIde =0~ 2DT(7) %
BEARE (tp) &N X

(3—2-17) Rick1 300k Tl IEHET 5 b T, BREREIGH (0p) K155,

(3—-2-17) LU (3-2-18) RikH SN 2Ac & opy i3, B+ VIEROKERS & 3" A
2Y) - TOMRICLZMEBNOMAETRL, TnEn(3-2-21) & (3-2-31) *»roXRT 2,

EHERRROBBEIC 0 36 NRIT > SBREEE ORE H ikt BNREHICHEA LR, Cf =
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LOTIHHO—ELNE, LELICTASNEERBRIZLE TR SO T~VELTO—EHBH
TH2EVIRABEDO—DORBEBLEBER LTV E0, BHNILSHIK « VB & SERNEREE
BUCHMENOBETREL TVWAMELE TOREERIEORERE L TGELEEEEK LT
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SHOMBAELT BKke Bt THRCT 2%BOEA UEPRHMS S TNEERMICHR2)
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ToOboC—- /REPEREREL DMK, ITRVELTE /B HHIES L TR FOSRERICE
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4 TOEVEREICKE X ITTREBOER

4—1 AN E

FULYPHHELAL A THLVBESRKLTR e X I0BNe & bitEREPEAIES
B, —IAE- 7% BEDLACHERLEECL, RKBNTRHZ2—FEHCHET 2, chitdLT,
EREFERTIHBOHBELLVHLETH- T, Rotce ik XI0BETIRE— 7 8B DAL
BEBB, TOXIK, VBB H~E X (—H L YHTiR “EA” ) OXBREEFELBES
PCE-TRLY, TLEAEFEOBRERL-TAEXSEEIN S,

EEOBEFTH M ECES O TRBEEEOBEE THEETH L30T, BEFLBELT 2B
W7 I 1 ~ B LB AR D3I 75 BHEHEE TR T IC DN TE RS (4 —2) o

TLRAEEHLTE, TOBEFOBES t VT EEBHICKEEET 3, 2D TR
Casagrandelz). Henkel 25). Barronz), Simmonsss), Rerloffsz)%GCJ:oTB?% INTHY, hT
b Henkel i3HEPARE L X I LBEFLOMOBEBEKICOWTH &, Barron 3B EEBEF L &0
MICK B R EEA LT,

ABHE TIL, BarronDEZLERBZFOF A SBEFEBRO € VEEEAKR BEFL S LU
ETEFREMALMORBENBERICHDVWTRITZR 7. (4 -3),

4—2 BB H~Th s aEEL

4-2-1 £ R

EBEB LI L ThHB8LIUN o VIEBRB LAV BB, T-RFAa7BLTHIREOA
B (1), (2 & TR SRR INEB L (Soft & stiff ) TH 3, TOMEER L HNERBE
R%Table 4—2—-1&Fig. 4 —2 —11CRT,

Bk D 2T v A Gk 7 v 4) BBEKEKDHER Sk, —EAKLETHRER IS¢, £
LTHECHELTH S, SKEBEMLLIENESICL, HREKEERT 28B4, IHEEL —K X
HEDRBEEBEE T 2—FI L, 72720, AL (stiff) 3, R IRASLVRAE I LT &
Tk - THAEL LIREBOR 7 75K TH 2, RZROFHa kLW, FHBREET 8LUE
BB 74 % Table 4 —2 —2ITRd,

E®% K EREORTEERTEP, ObLTEE LR, BERNEOLLTHEIY, BFEFH
REBICL 20

/i BR¥ &6 (Vg=0.0068m /min) »SaE+ M (Vs =0.372m,/min) ¥ TEAL X
RN TRAT o} (B~

Table 4 —2 —1 Properties of soil samples

Soil property Uchiyamada clay (1) Uchiyamada clay (2) Ariake clay
Gg (B 2.672 2.710 2.665
LL (%) 60 58 94
PL (%) 29 33 42
PI ((% 30 25 52

clay frac., (%) 36 48 43
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Fig. 4 —2—1 Particle size distribution curves

Table 4 —2—2 Water contents and densities for specimens.

Sample w; () Tt (8/ch) 74 &/cd)
Uchiyamada clay (1) 29 1.89 1.47
Uchiyamada clay (2) 38 o 1.72 1.25
Ariake clay : Soft 100 1.45 0.75

. Stiff 65 1.39 0.84

4-2-2 RRLEE

BEHHNP OFICH T2 ~DBEFEEFig, 4 —2-2RT, NpidPp & ol (Po/0) TED
ANBZDT, FOFARKRD I >OH/HKCHT o5,

OPy=—3%, @a=—5E, @Np=—%E

DDOBAR, EHRABRCINB IUBELZILPIORESHASTHIINED, TOROME
BHUES, BAKCLIBREPRLLELICADNGERASCL-TREKREIORNUILATIEDD
LRHBREERT. LT, DIVENTVEDHELICHHEDBENpBKELINRLY, ZDOT ~
DHIBOYT LY - /ROBERLOEABKE WV, RAMICNp s8N XWE XiTIL, 18K SH L HE
#Mmokice— 7 BBbh, BERBLLEETHV (Fig.4-2-2(A),

QDEAIR, BESLWENTVEobEithrudnd s, BECKEIDORNIS Py ZRBRLTS,
L7cdi->T, PodtkZ i3 &ENpRAXL, BVE—78EFELAXVREBTE2RT. NpiC Y T5T
~ DR OBRIZODBA L —KT 5,

@DEAR, PiBIUVREDOELNTVEORXITHEVNIEIINE S, NpMTX T—EORE
2RT. I SoHOMELHIC, PoOKENVLDREBVBELRTY, TOWEROEA D3 Kk
—®73 (C),

DEDC & onp pELICT 31 ~Dii# O3l LB REKD L 5L 2,

O VPRMCEI e BB A0 LRBOE(L, @ Df oKk, @ -7 EHOHEKELL,
@ ©P-JLUBROREETEZOWMBRE © BERET, ~ORNA.
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Ledi-Tnp OFALEEOTENMT 3t ~DHBRERIL T AL LKL > TEDBHDI L U EE & 2ic
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Fig.4—2-2 Typical shear stress—displacement diagrams for shear before
and after failure
(A) Pg= constant, ¢ = various
(B) Py = various ¢ = constant
(C) Np=constant
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4-2-3 rt~DHirEbHIR
Kondner ™ 45 £ DEBH Sk = MERBIRIC 51 215 /1~ £ X < S REB OF L L 55
TLERUI TROBEZMERABICE T 2825 (01 —-03) L#t X3 e Dffitiz KR DBE
»H 5,
01—0g=¢/(a+be) (4-2-1
CZT, a, b t#, eXIFEFEBLUNpILL->TRE ZEH,
Hansen™ 127, tf £B0TRO &5 RERREREL T0 5,
t/Tf=6/6s + (e eg)N+ (e e 0T (4-2-2)
COT, e (T RMIBTBEXL, NIEH, BOVKE, W30S LUBELBICHLT, zh
Tan=1, 172, 1/738LkA9&an 3,

(4-2-1) i3, VBB 1 a %5, ¢ »ooTr =7f=1/b CMETINMBERDLT, L1
BT, Zhid, BEERLCEOTESN e XIBETIONS RN UTBRABERI LD
T, T 2ROLAI. Ll E= 7R EBOKBLERERH L 003 O PDOEH~E X3 BE
T LTRERSTERTH 3,

(4-2-2) Ab k&t x3 LU TBEE L CE T 2 BKEE TR LI,

4, Fig. 4-2-3A)0 t ~Dili#®OD=Ds it (4-2-1D) XEBRALTER%EZ 3,

t=1¢ —(D-Df)/{a+b(D-Dg) } (4-2-3)
WA

E=¢esDLE& t=1g

€=00DEE rt=r =141,/

tn, HEMMBETY-7 (Df, 15) Lty 2HRET 508, BAECEDREBELIEIVOT, B
E%Hi@r~Dﬁﬁ&6w5&éE~7E&®ﬁﬁﬁﬁ%®%ﬁ%%bbiﬂ“.

r=r¢f—(D-Dg)A{a+b (D-Dg)}

Irr(tu)
0
D
(A)
o ._ [bHf+c(D-Dp)
/ (D-D¢f+ b
- ,l/ 8
Ni T Crad
D¢ D
(B)

Fig. 4 —2-3 Formularization of shear stress —displacement behaviour
after passing the peak
(A} Application of the hyperbolic stress - strain relation
proposed by Kondner®
(B) Author’s empirical expression
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2 TEHER, tf, Ty BLUBENBRBERABCRDIREUATOIESRDI,
Fig. 4—2—3Bloa Ak (D=Df) 2RbOIHERXL LTREAMNEZ SN S,

a

2 — +

T T (D-D)E+b b
MRS D=oopt& T=1y,
THbL '

a
ty=lim /——s—— +C =C
u Dl—»oo%D—Df)2+b

(4-2-4) ROBMEIZ
X=D-Df &L &

dr —aXxVXe+b

axX  (x2+b)2/CxT+a+bC

Lichi-T, (4—-2—4) K&

dr  —a(D=Df)/(D-Df)?+b

dD {(D-Df)2+b}2 /C(D-Df)? +a+bcC
(4-2-7) A

de
={(4-2-T7 ) =0
<dD>D=Df (C ) 052 p _p,

LBBEDT, (4—2-4) RBBEE L, TORKEIRATEL SN %,

(t)p—p =T7f =J &L +C

TRAEBEIBAT
a=Db (T? +C)

(4-2-9) %% (4—-2-1) RIERALT
brf +C (D-Df)

T =
(D-Dg)2+b
zeT, b, C:BEEPIHICL > THRE ZEH.
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Df —D\2
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Df
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Df -D
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(4-2-11) K&y

dr yARY Df =D \z !
dp D¢ D¢

(4-2-13) K2
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LRBDT, (4-2-11) RidBEE L, 2OBAMIT
(’)D=Df =Tf

LT (rlp_g =0

BRI SDT, WBRIRSAEES,
T (4-2-13) RicswvT

dr
o ={(4-2-13) oL =0
( )D:sz t }D=Df

(d‘r Tf
—_— =Z+—— =tanf = g (4-2-14
dD /p-o Df ' )
HB0iL
Tf
6 =tan’!{ Z- ) (4-2-15)
Dg¢

TCT, Ei i gIBEEA, 0 . mindEs

4—-2—-4 ERGEHEIBEEH
(4-2—-10) & (4-2—-11) XEROTH»N r ~Dii#% Fig. 4—2 -4 ITR T, Y::E 1))
RERDT ¢, Df, t6/Df, IgBLTEi &Np &DBRICOTE~NE,
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12r
Uchiyamada clay (1)

¥
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~ -0 047
- 04 N‘O\M 103
© °"‘i———oz47 0.1
0 1 ] 1
0 3 6 =
D (m)

Fig. 4 —2—4 Shear stress—displacement curves and ultimate values
calculated by the use of the expressions,(10) and (11)

1) tf&np oBak
Fig. 4-2-5i3, ©-/BELBUBNOK5/0 & Np DBFKEPy iICHL TS oy + L1c—f 7,
EHBICE N T /0l3Np DIME & itk L, PoDZELICH L TR -t EH O bT, 2L
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Fig. 4—2-5
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t¢/0 versus overeonsolidation ratio in quick shear tests
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(B)
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On a log scale
Results of slow shear tests plotted on a log scale
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COBRBRIZ (0, —04)f/ 03 ~Np DBFLIZEALRETH 2 DT, Henkel (1956) DITIE 72
RRRR (Fig. 4-2-6) LHHTE3, TUOLALEKL (1) BLOEEEL (soft) i1, 24
¥ Oslo Clay®®), Weald Clay® pig s & 8l L 1o ti MR A5 S,

ETrry /o ~Np BEEAHBECEDOLLBA, BREICE O TERNTBRNL ONE. 0
#1%Fig. 4 —2-5 DB BXUCHKILRT,
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Fig.4—2-6 (0)—0y) f/03; versus overconsolidation ratio (4, 8)
(A) Results of drained tests
(B) Results of undrained tests
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2) Df &np 0BGk

mg4—2—2fﬁﬁbkxﬁm,npwﬁmur~D®ﬁ®%%§wé%,B—aﬁmﬁ?%ivm
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Bishop®7 ) b sk 155 % Lo & ORIICIFig
4-2 - 9BENBY, HI5—EOP XY LT
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Fig. 4—2—17 Displacement at points of
the peak versus overconsoli-
dation ratio in quick shear
tests.
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Fig.4—2-8 1t4/Df versus overconsoli-

dation ratio in quick shear
tests
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ALEK L (1) €80 TP.=6.4kg/ clDiB A, Np=64iCiHT20=01kg/ cAdDdbs T g%
65%, Np=64 ICHYTZ0=01ks/ cdDbLTIpg=13FHBLUNp =4 Y2 0 = 1.6kg ~
cdd & T Ig =3%icts 3,
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ER R RO EECHS T ENDbET [p==50%. 2 LTHBHB VB IO & Tit
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Fig. 4 —2—-9 Brittle index versus normal stress in quick shear tests,
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Ei &Np OBKER T soft & KOs R L & ICERITICEILL TV 3, BEICH T 282 81
%m%%mmﬁﬁbifbémmﬁt,&%ﬂﬁﬁbtxﬁ7&if%5c&m;5t%i6n%g%
UTstiff Mt 0B a1, ETEERWIOBEZOREY, HMELL (soft) 2E® « BiE+ 2 ¢ sick
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1.0 |
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Fig. 4—2—-10 Initial tangent modulus versus overconsolidation ratio in quick
shear tests.
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4—3 p—summeBESE?
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REEHIC 50T % Ok LRBINEREBRECH 20 BEBRBILDH 2L > TELRUE-IBLH %

?6%%ﬁ&5®?.E%K&5%&%&@%&%@%%?5%%K@EEE%tﬁEﬁ@ﬁﬁ@ﬁﬁ
IKCHOWTRBAET DI RER S0,

1\

o
v

(B)
Bd !
- P |
/// b
d
T a
© 4 £y 1Py -
', P
Fig. 4—-3-1

Consolidation and shear strength characteristics of clays
(A) Water content and consolidation Pressure

(B) Mohr diagram for consolidated—undrained tests

(C) Mohr diagram for consolidated—drained tests
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Fig.4—-3—-2 Coulomb shear strength diagram and consolidation pressure



246 MEAEMEBENARE W265 (1979)
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Fig. 4 —3—-3REN T35 rf ~NpBAFRICIZ
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Fig. 4—3—3 Shear strength versus

overconsolidation ratio
and normal stress.
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a BRAD LA M BBHRICE > To LEFEST SN 2,
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CHIEP. D—REKT, (4—3-T1REEEAEH °
ETHBCEY, Fig. 4—3-254-3-5 558 0.01

b THB, £1:(4—3-8) RizP.2—FiCcL 1
BE&ori~oBFRbRT, bbAAED0HERII.

Coulomb DR IT L 7228 - 7= B B L6048 821012 & F, 0.005¢ oUchiyamada clay(1)

BONpOERIZEHEDOA 2 OEBELRLTE - 0 Uchiyamada clay(2)
Y, BERHTO— B BRERELETRT, AAriake clay

0.002 ] Loty

01 0z 05 1.0

Fig. 4—3—4 Method used for determin-
ing the parameters nand T
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Fig. 4 —3—5 Shear strength versus preconsolidation pressure and normal stress
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Fig, 4 —3—6 Relationship between the equation, rf = b+T+ o™+ Np obtained on
the original data and normal stress and preconsolidation pressure
(A) 74=0.507+0.109 ¢"34.np
(Bl r¢=0.569+0.097 ¢"5®.np
(C) t¢=0.334+0.164 0" %'.np
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LR £ (@) 7r=0.569+0.097 ¢ °% .np

HHM+ t4=0344+0.1640 " «np
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Fig. 4—3—7 Typical plots of shear strenght versus

normal stress computed on the equation,

rf=B+T-Gn-l°Po

(A) r§=0.507+0.109 &3 . p,
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Limestone

Shimajiri mudstone

Fig. 5 —2 Idealized sketch of typical sliding lay of the land.
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Fig. 5—6 Landslide at Yonabaru— Tekku, Yonabaru— cho
5—3 REMH

(1) &H#d~0 oD C'~tan ¢ B

~&KﬂﬁB#QT&Dﬂﬁwii%ﬁﬁT5%é$MEm?NU%ﬁi?é#.ﬁé?&béﬁﬁ
L.%nmm%WE@%HMeri4zﬁ%%ﬁmw,mﬁmxﬁr?&bmﬁéxaﬁ%ﬁmé

(Pettersson 0)7:7‘?%)66' 74)0

3¢’ l+3 (Wcosf—U) tan ¢
S Wsin @

s =

(5—-1)

Ccm,&:féx.w:x54z%ﬁ®imﬁﬁ,L:x542®1&bﬁém5%®§8.021
54 2EF~_OEQERAE, U 274 ACHEATIHY +KEOES, ¢ I Lok#ES ¢ 10

NEER A

NEMREE (MEBET TH TFKMMSER) TN
OBEMBEC 3-DICRBEDEEDO VHIBE TS
X ERD BID, Fg=1 LIRELTE TN
DWEICDNT C'~tan ¢ SHEET 18 - 1o R %E
Fig.5—17 (@ ~e ) IKRY,
BRmmAtT <Y ES5BRRT v JHT DB
TC =0 D& xtan ¢ HKEHICKRD H11, FTEM
K (L) #F~DICHNTtan =0 D& & CH2.5
t /R TIE > TV B,

53E, EH SRHMAT D OTVEAME
DOFRERSE, SE8E L LURSKRM T ICTONTO
L VMRBER > S, BEREOTAVECH L F
e VETREE T O BEER A 5 ' = 15~ 2078
BicH2ELT, WENC A Fig. 57 (a~e)
PoiEHEY, Table 5 —1KRT, ik b
KEHIETNTC=0~1.30t"d DBEHICH v, B
RNEBH LI ONBE—7HE BB ICEH X THE
DNEL, DLAGESOERSBEPTEKLE
Kl oOBEIGENT EBbD 5,

20

1.5

/()

[$]

1.0

0.5

(a) Takara

0.5
tan ¢’

0.25

0.75 1.00

Fig.5—7 C'—tan¢’ diagram
(Ground water level =ground

surface level , rqat=1.85t/nf,
U=A+rw, A: area of slice)




HE . HIoRTBERECHTIHE

255

c/ (tm?)

c’ (t/mz)

2.0

1.5

1.0

0.5

20

15

10

05

(G.W. L.=G.S. L., Tsat =
1.80t/md, U=A-ry)

Fig. 56 —7

Continued from Fig.

(G.W.L.=G.S.L., Tsat =
180t /m, U=A-Tw)

5—17 (a)

: 30r
{b) Shinzato I (c) Shinzato II
I—\\
\\ —— Ml
. Y,
\
\
I \
\
\ ~~
~
\ §
L \ ~—
A s — Nl
\ o ——=-— Na2
. —-— N3
\ —-— MNod
0.25 05 0.25 1.00 N
tan ¢’ '
\
05L ¥ \\
(G. W.L.=G. S.L., 7gat= \\.\\
1.80t/f, U=A- 1y) 0 LA\ \ .
0.25 0.5 0.75 1.00
tan ¢’
(G.W.L.=G. S, L., rsat =
1.80t/m, U=A. Tw)
_ 20r
(e) Yonabaru-Tekku
(d) Asato
\\\
R 15 N
\ e NN —
\ =B g R —-— 3
\ o N
N B N N
\ N~ 10 ~
NN o R
\:\\\ \ \\
\\\‘\\ 05} N \\
\\\v \\ \\
\ NN
. N . \ 0 N 1 \.\ \\ ]
025 050 075 100 025 050 = 075 100
tan ¢’ tan ¢’



256 RERAYEBERENEE $£265 (1979)

Table 5—1 Values of average cohesion ¢/(t/m?) from stability analysis
of the landslides assuming Fs=1 and ¢=15" and 20°

¢’ 15° 20°
Takara No 1 0.80 0.68
2 0.80 070

3 1.20 1.05

Shinzato I No 1 0.64 0.24
2 0.76 0.38

Shinzato II No 1 1.18 0.74
2 1.24 0.70

3 1.04 0.50

4 1.02 0.40

Asato No 1 0.76 0.44
2 0.56 024

3 0.46 0.22

4 0.44 026

Yonabaru No. 1 1.30 1.00
2 1.20 1.10

3 1.00 0.80
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Summary

This paper deals with the methods to determine the residual strength necessary for stability
analysis of the slope and the abplication of the residual strength to practical problems.

In order to obtain the residual strength, it is necessary to develop a simpler and reasonably
satisfactory method to measure the shear resistance after large displacement. Test techniques and
devices falling under this category of the method have been developed by Skempton, Bishop and
others, but they still involve many problems in the interpretation of their test results and the
mechanism of the devices. Based on his own studies and works done in foreign countries on the
subject, the author proposes following two methods to evaluate the shear strength.

(1) If a shearing of an overconsolidated clay occurs along a fully-formed slip p‘lane, the shear stress
mobilized after reaching the equilibrium state should be a fixed value, independently of the

magnitude of the strain (displacement).The test method to satisfy this condition could be as follows:
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The residual strength is obtained using the specimen having the shear plane cut at an expected angle
to the horizontal and the triaxial .compression apparatus having a mechanism of compression and
enable the top half of the specimen to move in lateral direction.

(2) Noting the facts that the shear stress - strain (displacement) characteristics of an overconsolidated
clay is affected by the stress history and that the residual value depends strongly on both the
magnitude of the peak value and the shape of the curve after the post peak, the author tried to
formularize a curve applicable to the determination of the residual strength. Since the shear stress -
strain (displacement) curve is very important in the method (2) mentioned above, a few points have
also been discussed on the shear stress - strain (displacement) characteristics in the case that the
overconsolidation ratio changes and also on the T~0 characteristics.

There are a number of unsolved points related to the stability 6f natural slopes in Shimajiri
mudstone of an overconsolidated clay in Okinawa. In order to approach these problems the author,
introducing the concept of the progressive failure and softening to the stability analysis of the slope,
has obtained the residual strength of a softened mudstone by the reversal direct shear technique
developed by Skempton. The results obtained were applied to stability analyses of actual landslides.
The analyses are expected to be of much aid to make clear the mechanism of landslides.

In the first place, the residual strength of softened Shimajiri mudstone has been determined with
common procedure of the reversal shear test (2.2).

From the slickenside observed on natural slip planes in Shimajiri mudstone, it is seen that the shear
strength mobilized had fallen to the residual value. No reports, however, have been published
concerning the residual strength of Shimajiri mudstone and no shear tests have been performed either
for such large displacements as the surface of shear plane is polished to form the slickensides
afterwards. Hence, the drained reversal shear tests were performed on intact softened mudstones,
fully-softened clays, natural joints, and specimens with a pre-cut i)lz‘me. The following results have
been obtained:

(1) After S-cycle shear tests, no further reduction of strength occurred in the intact softened

mudstone. Consequently, no further tests were carried out beyond S5-cycles.
(2) The shear tests on intact softened mustone have shown the peak strength parameters of

cgf= 1.20 ~1.55kg/cm? and ¢3r=19~ 22°, and the residual strength parameters of ¢4, ~0 and
¢df=17~ 19°.
(3) The displacements necessary to reach the residual strength along the natural joint and pre-cut
plane of specimens have been smaller than those of intact samples: a single cycle of reversal shear
test has been sufficient to reduce the strength to a value very close to the residual one.
(4) The shear tests on the natural joint and specimens with a pre-cut plane have shown the
residual strength parameters of cq. = 0 and @4, = 17°, and cgr = 0 and ¢4, = 15°respectively.
(5) The brittleness index of intact softened mudstone has ranged from 0.8 to 0.5 as 0 ‘nchanged from
1 to 5 kg/cm 2, and the index Ig has been related to Py/o"n as follows:
Ig = 44.2 log Py/0'n+ 325

(6) The residual friction angle of fully-softened clay has been larger than those along the joint and "
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pre-cut plane.
(7) Shimajiri mudstone seems to have a strong resemblance to Oxford clay, Jari, Jackfield and
London clay, according to the relation between ¢’r~clay fraction.

In the next place, the author’s technique to determine the residual strength has been reported
in this paper by using shear stress - strain (displacement) characteristics (2.3).
The approach is to formularize the shear stress - strain (displacement) curves obtained from
the result of a long-term shear test (drained condition), and to regard the maximum and final

constant value from the formula as the peak, and residual strength respectively.

When the residual strength is reduced from the quick shear test (undrained condition), correction
for the time effect is required (2.3.3).This technique has shown slightly larger values than the results
obtained from the reversal shear technique, and this may be regarded as an effectual method when
one tries to find the residual strength of a given soil in short term, as in the case that utilizes the
specimen with a pre-cut plane.

The author has newly proposed a method to evaluate the residual strength by triaxial compression
tests on the specimen having a pre-cut plane, and he has also derived a formula to calculate the
residual strength by stress analysis (3).

The apparatus used in the study has a compression mechanism applying the axial load through the
BB-loading piston that is so devised as the top half of the specimen slides smoothly along the plane.
Egs. 3.2.17 and 3.2.18 used in order to estimate the shear stress, and the effective normal stress
respectively, were reduced by analyzing the stresses which originate in the failure surface during
shear. ‘

Sources of possible errors in available data have been taken into account and two expressions for
correction have been developed: Eq. 3.2.21 for the change in the plan area of effective area and eq.

3.2.31 for the increment of compression strength due to the restraint of rubber membrane.

o'n (M = (%—C — Oy) 0820 + 0% (3.2.17)
— 1. P .
T =5(ze ~ Opm) sin 20 (3.2.18)

c =T g, * oS

202 [ gzho cot 6 -V1-€1 )
210

[ 102 €2ho- cot 0\2
e 81_( > ) (3.2.21)
O =2ME (1-€1) [ 1o + F (€2 — G) (3.2.31)

A series of stress—axial strain curves of 7 (1) ~& and 0y, (7)) ~ & were first obtained by substituting
the results that were measured using the triaxial compression eguipment with the BB-loading piston
into the equations. The residual strength diagram was drawn by reading the values of mean shear
stress T(7), and mean effective normal strees 0y, (") corresponding to the axial strain at the point

where the change in stress with axial strain € becomes nearly zero.
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The results of the application of this method to “Tosu” samples have shown the parameters of peak
and residual strength as follows: c'g=0.56 kg/cm2, P5'=23°50r, ¢'r=0.255 kgfem2, ¢, =22°21",
value of the brittleness index I approximates to 38% when ¢'is lkg/cm.2

In order to investigate the relation between the shear stress and the displacement behaviour after
passing the peak and overconsolidation ratio, a series of direct shear tests were conducted under each
different conditions of overconsolidation ratio Np : namely, for the preconsolidation stress P, =
constant, normal stress O=constant, and Np = constant respectively. The following points have been
clarified (4.2):
(1) The shear stress - displacement behaviour has been greatly dependent on the stress history of the
sample.
(2)It has been confirmed experimentally that the shape factors of the shear stress - displacement
curve, like the initial tangent modulus, the ratio of shear stress to displacement at the failure,
brittleness index and the ratio of maximum shear stress to normal stress, are well expressed as a
function of the overconsolidation ratio.
(3) Hence, the author analytically has expressed the general shape of the shear stress - displacement
curve of the postpeak as follows:

2
1=/ b 7f C (D — Dg)? ® 2Dy @. 2. 10)
(D-Dp2+b

Then the author has also referred to the effect of the overconsolidation ratio on the shear
strength characteristics (4. 3)
The shear strength line of an overconsolidated clay has in general a curvature, and the degree of
cﬁrvature increases regularly with P, and np.
Therefore, mathematical relations between the shear strength envelopes and P,, ¢ and np have
been developed. Thatis: Tg=b +T-o M. np (4.3.7.)
(1) The peak strength (Tf) may be experssed in terms of ¢ and np, where b ,I and n are constants
dependent on the degree of overconsolidation and the kind of soil.
(2) Using Po as a replacement for np, the following expression is obtained:

Te=b+T-0" . P, @.3.8)

The formula shows not only the fact that the value of T¢ is proportional to the value of Po, but
also the relation between 7gand O for P, = constant.

(3)Hence, these constants are directly determined from T -np relationship obtained by conducting
the shear test on a given soil within a limited range of normal stress, and shear strength characteri-
stics and strength parameters can be estimated.

Applying these .test results to the practice on the stability problems of the slope in Shimajiri
mudstone, the author has clarified the relations between the slope stability and the residual strength
(5). Many gentl slopes in Shimajiri mudstone areas in the middle and southern parts of Okinawa
Island have been specified as landslide dangerous areas. In the past, several investigations and control

works were carried out on these areas. A remarkable fact, however, was found that landslides actually




272 WERAEMERENAE M265 (1979)

broke out in the areas where landslides had not been expected from the conventional slope stability
analysis based on the peak shear strength.
Hence, in comparison of the laboratory measured residual strengths to the shear strengths backfigured
from major landslides, the following results have been obtained:
(1) When the slips are analysed using the peak strength parameters, the calculated foctor of safety is
Fsg=7~11.
(2) The estimated value of effective cohesion is ©'=0~0.130 kg/cm2, This value is obtained from the
c’-tan ¢’diagrams made by the stability analyses of five landslides, using ¢dr =15~20° obtained from
the present shear tests.
(3) As a result of the slope stability analysis in Takara landslide, the factor of safety has been 10.9
for the slope after sliding and 7.8 for the original slope when the peak strength is applied to the
stability analysis.
On the other hand, the factor of safety has been 0.6 for the slope after sliding and 0.29 for the
original slope when the residual strength is applied. Since the correct facter of safety has been 1.0 at
the failure, the residual factor R=0.94 corresponding to the factor of safety gives ©=0.072 kg/cm?
and ¢"=17.2° for the slope after sliding.
The value of R=0.91 for the original slope gives €=0.113 kg/cm?2 and ¢'=117.3°
As mentioned above, the analysis of the stresses acting on the slip surface shows that the average
shear strength is rather close to the residual and fully-softened strengths than the peak strength.
Therefore it bexomes evident that it is rational and practical to make use of the concept of
progressive failure, and residual and fully-softened strentghs in the stability analysis of the first-time
slide, to say nothing of the slide along previous failure plane.

The mechanical problems that should be investigated thoroughly hereafter will be to make clear
the residual angle of shearing resistance in the range of lower normal stresses, the relations

between the degree of softening and the residual strength, and so on.




