TER R B KW T 4R 25 66 5 B
DPRI Annuals, No. 66 B, 2023

WEARY FILZRAVWTHEA NN BRERZHET OAEDRSE

Proposal of the Method of Calculating Modified Mercalli Intensity
Using the Response Spectra (Draft)
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Synopsis

A method of calculating Modified Mercalli (MM) intensity using the response spectra
was proposed. The method was based on the previously proposed method modifying the
Japan Meteorological Agency (JMA) seismic intensity by authors and the relationship
between the JMA seismic intensity and the MM intensity. The characteristics of this
method are that the period region of strong ground motions is changed for high and low
intensity, by which this method successfully reproduces the actual heavy structural
damage causing loss of life in the high-intensity region.
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Table 1 Comparison of proposed seismic intensity scales
) PGA PGV
Earthquake Station name [em/s?] [em/s] Tima To.1 Tis Ip Tmmo.1-1 Immi-1s Tvm Jivives d[%]

1993 Kushiro-oki Kushiro(JMA) 752.5 425 595 | 6.00 | 535 | 5.67 3.39 821 8.39 7.98 0.0
Takatori(JR) 7427 | 1552 648 | 6.16 | 633 | 633 3.68 10.16 | 10.16 9.62 34.9

1995 Hyogo-ken Nanbu | Fukiai(Osaka Gas) 834.0 | 1293 649 | 610 | 625 | 625 3.58 10.01_|_10.01 9.61 153
Kobe(JMA) 848.0 | 105.7 644 | 628 | 598 | 598 3.91 9.46 9.46 9.14 2.5
Sakaiminato

2000 Tottori-ken Seibu (Meteorological 762.8 85.4 601 | 588 | 559 | 559 8.18 8.68 8.68 8.98 1.1
observatory)

2003 Tokachi-oki Shibetsu(K-NET) 602.9 66.3 592 | 582 | 572 | 572 3.07 8.4 8.4 847 1.1

1okt Hiroo(K-NET) 985.6 43.9 6.07 | 602 | 493 | 548 3.44 7.35 3.44 8.05 0.0

2003 Miyagi-ken-oki Ofunato(JMA) 1106.9 354 585 | 577 | 491 | 534 3.00 7.32 8.00 7.68 0.0
Kawaguchi 1677.9 150.2 652 | 620 6.25 6.25 8.77 10.01 10.01 9.87 18.0

2004 Niieata-k (Shindokei)

Chuem“ga a-ken Ojiya(JMA) 974.0 93.6 634 | 634 | 586 | 586 9.01 921 921 8.99 1.2
Tokamach 1337.1 56.5 593 | 5.99 532 | 5.66 8.39 8.14 8.39 8.25 0.0
i(Shindokei)

Anamizu(K-NET) 883.8 | 1024 633 | 598 | 612 | 612 3.37 9.74 9.74 9.25 18.0

2007 Noto-Hanto Wajima(JMA) 4722 98.7 615 | 572 | 594 | 594 7.89 939 939 9.19 46
Noto(K-NET) 642.5 252 555 | 554 | 507 | 530 7.58 7.63 7.58 721 0.0
Kashiwazaki
(K.NET) 812.0 | 127.0 637 | 586 | 6.00 | 6.00 8.15 9.50 9.50 9.41 42

2007 Niigata-ken Kashiwazaki

Chuctsu ok (Shindokei) 7935 | 1256 633 | 577 | 597 | 597 7.98 9.44 9.44 9.24 57
Nagaoka 692.6 83.2 6.17 | 6.11 559 | 559 8.59 8.68 8.68 8.86 0/42
(Shindokei)

2011 Tohoku-chiho Tsukidate(K-NET) 27652 | 100.9 6.67 | 663 | 543 | 6.03 9.53 8.37 8.95 9.41 0/58

Taiheiyo-oki Shiogama(K-NET) 1951.4 68.5 6.02 | 609 | 539 | 574 3.55 8.27 841 8.65 0.0
Mashiki(KiK-net) 13138 | 1384 650 | 650 | 621 | 621 930 9.93 9.93 9.73 6.2

2016 Kumamoto(4/16) Nishiharamura 866.4 | 262.1 6.62 | 649 620 | 620 9.29 9.91 9.91 10.51 0/57
Komori(Shindokei)

Kumamoto(K-NET) 843.2 95.2 6.09 | 6.17 | 583 | 583 371 9.16 9.16 9.05 0.0
Ezﬁ"’ monica city 866.8 41.6 541 | 564 | 513 | 539 775 7.76 775 7.97 1/23

1994 Northridge Iﬁ:::;a cedar hill 1966.5 109.9 6.55 | 6.57 5.81 5.81 9.42 9.12 9.12 9.46 0/10
ft‘;ﬁ)‘ilun‘y fire 7318 | 119.5 634 | 623 | 601 | 6.01 $.80 9.51 9.51 9.17 2127
068 530.9 | 300.1 6.04 | 576 | 580 | 5.80 7.97 9.10 9.10 9.87 2.8

1999 Taiwan chi-chi 072 464.5 72.8 585 | 587 | 559 | 5.59 817 3.68 3.68 8.70 9.7
074 608.4 79.0 6.04 | 597 | 579 | 5.9 835 9.09 9.09 378 8.7
129 992.6 69.1 598 | 597 | 552 | 552 3.34 3.54 3.54 8.18 *0.0
REHS 723.8 998 621 | 589 | 6.04 | 6.04 3.20 9.57 9.57 9.04 15/98

2011 Christehurch CcCCC 472.4 68.8 599 | 575 | 591 | 5091 7.95 932 932 8.73 2123

ristehure HVSC 17082 | 1017 645 | 656 | 575 | 5.75 9.40 3.9 3.9 927 2121
PRPC 737.1 123.1 611 | 609 | 591 | 591 8.56 932 932 9.18 0.0
3129 16150 | 1722 647 | 657 | 619 | 6.9 941 9.88 988 | 10.09 | **3/83

2023 Southern Turkey 3141 975.0 | 124.6 625 | 622 | 583 | 583 3.79 9.16 9.16 9.64 | **1/27

4615 6433 | 1528 620 | 598 | 581 | 581 3.36 9.12 9.12 967 | **0/55

PGA: Peak ground acceleration (Vector sum of two horizontal directions)

PGV: Peak ground velocity (Vector sum in the two horizontal directions, obtained by applying a bandpass filter of 0.1-10Hz to the acceleration and integrating it)
Iima: IMA seismic intensity, Io.1-1:0.1-1 sec seismic intensity, I1.1.5:1-1.5sec seismic intensity, Ip: Proposed seismic intensity

Ivmo.1-1:0.1-1 sec Seismic intensity on MM seismic intensity, Immi-1.5:1-1.5 sec seismic intensity on MM seismic intensity,

Imm=: Calculated MM seismic intensity by Wald (1999) from PGA and PGV using the method described in Kunugi (2000)

d: Ratio of heavily damaged buildings within 200m of the station

(*: Ratio of collapsed buildings estimated from the degree of damage around the station (Sakai et al., 2001),
*%*: Ratio of collapsed buildings investigated within 200 meters of seismic station using satellite images,
The fraction indicates “number of damaged buildings / number of total buildings” if there are fewer than 100 surrounding buildings
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