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Seismic Safety Assessment of the Turbine-Generator Foundation
using Probabilistic Structural Reliability Analysis
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ABSTRACT >> Most of the civil structure - bridges, offshore structures, plant, etc. - have been designed by the classical
approaches which deal with all the design parameters as deterministic variables. However, some more advanced techniques are
required to evaluate the inherent randomness and uncertainty of each design variable. In this research, a seismic safety assessment
algorithm based on the structural reliability analysis has been formulated and computerized for more reasonable seismic design of
turbine-generator foundations. The formulation takes the design parameters of the system and loading properties as random
variables. Using the proposed method, various kinds of parametric studies have been performed and probabilistic characteristics
of the resulted structural responses have been evaluated. Afterwards, the probabilistic safety of the system has been quantitatively
evaluated and finally presented as the reliability indexes and failure probabilities. The proposed procedure is expected to be used
as a fundamental tool to improve the existing design techniques of turbine-generator foundations.

Key words Turbine-Generator Foundation, Stochastic Finite Element Method, Random Variables, Seismic Safety Assessment
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{Table 1) Properties of the Objective Structure
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{Figure 7) Comparison of Mean and Std. Deviation for
DSFEMP Horizontal Displacement (Node 6)
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{Figure 11) Comparison of Mean and Std. Deviation for

DSFEMP axial force (Node 89)
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{Figure 12) Comparison of Mean and Std. Deviation for

DSFEMP axial force (Node 54)
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{Figure 13) Comparison of Mean and Std. Deviation for
DSFEMP Shear Force (Node 1)
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{Figure 14) Comparison of Mean and Std. Deviation for
DSFEMP Shear Force (Node 89)
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{Figure 15) Comparison of Mean and Std. Deviation for
DSFEMP Shear Force {Node 54)
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{Figure 16) Comparison of Mean and Std. Deviation for
DSFEMP bending moment (Node 1)
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{Figure 17) Comparison of Mean and Std. Deviation for
DSFEMP bending moment (Node 89)
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{Figure 18) Comparison of Mean and Std. Deviation for
DSFEMP bending moment (Node 54)

i

———

FRFA ] FA =l Uit Het, FEHA E W

Egt 23, Y-Z HHY B¢ SEHS JFo

REH o2 F7 H7hEqlch of&d, SEHE FojjA X

o o8l 39 E HEAsEs R 9% v 9

OS2 Yoy F2aiA 9 AAo qlojA HA %

Hote BHAG 5o EFATEE A4 sl
Aoz Htech

A

— o
2

>~
X
Ol
—L

rr

o,
ok o

l_

-

5, PEAIZ|AEHA

ERIEA7] 7|2 259 XS AFHom H
71817 ${8 DSFEMPo]| &Jgt o Ko wiehd Fnge
A SEHsE 1Esly FRAFAHE st
el EAFE AR digt A=ldsiolnz Ay
StRth FRAFAGHA BH2 A oA 1A AFOSM
S ol83t4ich

5.1 SHAILELEA 2

e F229 FHATEHEE dAnuEZ HH53
o, H5AC - O - V; Coefficient of Variance)= 10%

{Table 3) Mean and Std. Deviation of Member Force

(kN, kN—m)

259.27

1347.63

-231.74

-1204.14

s nemnenfg

27.021

139.902

10.422

10.381

e :.Std. Dewaﬂen

| coves.

108.57

1013.35

-96.86

-904.70

11.453

105.836

10.548

10.444

X-Y:

| Mean

42.19

328.15

-37.65

-292.55

“Std. Deviation:

3.909

31.402

9.265

9.569

Plane |

54

: Méan

41.05

320.98

-36.81

-287.93

3.843

30.882

9.361

9.621

A

| v
' |-MIN. -

R 1, I::éllll)::.;

57.04

490.75

-52.20

-446.58

4.833

44.385

| Std. Devmnm

c 0 V(%)

8.474

9.044

150.96

1294.22

| Mean o

-135.81

-1160.28

15.279

131.052

| covey

10.121

10.126

146.80

1992.73

-141.33

-2044.15

26.233

390.891

| COV(%)

17.870

19.122

2 7HRsitE R SEHae] tE FRUES] WA
+ DSFEMPo| 2J3t aj4AE o]§sto] LRAI=AI 84
2 259t TAATLES] B HHNormal
Distribution) 2 3Z 2 7143519 o0, SEHo| 2 BHE
o] ESHAITFS <= Log-normal Distribution) &2 5
2 Zom ek meka o 7B AN
Bae 4 @B 2ol el 4 Ack

g+ )= My— M) (21)

FAAGEHE
. Zare] gude

oAZ|A, M,
MS( . )



Q%EI% ?Xklﬂkloﬂkl

5.2 MEIASHA Zasia

DSFEMP9] Scta)|d Aol A Aol A FAE sHAAL
A AlS o] 83l gHuldbAy] 7|2 LB 29 7|55
Aol Tz A=hgAla U hjEEe F 49} o] Aeslelt

(Table 4) Result of Reliability Index and Failure Probability
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