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Procedures for different
___J-examples.______ fmmmmmmm

X2-1 SLS :_ I
Spatial ransforma Load Regponse : Reliability
variability tion error uncertainty surface I analysis
I ! I
I ! I
| EX2-1ULS I :
:Transforma Spatial Model PenJPrmancel Reliability
I tion error variability error fupction analysis
|
I EX2-5 ! I
1 | I
1| Spatial Response Model Rdliability |
I | variability surface error ahalysis |
| T |
: ' ' RBD

Depth (m)

H (to be determined)

Ground surface

="

- %)
o?%.
/ 4
o}>/¢

FVT (kPa)

An embankment on a soft
peat with final height 3 (m)

determine the first stage
embankment height.

The Embankment material
=19 (kN/m3) ,
#,=32.5 (degree).

Top soil : normally

consolidated clay (y=18

(kN/m3) and ¥ =9 (kN/m?3)

3 to 7 (m) thick peat layer

with ¥ =2 (kN/m?) overlaying

Pleistocene sand of ¥ =11

(kN/m?) and ¢, =35 (degree).

5 filed vane test (FVT) results

are given whose testing
interval is 0.5 (m)
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Spatial Response Model Reliability
variability surface error analysis
’ |
Undrained shear strength of the topsoil
Mean (kPa) SD (kPa) cov
21.04 3.44 0.163
Alternative models fitted to su of the peat layer
Models Trend (kPa) SD AlC Note
Constant | 10.33 2.89 196.52
Linear 9.3677 + 0.3221z 2.85 197.30 R2=0.031
(9.40) (1.085) (t-values)

Depth (m)

Spatial Response
variability surface

Model
error

Reliability
analysis

FVT (kPa)

Depth (m)

FVT residuals (kPa)

su =14.73—3.51z+0.536z2 (kPa)
the SD of the su -> 2.40 x 0.5 =1.20 (kPa).




Spatial R n Model Reliabilit - A
patia esponse 'y Spatial Response Model Reliability
ariability surface error analysis A .
variability surface error analysis
L [
h (m) Ipeat Itopsoil Dt (m)
1,15,2,25.3 0.5, 0.75, 0.5, 0.75, 0.5,0.75,1.0 ol s
1.0 1.0 °
| ot = S,/(mean of s, of the peat layer) ) Topsibicess =075 ()
R 24 Topsoil Su=21.0 (kPa) o | \\ -
| gpsail = S /(mean of s, of the topsoil) = s, /21.04 e 147 9510055602 060 o o lheatsto
model equation r.s.e. R2 z 3 0 % 'peé‘?‘f?S ) )
Linear F,=0.948-0.449 h + 1.154 1 . +0.272 | 0.0985 | 0.823 ! \ =R a0
Ito soil +0.047 Dt w | . Ipeat=
N
\o\ Itopsoil=0.75
logalismic Fs=0.595-0.915 log(h) + 1.181 | o, + 0.0645 | 0.924 21 ) =1 ‘ \ \ \ \
0.272 Itoosoil +0.079 Dt 1‘0 1‘.5 2‘0 2‘5 3.‘0 0o 05 0 5 20 25 30
Height of embankment () hight of the embankment (m)
- — Spatial Response Model Reliability
Spatial Response Model Reliability variability surface error analysis
o variability surface error analysis o
Basic vafiables Notations mean SD Distribution
Topsoil s, (kPa) Supeat 21.04 3.44 Normal
peat. (1.0) (0.163)
39 failure cases of embankment on soft ground by FV/UU Peats, (kPa) ot | AT33812105362°0L0) | 42| Nomal
. . . topsoil .
compression tests and ¢'=0 circular slip method, Topsoll thickness D, 0.5, 1.0] () Uniform@
and Fs distributed between Fs=0.9to 1.1. Vodel orror Y 09, 1.0] Oniform®
Unit weight of % 19.0(kN/m3) — Deterministic
¢ embankment
° nN=39 friction of & 32.5 degree - Deterministic
B embankment
g o Unit weight of topsoil % 9.0(kN/m3) — Deterministic
“ Unit weight of peat % 2.0(kN/m3) — Deterministic
’ m friction of sand I': 35 degree — Deterministic
0.00 008 1.00 108 130 138 120 Unit weight of sand % 11.0(kN/m3) - Deterministic

Model error (Matsuo and Asaoka, 1976)

(Note 1) su topsoil (at z=4.0(m)) = 14.73 - 3.5x4.0 + 0.53x4.02 = 9.27, COV=1.20/9.27=0.13
(Note 2) It is assumed that the boundary of the topsoil and the peat layer lies somewhere between z = 0.5 to 1.0 (m).
(Note 3) Based on Matsuo and Asaoka (1976).




Spatial Response Model Reliability
ariability surface error analysis

o The response surface for the safety factor

Fs=(1.783-1.351 h + 0.213 h?
+1.1561 _ +0.272 |

+0.091 D)5

peat

After 100,000 MCS runs, to obtain
Pf=P[Fs<1.0]

topsoil

2nd International Workshop on Evaluation of
Eurocode 7, Pavia, Italy, April 2010

Spatial Response Model Reliability
ariability surface error analysis

le-01 1e+00

le-02

1le-03

le-04

S o For f=2.32,
o o the first stage
% embankment
/ height should
s be less than 2.1

/° (m).

15 20 25 3.0

Height of the embankment (m)

o Bpsed on the RS, one can evaluate the contribution of
each basic variable to the safety of the embankment.
For example,

The effect of the height of the embankment becomes
less as the embankment height increase, which is
indicated by the quadratic function.

10% reduction of peat strength reduces the safety
factor by 0.12. The reduction is 0.027 in case of the
topsoil strength.

0.1 (m) change of the topsoil layer thickness changes
the safety factor by 0.01.

 Fs=(1.783-1.351 h + 0.213 h?

. +1.156 | . +0.272 1.+ 0.091 D)3,

peat topsaoill

Release geotechnical engineers from the uncomfortable
feelings for RBD tools by separating geotechnical design
part and RBD patrt.

Monte Carlo simulation, a very straightforward tool, is
only RBD tool employed.

The response surface (RS) itself contains considerable
amount of useful design information.

Direct geotechnical designers to make the most of their
knowledge, experiences and engineering judgments in
obtaining the RS.




RBD by response surfaces

Existing methods

| Geotechnical design tools |

¥ risk assessment

[ Risk assessment tools |

# Geotechnical

...............................

Proposed method

Geo-
technical
design
tools

=

Risk Geo-
Response ‘ assess- # technical
surface ment risk

tools assessment
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