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ABSTRACT >> This paper addresses a fundamental study that is necessary to complement and improve the current domestic
design specifications for the strong motion duration criterion and the envelope function of artificial accelerograms that can be
applied to the earthquake-proof design of nuclear structures. The criteria for the design response spectra and strong motion duration
suggested by USNRC and ASCE Standard 4-98 are commonly being used in the profession, and they are first compared with each
other and reviewed. By applying 209 real strong earthquake records that are greater than 5 in magnitude at rock sites to the strong
motion duration criterion in ASCE 4-98, an empirical regression model that predicts the strong motion duration as a function of
the earthquake magnitude was then developed. Using synthetically generated earthquake time histories for the 10 cases whose strong
motion durations varied from 6 to 20 seconds, extensive seismic analyses were finally conducted to identify the effects of the strong
motion durations on the seismic responses of the nuclear power plant containment structures.

Key words Strong motion duration, Artificial accelerograms, Seismic design, Time-history analysis, Response spectrum
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2.1.1 USNRC AASgAdE

USNRC RG 1.60“0]| 4 AXS}IL Q1= 1 19] 5313k
A SHAHEYLS 2 AH7E%(PGA) 1.0ge] 713t
Zo|ct. o Auh = A7 RS o] H]#|shs gho2 A
stoE, 2o AW7EE 1.0go] tf-g3h= Aut ¥9k= 36
incho|t}. AASHAHEH O HA W, &%= 1123l 7[5 %

DAMPING FACTOR, %

VELOCITY, in.fsec

FREQUENCY, e

(32! 1) USNRC RG 1.60 SHAHER (Rock, PGA=1.0g)
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2.1.2 ASCE 4-98 4A-$EAHEH

ASCE Standard 4-98@ 0 A= YA AL YAF71E 9]
stof 719 20] ANE AALHEY FAYETHE 2
HEY, S=&r AHEY S~ AHEH)S Hd 715
% a, 2] 5 v, 2o W) do) o2 Heojule g
HH-0] Zdigholl 3 2] Fo13l §24] FZA5Dynamic
Amplification Factors)S F3}o] AARSICL & 29 224
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(1) USNRC RG 1.609| +3Wef EESHAUEY IE+

Percent of Amplication Factors for Control Point
Critical Acceleration Displacement
Damping | 4 33110 | BOHz) | c@2.5Hz) | D(0.25Hz)
0.5 1.0 4.96 5.96 3.20
2.0 1.0 3.54 425 2.50
5.0 1.0 2.61 3.13 2.05
7.0 1.0 227 2.72 1.88
10.0 1.0 1.90 2.28 1.70
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VELOCITY (IN./S)
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1
FREQUENCY (Hz)>

100
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(I 2) ASCE 4-98 HAAHEY ZZHA|+9

Spectral Amplification 5% ZZA4
Parameter Factor =orzk
S, Ja 3.21-0.68ln()\) 2.12
S, /v 2.31-0.411n(\) 1.65
S,/d 1.82-0.27In(\) 1.39

ARl v = 48a/g(in/sec), Yt v = 36a/g(in/sec);
%1 FAHE d = 36a/g(in), 2Pk d = 20a/g(in);
~oJ) 714H], a=PGA, g=Fe7lew

(i 3) ASCE 4-98 MAAHEZ Control Point

Control Point Z1k~(Hz) 2HEY 7[&EL(g)
A 0.1 (0.395.,/9)
B (5,/278,) (S2/95)
C (8,/278,) S,/9
D 8 S, /g
E 33 alg

(& 4) ASCE 4-98 ZZIXIEAIZH Z2kpt0| fj7ftHa

T AN | 7 AEAH ) | A At
7.0 ~ 7.5 2 13 9
6.5~ 70 1.5 10 7
6.0 ~ 6.5 1 7 5
55 ~6.0 1 6 4
50 ~55 1 5 4
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(a) Bracketed Duration, DU

Time

T

D=3 Time
i
(b) Uniform Duration, DB

D, Time
(c) Significant Duration, DS

(3! 4) Definition of Strong Motion Duration
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nR]2}; “Significant Duration(Ds)” 2 13 4(c)&} 2o ®|Ht
7HEIo] thigk S4 ALl FAE o|RdE 7l
2 oo, dutog F 7iEE AlZtolHof tigl 3
oA R| kS Arias Intensity, AIV & %37 ol 4] (1)7

Ay
Al= 5/0 a®(t)dt 6))
o71A a(t)=715= ARkl ¢, =7IEEAIZo| 9] & A

b g=Fe ol

olg|st “Slgmﬁcant Duration”?] 7Jg-& Accelerogram
AA Q] EALS & Ve 7R A&7k d4AL 71
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(3 5) ZTIX|EZAIZIe] Hlwoll ARBE XIZ7|1=2 A= A AEA7HE 9hA 71E3 4] (D2 EdE= Al
No. Earthquake Event Magnitude(M,,) | PGA(g) TAOA 5%~75%2] oUA]7} FAE= 9 "ot A|7ke
1 Victoria, Mexico 1980/06/09 6.4 0.62 -
2 | Superstitn Hill(B) 1987/11/24 6.7 0.89 = gelata
3 Northridge 1994/01/17 6.7 0.57 o] JofXi= ASCE 4-989] AR LA 7150 Higt B
4 | Loma Prieta 1989/10/18 6.9 051 7Fek ARNFE M) 9] iz FHEE FURAEAEY o
5 Landers 1992/06/28 73 0.82 a]xj'?_] 01]_5_51:431 7HHE1-._ Ho]_oq 1:]__‘__4 A% ] ];5_ 7]%01]
(% 6) ZZWHE ZTX|IZAZ
BAAEARIS] 4] T8 Ao
Earth. 1 Earth. 2 Earth. 3 Earth. 4 Earth. 5
Bracketed(a0=0.03g) 19.22 19.66 23.06 17.69 38.61
Bracketed(a0=0.05g) 13.30 19.43 22.54 16.82 33.35
Bracketed(a0=0.10g) 9.27 15.85 21.38 13.96 22.22
Uniform(a0=0.03g) 9.74 13.16 9.74 12.21 16.89
Uniform(a0=0.05g) 5.86 10.42 5.86 10.01 11.94
Uniform(a0=0.10g) 2.52 6.01 2.52 6.40 6.74
Bracketed(a0=0.1amax) 12.27 16.89 17.72 16.83 25.07
Bracketed(a0=0.3amax) 6.27 12.25 3.40 10.98 11.86
Bracketed(a0=0.5amax) 2.19 8.78 1.68 10.07 9.27
Uniform(a0=0.1amax) 4.80 6.86 5.32 9.97 8.05
Uniform(a0=0.3amax) 0.94 0.96 1.00 4.02 1.72
Uniform(a0=0.5amax) 0.02 0.17 0.38 1.47 0.45
Significant 0~90% IA 10.67 14.65 12.27 17.80 18.09
Significant 5~95% IA 12.68 12.24 9.08 9.81 13.16
ASCE 4-98 0~75% 4.40 8.91 3.90 6.89 7.43
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Yiste] ASCE 4-980] A4l
zeak|2e A8sigr ALE XA

A% A7 Dse] Aolel
Avlolel 3

73} 80] Lpehdutel gho] ARt 5.000A4 7.574A] 9] Z1e)

(R7) ZTXSAZI Hlmo ABE XIT7|15
. No. of
No. Earthquake Information Miﬂ:};‘de Earth. Time
History
1 |Coalinga 1983/05/09 02:49 5.0 13
2 |Coalinga 1983/07/25 22:31 52 2
3 |Coalinga 1983/07/09 07:40 5.2 9
4 |Hollister 1974/11/28 23:01 5.2 2
5 [Northern California 1975/06/07 08:4 52 2
6 [San Francisco 1957/03/22 19:44 53 1
7 |Whittier Narrows 1987/10/04 10:59 53 2
8 |Livermore 1980/01/27 02:33 5.4 2
9 |Lytle Creek 1970/09/12 14:30 54 2
10 |Coyote Lake 1979/08/06 17:05 5.7 4
11 [Mammoth Lakes 1980/05/25 16:49 5.7 1
12 [Mammoth Lakes 1980/05/25 20:35 5.7 4
13 |Coalinga 1983/07/22 02:39 5.8 8
14 |Westmorland 1981/04/26 12:09 5.8 1
15 |Saguenay/1988/11/25 5.9 8
16 |N. Palm Springs 1986/07/08 09:20 6.0 7
17 |Whittier Narrows 1987/10/01 14:42 6.0 5
18 |Whittier/1987/10/1 7:42 6.0 2
19 [Mammoth Lakes 1980/05/25 19:44 6.0 7
20 |Parkfield 1966/06/28 04:26 6.1 2
21 |Helena, Montana 1935/10/31 18:38 6.2 2
22 |Chalfant Valley 1986/07/21 14:42 6.2 2
23 |Morgan Hill/1984/4/24 6.2 13
24 |Mammoth Lakes 1980/05/25 16:34 6.3 2
25 |Coalinga 1983/05/02 23:42 6.4 6
26 |Imperial Valley 1979/10/15 23:16 6.5 8
27 |Western Washington/1949/4/13 6.5 6
28 |San Fernando 1971/02/09 14:00 6.6 5
29 |Northridge 1994/01/17 12:31 6.7 20
30 |Nahanni, Canada 1985/12/23 6.8 3
31 |Loma Prieta 1989/10/18 00:05 6.9 22
32 |Nahanni/1985 6.9 4
33 |Loma Prieta/1989/10/17 7.0 2
34 |Duzce, Turkey 1999/11/12 7.1 3
35 |Puget sound. Wa./1965/4/29 7.1 6
36 |Eastern Wa./1965/4/29 7.1 8
37 |Lander/1992/6/28 7.3 6
38 [Miyagi-oki /1978 7.4 2
39 |Kocaeli, Turkey 1999/08/17 7.4 4
40 |Tabas, Iran 1978/09/16 7.4 1
Total : 209

Ag]7} 10kmojJA 300kmo]W = A Rock siteof|A] 7|25
PGAZIo] 0.1go4] 0.5g91 & 20971 AR E diAo = 3}
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TR 209709 AR7EE ASARS AR (M)
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0.1g~0.3g 30 17 4 47 10
0.3g~0.5¢ 5 11 14 13 20
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HAASAZE & ABAS A (2), (3) L1 (@) 242

0.886.My,—4.236
Dy= PSIB() ®)
Dy= (07003020 [u+o] 3)
DS _ 60595‘1'[“—— 1.805 [/L + 20_] (4)

7|4 Dg= Am 5% ~ 75% 74 ¥ = A1 7F,
My= glog]blo —10.7,

My = Seismic Moment.

90l 4 55004 7.57H42] W 0.
2 R S ANTFRM)O Rt AL
A Q)3 (@) o2 AAOEZ Astel AXsch B
AN HENZE 9 33 E 4o] AR ASCE
4-98%0] TGS AUSE AR AHESto] E 99 2
o] EAIBHACE

3 99] ZIHe I 4] AXFE ASCE 4-989) Ao} th
o gAtEE, AQH o2 o] B 719
o2 FQIF 4 ok 3 F AN ek nlagh
Aol A AHAR] S} B4 U BAHY e
Aol 1231 o] AoAE B AR et ANE

57170

2

¢

71241k tm) | =LA [F A241700)

7.5 1.8 12.6 9.0 23.4
7.0 1.2 8.7 6.2 16.1
6.5 0.9 6.0 43 11.1
6.0 0.6 4.1 3.0 7.7
5.5 0.4 2.9 2.0 53

(a) o kg T ES () 2T EHE 84.1%)

MW [ARA17K() | 3714412k m) | 2] EAZHd) | 5 2141700
75 2.0 14.2 10.2 26.5
7.0 1.5 10.6 7.6 19.7
6.5 1.1 7.9 5.6 14.6
6.0 0.8 5.8 4.2 10.8
5.5 0.6 4.3 3.1 8.1

(b) wi2o ek w7 (R 2 EHE 98%)
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Case FSAIANH) | RAEAITHm) | A EAZH)
Case 1 1 6 3
Case 2 2 8 4
Case 3 2 10 6
Case 4 3 11 7
Case 5 3 12 7
Case 6 3 13 7
Case 7 3 15 7
Case 8 4 16 8
Case 9 4 17 8
Case 10 5 20 9
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10 o RG 1.60 Design Spectrum (PGA=1g, 5% damping ratio)
o 1 4 vd \
5 O
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30 -RG 1:60 Design Spectrum (PGA=1g, 5% damping ratio)

Median Response Specturm
Strong thotion duration : 12sed

Acceleration (g)
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