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Fragility Function of Wooden House Considering the Roofing Type
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Most of fragility functions for wooden house have only attributes of structure and built year, though it has been
recognized that roof weight is correlated to damage. In this study we tried to improve the prediction accuracy by
considering the roofing type and stories. The fragility function was proposed on the basis of the distribution of
seismic capacity score, building data and damage data around the observation stations as well as observed records of
past earthquakes. As a result, the predicted values of this study can explain the actual damage more accurately than

those of Central Disaster Management Council.
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p— E3:] 26 10 22 5 0

== 26 6 5 2 0

Z 0t 5 0 1 2 6

&t 57 16 28 9 6

REHOEE 91.2%| 100.0%| 96.4%| 77.8% 0.0%
81~0FENEEDEE

#1.0& LEBEOEE 1.17 1.29 1.24 1.00 0.00

ROREEEOLH

EE2HICNT 2850

N 50.0%| 37.5%| 18.5%| 28.6% 0.0%

®12 BPRRGEEAOREEZDICEHIEENES

BEEF |AE&2E#| RE B4 | REOEHA
~1960 14 13 1 92.9%
1961~70 18 15 3 83.3%
1971~80 24 23 1 95.8%
1981~90 20 18 2 90.0%
1991~00 15 11 4 73.3%
2001~10 8 1 7 12.5%
2011~ 14 4 10 28.6%

®13 HEFRINDEEDNES

-1960 1961-70 1971-80 1981-90 |1991-2000| 2001-10 2011
T = |REICS %= |REIH =
wozm| Tt (npre| BEF (pare| PR mae | max | max | msx
oBIE o8l oz

dtiEiE 0.0% 1.8% 0.0% 1.9% 0.0% 1.9% 1.5% 0.7% 1.0% 0.0%
i 0.0% 2.7% 0.0% 3.0% 0.0% 2.9% 2.3% 1.5% 0.0% 0.0%
EF 0.0%| 14.8% 0.0%| 16.3% 0.0%| 15.7% 12.7% 11.3% 12.5% 8.8%
= 0.0%| 41.4% 0.0%| 454% 0.0%| 43.8% 35.3% 30.9% 46.2% 35.4%
A 0.0% 11.5% 0.0%| 12.6% 0.0%| 12.2% 9.8% 3.7% 7.1% 6.7%
ity 0.0% 25.0% 0.0% 27.4% 0.0% 26.4% 21.3% 14.2% 0.0% 0.0%
) 0.0%| 58.3% 0.0%| 63.9% 0.0%| 61.6% 49.7% 42.6% 61.5% 50.0%
i 0.0% 78.4% 0.0% 86.0% 0.0% 82.9% 66.9% 62.6% 71.8% 93.1%
A 0.0%| 70.6% 0.0%| 77.4% 0.0%| 74.7% 60.2% 55.5% 54.8% 62.7%
B 0.0%| 81.9% 0.0%| 89.7% 0.0%| 86.5% 69.8% 70.6% 67.9% 75.0%
%3 0.0%| 69.2% 0.0%| 75.8% 0.0%| 73.1% 59.0% 47.6% 65.2% 72.1%
T3 0.0%| 65.0% 0.0%| 71.3% 0.0%| 68.7% 55.4% 44.8% 62.0% 89.1%
R 0.0% 18.0% 0.0%| 19.7% 0.0%| 19.0% 15.3% 26.6% 28.8% 66.7%
#wE) 0.0%| 29.6% 0.0%| 32.4% 0.0%| 31.3% 25.2% 24.4% 37.8% 75.0%
lﬁ:% 0.0% 67.6% 0.0% 74.1% 0.0% 71.5% 57.6% 38.1% 40.6% 50.0%
= 0.0%| 94.7% 0.0%| 100.0% 0.0%| 100.0% 80.7% 59.8% 50.0% 39.1%
Al 0.0%| 95.4% 0.0%| 100.0% 0.0%| 100.0% 81.3% 62.1% 77.8% 68.3%
il 0.0%| 80.1% 0.0%| 87.8% 0.0%| 84.7% 68.3% 48.4% 64.3% 52.9%
[TES 0.0%| 65.3% 0.0%| 71.5% 0.0%| 69.0% 55.6% 45.7% 56.3% 88.0%
REH 0.0%| 66.8% 0.0%| 73.2% 0.0%| 70.6% 57.0% 42.0% 41.5% 49.4%
CE 0.0%| 73.7% 0.0%| 80.8% 0.0%| 77.9% 62.9% 57.2% 59.5% 58.9%
#HEE 0.0% 61.5% 0.0% 67.4% 0.0% 65.0% 52.4% 49.2% 45.9% 80.9%
] 0.0%| 82.0% 0.0%| 89.9% 0.0%| 86.7% 69.9% 61.6% 65.8% 65.3%
=E 0.0% 96.3% 0.0%| 100.0% 0.0%| 100.0% 82.1% 64.3% 72.3% 71.7%
HE 50.0%| 45.1%| 37.5%| 49.5% 18.5%| 47.7% 38.5% 56.1% 48.8% 69.8%
B 50.0%| 66.3%| 37.5%| 72.7% 18.5% 70.1% 56.5% 42.5% 55.2% 75.7%
X 50.0%| 57.3%| 37.5%| 62.8% 18.5% 60.5% 48.8% 33.8% 36.4% 58.3%
£E 50.0%| 62.0%| 37.5%| 67.9% 18.5%| 65.5% 52.8% 52.3% 52.2% 72.6%
3 50.0% 64.6% 37.5% 70.8% 18.5% 68.3% 55.1% 50.3% 47.1% 68.3%
L] 50.0%| 79.8%| 37.5%| 87.5% 18.5%| 84.3% 68.0% 57.5% 52.0% 74.2%
= Y 50.0% 78.2% 37.5% 85.7% 18.5% 82.7% 66.7% 69.1% 77.8% 75.0%
ki 50.0%| 96.8%| 37.5%| 100.0% 18.5%| 100.0% 82.6% 68.7% 100.0% 100.0%
1L 50.0%| 83.1%| 37.5% 91.1% 18.5%| 87.9% 70.9% 62.9% 69.2% 76.0%
s 50.0%| 82.3%| 37.5%| 90.3% 18.5%| 87.0% 70.2% 53.9% 58.3% 67.2%
we 50.0%| 84.3%| 37.5%| 92.4% 18.5%| 89.1% 71.8% 60.9% 70.1% 77.8%
5 50.0% 88.6% 37.5% 97.1% 18.5% 93.6% 75.5% 63.7% 76.5% 72.7%
] 50.0%| 78.9%| 37.5%| 86.5% 18.5%| 83.4% 67.3% 66.8% 55.8% 53.6%
[3 1% 50.0% 88.1% 37.5% 96.6% 18.5% 93.1% 75.1% 63.2% 58.5% 55.6%
B 50.0%| 81.5%| 37.5%| 89.4% 18.5%| 86.2% 69.5% 68.8% 68.8% 70.0%
1B 50.0%| 69.3%| 37.5%| 76.0% 18.5%| 73.3% 59.1% 48.5% 45.7% 64.1%
Y 50.0%| 89.4%| 37.5%| 98.0% 18.5% 94.5% 76.2% 69.2% 73.3% 81.8%
R 50.0%| 71.4%| 37.5%| 78.3% 18.5%| 75.5% 60.9% 57.8% 64.7% 79.2%
A 50.0% 89.6% 37.5% 98.2% 18.5% 94.7% 76.4% 51.3% 55.7% 72.5%
x5 50.0%| 89.1%| 37.5%| 97.7% 18.5%| 94.2% 76.0% 66.1% 62.5% 77.3%
= 50.0% 99.1% 37.5%] 100.0% 18.5%| 100.0% 84.5% 68.3% 55.8% 71.4%

5 50.0%| 79.6% 37.5%| 87.3%| 18.5%| 84.2% 67.9% 62.6% 47.5% 65.1%

3

;ﬁ’n_ 50.0% 11.7% 37.5% 12.9% 18.5% 12.4% 10.0% 54.8% 0.0% 0.0%
BR#H-3¢B8|  50.0%| 91.2%) 37.5%| 100.0%| 18.5%| 96.4% 77.8% 0.0% 0.0% 0.0%
Er32 50.0%| 92.9% 37.5%) 83.3%| 18.5%| 95.8% 90.0% 73.3% 12.5% 28.6%
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N | y/mm/do) R Mw | REE | ooy [ermmme| sue — S ——1 Gow2)
1 | 2000/10/06 |SEVRFERBE 6.8 435 454 623 463 362 242 3,075
2 | 2001/03/24 6.8 70 21 67 21 55 33 183
3 | 2003/05/26 7.0 2 32 207 92 86 51 1,143
4 | 2003/07/26 6.1 1,276 7 28 14 30 16 177
5 | 2003/09/26 |+HipiE 8.0 116 582 357 726 1,293 1,089 2,173
6 | 2004/10/23 |3 6.7 3,175 4,048 5,019 4,914 2,584 2,273 10,581
7 | 2005/03/20 6.5 144 19 20 14 46 29 59
8 | 2007/03/25 |#EES 6.6 686 1,907 2,255 2,063 729 846 7,087
9 | 2007/07/16 |3TREhiHitE 6.7 1,331 5,075 1,774 4,296 1,010 1,701 6,428
10 | 2008/06/14 |&F - SiAEEHE 7.0 30 20 170 62 95 45 995
11 | 2009/08/11 |E&AZn#E 6.3 0 22 53 37 68 36 257
12 | 2011/03/11 [sEdestds R4 (k) | 9.0 8,467 3,066 7,609 5,125 6,219 4,224| 34,579
13 | 2014/11/22 |EHRIHOHE 6.3 77 30 8 8 5 4 51
14 | 2016/04/16 |REA<HE 7.0 8,425 8,595 6,230 7,128 5,616 4,189| 18,640
15 | 2016/10/21 |BEVRREDHE 6.16 18 10 45 35 5 5 332
. E 1,776 943 1,380 1,045 1,623 7,844
B
=3 0.988 1.073] 1.063 1.058] 1.034] 1.387
(&f8)
No | FEFAE wEE Mw | - B b
(yy/mm/dd) Pav [sram| s [T (012
1 | 2000/10/06 |BEUEFERHE 6.8 3,536 1,832 2,609 2,735 2,673 3,194| 16,177
2 | 2001/03/24 (= 6.8 844 246 361 263 603 1,523 7,550
3 | 2003/05/26 |=imiRihiE 7.0 23 323 1,184 849 540 1,746 13,626
4 | 2003/07/26 |EEHBILE D HE 6.1 5,085 105 183 280 410 635 2,604
5 | 2003/09/26 8.0 484 3,482 2,426 4,524 6,621 7,549| 19,421
6 | 2004/10/23 6.7 16,985 10,759| 13,975 13,423 14,902 10,112 32,371
7 | 2005/03/20 6.5 497 243 134 185 359 954 1,679
8 | 2007/03/25 |# 6.6 2,426 4,820 9,107/ 6,099 3,922 4,313 24,014
9 | 2007/07/16 6.7 7,041 11,380 7,794 11,027 6,206 5,240| 20,185
10 | 2008/06/14 |&F - SHAEEHE 7.0 176 280 1,002 795 918 1,552 7,043
11 | 2009/08/11 |E&AZm#E 6.3 6 217 383 396 571 815 3,894
12 | 2011/03/11 |sEdests AT iR (AkE) | 9.0 60,075| 17,022| 39,569| 28,600 39,227 42,311| 184,629
13 | 2014/11/22 |RHRHOMHE 6.3 213 164] 56, 78 56 116 748
14 | 2016/04/16 |#E: = 7.0 41,712 22,483 25,153| 26,231| 36,700| 24,213| 67,749
15 | 2016/10/21 |BHERRREDIHEE 6.16 330 113 333 347 31 78 2,600
- E‘ 12,447 7,212 9,360 5,937 7,080| 34,536
0.757 0.839] 0.805 0.830 0.896 1.294
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No | FEFAH wE Mw | ziE = B i
(yy/mm/dd) pov [sowm| sie | Gow)
1 | 2000/10/06 |FEXEFEEBHE 6.8 435 584 836 568 371 245 3,075
2 | 2001/03/24 6.8 70 21 57 21 44 29 183
3 | 2003/05/26 7.0 2 27 146 66 60! 39 1,143
4 | 2003/07/26 | =% 6.1 1,276 5 19 9 20 11 177
5 | 2003/09/26 8.0 116 454 287 567 1,003 827 2,173
6 | 2004/10/23 6.7 3,175 4,060 5,274 4,912 2,539 2,239| 10,581
7 | 2005/03/20 6.5 144 17 18 14 35 23 59
8 | 2007/03/25 ‘R‘Eﬁ‘# 6.6 686 1,983 2,540 2,175 744 874 7,087
9 | 2007/07/16 |38 R hlihibE 6.7 1,331 5,061 1,808 4,254 954 1,637 6,428
10 | 2008/06/14 |£F - EiHAkEME 7.0 30 14 119 41 61 29 995
11 | 2009/08/11 |&iaE 6.3 0 21 46 33 55 31 257
12 | 2011/03/11 |k A HE (RFE) | 9.0 8,460 2,301 5,895 3,753 4,692 3,178| 34,579
13 | 2014/11/22 |RHFRILBOHE 6.3 7 26 7 7 4 3 51
14 | 2016/04/16 |REAHEE 7.0 8,425 8,234 6,110 6,657 5,133 3,843| 18,640
15 | 2016/10/21 |BEUEhEDHEE 6.16 18 10 48 35 5 5 332
P— E; 1,934] 1,206 1,652 1,366 1,863 7,845
E. 1.004: 1.066 1.061 1.049 1.042 1.387
(i)
R
ztzAg s
N Gy/mm/ao) o MR oy [ame| s [— 1 eo)
1 | 2000/10/06 |5 6.8 3,536 2,211 3,310 3,195 3,053 3,389| 16,177
2 | 2001/03/24 |% 6.8 844 246 349 258 508 1,236 7,550
3 | 2003/05/26 =g ihithE 7.0 23 267 905 615 402 1,188| 13,626
4 | 2003/07/26 | =R ALE O HE 6.1 5,085 79, 140 197 283 426 2,604
5 | 2003/09/26 8.0 484 2,681 1,970 3,475 5,154 5,687 19,421
6 | 2004/10/23 |3 6.7 16,985 10,841| 14,483| 13,500 14,985 9,996/ 32,371
7 | 2005/03/20 6.5 497 212 129 169 300 759 1,679
8 | 2007/03/25 | 6.6 2,426 5,036/ 10,208 6,443 4,089 4,435 24,014
9 | 2007/07/16 6.7 7,041 11,416 8,030 11,017 6,101 5,054, 20,185
10 | 2008/06/14 |&F - Gﬁf)\iﬂx‘i*E 7.0 176 193 742 551 630 1,043 7,043
11 | 2009/08/11 |E&aE, 6.3 6 206 355 354 493 674 3,894
12 | 2011/03/11 9.0 60,075| 13,488| 32,915 22,434 31,026 33,388| 184,629
13 | 2014/11/22 6.3 213 146 51 68 48 96 748
14 | 2016/04/16 |fE 7.0 41,712 21,557| 25,086 25,132| 35,500 22,743| 67,749
15 | 2016/10/21 |BEVEFHD#E 6.16 330 116 369 364 31 76 2,600
— E; 13,348 8,603 10,862 7,900 8,871| 34,536
E 0.762 0.828 0.789 0.811 0.853 1.294
(—EBHEELL )
No AR RS Mw | EHE =88 Sa
(yy/mm/dd) PGV |[EHAIEE SlfE o) 2
1 | 2000/10/06 |f% 6.8 22,080 46,548| 42,382| 43,439 36,426 40,814
2 | 2001/03/24 6.8 49,838 24,714| 46,922| 25,274| 75,315| 104,080
3 | 2003/05/26 7.0 2,427 45,887 52,290 38,552 29,754, 93,003
4 | 2003/07/26 6.1 16,061 17,077\ 10,734| 15,733 18,773 22,458
5 | 2003/09/26 8.0 2,064| 139,803 63,590 72,157 64,593 67,401
6 | 2004/10/23 6.7 122,667 85573 79,820 75171 68,452 93,447
7 | 2005/03/20 |4& 6.5 9,835 26,435 10,124 15,729 21,508| 16,203
8 | 2007/03/25 |HEEE EHE 6.6 29,384 53,760 60,820 47,687/ 45,036 38,602
9 | 2007/07/16 |#7i8 R hihihitiE 6.7 44,674 60,800 49,279 52,512 52,798| 55,350
10 | 2008/06/14 |£F - EHAEME 7.0 2,697 34357 20,630 26,631 29,318 29,188
11 | 2009/08/11 |8 = 6.3 8,678 19,283 19462 16,330/ 20,700 36,855
12 | 2011/03/11 9.0 | 551,425 690,415 597,523| 511,018| 811,612| 930,482
13 | 2014/11/22 6.3 1,839 5,418 3,279 3,766 3,392 4,736
14 | 2016/04/16 7.0 | 204,058 180,078 170,361| 160,512| 179,488| 170,690
15 | 2016/10/21 6.16 15,409 7,602 9,517 7,543 2,706 8,957
E 55,184 29,778 30,758| 72,214| 104,321
=3 0.690: 0.592 0.600 0.612 0.674
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mang (B i smx SpmE e
S EEE] 5t | RwE| AR B |RRE| AR O |ERE| AR
EHRBEERA 6.2 66| 86| 152] 7.9%| 2.7%| 15.4%| 40.8%| 16.9%| 38.9% 55.0%| 75.3%
ISHET/NE 6.0 17 20| 37| 27%| 0.6% 6.4%| 35.1% 5.5%| 27.3%| 86.5% 61.4%
EBAETTE 5.9 113 51| 164] 0.0% 04% 50% 4.3% 3.6% 29.7% 68.9% 59.4%
ERLLETE 5.4 14 9| 23] 0.0%| 0.01% 0.04% 0.0% 0.0% 2.5% 4.3% 15.1%
B E R ER 5.1 43 24 67| 0.0%|00007%|00008%| 0.0%| 0.0% 02% 3.0% 1.8%
I = BT 5.0 148] 30| 178] 0.0%/00004%[00002%| 0.0%] 0.0% 0.1% 0.0% 0.4%
EWARETRI S | 5.7 30 21 51| 15.7%) 0.1%| 0.9%| 255%| 0.6%| 12.5%| 37.3%| 38.9%
BB 5.5 39] 23] 62| 00%| 00% 0.1% 00% 0.1% 4.8% 0.0% 22.7%
BEHRE 5.2 16| 22| 38| 0.0%0.001%[0.003%| 0.0% 0.0% 0.4% 0.0% 3.8%
/N BT 5.5 105 33| 138] 0.0% 0.0% 0.2%) 0.0% 0.1% 57% 0.0% 24.9%
BAETHRET 5.8 318| 76| 394] 00% 0.2%] 2.8%] 00% 1.9%] 24.9%] 7.6% 53.7%
R E - - - - | 0.050] 0054 - | 0137 0.119] -
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