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The seismic design example for the Specialized Safety Facility with Static
Seismic Coefficient Procedure considering Ductility Factor

WtEE /) HD(BR) R fn=g
WHREHDHDKEE) JIlo #EZ
WREIHD KR Ha B

Kazuyuki NAGASAWA
Yoshiyuki KAWAGUCHI
Masaru FURUYA

Member

This paper proposes new static seismic design methodology with newly defined DSC derived from elastic-plastic time
historical seismic response analysis of components and allowable ductility factor to prevent damage to components. The
process of the seismic response analysis to obtain the ductility factor considering load-deflection characteristic of
components and definition of the allowable ductility factor based on the actual experiences are also described.
Furthermore, trial analysis of the DSC for actual nuclear facility of Kashiwazaki-Kariwa Nuclear Power Station is

conducted.

It is expected that the new method will help diversify the existing seismic design system, which is based on equivalent
elastic design, as well as increase the reliability of seismic design to deal with the uncertainty of the seismic motion.
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Fig.2 Example of ductility factor response spectrum
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*1: Acomponent, whose damage modes are not associated with the ductility factor, should be non-target
component. Examples of these damage modes are wearing of bearings, ratcheting fatigue, contact of internal
parts, short circuit of electrical equipment, relay chattering, etc.

Fig.3 Procedure of setting of design basis static seismic
coefficient
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Table 1 Design Basis Earthquake for KK NPS (Ominato Side

Area)
Maximum
DBE Earthquakes for review acceleration (Gal)
Ns | Ew [ up
Ss-1 1050 650
F-B
Ss-2 848 ‘ 1209 | 466

Ss-3 | Katakai (in the | envelope 600" 400

Nagaoka Heiya

Ss4 | Seien  Fault | 1:5Xstressdrop | 428 | 826 | 332

Ss-5 | System) 35 inclination 426 | 664 | 346

Ss-6 | The  Nagaoka | |5xstressdrop | 434 | 864 | 361
Heiya Seien

Ss-7 | Fault System 35 inclination 380 | 780 | 349

Ss-8 | 2004 Hokakido Rumoi Sicho Nanbu 650 | 330

*1 Ss-1 and Ss-3 are derived with attenuation model.
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Fig.5 Seismic ground motion of Ss-2*
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Fig.6 Seismic response spectrum based on observed near
field earthquake ground motion
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Fig.7 Ductility factor response spectrum (Ss-1*)
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Fig.8 Ductility factor response spectrum (Ss-2*)
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Fig.9 Ductility factor response spectrum (Sc 0.6)
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Fig.10 Ductility factor response spectrum (Sc 1.2)
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Fig.11 Ductility factor response spectrum (Sc 1.5)
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Appendix Table1 The 60 waveforms selected from K-NET and KiK-net database

Wave K-NET/KiK-net ' ' Estimated Epicentral Maximum acceleration (Gal)
umber Registered ID Observation point JMA distance NS-EW-UD NSEW
Intensity (km) NS EW UD .. ..
composition | composition
W01 | TWTH250806140843 |Ichinoseki-nishi 6.3 3 1143 1433 3866 4022 1434
W02 | AKTH040806140843 [Higashi Naruse 6.4 22 1319 2449 1094 2600 2482
W 03 NIG0210410231756 |Tokamachi 6.2 21 1716 850 564 1750 1747
W 04 | KMMH161604142126 |Mashiki 6.4 11 760 925 1399 1580 925
W 05 GIF0071102270219 | Takane 5.8 13 381 1530 247 1539 1538
W06 [ NIG0190410231756 |Ojiya 6.7 7 1147 1308 820 1501 1500
W07 [ ITWTH260806140843 |Ichinoseki-higashi 6.0 12 888 1056 927 1372 1171
W 08 | KMMH161604160125 |Mashiki 6.4 2 653 1157 873 1362 1314
W09 | TCGH071302251623 |Kuriyama-nishi 6.0 4 1224 835 737 1300 1297
W 10 | TWTH020807240026 |Tamayama 5.8 24 1019 684 594 1186 1027
W 11 | HKD0200412141456 |Minatochou 5.9 9 536 1127 368 1177 1176
W 12 | TTRH020010061330 |Hino 6.6 7 927 753 776 1142 1109
W 13 | IWTH270305261824 |Rikuzentakata 5.4 28 888 556 637 1098 910
W 14 | IBRHI31103191856 [Takahagi 6.0 1 1026 526 733 1084 1037
W15 | WKYHO011107051918 |Hirokawa 4.9 2 754 1064 386 1084 1083
W16 | SZO0111103152231 [Fujinomiya 6.3 15 501 982 501 1076 1013
W 17 | ITWTH250806142342 |Ichinoseki-nishi 4.8 3 345 939 378 1004 944
W 18 NIG0210410231834 |Tokamachi 6.1 26 816 811 220 990 969
W19 | KGS0059705131438 [Miyanojo 5.9 16 902 901 288 977 977
W20 [ MYG0020305261824 |Utatsu 54 17 593 858 339 949 926
W21 ISK0060703250942 | Togi 5.9 7 717 849 462 945 934
W 22 NIG0280410231756 |Nagaokashisho 61 15 870 706 436 921 912
W23 | KGS0029703261731 |Izumi 5.2 12 727 542 246 903 902
W24 1SK0050703250942 | Anamizu 6.3 19 473 782 556 903 896
W25 | KMMO0081604160125 |Uto 6.2 18 882 652 771 882 882
W 26 | MYGHO030305261824 |Karakuwa 5.0 13 809 651 460 872 819
W 27 | MIEH100704151219 |Geino 4.9 4 850 374 227 863 862
W28 | SMNH010010061330 |Hakata 5.7 8 720 607 631 849 844
W29 IBR0191104121407 _ |Kita Ibaraki 5.5 19 696 502 329 847 791
W30 | KMMO0061604160125 |Kumamoto 6.0 2 827 616 534 843 843
W31 | NIGH010410231756 |Nagaoka 6.1 15 818 655 375 841 840
W32 | KMMO0091604160125 |Yabe 5.7 22 777 640 187 831 830
W33 | NIGH010410231803 |Nagaoka 5.8 12 742 502 384 827 797
W34 | IBRHI31203100225 [Takahagi 5.0 9 691 304 409 826 718
W 35 | IWTH250806162314 |Ichinoseki-nishi 5.2 2 688 547 670 824 727
W 36 NIG0190410231834  |Ojiya 6.0 12 795 637 355 821 818
W37 NIG0180707161013  |Kashiwazaki 6.3 21 667 514 369 813 812
W 38 NIG0231103120359 | Tsunan 54 6 536 704 316 804 771
W39 | TTR0070010061330 |Kofu 5.8 13 725 573 404 803 803
W40 [ KMMHO031604160125 [Kikuchi 6.1 22 787 228 403 801 789
W41 [ IWTH250806140920 |[Ichinoseki-nishi 4.8 22 782 210 461 785 784
W42 | KMMO111604160125 |Tomochi 5.6 21 598 602 255 778 778
W 43 MIE0040704151219  [Kameyama 53 8 716 356 323 771 764
W44 | KGS0029705131438  [Izumi 5.3 16 728 443 189 756 753
W45 | NIGH110410231834 |Kawanishi 5.6 22 741 534 300 754 754
W 46 IBRO191104111716 _|Kita Ibaraki 5.8 7 659 624 419 746 706
W47 | TKY0081407281705 |Okada 4.8 5 704 269 449 744 724
W48 | IWTH030807240026 |Iwaizumi 4.9 8 475 549 575 736 640
W49 | TTR0090010061330 |Nichinan 5.4 13 629 595 289 729 721
W50 [ TCGHO071212171848 [Kuriyama-nishi 4.9 2 631 338 520 727 635
W51 [ MYGO0059608131113 [Naruko 4.8 5 324 708 292 722 720
W52 NIG0200410231834  |Koide 5.6 9 527 524 329 719 718
W 53 | KMMH161604142207 |Mashiki 5.6 2 465 560 518 710 668
W54 | SZ00020912180845 |[Itou 5.6 2 313 639 229 703 693
W55 | IBRHI131104140735 [Takahagi 5.2 2 536 658 353 684 683
W56 [ KMMO0051604160125 |Otsu 5.7 11 526 482 397 669 575
W57 | KMMO0091604142126 |Yabe 53 17 569 547 94 669 669
W 58 NIG0200410231756  |Koide 5.5 11 521 407 312 640 639
W59 | WKYHO011107051934 |Hirokawa 4.1 3 429 595 262 634 617
W60 [ AZ00029703032309 |Itou 5.6 6 306 587 231 631 618
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