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Abstract

The variations of the natural frequencies and the peak response acceleration at the top of prestre-
ssed concrete reactor building due to random variability and/or model uncertainty of structural
parameters are studied. The results may be used as essential input parameters in seismic probabihis-
tic risk assessment or seismic margin assessment of the reactor building. The sensitivity test of
each structural parameter is first performed to determine the most influential parameter upon
the natural frequency of structure model. Then Monte Carlo simulation technique is applied to
evaluate the effect of parameter variation on the natural frequencies and the peak response accelera-
tion. The acceleration time history is obtained by direct integration scheme. As the study results,
it is found that the fundamental natural frequency and the peak response acceleration at the top
of the building are most strongly affected by Young's modulus among the structural parameters,
in which the value of mean plus one standard deviation obtained by probabilistic approach deviates
up to about (+)12% from the result of deterministic method. Considering the uncertainty of flexural
rigidity, the structural responses vary in range of (—)4%~(+)14%.
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EL, Mass, Mass Moment
Mass ft k-sec?/ft of Inertia,
No. {m) kg k-ft-sec?
(kg-m?)

1 207.0 59 311X 10°
631D | (268X10% | (4.22X10°

2 198.5 65.84 528 X 10¢
(60.52) (2.99<10% (7.16 X109

3 184.4 76.76 115X 10°
(56.22) (3.42X10Y (1.56 X 10%)

4 165.3 93.79 1.83 X 10°
(50.40) 4.25X10% (248X 10%

5 143.8 143.17 2.92 X 10
(43.84) (6.49X10% (3.96<X10%

6 123.8 13043 2.64 X 10°
(37.74) (5.92 X 10% (3.58 > 10%

7 103.8 13043 2.64 X 10°
(31.65) (5.92X10% (3.58X10%
8 83.8 130.43 2.64 X 10°
(25.55) (5.92X10Y (3.58 X109
9 63.8 13043 2.64 X 10°
(19.45) (5.92X10% (3.58 X 10%)
10 438 13043 2.64 X 10°
(13.35) (5.92x10Y (3.58 X 10%
11 235 142.86 2.92X10°
(7.16) (6.48 X 10% (3.96 X 10%)
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E 1. (AK)
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Member Area, Effective |[Area Moment

No. ft? Shear Area, | of Inertia,

(m?) ft> (m?) ft* (m*)

1 990 500 0.2x10°
(91.97) (46.45) (L73%X10%

2 990 500 0.8 % 10%
(91.97) (46.45) (6.90 X 10%)

3 990 500 1.5% 108
(91.97) (46.45) (1.295X10%

4 990 500 1.9 108
(91.97) (46.45) (1.64 X 10"

5 1400 700 2.8x108
(130.06) (65.03) (2.42X10%

6 1400 700 28X 108
(130.06) (65.03) (242 X10%

7 1400 700 2.8X10°
(130.06) (65.03) (242X 10%

8 1400 700 2.8%10°
(130.06) (65.03) (242x10Y

9 1400 700 2.8 X10°
(130.06) (65.03) (2.42X10%

10 1400 700 28X 108
(130.06) (65.03) (242X 10%

11 1400 700 2.8X10°
(130.06) (65.03) (2.42X10%
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Mode

Frequency(cps)
5.15
14.70
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29.40
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Nodal Point No.

Peak Acceleration (g)
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5 2.537
11 1.217
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Parameter Variations of Funda- Total
mental Natural Freq. ota

Young's ‘ 48%
Modulus, E —~51% 9.9%

Mass, M —45%
9.5%

+5.0%

Effective +25%
Shear Area, Ay —~2.7% 5.2%

Moment of +92.5%
Inertia, I —2.5% 50%

Moments of Inertia

. 1%)/K
Effective
Shear Areas
(0.078) I
|

Young's Modulus

of Concrete
(0.117) /\

Masses Number in parentheses gives the standard
(0.078) deviation of distribution model
l ! 3

0 1 2 3
R= Random value
Deterministic value

33 4. XN lHuEsRe HEEEY

Yol 7] Wi HAZEA=E Arids KA
FtiFel HER e EIERA=MITTIE)E T
t}. 259 FA#eE o)M= ACT CodeE #Hz3hH
Z7HFE 123358, £§ BE2A3e 013 A%
E FHo] rtedich @dAIFol ARHA FHE
i E3ES GFAET HES Jiske BE
o wa ZdeRrie &y v AT E} 4
Y EAYUE ZxY £V QAFHY o)EL A
HE=EE &oloh wEtAd E HedMe |@49AS
GEREY FYHRE V123=1118 =Hgoh

H134 #3W-1993F 7 A

YH2ARAE FERSAHY F93%e Hamilton
FWo) HpRRE de YHAED iF d+H
TEXY FHAL=—0016)7 EEFHEEKS) AR
To| th¥ HFue=111), E2HHg:=013)& o
23l T3k

AFREY SRATFEES T3 SREE A
olg) BANE 4 (9 Bt

u=exp(h+ 1/26%) (2)

7N, p=HFRE] HF
A=A Re) Pt
(=tl+RTEXe] BERHA
2 @) dFPTEEe FFEUA (v HEAF
871 030180 W the-Ao] AP},

=d=o0/u 3

714, o=HFHE ) B2

X Q% )& o188l FBAF] R
Zol O Py EREEF TV 4=0098,
G=0.1170ck. welr @i2gedEes] &Y FE
Xl FiHe —0.1147) Hi, ol FFEFE
Fog Yepld 4 (2)o &) p=0913¢ deth

Z} WSl oieh REE BERAY Bt TR o]
23 7 FRE MERE VEes #ddd
FAHAAEN 8T JFE v B WERK
o} B2k e Ec)ch et M ed PR
WEo| 1G42Frd HuVMET v G
SF TENAME 2 W] A9 ®at opal @
AA e G2 R E T WS E kel E@she
AL EFAZH

3.2 mHE HEEXIRS 9% Mt HE

F 40 H Z e o] Be EE mite
WA 0~1 Atolol A HEHHSe G458 YA
¥ olE HrHE HBEFTE WAL ol B
SAshe GrE RS B 13y H4e
HE, dH2aZAEE 913 SHE, HES 4%
THE, FE4GHAAE 93 2HMEE Zudch B
HEHe $83 548 UHATE BEAR 2
3} Kolmogorov-Smirnov testoll 23 #itie &
Bxol AYPA HAo] EAH7I A STATGRAPHICS



B 4. 2 do SgE HEo ditt K-SHIUY
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Parameter D D00 | Do
Normal
Moments of
) 0.090 0.16 0.136
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0.082 0.16 0.136
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Mass, M 0.080 0.16 0.136
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B 5 4 Hepe HEO MHNEE9 DRTIES 1.25

ot 9% 84 P.0.0
(2) FHEXE . PO.05
Standard . I DmaxI S
Parameter Mean " "
Deviation Normal S 10
>
E 1.060 0.060 0.060 °
= P-0.1
M 1.000 0.016 0.068 g 0.85 P-0.05
Ash 0.998 0.020 0.070 § b-0.01
I 0.999 0.050 0.080 0.85
EI 1.060 0.080 0.070
0.75
0
(b) AEFTEE Mode
() BZASE)
Standard | Dymaxl
Parameter Mean Deviation | Log-Normal 120
E 0.052 0.060 0.070
M —0.0004 0.016 0.060 § 110 "“'”\\
Ash —0.003 0.020 0.070 § X% — . g
—
1 -0.002 0.047 0.089 =
@ 100
El 0.052 0.075 0.085 =
Q —
o 4 - o
IR =
-0.2 -0.1 0.0 0.1 0.2 0.3 0.50 PO
Lo T ¥ T
0.9 0.80 3 1 ]
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g 05h E
2 .
= 1.05
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o3k 4 e Experimental = ro.10 —
Result g 0.95 PP —
0.2 —--Lognormal Fit E I
e ——Normal Fit Po.o—"""
0.85
0.1
0.0 : 3 1 " I i I 078
0.8 0.9 1.0 1.1 1.2 1.3 Mode
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deterministic value
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Par " Nodal Me Standard ’Dmaxl
arameter Point No. an Deviation |Normal
E 1
1.031, 0090 | 0.115
(Crown of Dome)
5 0987 0062 | 0.129
11 0957 0.029 | 0.088
M 1
0.993| 0052 | 0.075
(Crown of Dome)
5 0995 0023 | 0.084
11 0.998| 0.071 | 0.152
A 1
1072 0.062 0.075
(Crown of Dome)
5 1.004| 0.051 | 0078
11 0981 0082 | 0.149
1 1
1041 0.062 | 0.070
(Crown of Dome)
5 1011 0.042 | 0.080
11 0990, 0016 | 0137
El 1
1051 0.091 | 0.096
(Crown of Dome)
5 0991 0050 | 0.068
11 0950{ 0.032 | 0.096
—Normal Fit
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Nodal Standard| | Do
Parameter]  Point No. Mean |Deviation| Log-
Normal
E 1
(Crown of Dome) 0.026] 0.083 | 0.112
5 -0.016{ 0.069 | 0.152
11 —0.044| 0.030 | 0.097
M 1
(Crown of Dome) —0009) 0052 | 0.065
5 —0.005] 0.023 | 0.082
11 —0.004; 0.055 | 0.143
Ag 1
(Crown of Dome) 0.062| 0.058 | 0.067
5 0.003| 0.046 | 0.085
11 —0.022| 0.066 | 0.152
I 1
(Crown of Dome) 0.033] 0.056 | 0.083
5 0.010| 0.043 | 0.075
11 —0.015| 0.017 | 0.157
EI 1
(Crown of Dome) 0042} 0.080 | 0.056
5 —0.016; 0.056 | 0.079
11 - 0.0553 0.032 | 0.094

WERR JESNE A3 fod5F 5%
FOR® =0130)Rc} Houz J4Y £ R}
Aok @ 4 qlck =8 gAAe WEo] By
BARel HUrtsugtel v % BAY &
Re 19 87 Zuh

5. % M

AR ZelXEd A ZAUE FTRRE
o] A Ui FEHAEEA Y WRgAY
RN S BETEYo R 538 H9o] Wad
LEEE SmE e B84y o] 13E EHEEHN
H 7z gke] Wgel g 2N Monte Carlo
FRARZAYE] FYHAY. dTEAE R &
F Sl

KL AR %



(1) Adia SoRseais sme) 883 S4&
1E§ $ARYAEEAFHE AAAREY] THAE
o By HERAAM S Aot ge BrRmel
gr2A R Es) 7Hg 3A e wech

2 AHA mzo T{FSel @Y TH L
e HUrt&ege @A BHaTe 3
23 FARYAY AP+ ERfE T RER
f AEes de gl Wity (+)12% HEAA
Wk w3 YA TRRKS 1tk HSe
BEEC) (—X4%~(+)14% AL gepdch

2 ® XM

1. US 10CFR50 Appendix A, Criterion 2-Design Ba-
sis for Protection against Natural Phenomena.

2. Gurbuz, O., Modeen, D.J., Stepp, J.C. and Kassa-
wara, RP., “Industry Perspective on Individual
Plant Examination of External Events (IPEEE)",
Proceedings of the 3rd Symposium on Current Is-
sues Related to Nuclear Power Plant Structures,
Equipment and Piping North Carolina State
Univ,, 1990, pp. I1/2-1~11/2-17.

3. Ravindra, MK, Tong, W.H,, Kipp, T.R. and Bra-
gagnolo, LJ., Seismic and Wind Fragility Evalua-
tion of Kori Nuclear Power Plant Unit 4, NUS
Crop., Gaithersburg, 1991.

4. Mirza, S.A., Hatzinikolas, M. and MacGregor, ].G.,
“Statistical Description of Strength of Concrete”,
J of Structural Div, ASCE, Vol. 105, No. ST6,
1979. pp. 1021-1307.

5. Mirza, S.A. and MacGregor, J.G., “Variations in
Dimensions of Reinforced Concrete Members”,
J. of Structural Div, ASCE, Vol. 105, No. ST4,
1979, pp. 751-766.

6. Mirza, S.A. and MacGregor, J.G., “Variability of

10.

11.

12.

13.

14.

15.

16.

HI3E HIW- 19935 71 —67—

Mechanical Properties of Reinforced Bars”, [ of
Structural Div, ASCE, Vol. 105, No. ST5, 1979,
pp. 921-937.

. Galambos, T.V. and Ravindra, M.K., “Properties

of Steel for Use in LRFD”, J. of Structural Div.,
ASCE, Vol. 104, No. ST9, 1978, pp. 1459-1468.

. Morrone, A, “Damping Values of Nuclear Power

Plant Components”, Nuclear Engineering and De-
sign, Vol. 26, 1974.

. Liu, LK, Child, CL. and Nowothy, B., “Effects

of Parameter Variations on Floor Response Spec-
tra”, Proceedings of Specialty Confevence on Struc-
tural Desigr of Nuclear Plant Facilities, 1973, pp.
435-458.
Stevenson, J.D. et al., Structural Analysis and De-
sign of Nuclear Plant Facilities, ASCE Special
Publication, 1980, pp. 252-254, 275-282.
Hamilton, C.W. and Hadjian, A.H., “Probabilistic
Frequency Variations of Structure-Soil System”,
Nuclear Engineering and Design, Vol. 38, 1976,
pp. 303-322.
Healey, JJ., Wu, S.T. and Murga, M., Project IV-
Structural Building Response of SSMRP (Phase
I); Structural Building Response Review, LLNL,
UCRL-15185, 1980, pp. 115-165,
Johnson, ]J., Goudreau, G.L., Bumpus, S.E. and
Maslenikov, O.R., SSMRP Phase I Final Report;
SMACS-Seismic Methodology Analysis Chain
with Statistics (Project VIII), LLNL, NUREG/CR-
2015, Vol. 9, UCRL-53021, Vol. 9, 1981
ACI Committee 363, State-of-the-Art Report on
High-Strength Concrete, ACI 363R-84, 1984, p.
21.
Ang, AH-S. and Tang, W.H., Probability Concepts
in Engineering Planning and Design, Volume I
& II, John Wiley & Sons, 1984.
STSC, Inc., STATGRAPHICS Version 4.0.
(B2 0 1993. 4. 23)





