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Establishing probabilistic transformation models for geotechnical design
parameters using multivariate Gaussian Copula
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Abstract: In geotechnical practice, it is common to transform the measured parameters to the design ones. It is also known that
the probabilistic transformation models provide an effective tool for predicting the actual range of the design parameters. The
commonly-used methods for establishing probabilistic transformation models based on multivariate normal distribution may
induce large errors and have a limitation of incorporating various types of marginal distribution for soil parameters. In this study,
a new method for establishing the probabilistic transformation models for geotechnical design parameters based on the
multivariate Gaussian Copula is proposed. The global clay database CLAY/6/535 compiled in the literature is employed to
verify the effectiveness of the proposed method. The probabilistic transformation models from CPTU indices to undrained shear
strength and OCR are then derived. The results indicate that by modeling the marginal distribution and dependence structure
individually, the proposed method removes the limitation of incorporating various types of marginal distribution and avoids
error propagation from marginal distribution to dependence structure. For the proposed probabilistic transformation models, the
uncertainty and correlation of design parameters are inversely proportional to the number of the measured parameters and the
correlation between the measured and design parameters.
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Table 1 Statistics and marginal distributions for five soil parameters in CLAY/6/535 database

L% e e e e
H—AHKPIE % Vi = s, /0! 0.641 0.596 Johnson SU 1.222 -1.742 0.141 0.250
HEE 45 L Y2 = OCR 2.353 0.657 Johnson SB 0.709 1.887 12.724 0.954
IH—1LHERBE ) Y =(q, —0,) /0, 9.350 0.678 Johnson SU 1.033 -1.438 1.723 4.157
H— WA BRI ) Ya=(q, —u,)/ o, 5.280 0.885 Johnson SU 0.989 -1.593 0.868 1.638
H—AHEFLBR KR 7T Ys = (u, —u,)/ o 4.709 0.574 Johnson SU 0.971 -0.762 1.116 3.123
FLELL Yo =By 0.556 0.338 Johnson SU 2.961 0.049 0.544 0.570

#< 2 Pearson tHXHE #5745 Spearman HHX R H T ERILLEL

Table 2 Comparison between Pearson correlation coefficient method and Spearman rank correlation coefficient method

Pearson #H2¢ ZEUT 1% Spearman #iAH X KT E
1 0.631  0.639 0555 0.527 -0.276| ! 0.652  0.679 0.642 0.466 —0.304]
0.631 1 0.592  0.503 0.562 —0.150 0.652 1 0.582 0509 0.538 —0.115
o 0.639  0.592 1 0912 0.739 -0.421 0.679  0.582 1 0.848 0.682 -0.476
MR AR 0.555 0503 0.912 1 0439 -0.624 0.642 0509 0.848 1 0346 —-0.745
0527 0562 0739 0439 1 0.165 0466 0538 0682 0346 1 0.221
|-0.276 —0.150 -0.421 -0.624 0.165 1 | |-0.304 —0.115 -0.476 -0.745 0.221 1]
(1 0.590 0.618 0.590 0.514 —-0.287| (1 0.669 0.700 0.660 0.483 —0.317]
0.590 1 0.560 0.527 0.521 —0.149 0.669 1 0.600 0.526 0.556 —0.120
Ggg;iilaa“ 0.618  0.560 1 0.845 0.673 —0.450 0.700  0.600 1 0.860 0.699 —0.493
26 R 0.590 0.527 0.845 1 0474 —-0.730 0.660 0526 0.860 1 0360 —0.760
0514 0.521 0673 0474 1 0.167 0483 0556 0699 0360 1 0.231
| -0.287 —0.149 —0.450 -0.730 0.167 1 | |-0317 -0.120 -0.493 -0.760 0.231 1]
AIC
BIC

&g‘: £ 0.5 %’1?3‘
2 ESERN 4
0 05 1.0

1 SENERAEARER S 2 = E N BT EUR E
Fig. 1 Measured data points in standard uniform space for soil parameters in CLAY/6/535 database
3.3 FIMRHESHBMRGRRANERTZNEY WG CLAY/6/535 Bif E B S AR it 35
MERIE MER B . 25 FR B ANHE K U 95 5 A ] 25 bE 73
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Fig. 2 Validation of proposed method for establishing probabilistic

transformation models for design parameters
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Table 3 Probabilistic transformation models for undrained shear strength and overconsolidation ratio using CPTU test data
- wit2¥s, /o, - Bt 24 OCR - s,/ cr 5\,OCR
Wl ] ¥ o il ! JiEc?  MXAMO
X3 0.697X; 0.515 0.600X3 0.640 0.438
Xa 0.660.X1 0.564 0.526X4 0.723 0.504
Xs 0.483.X5 0.767 0.556.X5 0.691 0.551
Xo -0.317X6 0.900 -0.120X6 0.986 0.671
X3, Xa 0.495X; + 0.235X4 0.500 0.567X; +0.0392X4 0.639 0.440
X3, Xo 0.714X; + 0.035Xs 0.514 0.715X; + 0.233Xs 0.599 0.442
X4, Xo 0.993X3 + 0.438Xs 0.483 1.03X1 + 0.664.Xs 0.537 0.391
X5, Xo 0.587X5-0.452Xs 0.573 0.616X5-0.262Xs 0.626 0.482
X3, Xa, X5 0.223X3 + 0.403Xs + 0.182X5 0.491 0.505X3-0.187X4 + 0.505X5 0.566 0.422
Xz, X5, Xo 1.07X5-0.332X5 + 0.288 X6 0.506 0.682.X3 + 0.0314X5 + 0.209X6 0.598 0.447
X, Xa X5, Xe 0.764X; + 0.717X4—0.474X5 + 0.450 0.336.X; + 0.809X4-0.129.X5 + 0.527 0375
0.715Xs 0.691X6
Code for Investigation of Geotechnical Engineering: GB
4 g:l:li iﬁ 50021—2001[S]. 2009. (in Chinese))
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