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A CASE STUDY OF THE RELIABILITY DESIGN OF A REVETMENT
BY STOCHASTIC FINITE ELEMENT METHOD

BB R B* -8 K E
By Yasunaga TATSUMI and Yoshio SUZUKI

A Stochastic Finite Element Method (S.F.E.M.) is developed in order to apply it to
optimum design of actual civil structures based on the reliability design concept. First,
the validity of the method is confirmed by comparing the result by the S. F. E. M. with
that by a Monte Carlo Simulation. Then, the method is applied to optimize design of an

actual revetment,

The result shows that, if one considers the correlation among surfaces, the weakest

sliding surfaces concentrate to a small number of very narrow regions even if the varia-

tions of material constants and seismic forces are explicitly taken into the analysis. The

result is of great practical value in this revetment design case because one can optimize

s

design by only taking account of

ring a few d

inating sliding surfaces.
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of the S.F.E.M with a Monte Carlo Simulation,

Table1 The constants of the analysis model.
E Y [ C
W2 | eem?) | Y | (een®) | cogree) | (eem?)| D
Expected 1 4500 0.2 1.5 30 1.0
Value 75000 [ 0.2] 1.6 35 1o ] °-?
Coefficient | T .,
of Variation]| 2 0.2 0.2 0.2 0.2 0.2 0.2

RE - 8K

O - Horizontal displacement of Node 4
@ - Vertical displacement of Node 4
A - Horizontal displacement of Node 7
A ~ vertical displacement of Node 7
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(b) Probabilities of failure on plane sliding surfaces (Single surfaces),
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Fig.6 Comparisons of the results by the S.F, E. M with that
by a Monte Carlo Simulation.
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Table2 The expected value of material constants.

Type et | (etynd) (degree) (thmz) v
1 Caisson  |2100000] 2.1 0.0 | 200.0 | 0.17
2 Mound 5000| 1.8 40.0 0.0 | 0.25
3 Tproved[A | 20000] 1.6 | 35.0 0.0 | 0.4

Ground 5 1™ 170000| 1.58 0.0 30.0 | 0.3
4 Loose Sand | 3000| 1.8 30.0 1.0 | 0.4
5 Soft Clay 1| 9000] 1.6 0.0 5.0 | 0.48
6 Soft Clay 2|  3000] 1.6 0.0 3.0 | 0.48
7 Gravel 40000| 1.9 35.0 0.0 | 0.4

Table3 Coefficients of variation of constants
except improved grounds {Type 3).

E y|¢]¢C *n
0.300.05(0.2]0.3]1.1

Table 4 Analysis cases and coefficients of variation of material

constants of improved ground (Type 3).

. Coeficient of
CASE | Method Quality Variation
Control
E Y| ¢ [+]
A-1 A ordinary|0.3 {0.05}0.2} ——
A-2 A better |0.15/0.05[{0.1f ———
B-1 B ordinary|(0.3 [0.05|—] 0.3
B-2 B better |0.15{0.05}[—| 0.15
RESPONSE SPECTRA
=15 T=1.0sec
=5 h=0.05
sml0
g =]
m
g 5
o

0 0.1 0.2

kh

Fig.10 The probability density function of response spectra in
Osaka,
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Fig.16 Probabilities of failure on the dominant plane and
circular sliding surfaces (The correlation of two

surfaces was considered).
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Table5 Inmitial costs and probabilities of failure on dominant
sliding surfaces.

Initial

Case Cost. Probability of Failure

Crlyen/m)|  Pep | Peo | P
A1 | 5600000 | 0.0577] 0.1998 | 0.2575
A-2 | 6400000 | 0.0583] 0.1855] 0.2438
B-1 | 7400000 | 0.0644 | 0.0319 | 0.0963
B-2 | 8500000 | 0.0648] 0.0065] 0.0713
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Fig.17 The relation between the total cost of each case and

secondary damage cost.
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