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Yield Surface and Hardening Laws of Unsaturated
Clayey Soils for Isotropic Compression

3 2 Ch
Song, Chang Seob
Summary

This paper presents yield surfaces and hardening laws for describing the state of an
unsaturated soil under isotropic compression and suction changes. The yield surface is
formulated within the framework of hardening plasticity using two independent sets of
stress variables . the excess of total stress over air pressure and the suction. And the ap-
plication of the yield surfaces and hardening laws are confirmed from the result of the
experiment. To this end a series of suction-controlled isotropic tests are conducted on
clayey soils.

Matric suction is controlled by the axis translation technique using high air entry ce-
ramic disk. The specimens are compacted using a half of Proctor compaction energy with
5 % lower of water content than the optimum moisture contents.

From test results, existence of the yield surfaces and an application of hardening laws
to samples are confirmed by comparison between test and predicted results. And: it is
confirmed that LC yield locus is extened with the total plastic deformations induced by
suction or stress changes, however, Sl yield locus is only extended with the plastic defor-

mations by induced suction changes.
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(b)stress path and yield curve in (p, s) stress plane

Fig. 1. Relationship between preconsolidat-
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Table-1. Physical properties of samples used

" in the test
LL PL | OM.C| 7dmax
G USCS
S %) | (%) | (%) | (t/m¥
2.60 44.3 19.8 26.0 1.47 CL
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Table-3. Slopes of loading and unloading
curves and yield pressuressuction

suction Do

(kg/cm?) A) g (kg/cm?)
0.0 0.1300 | 0.011 | 0.350 | saturated
0.1 0.1060 | 0.011 | 0.741 |unsaturated
0.2 0.0960 | 0.011 | 1.147 "
0.3 0.0916 | 0.011 | 1.439 Y
0.5 0.0890 | 0.011 | 1.711 ”
0.8 0.0885 | 0.011 | 1.962 "

remarks

Yehted, ol Bx3ES T2 {99
d 98 fAHL Jong WEIHIL Us F
Hol HE&4E 9iFd AYse ol &
7] o &oltt.

Flg. 3¢} e-ln p A A A3l (loading) of
2l 71 &71& A(s), A3 (unloading) wiel 7]
2718 « 712717} ke Aol S (FES
#)e pt 3to] Tahd Table-33 2t}

L. Astgao 13

Table- 3011*1 Qo] B E 7&
el 5o &4 AE &
l, ol g FEH FIHE Yeie 4

F& HEIAY. Fig. 4= 22 A9 9
Aol A AT ZHE FEH 4 FEFE
EAR Zelth BAAE x7] adelA ozt
o Zqe 78 F(bA), BIrYe 2
o Z} Ao AIZHEQ cH, dA, H, {4, g
A, hde Ad=E HYd du=2d st5g 7t
A "ot o] W, & HeAe &G %
A A o] Wl Table-49F 2th

Table-3 9 Table-42] A:E nlgto g 2
(13)3 2 (14)d Foi7 Hagsd 93t
FEH] gHE T3 HEA9} Hjmad
Table-59} ¥t}

ol 4te]l HAFE Fig. 425y AFsd, ad,
b, cHd, dF, e % fHe SAFI o

"‘-\?LEE:L
ST

e

Table-4. Stress state and volume changes of
each points for samples tested

s P S | w TAV/V

Pl | (kgfem?) | (kg/em®)| (%) | (%) | (%) | ©
pt.a| 0.416 0.0 51.47(13.80! 0.0 0.929
pt.b| 0416 0.1 51.47(20.75| 0.570 |0.918
pt.c| 0.0 0.1 100.0(35.42) 0.415 [0.921
pt.d| 0.1 0.1 97.24134.41| 0.467 |0.920
pt.e] 0.2 0.1 90.11/31.85| 0.518 |0.919
pt.f| 0.3 0.1 76.4327.011 0.534 |0.919
pt.g| 0b 0.1 50.31(17.71| 0.726 (0.915
pt.h| 08 0.1 @.66 15.21] 1.192 [0.907
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Table-5. Comparison between tested and calculat-
ed po for each stress states

s yield pressures (p,)
9. turated k
(kg/em’) it |measured |calculated| urz: ’ remer
(%)

00 035 | 035 | 035 | 0.35 | suctiondecreased

01 |07l 0741 | 0741 " "

02 | 1147 1147 | 1147 " "

03 1439 1439 | 1439 " "

05 | 1666 L711 | 1709 | (.356 | suction increased

08 |L720( 1962 | 1930 | 0.378 "
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Fig. 4. Development of LC and SI loci dur-
ing suction increase
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Table-6. Slope for suction change and yield

suction
b Ks So
(keg/em?) As (kg/cm?) remarks
0.1 0.045 | 0.011 | 0.416 saturated
0.6 0.045 { 0.011 | 0.416 | unsaturated
1.1 0.045 | 0.011 | 0.416 "
1.5 0.045 | 0.011 ] 0.416 ”
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Table-7. Stress state and yield conditions of each points for samples tested

s Sr
(kg/cm?) | (kg/em?) | (%)
pt. a 0.416 51.47
pt. b 0.416 51.47
pt. 1 0.1 97.24
pt. 2 0.1 97.24
pt. 3 0.1 97.24
pt. 4 0.1 97.24
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Fig. 6. Development of LC and SI loci dur-
ing loading
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