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Probabilistic design methods have been used as a design standard in Korea and abroad for achieving reasonable
design by considering the statistical uncertainties of soil properties. In this study, the following techniques for
reflecting geotechnical uncertainty are analyzed: quantification of the uncertainties of geotechnical random vari-
ables, and consideration of economic feasibility in design by minimizing the uncertainties related to the number of
samples. To quantify the uncertainties, the techniques were applied to soil properties obtained from samples col-
lected and tested in the field. The results showed an underestimation of the standard deviation by the 3-sigma
approach in comparison with calculations using data from the samples. This finding indicates that economical
design is possible in terms of probability. However, when compared with the Bayesian approach, which does not
consider the number of samples, variability in the 3-sigma approach is underestimated for some variables. This
finding also indicates a safety issue, whereas the number of samples based on the Bayesian approach showed the
lowest variance. The variance of the probability density function showed a marked decrease with increasing num-
ber of samples, to converge at a certain level when the number exceeds 25. Of note, the estimation of values is
more reliable for random variables having low variability, such as soil unit weight, and can be obtained with a
small number of samples.

Key words : Probability density function, Random variable, 3-sigma approach Bayesian approach, Standard devi-
ation
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Fig. 1. Areas under 10, 20 and 30 on the PDF (Ang and
Tang, 1975).
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Table 1. Basic statistics for the main soil properties.

B} JU
SEHre] Bkl

3 ARl At AT 19

Property n c cov N Property n c COV N
o, 32.30 10.292 0.319 64 Py 60.96 27.325 0.448 19
G, 2.65 0.0481 0.018 64 OCR 1.39 0.504 0.362 19
Vsat 17.61 1.171 0.066 19 Cyy 16.99 7.766 0.457 19
ey 1.09 0.294 0.270 19 m (Skempton) 0.185 0.0266 0.144 28
C. 0.29 0.176 0.606 19 m (Hansbo) 0.178 0.0335 0.188 25
Table 2. Typical ranges of soil variability.
Property Cov References
(clayajgz silt) 0.06~0.63 Lee et al. (1983), Phoon and Kulhawy (1996)
Hammitt (1966), Harr (1984), Kulhawy (1992), Lacasse et al. (1996), Lumb (1974), Phoon and
¥ 0.03~0.10
Kulhawy (1996)
€y 0.07~0.32 Lumb (1966; 1974), Corotis et al. (1975), Lee et al. (1983), Lacasse et al. (1996)
Cuyu 005063 Lumb (1974), Harr (1984), Lee et al. (1983), Kulhawy (1992), Lacasse et al. (1996), Duncan
(clay & clayey silt) (2000)
C. 0.10~0.52 Lumb (1966; 1974), Corotis et al. (1975), Harr (1984), Kulhawy (1992), Duncan (2000)
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Fig. 2. Comparison of COV with each approach (No. of
samples not considered).
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Fig. 3. Distribution of typical random variables.
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1. Distribution of data with depth ( @ Prior information, O Likelihood information).

Z (m)

Z (m)

Z (m)

Z (m)

10

15

20

25

10

15

20

25

10

15

20

25

10

15

20

25

whn (%)
0 20 40 60 80 100
[9)
CD%O o)
| 5 ] ®e"
o)
_ o 000 e}
o] el fe)
. o
o oee ©
o)
4 Q o)
o)
Gs
24 26 28 3.0
OCR
0 2 4 6 8
N .© o.
i @0
e
| 00
i OS O
®
Cuu (kPa)
0 10 20 30 40 50 60
a
o ® oe
@) O
O
5%
o o
° (@] (@]

Z(m)

Z(m)

Z(m)

Z (m)

w

[
©

]
=]

o

10

15

20

25

10

15

20

25

Ysat (kN/m?)

10 15 2

10

[S

S

_ e} G
O :O
1 o
Po (kPa)
0 50 100 150 200
[
| e
_ o@ %
o @® O
_ °
e
Cc
0.0 0.2 04 0.6 0.8 10 2-2)
e ® e}
| o i o]
so®
1 5 o) e}
ag' o
i a e
eo
0.0 10 20 3.0 40
e 0
| @; h
_ 3 o)
®
om ©
_ [
")




ARk GENTe] B sl A3 ARIAT 25
2. Calculation of standard deviation using the 3-sigma approach.
, G Vsat ey Ce Py OCR cyy  m (Skempton) m (Hansbo)
max 64.0 2.73 193 1.75 0.66 122.9 2.75 334 0.26 0.30
min 12.5 2.50 15.4 0.73 0.10 154 0.69 9.81 0.14 0.18
e 8.583 0.038 0.649 0.171 0.093 17.910 0.344 3.924 0.019 0.019

3. Process of Bayesian updating for a representative case.

Prior Likelihood Bayesian (1st) Bayesian (2nd) Bayesian (3rd) Bayesian (4th)
u o U o U o U o u o U o
G, 270 1.82E-02 2.65 4.81E-02 2.69 1.70E-02 2.69 1.60E-02 2.69 1.17E-02 2.69 9.44E-03
o, 364 6516 323 10293 352 5510 346 4850 349 3.640 348 2910
€ 1.05  0.183 1.09 0294 1.06 0.155 1.06 0.137 1.06 0.103 1.06 8.22E-02
Viat 18.0 0.623 176 1.171 179 0550 179 0498 179 0369 179 0.296
Ce 026 0.147 029 0.176 027 0.113  0.28 9.52E-02 028 7.28E-02 0.28 5.78E-02
OCR 120 0574 139 0504 131 0379 134 0303 133 0236 133 0.186
Py 64.9 45.6 61.0 27.3 62.0 23.4 61.6 17.8 61.7 14.2 61.7 11.1
cyu 19.1 6.483 17.0 7.766 18.3 4.980 17.9 4.190 18.0 3.210 18.0 2.550
m (Skempton) 0.16  0.019  0.19  0.027 0.17 1.55E-02 0.17 1.34E-02 0.17 1.01E-02 0.17 8.09E-03
m (Hansbo) 021  0.015 021 0.032 021 136E-02 021 1.25E-02 021 921E-03 0.21 7.42E-03
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