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DEFORMATION AND STRENGTH CHARACTERISTICS OF SOIL
UNDER THREE DIFFERENT PRINCIPAL STRESSES

By Hajime MATsuOKA and Zeruo NAKAI

Synopsis

A new stress plane in three-dimensional stress space has been proposed as the composed stress
plane of three mobilized planes of soil particles among three principal stress axes. The new stress
plane is named “spatial mobilized plane (SMP)”. It has been verified by data of various kinds of
shear tests that stress-strain behaviours of soil under three principal stresses can be uniquely expressed
on this spatial mobilized plane. Principal stress-strain relationships of soil under three different
principal stresses have been derived from the unique stress-strain relationship on the SMP. These
stress-strain relationships have been verified by triaxial compression tests, triaxial extension tests,
plane strain tests and true triaxial tests on sands. A new yield condition (failure criterion) of soil
has been also proposed on condition that soil yields when shear-normal stress ratio on the SMP reaches
a certain value. Furthermore, an analysis of stress ratio constant tests has been presented on con-
dition that strains due to dilatancy are controlled by the shear-normal stress ratio on the SMP and
strains due to consolidation are controlled by the resultant stress of the shear stress and the normal
stress on the SMP.
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Fig. 6 Relationship between 7foy and eyfy Fig. 7 Relationship between r/oy and eyfy
on spatial mobilized plane in triaxial on spatial mobilized plane in true
compression, triaxial extension and triaxial tests on Ottawa sand (after
plane strain tests on Toyoura sand. Ko and Scott’s data).
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Fig. 9 Relationship among 7/oy, ¥ and ey on spatial mobilized plane in plane
on spatial mobilized plane in triaxial strain test on Toyoura sand (after
extension test on Toyoura sand. Ichihara and Matsuzawa’s data).
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Fig. 11 Relationship among rfoy, ¥ and ey

on spatial mobilized plane in triaxial
compression test (RS 90°) on loose
Ottawa sand (after Ko and Scott’s
data).
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Fig. 13 Relationship among 7/oy, y and ey
on spatial mobilized plane in true
triaxial test (RS60°) on loose Ottawa
sand (after Ko and Scott’s data).
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Fig. 15 Relationship among rfoy, ¥ and ey
on spatial mobilized plane in triaxial
extension test (RS 30°) on loose
Ottawa sand (after Ko and Scott’s
data).
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Fig. 17 Relationship among a1/os, €1 and e

in triaxial extension test on Toyoura
sand.
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Fig. 12 Relationship among /oy, y and ey

on spatial mobilized plane in true
triaxial test (RS75°) on loose Ottawa
sand (after Ko and Scott’s data).
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Fig. 14 Relationship among r/oy, y and ey
on spatial mobilized plane in true
triaxial test (RS45°) on loose Ottawa
sand (after Ko and Scott’s data).
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Fig. 18 Relationship among o1/o3, €; and €3

in plane strain test on Toyoura sand
(after Ichihara and Matsuzawa’s
data).
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Fig. 19 Relationship among o1/o3, €1 and €3 Fig. 20 Relationship among o1/os, €1 and €3
in plane strain test after Kjp-com- in true triaxial test after Kg-com-
pression on Toyoura sand. pression on Toyoura sand,
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Fig. 21 Relationship among a1/o3, €1 and 3
in triaxial compression test (RS 90°)
on loose Ottawa sand (after Ko and
Scott’s data).
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Fig. 22 Relationship among o1/03, €1 and €3
in true triaxial test (RS75°) on loose

Ottawa sand (after Ko and Scott’s
data).
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Fig. 23 Relationship among o1/o3, €1 and €3
in true triaxial test (RS 60°) on loose
Ottawa sand (after Ko and Scott’s
data).
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Fig. 24 Relationship among o1/as, €1 and €3
in true triaxial test (RS 45°) on loose
Ottawa sand (after Ko and Scott’s

data).
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Fig. 25 Relationship among o1/03, €1 and €3
in triaxial extension test (RS 30°) on
loose Ottawa sand (after Ko and
Scott’s data).
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405 For symbols

see table I ’
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b= 5 o= (gt griq
Fig. 26 Proposed yield condition (failure Fig. 27 Measured angles of internal friction
criterion) and measured angles of of a sand under three different prin-
internal friction of a sand under cipal stresses (after Ramamurthy et
three different principal stresses(after al.).
Sutherland et al.).
; 3 \2
tandya-+ tan®das+ tanZds, — (E K) o et (29)

Fig. 26 >R EEERSA d=d1z=sin"! {(o1~03)/(01+03)} LPRIFIES o2 DRESEEZ DT 5 2
— & — b=(02—03)/(01—03) DR TRERCHREKRLALDDTH 2. COXKD, ¢i6=0 CSHEH
&) & =1 CEHREH) TENTHLL, =05l T, FEAHRELB0MB NS, 133, Hb
@O 71 5 bid Sutherland {10 1t k2 5 2 WOEBBEREERL T 5%, T/ Fig. 27 |3 Ramamurthy fil0 23
178 - 1: 5 2WOERBEREEIA LD TH 505, REXCDEBDTI UL TNEDNE SN 5,

R LN ERICB T 2EROMSEZEA LT, n=2 04,

o1—02\2, (o3—03\2, fe3—01\2_ . o in? T SO ¥ 1 SO
( 01+02) +( Uz-i—ﬂa) +( i ) sin2egy 2+ sin2¢oz + sin2¢g; =24 30

LS BREBEEBEL TS, 29 RE B0 UL tand L sing BANE - TV BFFFTIESICE LK
ZLTW3, BELTAHZEQDROEBDULETRED ¢ DIEEEZ 203, 0°S4<45° Tt L TREKT®
LIRDELDPBNEI TH b, LIch-T, ELo0KDREMNRBREGTHIOEZEMBIVHET ST
CRABTH B, COLH BESCRABEO—BEUIHENHONETEAS,
% 7z Bishop!® (2D & 5 1EEFR,

. K

sxn¢=mﬁ)
FREL TN DS, Thid sing 3 6=05 it LT E D, LEBDRY, GBOR&EIHILDEMMSREL -T
Whe BB, K1, K2 BERITE > TRDRIIESDVERTH 2,

6. EHHE—EHROBIT

REDEC B, LENECTRES - ANTERSRESO—BIISH 22 L BAICE L 50942, FH
FEBCLB20TALERAM (F191V1 42V —) REBVFADEREDODEELUTEMINT S, 3RT
BHERIC BV TR TR b e — 7 4 XSNBEAEE LTEME— 5 4 X N (SMP) 13 2 A% 5
FCRE LIS, EBICE B 0T 505 SMP LOAISH p Ol (Fig. 28 B) cXESh, #4144
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—LBVFHBOENS p L SMP OEROITTAE g
DREX, THhE AN - BEKAKL (fon) OEREX
STXRINZEDEELTHI. TR, TOEZE
b ETOTHRUEBIZRETORI—0F4HBE%
FRETBHEEBI, BV I TEDOEBORELEET
b - B H—ERBIC OV T OBEHEHELE R T,

Fig. 28 c k1) 2 &5/ p DR B L UHeHEIZRD &
SKERBEINZ,

7= (ora1,00a2,05°as) uso 4
(/s [orSs  [osfs) ...
V= Vo5 Vo) ¢2)
P=v’012‘a12+az2‘a22+aaz'aaz=‘/‘/——1j3 ------ (33)
S o,

LTI K S ICERICL VT B3 DIEICK - TH Fig. 28 Shear stress, normal stress and
Ehadsnd:l, BHILOITHRE IV ERTIE resultant stress on spatial mobilized
p=on(=/1/3) 2ERE L THERED OB ERAVRIE, plane.

EFC L BHEOP S (@) RRRD LS KEKDI N5,
(Ev)c= Ce ]oglu om_ ~ Ce -]ogloi ............................................................... (34)

T 1l4e § 2

TZTIT, Coi3EHEEH, o BT 2, o BPOPEEHEEN, 2t 3FHOERA 2 TH 5,
AT, SHERRE (a1=02=03) I TIE () DREHDFH (e1)e, (e2)c, (e3)e ~DEHIFL DS, 3
ISR BBAITIT (e)e D (e1)e, (e)e, (ea)e ~DEFHIZ—MRICENZ EEZ SN D, TORGH (a1, a2, 03)
EEIEN p OREBHEM~OBDFOKRE XQEELEE NI, (32), GHORIHRAEE L.
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- Vaa Ce ogia?-
(ea)c 1+az+a ( v)c \/0—1v+\/;;+\/;8 T¥e glopi

—F, FA Vv 2 v v—RREBUOTH e, (g, (ea)a i3, (19), Q1) R &EZEBZBiThiITRO LS5
TEDLINEENbh 5,
(e1)a=vofi(r/ow)
(2)a=yo-fa(Tfan) | +worresessrnrer i (36)
(e3)a=vofa(r/on)
CCT, RFHEEFMT 5,95 A — 4 — yo i om OEINTH U THEINT 5 EBERI DD > TS
B8, ZOEEFAE (35), (36) REFRADORLFVTA I Ko EERELERT 2 &0 &HH 5RATERE
LT %0

yo— yoi -+ Carlogio- o™ mygs 4 Ca-TogaaL - ieeereeerieinmiiini s 37
Omi b4

T TIT, yoi IZFIEPRAE (oms) BT B yo, Ca 3K ZOHWBICL > THEBHKTH B0 2 LD (35)
36), BNRLV—BHBIEHFETOEVTAR, EFICLZVTEELA VA EZ Y V—RIZVTHDE
hab¥ @D NITRATRDE WS,
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Fig. 29 Calculated relationship between vol- Fig. 30 Calculated relationship between vol-
umetric strain e, and mean effective umetric strain €, and major principal
principal stress oy, in principal stress strain ¢ in principal stress ratio R-
ratio R-constant test. constant test.

A g GORICHETOT, ZHMERRE (1202=03) i
* . B0 3 EBHM (1)os=R) —FHRRD BH— VTS
\ %A st L f-—l % Figs. 29,30,31 279, Fig.
‘ 29 BEMBSM R 597 * — 8 —L Uiz eo—om BR
3 Fig. 30 |3 R % /%5 x —42— L L1 ev—a B,
2 Fig. 31 {3 o1/os—esfer BRRDFTEMERERLIC DD
, THhb, FEICHOIFEER C.=0.01, ¢=0.660,
omi=0.1kg/cm?2, y4:=0.01%, Ca=0.1%, A=1.1, p=
-05 [ 05 € 1.0 0.25, w'=0.44 Tk %, 4% Figs. 29,30,31 OFHE
=3 - -
€ #FRIZ El-Shoby® DfT15 - 251 h—ERBRO M
Fig. 31 Calculated relationship between prin- MELLSEPLTWADBAE NS, 2D ELD,

cipal stress ratio 01/03 and principal Fﬁﬂkb“ﬁ?ﬁ?ﬁﬂiiﬂﬁbf:i 5 fiE%&,&A%ﬁﬁi

strain ratio egfey in principal stress N
DERADLRICH ETOTEAMICIIHATE S D
EEZBN B,

ratio R-constant test.
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DOE EDOFAR - BEBA S 2 —EMIGELIE I RBRTEEDELT, FretitOBRREH BE
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