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Abstract

Study on Development of Demolished Building Database
in Mashiki Town after the 2016 Kumamoto Earthquake
and Estimation Method of Disaster Waste

Abstract

In this thesis titled “Study on Development of Demolished Building Database in
Mashiki Town after the 2016 Kumamoto Earthquake and Estimation Method of
Disaster Waste”, a creating a building database to clarify demolition and remaining
from all buildings in Mashiki Town and the estimation method for a disaster waste
amount using a ratio of demolished buildings to damage buildings were proposed. It
was necessary to investigate weight units of waste per building, the proportion of
structure types, and floor areas of the demolished buildings for the proposed method.

In the introduction, it explained the problems on the existing estimation method for
disaster waste amount depending on the number of damaged buildings. Indeed, the
weight amount of disaster waste estimated after the 2016 Kumamoto Earthquake was
significantly different from the actual amount.

Chapter 2 showed the building database identifying 5701 demolished buildings from
16 thousand buildings in Mashiki town by analysis using satellite imageries. Building
information of the database was connected to damage level, total floor area, and
structure typologies.

In chapter 3, the weight units of waste per building were derived. Those units were
0.57 (t/m2) for wooden buildings with tiled-roofs and 0.51 (t/m2) for wooden buildings
with non-tiled-roofs. However, since the number of non-wooden demolition buildings
was less, the unit for the non-wooden buildings could not be calculated.

In Chapter 4, the demolition rates for severely damaged, moderately damaged, and
minor damaged buildings were calculated as approximately 85%, 30%, and 10%
respectively. It was also possible to estimate the number of demolished buildings
including non-residential houses by using the demolition ratio multiplied by a ratio of
all buildings to residential houses in the database. The proportions of wooden and other
structures on demolished buildings were also derived as approximately 90% and 10%.

In Chapter 5, the number of demolition buildings and the amount of disaster waste
were estimated by inputting the number of residential damaged houses by the 2016
Kumamoto Earthquake into the proposed method with the demolition rates. The

estimation accuracy was consequently improved than the existing estimation method.
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Abstract

The demolition rates and the structure proportions on demolished buildings affect the
amount of disaster waste in this estimation method. The estimation by inputting real-
time earthquake damage information was also demonstrated.

In the last chapter, summaries of the results, use cases on a large-scale disaster, and

future issues were described.
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http://kouikishori.env.go.jp/strengthening measures/formulation_status/ (2 2021
49 H 22 H)
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T8 1 BARYOLBERERREE o -EBREHTIER O

EEFEAT IS O TN 2.2.4 T[T TWND OO, SIRIT O IK Y OB FHE %
ITOFRBILT- T — 2 R —2AZER CTE- 20 b, DR 2B Z EM T —2 L
LC, BERMtiZ1T > CTHhb, 2 (FF 1-1) B 1-5) IS E R o A7~ d,

Fmeasure = 2 (Recall x Precision)/(Recall + Precision) - 0 (fF1-1)
Precision = TP/(TP + FP) -3 () 1-2)
Recall = TP /(TP + FN) -0 (fF 1-3)
Specificity = TN/(FP + TN) -1 (fF 1-4)
Accuracy = (TP + TN)/(TP + FP + FN + TN) R (fF 1-5)

3OO, 2016 4E 7 H 29 H, 201741 H 1 H, 2018 4F 3 A 25 H OfEEIKIZH
W, BfEZE 0.1 A TE 2 TV o 72D F-measure Z 183 1-1 12779, BE 0.3 D
FFIZ F-measure 23 b AV, £ 2T, WIKITD OSM T—4% OHin G | FRIEOBE A 0.3
(2 U TR IR & BUFREMIC B LI REOIR[FTHI & kR 1-2~f13E 14 1OR”7, £
7z, X (fF 1-1) 226 (ff 1-5) 12 K 5 FHfifE 2 fT6k3 1-5 IC—% TR 9, F-measure %
KB EL 0.220, 0.594, 0.579 &, HEV EHWE TRV, 2016 47 H 29 H OE{EOFE
g B Cld, precision 23 0.125 L{KVMETH 5, HELHGEE CIXBGFEDIC L 00D BT,
R 2 W58 I3 e LA L CLE W, FP OMBNREL oz 2 LA EI
T 5, 201741 H 1 H & 2018 4F 3 H 25 H O OFEf#5H CTlE. recall DEIME L 72
V. BHEMECIIMEEY TH L0, FBEOBRIE TIIEAREY LIRS L. FN O
{2 TWb, Specificity ITWT ORI TE 0.9 L E, 2F 0| BUFEMIIHRIEICL S5
HFHTHLEWHETEML TS Z L2 RLTWD, ABFE TR L - BT o Bl
IC X DRI, BUEEY & MAREY &R 5 rTRetE IRV MR & fhi ©
X DHEIENDIRWEHNTHD Z ENShoT,

fid 1-1
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fhixa 1-1 BT OBIfE & FEO R

LN 2016 457 A 29 H | 20174E1 A 1 H | 201843 A 25 H
0.0 0.748 0.743 0.688
0.1 0.887 0.908 0.780
0.2 0.940 0.955 0.864
0.3 0.965 0.962 0.920
0.4 0.954 0.942 0.906
0.5 0.922 0.911 0.857
0.6 0.900 0.842 0.778
0.7 0.675 0.659 0.571
0.8 0.533 0.429 0.429
0.9 0.226 0.167 0.226

3% 1-2 BRI EOMIEA 0. 312 LT=8E OIREITS] (2016 467 A 29 H)

A
fiF A BiAT 3t
fiF 1A 218 16 234
e BLAfF 1,532 14,125 15,657
it 1,750 14,141 15,891%

* IR TR & BiF 2

MTERDSTEMITE 20,

fHEkaE 1-3 BEBRMITHEIZE ORI Z 0.3 12 L7-HE ORFTTH] (201741 A 1 H)

£t
fiF A BiAT 3t
fiR A 1,476 1,361 2,837
e B 653 12,429 13,082
it 2,129 13,790 15,919*

* RSPV TTIRIR L BIF 2 HIRE T E o TEREITE 70,

fH3e 1-4 FEEOBEZ 0.3 12 L2 E 0iREITS] (201843 H 25 H)

=14
fiR A BifF gt
fRAA 2,682 3,019 5,701
e B 882 9,268 10,150
al 3,564 12,287 15,851%*

* 0 RN TIRIR L BIF 2 HIRT T E R o TT /I E £ 720,

(REC
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ik 1-5 AWFFED B ABLHIFERE R & 48 00T 0O @iy O R S e

Bl 2016 457 H29H | 20174E1 A1 H | 201843 A 25 A
F-measure 0.220 0.594 0.579
Precision 0.125 0.693 0.753

Recall 0.932 0.520 0.470
Specificity 0.902 0.950 0.913
Accuracy 0.903 0.873 0.754

2.2.4 2B WT, FHlHT — 21Tk LT, BT & BEfEo ROC 1 —7 Z{ER L,
AUCH 09U ETHD Z MO MREN LW & 2R LA, IR O TOEY D
H L BeRs RO R Y) & BIFEEY) TRkl 3% & F-measure DMEWEfEE 2> TLE 5,
P T — & 1% 2016 4 7 A5 2018 - 3 H £ TOWT ORI O T fif Ak X T
WA ZERERINTWIEMTH Y | MFIREIIC R THER OB 5 & DEAL TRRIREY
EONYRTVEYEEIRL CRME L7722 &N 224 Tl LVWEREEZ R LI EE X BNLD,

LR B | FRINEW IR DR OBLE TE 2 72546, 2018 4 3 H 25 H DHifR D
FENTIRAE O BRME CHME LT IERRORE R 2 25 & | AN E 72 2 W EIT 2K 16,106 B0
953901 THD, DEV, M4BT 1 HOBMETEITELTWND Z &I 5D, EWimeh
T LG E L, £ 100 BROFHEH 7 — 2 Z ER LT, S FENEREREG 55 D 1F 3
FlEZ BTN S H A, K 16,000 FROEM R TE— O BHRER T2 Z L ick~ s &
RN & BT & SR IICERBI CE 2 Rk LB 2 D,

i 1-3
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18k 2 BARYBRBRUVKEREVEDOHE—R

~:

5.4 TH&E 5.5 THIZIRWT, REAIRL O HTHT R O (EZ M T AW & 8 O H s
AN LT, KEREWREOHERT 21T > 7oo AT LTAAE X OHERHE &2 fT8R 3K 2-1~2-5 (TR
ﬁ”o

g 2-1 RRAHIERIZ X 2 HilTAT O K E S

ELIER) Eeerd g — R
1 | ReATH 2,456 15,219 105,084
2 | ARIAT 3,026 3,233 4,325
3 | Tyh 539 2,396 5,662
4 | fERET 444 2,397 2,177
5 | KEEHT 154 1,372 3,800
6 | AT 512 865 1,096
7 | K 58 684 2,898
8 | FaRTERAT 700 987 1,168
9 | FEHT 105 986 914
10 | 4 116 1,750 4,344
11 | &S 234 565 1,458
12 | Feffigiti 108 860 1,598
13 | A& 47 862 7,022
14 | 59F5HT 15 671 5,108
15 | /i 20 431 2,662
16 | JKkJIHT 35 194 804
17 | SEHHT 19 284 694
18 | 4 11 95 1,550
19 | L#RET 16 247 520
20 | EHHT 14 146 291
21 | PELLAY 12 46 180
22 | F/NEHT 1 38 175
23 | AALHET 0 4 39
24 | /NEHET 0 135
25 | FukHT 0 33 100
26 | FgBART 1 2 82

£t 2-1
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ik 2-2 A TR R OEZR R E EWBED b H#EGT U 7oA Y

DiLIER) P R — 0 Y| R | fRIREY) | AR
R EF0 A THREL
(HEEH) (%E45)

1 | AEAT 2,456 | 15,219 | 105,084 | 1.10 18,878 | 13,241 5,637
2 | ZEbRHT 3,026 3,233 | 4,325 | 1.35 5,366 5,702 | A 336
3 | Tk 539 2,396 5,662 1.79 3,120 2,433 687
4 | AT 444 2,397 2,177 1.85 2,431 1,719 712
5 | KEtHT 154 1,372 3,800 1.21 1,117 1,541 | A 424
6 | PEIFRR 512 865 1,096 | 1.10 886 1,772 | A 886
7 | A 58 684 2,898 1.93 1,050 1,309 | A 259
8 | F P AT 700 987 1,168 1.10 1,109 1,100 9
9 | FEHT 105 986 914 | 1.10 524 1,221 | A 697
10 | F=4f 116 1,750 | 4,344 | 1.47 1,555 1,103 452
11 | Z T 234 565 1,458 | 1.10 567 1,138 | A 571
12 | PafgigTii 108 860 1,598 | 2.00 1,020 900 120
13 | Bk 47 862 7,022 1.16 1,161 628 533
14 | 5158 15 671 5,108 | 1.10 798 433 365
15 | J\fRif 20 431 2,662 1.54 634 293 341
16 | JKJIET 35 194 804 | 1.10 185 315 | A 130
17 | EHHT 19 284 694 | 1.10 187 393 | A 206
18 | 4 11 95 1,550 | 1.81 349 174 175
19 | HI#RHT 16 247 520 | 2.00 280 121 159
20 | EEHT 14 146 291 1.10 94 60 34
21 | PELAT 12 46 180 1.10 46 42 4
22 | m/NEHRT 1 38 175 | 1.10 33 23 10
23 | A JLmT 0 4 39| 2.00 10 4 6
24 | /NEMT 0 135 | 1.10 15 1 14
25 | FzKmy 0 33 100 | 1.10 22 3 19
26 | rE AR 1 2 82| 1.10 11 2 9

At 8,643 | 34,368 | 153,886 41,448 | 35,671 5,777

b 2-2
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fHgk 2-3 BEfF & AR SEEREREY /AR (HERH) & OCEREMLERE ()

DiLIER) BEAFEHERT b5 e A FEHERT P ES
1 | fEATT 643,477 | A 949,284 1,618,898 26,137 | 1,592,761
2 | AeHT 429,694 90,521 383,373 44,200 339,173
3 | Tk 119,129 A 51,640 240,630 69,861 170,769
4 | HHET 108,038 A 10,720 181,050 62,292 118,758
5 | REEMT 50,123 A 63,384 80,020 | A 33,487 113,507
6 | VEIRAT 80,145 A 27,647 64,363 | A 43,429 107,792
7 | A 22,792 A 77,366 79,663 | A 20,495 100,158
8 | FPAFAT 104,926 18,883 80,563 A 5480 86,043
9 | FEHT 35,357 A 49817 38,066 | A 47,108 85,174
10 | =4 54,452 A 26,719 112,241 31,070 81,171
11 | Z T 40,599 A 33,078 41,190 | A 32,487 73,677
12 | PafgigTii 32,690 A 34,164 83,333 16,479 66,854
13 | BT 25,670 A 17975 84,155 40,510 43,645
14 | 5 5HT 17,480 A 20,248 59,184 21,456 37,728
15 | )R 12,425 A 16,515 46,730 17,790 28,940
16 | JKJIHT 8,635 A 12,159 13,439 A 7,355 20,794
17 | FEHAT 8,869 A 10,400 13,585 A 5684 19,269
18 | B4 3,510 A 2364 26,382 20,508 5,874
19 | HI#sHT 7,652 2,014 20,500 14,862 5,638
20 | EHHET 5,054 593 6,829 2,368 4,461
21 | PEILIFS 2,480 A 1977 3,342 A 1115 4,457
22 | FE/INERT 1,006 A 309 2,566 1,251 1,315
23 | A Jemy 94 A 375 726 257 469
24 | /INEMT 23 A 198 1,090 869 221
25 | FzKHT 772 615 1,598 1,441 157
26 | rdRART 164 48 799 683 116

Al 1,815,256 | A 1,293,665 3,284,315 175,394 | 3,108,921
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ks 2-4 REIC A FIH U CHEGH L 7o iR Mgk

TTHT AT REIC ## —EEREE | ARRERERE | RO Vs i<
Ebe- S HEW L (He7h) B ()
K R HERHiE

1 | fEATH 16,679 39,291 65,485 32,512 13,241 19,271
2 | ZEbRHT 4,033 3,707 9,056 5,446 5,702 A 256
3 | FIk 427 2,648 3,598 1,517 2,433 A 916
4 | THARET 245 995 1,451 652 1,719 | A 1,067
5 | KEEHT 642 2,294 3,435 1,578 1,541 37
6 | PalAY 987 1,135 2,483 1,428 1,772 A 344
7 | s 1,097 2,956 4,742 2,293 1,309 984
8 | F P AT 205 874 1,262 562 1,100 A 538
9 | FEHT 95 477 669 291 1,221 A 930
10 | F=+f 1,062 2,869 4,599 2,224 1,103 1,121
11 | Z AT 322 895 1,424 685 1,138 A 453
12 | Bl 140 859 1,169 494 900 A 406
13 | A& 408 2,202 3,054 1,313 628 685
14 | 55158 308 1,613 2,248 971 433 538
15 | /R 12 291 355 132 293 A 161
16 | JKJIET 11 148 186 72 315 A 243
17 | EHHT 27 276 355 141 393 A 252
18 | E£4f 26 359 450 175 174 1
19 | [Li#RHET 54 306 421 180 121 59
20 | EEHT 7 99 124 48 60 A 12
21 | PEIIAT 1 13 16 7 42 A 35
22 | FA/NEMT 2 37 46 18 23 A5
23 | A JkmT 0 3 4 1 4 A3
24 | /NERT 2 39 48 19 1 18
25 | FrzKmT 16 152 197 80 3 77
26 | rEREMT 0 0 0 0 2 A2

At 26,808 64,538 106,875 52,839 35,671 17,168

£t 2-4
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k3 2-5 REIC ik Z FIIH] U CHERF L 72 BEAF & AWFIED S F B sEm T 4 &

DiLIER) REAFHERT b5 e AR FEHERT Vs e ES
1 | fEATT 2,870,852 1,278,091 2,788,093 1,195,332 | 1,592,761
2 | AR 558,605 219,432 389,088 49,915 339,173
3 | Tyl 111,922 A 58,847 116,999 A 53,770 170,769
4 | HHET 51,948 A 66,810 48,558 | A 70,200 118,758
5 | KEEHT 128,794 15,287 113,045 A 462 113,507
6 | FEEAT 142,038 34,246 103,737 A 4055 107,792
7 | A 197,519 97,361 173,969 73,811 100,158
8 | FPAFAT 44,437 A 41,606 40,826 A 45217 86,043
9 | FEHT 22,277 A 62,897 21,140 A 64,034 85,174
10 | =4 191,389 110,218 160,529 79,358 81,171
11 | Z T 58,617 A 15,060 49,762 A 23915 73,677
12 | PafgigTii 36,481 A 30,373 40,359 A 26,495 66,854
13 | BT 99,263 55,618 95,172 51,527 43,645
14 | 5 5HT 73,780 36,052 72,015 34,287 37,728
15 | J\ i1 8,213 A 20,727 9,729 A 19211 28,940
16 | JKJIIHET 4,750 A 16,044 5,230 A 15564 20,794
17 | FEHAT 9,617 A 9,652 10,243 A 9,026 19,269
18 | 4 11,443 5,569 13,229 7,355 5,874
19 | HI#sHT 13,478 7,840 13,179 7,541 5,638
20 | EHHT 3,136 A 1,325 3,487 A 974 4,461
21 | FELAT 421 A 4,036 509 A 3948 4,457
22 | FE/INERT 1,100 A 215 1,400 85 1,315
23 | A Jemy 70 A 399 73 A 396 469
24 | /INEMT 1,147 926 1,380 1,159 221
25 | FzKHT 5,429 5,272 5,812 5,655 157
26 | rdRART 0 A 116 0 A 116 116

At 4,646,726 1,537,805 4,277,563 1,168,642 | 3,108,921

i 2-5







I

AR EMED DD To > T, HR LERFEHRE M EEEAIIIRE B HEE T2V 3R
WG L BFE4, ARG Y T— b v 7RI L C o8 REW = L
WZHRE D 2 OFENGEm SCEAL BT B £ T SFE~OE Y A L HEMEIZ oW T THREE X |
& U CHFZED H BRI O W CIEWER E 2o - 2 L b b 0 HEAM A EWWCIEX
F L2 EITELSBILB L EiF £,

KL aHFA L CTIHE £ Lo, o ERERESR, I isEdR, BRI 2%, |Hr=nT
RUEMERER . Rl LHERERITIT, IR SRR L 7 RS ZZ2THBE L E LT, K
ROT, FAOMIE~DERVMAICENTHELRRAELREL, E~LHENTESY F
L7 2 LIZRGHHR L LT £,

R LR o BN =ML, mEOM RO MR E ZHIRAE E Lz, £/,
FARERIF 72 58 oD 7R I 45t Bh 2. Sadra Karimzadeh #55#f5E B . Raveerat Jaturapitpornchai
i -, Min-Lung Cheng 18 +:, K CEE 1| Patcharavadee Thamarux K, &R E22 K,
Haoyi Xiu K, fi)IIER K, A URIICZAZELOZAOERKIZIL, BIOREHE T
FZ L DT RS R LRI ART 2R LD 2 #THE, BHALFRICITFGF
fr& CRMERICRY, BICHV R L) TIVET,

AL TR AT > TS IRAIT DR B W N BIR D T 2 . B ILRZFD I/ 1R
PEITRE 13 e E R OV IE R OFTEIC T TEE £ LT, JUNRF 0 & [l BT #08%
BB, BEMEHIERF2BOERND, KEREEMICEA L TIhE TORENZ
(CEED < BRx ZRitiR, MakE T RS A&THE £ Lo, £/, RESTEC (ZBfR$ 575 % )
LHEIE LOSEATHEM LU E L, DD O TR 2T IUTARIZTER Lo 7
A ERS L HONSELTEY £77,

KEIC, Z, B, B MBPEWHIFEZ X2 TNl i Tbdb i<,
ZLT, THENRELSRST, b LIOWMXICHZHE L TEHOKEFEFL M EhIVT LY
L < HunEd,

2022 £ 2 f
il fE






