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Probabilistic characterization of underground stratigraphy and
its uncertainty based on cone penetration test

CAO Zi-jun', ZHENG Shuo', LI Dian-qing', AU Sui-kiu’

(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China; 2. Institute
for Risk and Uncertainty, University of Liverpool, Liverpool L69 3GH, United Kingdom)
Abstract: A Bayesian framework is developed to probabilistically identify the underground stratigraphy based on /. data. The
proposed Bayesian framework identifies the most probable soil layer boundaries with the consideration of spatial variability of
1. and quantifies the uncertainties in the underground stratigraphy, which provides valuable information for making future site
investigation plans and geotechnical designs. A subset simulation-based Bayesian updating algorithm (CBUS) is used to
generate posterior samples of soil layer thicknesses and to calculate the model evidence for determining the most probable
number of soil layers and the most probable soil layer boundaries, and the standard deviations of boundaries are calculated to
quantify the uncertainty in soil layer boundaries. Finally, the proposed approach is illustrated and verified using the real /. data
obtained from a deep excavation site at Yili station of Shanghai No. 10 subway line and simulated /. data from a virtual site.
The results show that the underground stratigraphy identified by the proposed approach is based on the statistical similarity of /.
data. With the increase of statistical difference in /. data within two adjacent soil layers, the standard deviation of the soil layer
boundary between them decreases, and the soil layer boundary identified by the proposed approach is more reliable, and vice
versa.
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Table 1 Soil classification based on /, given by Robertson and

Wride!'!!

41X +2 I T
2 HHRE T >3.60
3 D ARDIE T = 2.95~3.60
4 Fit -k Rt 2.60~2.95
5 WD 1 2.05~2.60
6 Wtk kbt 1.31~2.05
7 TRRD—%Rb <131
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Table 2 Soil classification based on 7, in China '

X rp [ [ bR A4 28 I, Vu

Ay Ay >3 .45 8y
1 TR AN P 1

IR AT 0,,<11.8exp(-F,/1.15)-0.36

29~345H Q
& n

2 Hit >11.8exp(~F,/1.15)-0.36
3 yARDIE iy 2.65~2.90
4 mt 2.32~2.65
5 AL 2.10~2.32
6 4ifb 1.87~2.10
7 R <1.87
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Fig. 1 I, data from deep excavation site at Yili station of Shanghai

No. 10 subway line
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Fig. 2 Illustration of random field model of underground
stratigraphy
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WL R (7D PR, PEI6, Hy, N B — BRI 24
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R Ly s Gy 1 e B 11, 0, 12, H L
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Table 3 Maximum and minimum values of random field

parameters
;‘un,min :‘un,max Gn,min Gn,max A’n,min A’n,max
0.52 4.12 0 1.04 0.1 1.2
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BRS04 P&E) =3\ P(E| N)P(N) RIH— 1L
B, 5 NTEK. 4 PIN)NEIZIAARR, 2 9) F P(V)
M P(EVHNERL PINIE)S P(EINRIEE, Bl
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F={cP(£|H,,N)-U>0} , (10)
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# (it MATLAB™) Gl iR FAFEE o A X 5 224
AR ME B eIE B AR K LR H Npas HE7T
LB E N Rt B A 35 m] R A = 2801 )2 A
FHHIRFE PR HEZE S5 B Hhoh, WAE T — Bt
HET P IR R B B L B RLE B R AR
ANt R R 55

PI—LCPTHR, GIHRERELS ., W
BERERLS) £, METLIE 1o SRIBAT R
'

WERGIRAEE (CPTEE. B BRI A
By ) X (1) HESACPTIA K /18

i

WaxE TR LB Nowax, W N KT RETRAE €045
N=1, 2, -, Nuax, FH2HATHLZEEEN=1

!

R (3) ~ (8) Ak (13) , RAFHEE™ 4 N
T TREEEREEA, BiE N LR EEENE R RS S
=

N=N+1 NN
2
TR B RIS E N, FEARERN BSR4
HATESNLREEMAHRERTSE., o
ZEFE ] R

3 HERE

Fig. 3 Flow chart of implementation procedure
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