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Study on the Shear Deformation of Unsaturated Sandy Soil with Increase of Degree of Saturation
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Katsuo SASAHARA

Abstract

In order to examine the suction-strain relations, suction unloading tests with constant axial and lateral
pressure in an unsaturated triaxial compression test apparatus were carried out. As results, following facts
were made clear. As suction decreases, principal strains becomes larger and strain increment also becomes
larger. And if principal stress ratio and mean principal stress becomes larger, principal strains progress in
larger suction region. This relation can be converted into that of degree of saturation to shear strain. In this
case, effect of increase of principal stress ratio to progress of shear strain is larger than that of mean principal
stress. Next, in order to predict suction-strain relation, consitutive equation for unsaturated sandy soil was
proposed. The equation is a stress-strain relation on CMP, with stress correction with homogeneous bond
stress on ¢-axis originated from suction in the equation. This new model could simulate the results of suction
unloading tests well, so the model is thought to be able to predict suction-strain relation of unsaturated sandy

soil.

F—T7—F: R@ML, $72ar, tARUTA, THNZHEHRSR BR

1. GBI

EHSFE 6~ B CERERCEERILALLTD
i MEOHEENEFHL, Afy - KB - AHBERZ
BRUWEL Lo LY HBLEYLOVEDS
BAL6CULTHY, BARECLHCEEZEDOKRE
ZHOTRAEMBOULD D2 letrolz, &
TATRERC & 2 WEATHEEROBRICL 5 &,
CAROKR S RETIE, TXDBELH TR L D EV
MBI FEEL 72D, WTKRLOEEL 2V IRETHRED
FELLDT 5299 PREREN TV B, &z Tk
fIOFEE L 2 WRBAREC BT, SHEROMIE
BERTHEONTEAMUTABERL T %
FEBL &Y b b 2,

CH S OAEFDE A O BEFRERREIC OWTI,
FiEHKRGBEOBIM S LOTAMBEDET &,
TR T 2 MHEARE LI DV T OB T
BEPO B 0o b B, Lk LIdkSEOREC X
ST EMNEORANEROETEBEO A H =X
AUCBT AR BEE S I L2V DY BB IBETH 3,
ERL D HBITOMTEOLERIRE I~3 K7V —7 K
AEH, 237V —TEETORBETFRTFELIRE
BNT3M S, fl 2 ~ ) OREEKEFER TR
* AV F AT 5 —

DT L, BRI &5 hAGREOBINCES RO
TR LTR—DERE LTwanh Y, BRANSERT
HBZEREDRG,

AFRTE, £ TTENSMEEAREEE Ry
7y a B (0 VEMELR) SBRE2T-1T, T
W E L OWAMEE DETIZOWTRET %, RICK
ROREL]: CMPHE LTEZET 2L 0BRRcHT <,
TERWEL OV 7 v 2 VEREICHES OT A DETODT
HETFVEREL, ZORYEEOWTHFNTILOT
HB, DFVFPETIEALIFIRERIE O RBR S
DHERST, EdD s ) —FERTHERSNT & EN
1 & BREDER L FRIC O WT ONERNE 52 %
bDTHD,

2. FEMPRLIOY S > a VEREHER

2.1 #% E
THMEONEEEIZ Y 7 v a Y X L E L
S5NBEY b, ¥ v VEHETREL TR =EE
WHEBBEE TR, Y7y arRURBREEHL, B
BB CHEHEDOTTOH2HELOY Y > a VBE (58
LR S O FRDETCOWTHRE LT,
2.2 BRI
2.2.1 ERER
AR TH L A RBR A= eheRRsEE (M-



b Vol 34 No. 3 (1997)

1) LAl o 8 o OB THuohTwa, UTFIZ#
DR R ICRT,
1) #EENOY 7y 3 v EU TR TE 2 513,

S=Ua— Uw

SEHEEY 73y, Usd B Un 3ESEENBRET
BRUOKETH D, KEBTEHEDY 7 ¥ a > 2T
Ziedic, MHhQDTEHLF Ry L EKLTEICHERL T
FBKEZO0 L, IF@D EEHRFTRAZ Lo 57
va MECELLWIEORBMEREA2EE L /2.

2) AEOEBENIBHIRD 570 5 FHES R O
EHOEEOER - BRI L TLRET 2, LoT®
DEFEC ISR E» & DRk s TldR <, Sl
NROKNE L D RD T2, S LD, Hh
@D R F > F 84 ZTHO KL% RBRBIGETRLICEREL
THEEEKME L, ZhEOKRIzEE2ELEICEHAIL,
2.2.2 EEBHE#H

TCWER SR, IENHBEESBHNTHIESEY %
Audee ZHEFRRINES, DL 2 v—, A4 ) v 2EELE

v¥alb—%

=S

QB

@kt 7 ¢ Ly

Bt53 vy 744%

QAUBY 77 LU RB
Ry Fq4T

o— Fih

Bt bt

BT

RIBRZ REL
293 PRI B 7k £ 8

F-soi— AGBHAZEN

q 1 HoR Rt R ZIER

_1ea0]

H-1 TR ZEEEREREE

Triaxial compression apparatus for unsaturated
soil
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Table 1 Physical properties of the soil for the test
Density of soil particle (g/ca?) 2.898
Meximm diameter Dmax (mm) 2.000
Particle size -
609% diameter Deo  (mm) 0.197
distribution of
50% diameter Dso  (mm) 0.152
the soil for tests
30% diameter Dao  (mm) 0.0568
{0% diameter Dio (um) 0.0077
Uniformity coefficient Uc 25.58
Waximum and Minimum | Maximm dry unit weight (ef/ce®) | 1.791
dry unit weight of
the soil for tests | Minimm dry unit weight (gf/ce®) | 1.151
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Table 2 Test conditions of suction unloading test and conditions of specimens
Stress conditions for each Initial conditions of specimens Conditions of specimens after
experimental case (before consolidation) set at each stress condition
(se o (kef/cn®) | o alkef/cm®) | o a(kef/cn?) | z eq |Wo(%) | Sra(%) |Dro(%) |Sotksf/ca®) ec | W(%) |Sro(%) | Dro(%)
1 3.5 1.0 1.83 | 3.5| 0.654| 5.2 21.5 82 0.88 | 0.543| 5.6 23.5 %
2 2.1 0.6 1.1 3.5] 0.684] 4.9 20.5 81 0.863 0.634 5.7 23.0 &
3 2.82 1.34 1.83 | 2.1| 0.688| 5.0 20.5 82 0.850 | 0.6M4| 5.4 24.1 &8

Steps of suction unloading for all cases

0.8-0.6~0.4-0.2-0.1 (kgf/cn®)
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Relation between suction ‘S’ and principal stres-
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Table 3 Influence of (1) mean principal stress ‘o', {2) principal stress ratio 'z’ to increase of shear strain with decrease of
suction
7 X X2 IRX=(X|'X2)/X1 v vz [Ry=(yi=y2)/vyi|[Ry/Rx Refference ]
on | LB3| L1 0,40 12.03 | 5.07% 0.5779 1.45 | Xi,X2 : Value of oo at Case-1,2  vi,y2 ¢ v at Case-1,2
z 351 21 0.4 12.03 | 0.6779 0. 36 2.36 | %, %2 : Value of z at Case-1,3 v, v: : ¥ at Case-1,3
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(a) Mohr'’s stress circle and bond stress, (b) Three 2
-dimensional mobilized planes under three princi-
pal stress.
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Fig. 12 Comparison of Calculation result of '‘S»’—‘y’ by
proposed constitutive equation and ‘S’ — ‘57’ rela-
tion to the results of suction unloaded test (Case
-1, 2)
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