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STRESS-STRAIN RELATIONSHIP OF SOILS UNDER
THREE DIFFERENT PRINCIPAL STRESSES

By Hajime MaTsuoka

Synopsis

Based on the basic relations between stress and strain on the mobilized ((v/0y)msx—) plane
which are obtained from a microscopic analysis of shear resistance and dilatancy, a general stress-
strain relationship of soils under three different principal stresses is derived by introducing a new
concept of three mobilized planes. These stress-strain relationships are verified on the basis of
measured data obtained by the conventional triaxial compression test (¢,=0;=03;), conventional
triaxial extension test (¢,=03= d,), plane strain test (¢;=0) and universal triaxial test (¢,=03=>
a3, €370).
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Fig. 1 Mobilized plane on which (t/oy) Fig. 3 Three mobilized planes on which
is maximum (after Murayama?® ). (r/oy) is maximum under three
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Fig. 5 Mobilized planes in triaxial compression test. ~ Fig. 6 Mobilized planes in triaxial extension test.
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Fig. 7 Relationship between t/o y and de v /dy Fig. 8 Relationship between r/oy and dey/dy
on one mobilized plane in triaxial on one mobilized plane in triaxial
compression test on Toyoura sand. extension test on Toyoura sand.
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Fig. 9 Relationship between 7 /gy and dey/dy on Fig. 10 Relationship between /gy and dey/dy
one mobilized plane in plane strain test on one mobilized plane in plane strain
after Ky-compression on Toyoura sand. test on Toyoura sand.
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Fig. 12 Relationship between r/oy and dey/dy on Fig. 13 Relationship between 7/oy and dey/dy on
one mobilized plane in triaxial compression one mobilized plane in triaxial compression
test on Fujinomori clay (N.C.). test on Fujinomori clay (O.C.,0.C.R.=1.5).
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Fig. 14 Relationship between ¢;/03 and de;/de; in Fig. 15 Relationship between ¢,/ and deg/de,
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Fig. 18 Relationship among /oy, y and €5 on one Fig. 19 Relationship among r/¢y, y and €5 on one
mobilized plane in triaxial compression test mobilized plane in triaxial compression test
on Toyoura sand. on Ishii River sand.
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Fig. 22 Relationship among t /oy, 7 and €y on one
mobilized plane in triaxial compression test
on Sagami River sand.
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Fig. 23 Relationship among 7/oy, 7 and ey on

one mobilized plane in triaxial extension
test on Sagami River sand.
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° s 10 15 N g A
Y % il I I
Fig. 24 Relationship among 7/oy, 7 and €y on Fig. 25 Relationship among 7/oy, r and €y on one

one mobilized plane in triaxial compres- mobilized plane in triaxial compression test

sion test on Fujinomori clay. on Umeda clay.

UbroBBTHEELI LD, - 54 XEEDEI~MTLEREESBERARTD > T3 Z#HER
BTHoTd, REBDIHEDTH > CIFEDTH>Td, TRARIEHONNMNIPDLLT, £2THLU
FORPOBEME Qo ) WL o THHINBZ ETH B, 172 L, 10 RO FHEELFET L7
A=F—=Th50THYPMTELPLBBENCEL > TET Do 2D REBERETOKH~DTHHR
M, Toe—¥Y54XHEOBRKIZI LTFE, WEHEKROWKELZRA—ORBIHICL > THEIhS LT
AMRIITOLIODERETHY, ZOE—EFAXHLD t/oy~r~ey BRELORH~VTHEOE
FEBRREFERDLATD o

4.5 z/poy~7/r. BEBEROKREE

WIT tjpeoy & 7lre PENBHELTE (L,1) *HIERTHLILEERT Z(5)XNeKitT 5%, 2o
BERRHT 2 HAEHMRBOENT —2 0 S v v + ¥ Figs. 26~30 |k, Fig. 26 oA I SHD T,
EREHERAICRET L9 REEEHERS 0,=0.5~2.0kg/cm*) 3 r —RTH 5, Fig. 27 oRBPEH
FHNT, EBREZME 0,=2.0kg/cm?, 53=10kg/cm? 2y —2TH 3", %7 Fig. 28 ZHENIDO
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B SEEHTOLOBH~VTHERITOLT

ZHEEF LU EHHEBERBRO T — 29 LEELD
DTHb. YLORL Y AREHBELAEMLLTS,
FRZHMESARIIE W TI ZHHERRICE VT,
E—ECF3AXALETCO(5) KRB BIZRBIRIT LD
BARONE, INHLOROERNER(5)ROBEDL
bZOBRBOR FHBECH THREL LITL > THE
ENBZREPDLEZ LN LA, Figs. 26~28 4
LM RO EIH I VHEIRZHANLS T
Hb0 IO ELYBEREOMHONTHEDD ETH
ARt Ehid LEEREFROGRABE I REMNE L

°
3 u
]
H b
2
' FTE7e
4 o = 1.0kg/crm? ©i=0889
@ » 05 ~ 088}
e ~ 20 ~ 0926
0 R
05 | v 5 10 50
4

Fig. 26 Relationship between r/p-0y and /7,
on Toyoura sand.

AR
o Om=|.0kgem? »
2o O3 =40

® Om=10 {OCR=|5)
h,g

o -
ofF—o6——F+———
o
]
\ ©
%0
)
=
X

Fig. 29 Relationship between 7/u+oy and 7/7,
on Fujinomori clay.

| LI ]

o G.-2ignEe-0753
| o=t .~ ©-06

J§ s

2

p® .9

0
o I 10

'3

Fig 27 Relationship between r/pu-0y and
7/70 on Ishii River sand.

ST T T p
| ||
® ext. 3 loose

2 2

»g f

, s

-

0.1 | 10

N

Fig. 28 Relationship between z/p+0 y and
7/ro on Sagami River sand.

Wal
Kl

}/T o O =I0kglerm?

0 ° 40
(4] Y
X

Fig. 30 Relationship between r/u-0x and 7/7,
on Umeda clay.
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TRIBR—FEZLDTERATELESTH B0

wiz, Fig. 29 QEOFMELD t/peon~1/r0 BETH - T, MHEENOINI Db LFIRIZS (1,
1) ¥@2—ERECERINIO8EbN 5, EBREMER 0,.=1.0kg/cm® O EREER+ (OHD), 05=
4.0kg/cm?® OIEREEHL (PH) LBEMKL ST 0,=10kg/cm® OBEZEL (@H) TH 53, 1=
Fig. 30 R L ICOWCOR LEHATS > T, ALLAREHOXDMOHLLFIRIEE (1, 1) %
BI-ERECEEINILSITH2. EREMR 0s=1.0kg/cm® pEHEEHL (OH) & 0,=4.0
kg/em® OERERIE L (@H) THbo ERF—20HBVA2DEVY, UL IELOBAIZOWTY
(5)RRIFITRILT L5 THBo

4.6 =T « SHERE I TOEE AL (0./0:) ~EVFH (€, €;) BIROREE

14T NTE—E 5 4 XHEOEH M~ DT HBERRBRE ST hMTR—OBHIE (4 2 p) THL
TR TR EHETE Lo 22T, Z0E—E 54 XHLEDOIEH~VPTFLEOERBEZERITD ETNWT
MUEPN ISR, SHMBERETOFEHM~E0FABEER L RIET 2. 4 Fig. 3l zampo=

5
s = 4 s — =T
lﬂt?‘ A_oq°'°9‘( </: . 2 618"‘ bv°°d/

5 /o 3 i},/

3 ffd e * % L
[ 2

2 2 Mo
| I 4 I m““'l ",,,: 2

e ln““ ’f . ey es00 u°°°i ‘2[>

Fig. 31 Relationship among g,/63, ¢, and 4V [V in  Fig. 32 Relationship among ¢,/03, €; and 4V [V in
triaxial compression test on Toyoura sand. triaxial compression test on Ishii River sand.

BEHRR (0,=1.0 kg/cm?,,=0.889) OF — 2% 0,/os~e;~AV [V (=¢€,+2¢;) BFTEBLIERL
(9), AORCLBHEHMBERL TS, HERRWEA L EHPOFBEE 1=1.2, £=0.25, p’=0.44
E 70=0.45% THWno ITNHLORBMORTFEIZ 2PWTRBGTHBT 2, Fig. 32 g A#HNBo=1#
R B (0,=1.0kg/cm?, €,=0.706) OF ~ 2" %R UL 0y/05~e;~4V|V BFETHEELIERLE(9),
Q)RR L ZFHEMBERL T2, SHERREHNPOREE 1=1.2, p1=0.40, p'=0.62 & y,=1.3%
PRV, RICFig. 33 R 5 2 » € -XOZ@EHKRRT — % (OH ; 0,=3.0kg/cm?) & Z#iliEAR
7— 4 (@ ; 6,=3.0kg/cm?®) % o,/o~e; BifR (F¥A) LU 0y/os~e; BR (E¥5H) TEELL
BERE (9), (1) R 2 HEHBEERLTNS. HERRIS R« ©-XOfHE 1=1.2, £=0.10,
p'=0.22 k r,=0.15% (Z#EH), 70.=0.11% (Z#@iE) %M. Fig. 34 [T O Z8LHE
ARF—4% (OHl; 0,=2.0kg/cm?, W 5350) L=@MMERART -4 (@H; 6.=1.0kg/cm? ¥ 3

. \t\‘;\\\ & o :// :
BN L & g, Lel- el
A // /| eI Ll
A |/ fo LN r
i\l N,
78
e pe | 4 - - - ] 1 4 7
3 2 1 [] < % 3 € %
Fig. 33 Relationship among g,/03, €; and ¢, in Fig. 3¢ Relationship among ¢,/0g3, €; and ¢ in
triaxial compression and extension tests triaxial compression and extension tests
on glass beads. on Sagami River sand,
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) Fofos~e, BER LV 0y/os~6; BETEBLILERE(9), QDR I2HEMBERL TN,
OBAFEII ST, SHEERRE AR UERE 1=1.2, £=0.28, p’=0.46, 7,=0.3% %
RAwnl, tozitild, MEOHMBORMTFRENRALTHLILEERLTEY, Lz THifith~<=
BEMO ¢, BPEBMPED 6, O2ETH D ZHMIED 6 BEHEMHO s O2HETHEL0S BEIHE
LTwbsodhbhd,

Fig. 35 RAEIIDOSBERRR (O, AH; WaAED, BHOEDH, on=—%) &I FZHHE

.5
.
eext. loose # Bkg/em2
ocomp. ~
A » medium | ¢
15
Yo =046 (%)

On
Fig. 35 Relationship between 4V |V and 7/oy Fig. 36 Theoretical and experimental relationship
in triaxial compression and extension between 4V [V and /oy (cf. Fig. 35).

tests on Sagami River sand.

AR (@H; WBEY, on=—3) OF =4 % AV|V L t|on(o1]0s LXHIET 2) OBEBETF 2w b L
A DTH 2. BHOBFRFEEHEILS on O (kg/cm?) XD L T2, ZORLD, EIER—D
tloy DERENTEFA4 VL 22 v — AVV OfiRBEMRF R» O BBFRA~NRET 20842003, i
avyjv Oﬁkﬁﬁﬂﬁfbﬂ’iméﬁ Linghfgid 7o BELWEBLELDN SN, oL E=Z8gEH, ZHHEE
PRIZIZA—0MRE 501 (10), (12) ROBEMLR LT THEEE N, Fig. 36 i1 Fig. 35 o
comp. ¢,=3.0kg/cm?® & ext. ¢,=2.0kg/cm? @5 — & ¥ & & comp. ¢,=2.0kg/cm? L ext. o,=
1.0kg/cm? O — 2 %BAT, ZhZhITRHLTA0), (12)RITL25EHER (FH) LtokErrLL
SOTH B0 FHEICHMBENBDOBRMIE 21=1.2, p=0.28, 4’ =0.46 L 7,=0.3%, 0.46% %\ .
LTC, FAv4 vy — AV|V) oBKERS (BNE) RPF3 t/loy (BB oi/as) DIEEE
ETHLEERD 20 FALL4 2y —ORDERF AT, SHWEROIEE d(4V/V)=de +2de;=0, =
BMROBE d(4V|V)=2de,+de;=0 TH 20, ZREFN15), (16)RL Y #ITRRLHE 2,

g e Jor __
T,*a-z \/a_a ) 1 T PSSO 17)




724 RARM KT ETERE 16 5B (FF.48. 4)

HENBOBEITH 1=1.2, p=0.28 T 5006, ANARLIVFI L4 2 vy —DBNETD 0,/03=3.69,
L7cdisTr/on=0.70 L 235, T DMEIZYR Figs. 35,36 LET 2084515,

AT, 2T Trloy BBk o/os ORY ITEIEHZE L FEEHEIST O H(o1—03)/on(=q/p) THEEIT
Lo THREOTL AVV 88 Lk Lic#kR* Fig. 37, Fig. 38 125+, %&b, ZOEH (6:—0y)/om

Ext.
1.
Comp.
/XY
7 &
8
't
/
6
- T X s
-asl l g -G
S Om
Fig. 37 Relationship between 4V/V and Fig. 38 Relationship between A4V/V and
(61— 03)/ o4 in triaxial compression (01— 03)/ 05 in triaxial compr=ssion
and extension tests on Sagami River and extension tests on Sagami River
sand (0,=1.0 kg/cm?). sand (g, =3.0 kg/cm?).

[252MY, W« B0 B EEY 2o THEDF A LA 2y —F XET BN A —2— L
LT8EIh, fil e AKDO, AR 10, Sl « V2 ERL > THROVTIBEINLIADTH 5,
T8 KHY, KHY® ELox4 420y -BIoERIcH LT ESBEETEDLINL LTI DD
#ERE LT, LOEI~PTFIEOEKEYENTWS, Fig. 37 13 Fig.35 4o ¢,=1.0kg/cm? @
CHERESHEBERBERE YR LEIDOTH > T, ERIZ10), 12RITL25tEdREREDL TV,
SERREBNDOREE 1=1.2, ¢1=0.28, '=0.46 L, Z@EHOB AT 7.=0.13%, Z#EEOH
TR 70=0.3% ¥HWwi. %7, Fig. 38 |t Fig. 35 10 ¢,=30kg/cm® O =ghEH & i RARE
RERLEIOTH > C, HEMBREZWMEROB AR 70=0.46%, Z@MROBAEE 7,=0.59% &L LT
Rt ZoWEE Figs. 35, 36 T HEThIE, BWOLXA L4 20y —id (61—03)/oa({=q/p) THEL
T tlowy (BBWE 01/0) RE > Ta2=— 2 ITHEINIOBHLDICELTHAH )0 TDT LHE(10),
(12X HIFHINBEIATH B,

Fig. 39 B0 FLO=ZMEMART — % (o,=1.0kg/cm?’, N.C) & o,/o3~e,~ 4V |V BRTEAEL
FeHERE(9), QORI L 2 EHMERL T3 FHEREEOFEE L OREME 1=1. 2, #=0.30, p"=0.42
E 10=1% % f\nizo %7 Fig. 40 digEE Lo ZMERRR T — 2 (6.=1.0kg/cm? N.C.) % 0,/0a~€,
~AVIVBEBRTEE LR E(9), 10)RICL ZHBEHBRER L TnE. &, #HEIE 1=0.9,2=0.42,
' =0.55, 70=3% £ H\7zo RIZ, Fig. 41 KEOHFLO=ZBMEMRRT — £ (¢n,=1.0kg/cm? N.C)
%AV |V~ (0,—63)]0n BFTEELALERLE(1ORCL2HEHBRERT. 23, BOFELORBMIC
RETERL 21=1.2, p=0.30, ' =0.42, r,=1% ¥ f\nizo Z OB (01— 03)/ 0 X3 B IThENTI- & 5 174
HeBEOIZIoTHitoLrAvA 2y -8 V]V) #az—2TBETEF 2 —5—L LTRER
hicdotd sy, (10), 12)ROZLFRIETHELOF4I v4 2 vy~ o1/os D t/oy T
D TXBENBZ LR D COEDLLDNT 2 —2 WL ONERBELI VIS ERTEHENS T
PERIR, WL on —~EOHA=ZMHERR LT A>T Fig. 41 LtRULEB LT TRELATHS 5,
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T | car—30
|~

2 $‘ /{6{

15 /v
' & 0 18 ° ! 70 5 20 o
‘|“ . 8 \ € % | 2

2 a\ >
28 o o . 3 \‘QN 8

Fig. 40 Relationship among ¢,/05, €, and

AV |V in triaxial compression test
on Umeda clay.

Fig. 39 Relationship among ¢,/d3, €; and
4V |V in triaxial compression test
on Fujinomori clay.

5
4 pay
23 é \

2> o’o
2 f:d
,-'d/
| o;f/
0
05 0 O-G IS
Om

Fig. 41 Relationship between 4V /V and (01~¢3)/0m in triaxial compression

test on Fujinomori clay.

4.7 ZEBHTOEGHL (0103, 61/05, a;/a5) ~XUVF'H (€, €, €) B R ODMREE

I TtRE-—E 74 XALORHE~DTFABBREL LT THEINTHREL S 3N TOELN
B~ P F2EER(8)RP L UANREHRT — 2 0L - THET 50 TFFEOTARETTRIIT S
(1) ROBRELEHOTARRITE - TiT %5 Fig. 42 R BBEDOFE A RBREE R (05=2.0kg/cm?,

s

€

0/&"

5\0\0; 0};‘
74

°\a\°4 o

/ i)

o M

5
£
“bod’(éﬁm

4
/| qla_

/( 2

)

/[

6 -5 -4 -3 -2 - 0 2

——
—

(-]

- 4 3 -2 A 2 3 4
: € ™

3
€ %
Fig. 43 Relationship among ¢,/03, €; and €,

in plane strain test after Ky-compres-
sion on Toyoura sand,

Fig. 42 Relationship among a,/03, €; and €5
in plane strain test on Toyoura sand.
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€;=0.663) & (1) RICL BEHEMHB LR LD O TH LY, MERLLIHIET 20084005, FEITITHE
LR BB ORYME 1=1.2, p=0.25, p'=0.44 & 7,=0.2% *AVT\n3, 37 Fig. 43 dRKE L5
BMRBRBICI 2P OO TARBER (61=1.4kg/cm?, €,=0.660) L 13)RNICL 25tEMBmERL
Tnd, 2L, ZOoRBREBOBESITLEE K EBEREL CEANSIEE 50T, ZoRITRT LS IKE
EMB T ETBHI ¢ CEAMBEMSEIETWE, 2hid Ky EBITL - THBloXEh RICHET 257
B3 TIRRAMEZT T LN BLH LI EDIOTH DY, FEMBREMELIZIZIHYT L 0H
bbb, ki, HERREHEDORMME 1=1.2, p=0.25, p"'=0.44 & 7,=0.1% %*\\iz, Fig. 4411
ZHWHBRBICL 2K 7R « € —XOFEHOTLRARER (0,=1.5kg/cm?) LHEWMBERL TS, §HE
KR 72 €= OFBHIH 2=1.2, £=0.10, p'=0.22 & 70=0.2% ZTHWico Y EL Y 13)RAEHE
FTHRRRIOH L TRILT 5 ENEIHIh, TRBEFEEZROTAMBRICE L CIRBRITERMHELZ &
PRI NI,

o
3 -4
€. ) € & o, € o
3 e |
@) [@]
ﬁ\oio; N x/
7 \ /
Ve
/ \\ 2
-3 -2 -l 0 | 2 3 5 o | 5
€ ™ €%

Fig. 44 Relationship among ¢,/ vy, €, and €, Tig. 45 Relationship among o,/0;, €; and €,
in plane strain test after Kj-compres- in triaxial compression test on Ottawa
sion on glass beads. sand.

5 €1 °
g!. / R Czl/ €
€3 o:-i o ° o / o

ala

€

~3 4 oL/
7\ - / j

1]

3

Ne j

3 | g
- 0 | -2 =l 0 2

€ &5 € 5%

Fig. 46 Relationship among o¢,/a3;, €, and €,
in triaxial extension test on Ottawa
sand.

Fig. 47 Relationship among ¢,/a3, €,, €; and
€3 in universal triaxial test on Ottawa

sand.

R, MRZL3EEHTOEIEHE~FEOTAHFRO—BER(8) RN L ZTHMBABRERITL > THRIET ST
EERA B Ko & Scott!:20.20 i A O K LT s %4 LT 3 FIS I & MOTICEA T
ELWMEFRMEL, FHFEYIIEN 0n —CORBTTOZEER, ZiMERARE L CFE/\MHE 4K IS5 H @
(octahedral plane) T % @ HuLd bR F FITHEBAICET DIEHEE (Licdio T on —&) KBS
SEENTORAMBRY1TE > Tnb,o Figs. 45~47 [T HEHW 5350 ® Ottawa BiZoWwWTOZ %
NEsER, SEEiER L ot RS60° (RS it radial shear o) LMRIEN2HE% 2 3 EISH T ORBRE
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R (6,=20psi) & (8)RNITL 2 EMB (W) +RL T2, HEIKZ Fig. 45 TR+ HTHABRE
Bhbe—Y54 A HEOHBEBKROBAY L TED K Ottawa BOEHIE 1=1.2, p=0.25, p'=0.45%, £
DR ORTHEVREZ 20 TENETNOHEHITDNWT 1,=0.12% (Fig. 45), 7,=0.10% (Fig. 46), y,=
0.08% (Fig. 47) #f\wico %7z, Fig. 48 B EH - AP KL > B LN BHBOMEL 5 3 IGHT
DRAMARBRERE ()R I AFHEHBERLTwb. b, ZOKREMLEHMEMT E K e,=0.661C
»Y, 0,=10kg/cm?, ¢3=0.6kg/cm? O} LT o, THMERLTITEA > Tndo Lo T 00 —BOH
BTRAV. 27, HBEHERPOREM 1=1.2, p=0.25, ¢'=0.44L 7,=0.04% ZHico 7o OIED
INEOREABHREFERH T2 UEARTRER Zo T2 b b, KIZ, Fig. 49 |
RIEL - ZMERBITL 2 BRD ORBESR (6.=1.5kg/cm?, €,=0.698) & (8)KiTL 23HEHKEERL T
nho FEIRIEBWOBEIME 1=1.2, p=0.25, p'=0.44 & 7,=0.1% T2, WHRIZETFHE
LT w3085 bhde sHEMBENMECAMOSTEIEINBE L T2 0RFHERBETS 50

Pr&y, —&RXN@)RE=ZHEM, Sk, PFRHOTABERLEDC, HRZL3EEATO K H
H~FOFLHBREISIERBIHAPTELZIOEHE L LN D,

I
€, L
4 :
3T Tz
o O oe
€3\ o [ / !
o
s Va & NI €
v 6
o
o
Red o/
2
-03 -02 -0l 0 ol 02 03 04 0S5 - 4 3 -2 4 [] i 2 3 4 5
€ % € ™
Fig. 48 Relationship among ¢,/a3, €,, €, and Fig. 49 Relationhip among ¢,/03, €, €, and ¢,
€3 in universal triaxial test on Toyoura in universal triaxial test after Ky-compres-
sand. sion on Toyoura sand.

5. FEBIKEAMTEHBREADEH

TEHEOSH TR, KLY LOBRBOTAEEFERICL 2HBOTHELAMITE L %5 BT
B (FAv42ry =) KEELEATTCEL TS, ~BRICEBRICA LS 0 FABEERLZDFHES
AVvAR Yy -RELBDTHOBENEGLE L LTHRBATELID L RET IR ER S,

A T J (18)
€1 = (€1)c A (€1)g  crrrrerree (19)
€3 = (€g)c A (€3)g  cverereereene (20)
€5 = (€3)c 4 (€8)d  rrrerrrerree (21)

CIRY 7497 RcBREBREILOTEE, ¥ 74922 dBEI VL2 y— (FAH) LB
ArERbTIDLET S,

EFECLZGHBOTR V]V E0TH (o (€2)e (es)e BELHMBbRTWBE LS TRATEL DN
o
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4V Ce Tm
(—V—)e =—m - logyg G T (22)
1 C m
(ex)e=(€a)e = (€)e="5" 1__:6—@ VOB 0T e (23)

T
T Co BEH (B2 WEBER) HE, € on BENFREFIOMBIBG 2 i X CMHTEERE
BHTHE. —F, FAVvA 2y —REBEBOFH (AV]V)e, EOFA (e1)as (€2)as (€3)a E—RRITIE
@)X, ZMEHRRBROBAITZ(9), (10X, Z@MERAROBLICIIAL), 12)RITL>THELbN 5,
LicdioT, FE  vAMERE LD 5> BEOEEHY 01/os ~FOFTH e.~(BOTH 4VV O
BIRIEETELA LITE S,
BoOBAZ—RIZERESNE N (Co 23/hEV) T, BB L7cd 5 IEBREIES 0, —ERREFL
FRE 63 —EFRROZRDEVHEECEWLEEZELbNL. 22T, Z0L) REHEBOENITY LT
EH~DTFAHBOZEZIIOWTEELZOWTERAERT LT 5. Z2THR, YAMTRIEK:H
ThngkH, TEDLLIERKEBEDOIETOLOBBYEL TH D, FHAEZELN) ORERBEHKE L
TORBEENLHEIENILETHE0D, 3 LADFI VA2 vy~ X THEBERLLY LThidA
PHRERBL Lo REIE, 3 LEDFAI VA2 yy —Cd> THREREERELL S LThidH
MEESEM L CZOREDERIE TV L EBRTLIENBTELTHS 5. THbDL, (18)RITILA
I,

(f’VV_)C + (E’VK) S0 (24)

LELZENTE S,

CDEIEELHIT ETAT(22)RE(10), 12)A% (2)RITRATHE, ZHEHEARS L Ui
BHRBROBEOTAW T ORMCHOBRR, ThdLIEIRE (stress path) #HET 5 Z LH3TE bo
Piid, ZHEGRROBEINE on=_(0,120)[3 TH B Db, (24)KLD,

2{f( 1) a1 e flomn "ot Hlogse o} =0
ERIVEED 0/ DIEITH LT o5 BREDY, LicdoT 6y DEIBEETE L. 5 EKXD 04, 03,
O BATEMS I E2EDT. Fig. S0 320X 5 KL TROFHEREE (ER) LFEABOHEFRLT

3
o 4
g 2 /'/
8 : 2
~r compression
Y §
l §
iy b
° | g
7
7/
0 3 0 3
Oy *asacm
Fig. 50 Relationship between (o, —03) and g4, Fig. 51 Relationship between 7 and oy in
in undrained triaxial compression and undrained triaxial compression and
extension tests on Sagami River sand. extension tests on Sagami River sand.
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n3o ZHEBEENIDOSHMERS X KZHMERROT — 29 THoT, BRI 1=1.2, =026,
1'=0.44, 7,=0.35% (Z#EH), 0.6% (S#ME), Cc=0.06,e,=0.74 *P\nico k¥, TNHOKK
BERAEIDOERT -2 hoRELLIDOTH S, CORLY, SHEH, SHMBs L ICHEmgsx
MERBRFEGEERL TR0 bR b BRINLOMBBES bERETL0RLA LI 2y
—ORBELLAOTH ) ERE . ZOENBEBLED 0n OBNERF A LA & ¥ v =10 BUBOFH
UVIV)Ye OBINEIHELTWBEELZLNZDT, COHEOEEARRANRRE > CET D LR
T%3,

Fig. 50 ZRT (0,—09)~0, BROBHTREEMIER L SHMBEOENERMEZ Y RTFNEN, Tt
ENENE—E 54 XE LD t~oy BMHFTHEET 2 L Fig. 51 ##82, ZoRRIIE, S8THEOE
AAZHMROBEIEDIRAL ¢/oy DETELLE~REL, %7 t/oy ORKAE (C—78E) 3R
LT E2L5TH 20 22T, AL t/oy OMTENSGE~NRET 201 ATNRBLHLHTHY, t/oy
DR KIS UAEIC % % 01 Mohr-Coulomb ORifi#eIcftd 2 L 2R LT LEL b D, %7 Fig
SO LRAUFRHEMELATESE LHERR (R IRALERMLERTONRALNS, ZhHOBERER, B
HiTdBRIL S R DT FRMD (01— 00) /0 (=q/p) TRELSTE-EFARXELD t/oy ITE>TK
BANBENIZEXFeXHTHIOTHS S,

wiT, HLoBARIERYE (BEH) BEBHAZ 0T, DoBALD SEBITL 2 0F420BERY
{VDLELDND. ZITEBLFALAIZ VY —OWMBARIED LELONLHE 03 —ERBRE, &
AVAR Yy —REBDOFRARGNEL D EZL LN I EEEDELT on —ERBROEMT — 2 L HBL,
b TEROFKRITE > THE LI ERER LML Thto Fig. 52 1t 0,/05~e,~4V |V G TEE

3+ Go= oo,

Us““l‘“l

Fig. 52 Relationship among o,/03, €; and Fig. 53 Relationship between ¢, and €4 in
4V |V in 6., =const. and o4 =const. o, =const. and ¢3=const. tests on
tests on Fujinomori clay. Fujinomori clay.

Lz 6n=1.0kg/cm® & 0,=1.0kg/cm? OPRZMERRBIR L ZOHEMBERL TV D, 23
Tk 2=1.2, #=0.30, ' =0.42, o =1.0%, Co=0.24, ¢,=0.897 % fH\nico ZORIY o,/os~e; RO
FRAZHTEEVERENORALN S, $7 Fig. 53 R OBED ex~e, BIHROEHME L S EMHBL
RLEIDTHE, INLAERLY, EBROELFITY ETIHEME 0n —FRBRE 0y —FRBROE
HMEOBRR L IZIZEITEL L) TH D,

TCHIFABROB AR, Ll REBRIAGKBOTHR V]V ¥4 VL2 — 12X B4k
BOT B UVIV ) OFIHO0 LS AP LEET LI LNTE B, Fig. 54 REOHESEF 0 A= IE
MABRORANE™ &2+ 3 HERR () R, HEOBEMRIZIZNEL T 0WAbR
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\ -

N
L
: . /| \ ]
i b / " >\
| D =
X / 0 1 2 3 4 5 6
[ 10 5
@ thgim) N2 0, (kgen?d
Fig. 54 Relationship between (¢,—¢;) and o, Fig. 55 An example of calculated stress path on
in undrained triaxial compression test Rendulic’s stress plane.

on Fujinomori clay.

3o ki, TOREICE A=1.2, p=0.30, z’=0.42, 7,=0.7%, Cc=0.24, ¢,=0.776 % fj\riz. % % Fig.
55 [ Rendulic QJENE LOIGHBEBOHERMERLTLIOTH S, LOFBEYMMEE LTk 2=1.2, #=0. 30,
p'=0.42,7,=1.0%, Cc=0.24,¢,=0.897 £ fj\», o, KT EEMILTHELZo ZOMPBEI -7
IZ Henkel 95 — 2 £HEIL 308D Y, ILEHMCEATIHEMILWCREHRBEHLED
bENRET 3 OIXEERE N

DEXY, tox4vg 20y —BEBOMBMEZBITGO L CCHER L ANITL 35~ A 8%
RERKRLDVANON TV EEBRLBEN~DTFABEERITIA LETE, AL TFALEHITLS
DFADEREDEZREDIIERLLIS>T, B - CAMHRAR L U 5B ZIENEE T OB~
THERTRIRZLNCHUETE L LIREI N, T, ZOBHNZEAE LCHRASIZL 2HBOT4
ORB0 £ ) ML D IEHKEAMBORNREBIBEETELZ LD

6. BH~09HBERAOWEE

EHERLO—BAZIEN~VFTHBEBRNER/MEEOREN L5 2 — 2 —ITX > TERT~{BhHLT
Bfco ZON72—2—LL TR, HTHAOKMETESTI0—A2LEHTHEE ,0L5 %30
—LHTFOEAKRE LTORETFMT 5 d0—WHMT & LEGTRA+2TH > T, FALEHNH
BEFET2LZELOND 10 (BBVR ) 0LI%b0—dDEEIRARTH D EEL DN Lo
CCTHMOR> TR EAMITHT 5 4 HOBRBM (L o ', 70) @5 b, ¢ RETHOBEREHK (Stan ¢,)
LEZONBHPEROWEEMTD > T, W c/ov~den/dy BROERY LCREYIN 2 L340

05 NI XRBLY, MTE L ARESPDLTIEE
" $ toose —EEREB LI TH D, $I 2RMHO p T > TH
g 03 J ) medium. ELEMTH> T, LBD r/oy~dey/dy BEE O BEHET
o ) M bRW S L1 2HOME L 5T EHBV. KIC p
a2 pap— REER ¢/ =200+p XN, DMORTHIE EHT
al $ S MBS P DDIEHTH 20 REIC 10 RE—E T4
RE EOBREOFH oy ORKEHETO 7 L&KL,

0 4 EONTHELHET /74 —2-LELbND. &

2 3
Om (kgem?)

. L . WORMED S L TR & i () LARE (0a) %
Fig. 56 Relationship among 7, confining

L amMEBHLNnS (Fig. 56 B1R),

stress ¢, and density of sample.
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T T, Figs. 26~30 oEBAEIZG)RLD 2.3( /e—1) CHIETIH, ZhboR*L5LIOHR
FRARECHTELORELH 2 VEFRRIENLITH D, T LD, p B—EHTHEZ L
FERTIE, BEONTREOILTH ¢ OEIBELIKENE LTEIE—ETHILELOND, BH
4, g p) OEBERCL > TIRIE—EIRBEI I, B2BE 70 HERAMEOHRE L LOoBE
(MiF & k) Tt L Fig. 56 £33N ABEETEELEL LN D,

RIEEFREOERNABEEFErBRL L, 2R LT IHBORABROVWT, BABTOWKEL
EU2~30HFEDDI LT, T LTELIRIFEEILBLY DL LT, PPk mMERAREEM
T50 COBBRBRIY, 4AHTRLFHEILLI>TE—EC5ARHED t/oy~dey/dy BEH LU t/on
~logioy BROBE LTS (WKLY t/ov=A(—dey/dy)+p TH 255, t/ox~dey/dr BED 7 m
v P OEBRAEDLD 2k, WMPHF OO 1 2RET 5. INLOEBARE, BT & RIZHh»bLTIEEZ—
EELEBETTH B, RITEB)ARLY, t/oy=2.3(1"—p){logiy —logieye} +4 TH 2 b, t/oy~logir B
ROQEL D ¢ %, r=1 QL EDORMDEND 1o TRET S0 ¢ DEBE L DL BB ZOEHMEE
BHT 50 70 DI omy €; OFBEZF 20T, Fig. 56 045 2B L CHMAEBD 1o DEEHET 5o
IDEITLT, ot ABBEIE A 1 ¢y 10) BREI NN, AR Lcdd RERYICREBELEET
OEH~DTHBEBRREEET L EBTEETH 50 Eid, BONEH~UPTAEEROLEYE: & @Rk
VHETH L LEDN D, Wiz TOETH, EHDOBER 1=1.1~1.2, p=0.25, p'=0.44, 7
BoBak 1=1.2, p=0.40, ' =0.62, # 3 % » € —X 0P 1=1.2, #=0.10, p’=0.22, B
Ak 2=1.2, p=0.26~0.28, p'=0. 44, O FHLOH AR 1=1.2, p=0.30, p'=0.42, EEE T OB L&
1=0.9, #=0.42, ' =0.55 % HHL®RE—B LTI ZHLORBOBREL LTHAVWTVE. Thboid
B—EORBEICEL > T, ThEFNoRBOZEERRR, Z@HPRAR, FEHOT2H2R, S@ERIIE
F3EH~0FHERERUTE L LI REROEER L ARBRERTRELIATH S, BINLE
Hro OERAZBERBOTHETH 2, LORA~OTFHERIIES LTIRTFHELEMT 220
I3kt =2 —HMLHPOKTHETHY, dLEFNELOEN~0T2BEE LTS24 THS
tnbhidEbkikve o B EROFESHERLST, BROGHFFTRLTHELEZTNERLEVWERTS
%,

7. & E S

CITRERLZZOEA~0TFABERRE, LohPEfidz-v54 X mEoXAl - EHIGH
(tlon) Ko THEEINBENWIELE (rfoy REEHT L) KILETE, BAMFORFHEEOEMLI
EZEHLTHE LcdDTH> T, Coulomb ROBEEANICHIETsd0EELbNb. —F4, BEOLE
HBREBWTILIE/\TF#E (octahedral plane) ko ANIES Toet(=¥(01—03) >+ (03— 05+ (03— 01)*/3)
EBEIES Goct(=0n=(01+0;403)/3) D, HLAEZWMAROEH AR q(=0,1—05) & p(=0a) DU
oTttdHEETNG L+ % von Mises ROE LT 2 (9/p B DN toce/oce HERBT D) MK
BUTH 5%, 2, SOEREELOERH LI T /oy BB LT HBLONFRELH—IITH
BLRTWEI TD Do Toer R Gocr RIGHOFRER (invariant) TRETEL EVI FRESRD 5%, #HiK
FAMIEHOFRPEGHOAELFETEENE NS HESIE LTI, LEORAEZEL T, EFEHE
TABEOMIT LD D & CREARMITIREBENIZE HBTH B LHEET 5. flild, E—¥Y¥ 734X
ECRIIT 2 1 00EAR t/on=A—dey/dy)+p RREITMMD 5540 BEEA LR 5B
koTnb,

XTCERAN TR, MENERELLBLE—Y 534 XHLOEH~VOTAERRRILTE, HEE—E7
ARXHOBWE  HITEALT, HEEZL3EEHNTOLO—BHEIEH~VOTHBERREFHE L. Th
LOEH~DFLERRNEEEOW, F5R+€—-X, 2IUKT2BE LEZZHERRR, Z&6FER
B, FEOTARBRPHELZS XN EEHI I BMBROEAMT — 2 Lo TRET R LEEIR, T
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ORBEXPOBEE (L 1 1, 70) ORGBRHERERICONTIZEA L. 20 %HBES3EEAT
DEO—BHEEN~VTHEERE, HENEBEADP O IRLEREML 5 2 -4 — T > THET S
iR, BEOTENFROREEREO12TH2LE100 50, JOMEICH L TEER—ICOREL
E2B13A0EB>TnE. ZOBH~UTREBRRI Lo T Al O LOLTREEEREL, B
HREBUOFEI LITL > T, MIBPIMEDOLHBIT LTS ZLLURTDLLEL 2o

BB, BHEETED - tEBAERIBREBICEHOBELRELE T, - 74 AAEIRONWTH
PEHBE T R P K ERE AR, ERP LUTF -2 BRZHEN E WL T B REY
FHEE ERK (B - KELERRF), ZKBAFHEEMZ—BR (H - FHER), RBRERFEHRLRR
EME (B KRT) 20VRPREOF 4 CEHHEL . HBNBKOVWTOERT -4 (BERRK) O
A€ Eo TWEWERHKRFZRFREMAXKE (B« BRELARFER) KL oMFRITx L#
BErEL2To 23 oHXRMATEEEERERAR RUHR) CL2300—-HTH5T L
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