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Abstract

A probabilistic method was employed to compare the prediction accuracy of axial and volumetric
strains of Lade’s double surface model with that of single surface model. Several experiments were
conducted to examine the variabilities of soil parameters for two models using Back-ma river sand.
Mean values and standard deviations of soil parameters obtained from experimental data were
used for the evaluation of the uncertainty of analyzed strains by the first order approximation.
It is shown that the variabilities of parameters in the single surface model are more consistent
than those of the double surface model. However, in the accuracy of axial strain by probabilistic
analysis, double surface model is more stable than single surface model. It is also shown that
two models are excellent in view of the accuracy of the volumetric strain. The method given in
this paper may be effectively utilized to estimate the constitutive model because other results of
the comparison of two models coincide with those of this paper.
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Table 1. Physical properties of Baek-ma river

sand
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Table 2. Statistic characteristics for parameters used for Back-ma river granular soil of double and single

surface model

No. of Remarks
Parameter E[X] S.D.LX] Var[X] COVv. -
Test Component Model
Kur 27 348. 16. 256 0.046
elastic Double
n 27 0.741 0.086 0.0073 0.111
behavior and
v 27 0.28 0.116 0.0134 0.414
Single
™ 27 33. 2,620 6.841 0.079 faiture
surface
m 27 0.130 0.035 0.0121 0.843 criterion
c 12 0.00146 0.0004 0.0000 0.298 Plastic
p 12 0.961 0.279 0.0778 0.290 Collapse
Doubla
r 27 —0.457 0.095 0.0091 (.340
surface
S 27 0.516 0.022 0.0005 0.043 Plastic
t 27 ~2.415 0.617 0.380 0.263 Expansive
o 27 2.597 0.283 0.080 0.110
B 27 -0.180 0.149 0.0223 0.829
Y 27 0.369 0.026 0.0007 0.071
& 27 1.160 0.090 0.0008 0.078
¢ 12 0.00064 0.000087 000000008 0.152 hardening
Single
p 12 1.865 0.054 0.0029 0.030 function
Surface
¥, 27 - 3.353 0.149 0.0230 0.045 plastic
u 27 2.22 0.072 0.0052 0.033 potential
h 27 0.676 0.018 0.0003 0.030 yield
a 27 0.146 0.013 0.00017 0.082 function
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Table 4. Correlation coefficient of soil parameters for double surface model
Kur n v C p m m R S t a B Y S
Kur 1 -071 —041 —-002 014 —036 027 019 011 —0.05 —0.09 066 —033 027
n 1 013 015 010 027 --028 —0.02 —020 —0.13 —068 —068 0.19 —039
v 1 002 ~020 013 -016 009 039 —048 —002 —025 040 —0.10
c 1 037 011 —030 043 010 —031 —013 —0.10 010 —0.08
p 1 000 —0.05 —030 —0.03 026 029 0.06 —001 —0.20
m 1 099 —011 026 —039 041 —~041 064 —0.90
m 1 015 012 =011 —-001 019 —016 0.04
R 1 —0.06 —022 —050 017 —-0.16 —0.02
S sym. 1 —~089 027 011 035 —0.27
t 1 —-0.14 —0.08 —0.52 —047
a 1 ~042 014 —047
B 1 002 030
Y 1 —0.67
) 1
Table 5. Correlation coefficient of soil parameters for single surface model
Kur n v C p m m ¥, u h a
Kur 1 -0.7 041 042 -026 001 -006 -006 032 002 -0.15
n 1 0.13 --0.26 0.30 031 0.34 037 -030 -004 0.18
v 1 004 ~—002 —0.03 0.01 0.07 013 —016 021
c 1 —0.83 0.17 0.14 0.11 026 —024 —039
p 1 —0.03 0.01 005 —0.24 0.19 0.31
m 1 0.99 093 027 -—064 —0.25
m sym. 1 095 034 -—-069 -—025
¥, 1 —~040 —070 027
U 1 053 —0.05
h 1 0.56
a 1
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Table 6. Comparison of Mean, variance and C.0.V. of axial, volumetric strains for double and single surface
constitutive model
a. 63=1kg/cm?

G1-03 1.56 2.04 232 2.54 2,67 2.76
Double 1.466 3.129 4.524 6.288 7.700 9.140
E(en
Single 1.516 2.508 3.540 5.140 7.119 9.654
Double 0.0818 0.1891 0.2732 0.3752 04561 0.5387
SD[ 81]
Single 0.1601 0.3089 0.5192 0.9373 15701 2.5226
Double 0.0558 0.0604 0.0604 0.0597 0.0592 0.0590
COV[e]
Single 0.1055 0.1232 0.1467 0.1823 0.2205 0.2613
Double 0.071 0.981 1.022 0.982 0.714 0.464
E(Ew
Single 0.879 1.106 1.223 1.268 1.207 1.037
Double 0.1401 0.2544 0.3697 0.5142 0.6353 0.7616
S.Dle,]
Single 0.1552 0.2243 0.2872 0.3806 0.5022 0.6757
Double 0.1996 0.2592 0.3618 0.5702 0.8899 1.6420
COV(e,]
Single 0.1766 0.2027 (0.2349 0.3002 0.4160 0.6515

b. 6:=2 kg/cm?

0103 2.19 2.66 3.66 424 4.66 494
Double 1.054 1.595 3.409 5.235 7.067 8.700
E(e))
Single 1.506 2.002 3.107 5.083 7.174 9.862
Double 0.0491 0.0835 0.1916 0.2830 0.3629 0.4316
S.D [81]
Single 0.2190 0.3039 0.6159 1.0256 16811 2.6772
Double 0.0466 0.0524 0.0562 0.0541 0.0514 0.0492
COVie, ]
Single 0.1454 0.1518 0.1754 0.2018 0.2343 02715
Double 0.731 0.971 1.455 1.468 1.657 1.549
E()
Single 1.192 1.388 1.813 2.073 2.252 2.333
Double 0.1196 0.1596 0.2676 0.3626 0.4594 0.5548
S.D[e,]
Single 0.2166 0.2660 0.3993 0.5180 0.6579 0.8244
Double 0.1637 0.1640 0.1839 0.2200 0.2072 0.3582
COV(e,]
Single 0.1818 0.1917 0.2202 0.2499 0.2922 0.3533
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c. oa=4 kg/cm?

6,-03 [ 293 [ 3.67 4.87 6.55 7.59 8.43
Double 0.823 1.520 2.276 4425 6.333 8.339
E(e)
Single 1.500 2.007 3.018 5.023 7.054 9.811
Doubte 0.0738 0.1313 0.2826 0.5749 0.7970 0.9990
SDl-¢]
Single 0.2984 0.4131 0.6571 1.2158 1.8827 29472
Double 0.0894 0.1051 0.1237 0.1299 0.1258 0.1198
COV[51]
Single 0.1989 0.2057 0.2178 0.2420 0.2669 0.3004
Double 0.767 1.063 1.619 2371 2.754 2.959
E(e)
Single 1.638 1.908 2.353 3.000 3451 3.863
Double 0.1268 0.1953 0.3648 0.6777 0.9156 1.1466
S.Dle.]
Single 0.3766 0.4499 0.5845 0.8188 1.0235 1.2682
Double 0.1653 0.1837 0.2253 0.2858 0.3325 0.3875
COVie, ]
Single 02208 0.2358 0.2484 0.2728 0.2965 0.3283
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23 3. C.OV. of axial strain vs axial strain on Bae-
kma river sand.
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33 4. C.O.V. of volumetric strain vs axial strain
on Baekma river sand.
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3@ 5. Comparison with degree of dispersion axiai

strain against constant deviator stress and
volumetric strain on Baekma river sand.
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