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Studies on Floodproofing Plans of Buildings
and Their Cost-effectiveness

Nozomu KIUCHI*1, Taku NAKANQO*2

ABSTRACT

As occurrence of flood disasters became more frequent and severe, recently in Japan,
so has the necessity of urban planning based on the premise of flooding, and the
countermeasures against flood disasters in the field of building. Efforts to reduce flood
damage have so far been regarded as an issue in the field of civil engineering, or as a
traditional issue in a limited area, and have not been dealt with much as a modern research
issue in the field of urban planning and building. However, among the ideas of “watershed
flood control” based on the severe future climate change prediction, measures for housing
and buildings in areas with a high risk of flooding, and regulation and guidance to building
and land use are also coming into view. These efforts have begun with the increasing social
demand.

On the other hand, there is no clear method other than using hazard maps and flood
risk area maps as given conditions to determine the goals and level of countermeasures that
should be taken in each location. In flood hazard area maps based on the Flood Control
Law, there are cases where extreme figures are shown in a wide range of urban areas, and
the reality to take countermeasures by the premise level is difficult. Therefore, in order to
explore urban land use and guidance measures in areas with flood risk, we considered that it
1s necessary to investigate the cost-effectiveness of flood damage countermeasures at the
building and site level based on the flood risk of the location. There are various types of
buildings and construction activities, and it is assumed that the hardware and software
issues in implementing flood countermeasures will be different for each type. Therefore, in
this research, we assume three cases; 1) when constructing a new wooden detached house; 2)

when renovating an existing condominium; 3) when a business establishment moves into the
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first floor of a RC building (infill). Then a model examination of flood countermeasures was
carried out. After establishing standard design proposals for each of them, several design
proposals with floodproofing measures were examined, and the construction and other costs
were calculated for each proposal. Moreover, additional construction costs caused by
floodproofing measures are included as expenses, and the reduction in damage to buildings
(including equipment) and furniture, fixtures, and products (restoration costs) associated
with floodproofing measures are included as effects, and the frequency of floods is also
considered in calculating the cost-effectiveness.

In the following, an outline of the studies in each chapter is described.

In Chapter I, we organized and described the background, purpose, and method of
the research. As the background and position of the research, the situation surrounding
flood damage countermeasures for buildings, the actual results of flood damage in the past
and the actual situation of flood risk, the situation of research and development including
Europe and the United States, etc., are described, and the method and configuration of this
research is explained.

Chapter II deals with new construction of wooden low-rise detached houses, which
are vulnerable to flooding and have many damage records. Assuming a two-story wooden
detached house located in an urban area, 1) consideration of a construction plan for water
resistance, 2) trial calculation of the additional construction cost required for water
resistance, and 3) trial calculation of the amount of mitigation of property damage in the
event of a flood by floodproofing measures, 4) analysis of cost-effectiveness under various
inundation risk conditions, etc. were conducted. Furthermore, based on the study, the
applicability of floodproofing measures of wooden detached houses were considered, and it
was concluded that such measures have a certain degree of applicability in areas with
relatively high risk of flooding.

In Chapter III, we dealt with the renovation of existing condominiums to prevent
flooding. During the 2019 Typhoon Hagibis (No.19) attack to eastern Japan, many
condominiums suffered damage centered on facilities due to flooding, and such interest is
growing since then. In doing so, it is important to consider cost-effectiveness to persuade

the owners of the condominium to bear such costs. Assuming two types of locations, one

Vi
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located in the city center and around the station, and the other located in a suburban
residential area, a typical condominium model and the hazards to be assumed are set. A
procedure for verifying the applicability of countermeasures was presented by considering
countermeasure points and inundation countermeasure costs.

In Chapter IV, we assumed floodproofing of a small-scale business establishment
located on the first floor of an RC building in an urban area, in the event of occupation and
interior construction. From the perspective of restoration and reconstruction of
flood-affected areas, we believe that it is important not only to protect homes and lives, but
also to take measures for business establishments that support the local economy and
liveliness. Four types of establishments and models were assumed. The study consisted of,
1) collection of information on flood damage and countermeasures, 2) assumption of
preconditions for the study and the approach to countermeasures, etc., 3) study and trial
design of floodproofing plans based on a standard plan, and 4) estimating the additional
costs for floodproofing and the restoration cost in case of flooding, and 5) estimating
floodproofing cost-effectiveness based on expected values and studying the applicability of
floodproofing.

In Chapter V, we summarized the whole and presented the concept of
cost-effectiveness of inundation countermeasures, as well as the concept of inundation

countermeasures and future technological development issues.

*1 Research Coordinator of Building Technology, Building Research Institute. Dr. Eng.
*2 Researcher, Department of Housing and Urban Planning, Building Research Institute.
Dr. Env.
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RETE 687,050  (4.5%) 687,050  (4.3%) 835,500 (3.9%) 835,500  (3.0%)
BiR—FIE 1,400,300  (9.2%)| 1,235,100 (7.8%)| 1,280,100 (6.0%)| 2,326,300 (8.3%)
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RIV-18 BEMETIVIZEITSRKAEER
HAH HAEE RIKFTRZE RIKFRE2
RETE 687,050 +0 +0
BHh—FIE 1,400,300 +0 -165,200
EERMILIE 161,000 +1,194,000 +3,876,000
BETE 315,000 +0 +210,600
RELETE 1,477,600 +0 -831,600
EERE-REEETE 2,981,000 +0 +0
Py HSRIE 1,601,000 -148,000 -148,000
ER-YA(IE 558,000 +0 +0
1E KR 0 +1,000,000 +2,600,000
BERBREIE 1,950,000 +0 +0
EHRBRKEELISE 2,330,000 +0 +0
MEEKBAERIBEIS 1,035,000 +96,000 +96,000
PhEEETE 675,000 +0 +0
BEXIEE 15,170,950 +2,142,000 +5,637,800
BEIORNRE -FLA-RE)X 18,400,000 +2,500,000 +6,800,000
aRREE (1.00) (1.14) (1.37)
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1E KR 0 +1,000,000 +1,300,000
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4N g (1.00) (1.13) 1.17)
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EH HEE BAHEERT1 | RARER2

REETE 835,500 +0 +0
BHAR—FI=E 1,280,100 +0 -197,800
EBESMILIE 1,429,700 +1,240,000 +3,463,000
ZBETSE 1,351,000 +105,000 +318,000
RESLETE 1,067,600 +0 -45,600
EBERE-REEETE 2,807,000 +0 +0
Yy HSRIE 1,433,000 -144,000 -144,000
EWR-UAVIE 478,000 +0 +0
LEIKHR 0 +1,000,000 +2,600,000
BEREREIE 2,415,000 +0 +0
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IR (1.00) (1.10) (1.28)
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EHHLE BT LT,

- FaHE KA R LEIC W T, EEMERROAMITNES UM L, (EREI3KE L5 a3 55#H;
THZEEME L, bA LR, WEAOKES B IIE L CBFoEEHAI s %
FE LT, FKEE . HEKRLEICOW T OO EEMM L AR L,
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TRV, Byl—, Y ERY NMEORTFT VO T ¢ AFBFT, WFL X555 L
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cBEEICEINDT VN T vy (AF—AF xRy b)) X WELTHERT 0L L,

cBRENEIEOEBIE N AT A T H—F ATV BITH D ER R E D,
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KU TQMRIZEDMBERSE

Ly 150,000 | =+ 701 90 0 150,000 150,000 |LANS VSR

AL BT LYY 1,000,000 | &4+ | 70| 90 0| 1,000000| 1,000,000 |BONMACDH+EER
HREHEES 9,667,590 6,260282 | 7560282 | 7.892.282
EREEER 13,020,000 0| 8470000 [ 11,700,000

& &t 22587590 6,260,282 | 16,030,282 | 19,592,282
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© HEEEFTL BEBELVANTY)
= BYEBEERSBE

—RC —2ZD
F—2ZA r—2B . el . et
5 P NN b=V SO RIKHER2(H T
2EX RAKHRRIABEE |7 e 2RI KRB D HEEE
=IKE 50cm 100cm 150cm 100cm 150cm 150cm 50cm 100cm 150cm
RIS 1,050,000 1,050,000 1,050,000 1,050,000 1,050,000 1,050,000 1,050,000 1,050,000 1,050,000
BiR—KIE 266,600 266,600 266,600 266,600  266,600[ 135,0000 135,000 135,000 135,000
EESMILIE 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000
BRETE 150,000 150,000  150,000[ 150,000 150,000 150,000 150,000 150,000 150,000
RELETE 851,600 851,600 851,600 851,600  851,600[ 166,600 166,600 166,600 166,600
EERE-KRBFEETE| 2,127,000 2,127,000 2,127,000 2,127,000 2,127,000 2,127,000 2,127,000 2,127,000 2,127,000
Yy HSRAIE 300,000 300,000 300,000 300,000  300,000[ 300,000 300,000 300,000 300,000
ER-YAMUIE 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000
BREEIS 0 475,000 1,215,0000 475,000 1,215,000 0 0 0 0
EHRBSAHRELIS 2,145,000 2,145,000 2,145,000f 115,000 115,000 0 0 0 0
MK BERBEISE 119,000 325,000  950,0000 325,000 950,000 950,000 119,000 325,000 950,000
BT SE 150,000 150,000  150,000[ 150,000 150,000 150,000 150,000 150,000 150,000
EEISE 7,319,200 8,000,200 9,365,200 5,970,200 7,335,200 5,188,600 4,357,600 4,563,600 5,188,600
(%ggff;tg) 8,900,000 9,700,000 11,000,000 7,200,000 8,900,000/ 6,300,000, 5,300,000 5,500,000 6,300,000
& HHRFOHEFTEME CHIPEHMTHRESGDFCLOZ —FELE)
. AEHEH | o FES(Cm) BKEEOHESE
L/LE () BEE wFL | wtal 50 100 150 1% %
(cm) (cm) (cm)
XUTEHERESE
HE T A T+ 571,000 | FE 10| 55 0| 571,000 571,000 |GRD-154FMD 1500x800x1950%
344- 746,300 | FE 30| 75 0| 746300 746300 |MS-30 550x790x1400
AF-LAINYYIUE-T Y 744000 | FE 82| 127 0 0| 744000 [SSC-06D 845x775x820
I 5AMFF- 1,080,000 | FfE 0| 45] 1080000]| 1,080,000 ]| 1,080,000 |QXF-006SFLT2 1200x750x800
ES= 21,400 | FE 0| 45 0 0 0 [BW-p 500x600x800 #e->TiEMA
25y 44500 | FiE 0l 45 0 0 0 |BS2-126 1200x600x800 ¥->THEM
ES= 19,700 | BiE 0| 45 0 0 0 [BW-096N 900x600x800 ¥t->THEH
NART-TW 123200 | FiE 60 | 105 0 0] 123200 |RGT-1565D 1500x600x800
NAI54%- 97300 | FiE 40| 85 0 97,300 97,300 [MGF-18K _430x600x800
BTRAREE* 366,600 | &= 0 45 366,600 366,600 366,600 [LRC-122FM 1200x600x800%
EEE 64,000 | FiE 0] 45 0 0 0 [2350x600x800 #->THEfH
Bs 55,600 | FiE 0] 45 0 0 0 [BMW-096N 900x600x800 $->T
ROk 255,400 HE 0 45 255,400 255,400 255400 |FIC-A45KT2 630x450x800
Bl AR A 101,600 B 0 45 0 0 0 [BH-127N 1200x750x800 ¥e>T{Ef
[E3IS 23,800 B 0 45 0 0 0 [BW-097N 900x750x800 *%->T1HEMA
1R IHEYINT-T L 152,000 B 0 45 0 0 0 [1800x700x820 #*->T{EMH
BERAH 534,200 | EIE 0] 45 534200 [ 534,200 534,200 [MDDTBSE 640x670x1445
7Y-o7-7 W 67,000 B 0 45 67,000 67,000 67,000 |Fv4yL-IfF+ 1200x700x820
TAYYaAvF-R-T-T W 207,900 | FE 0] 45| 207900 207,900 207,900 [VEWD-156 1500x600x800
BT EE* 811,000 | FE 0| 45| 811000 811.000] 811,000 |LRC-152FM 1500x600x800FEA
AETE 18000 | FiE 0| 45 0 0 0 |250x600x800 #E>THEH
Sl EREE 35800 | FiE 0| 45 0 0 0 [BH-124N_1200x450x800 $t->THEH
AEYI-T-A 260,700 | FE 0| 45| 260700] 260700 260,700 |MSU-A120GHWSR 1200x450x1900
e 84,600 | FiE 0] 45 0 0 0 [74AE 4% 850x600x800 JE->THEfA
Y-n-B 22,100 | [ 0l 45 22,100 22,100 22,100 [BW-Th7 600x600x800
IZTLYYIYY 724500 | FiE 80| 125 0 0| 724500 [M26-DT/1_460x547x558
IZTLYYIL 175500 | FE 80| 125 0 0] 175500 |ENEA(OD)
INAT H* 922500 | FE | 170 215 0 0] 900,000 |BPS30-12B 1200x300% $t->TEfA
BEH 107,400 | EfE | 170 | 215 0 0 0 [BCS6-1530S 1500x300x600 $E->T I
i 45,600 HE 170 | 2156 0 0] 0 |BPT30-15 1500x300x800 ¥*->T/#EMA
Ivy9v17 14,800 HE 170 | 2156 0 0] 0 |BRS40-13L 1300x400x430 ¥k->THEHA
F-7"1L,700x800 480,000 BE 50 70 0 480,000 480,000
s 640,000 BE 0 20 640,000 640,000 640,000
XU T DML EEEFSE
70,000 BE 0 20 70,000 70,000 70,000
18,000 | =ff 70 90 0 18,000 18,000
50,000 | =4+ 70 90 0 50,000 50,000
20,000 | S 0l 20 20,000 20,000 20,000
132,000 | 24+ 70 90 0| 132000] 132000
30,000 | S4f 70 90 0 30,000 30,000
& =t [ 9,038,000 | \ \ [ 4334900 | 6459500 ] 8226700 |
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F—AC o —ZD
;LE;A §7Kﬂ#ﬁ$187f)‘#§§ﬁﬁ 7§7k?‘1%§ BIKFEE2(ZHNT
! 2h i EE 2R 1E KR E D A HERE
BIKE 50cm 100cm 150cm 100cm 150cm 150cm 50cm 100cm 150cm
REBTE 1,050,000 1,050,000 1,050,000, 1,050,000 1,050,000 1,050,000 1,050,000 1,050,000 1,050,000
B R—KISH 1,190,600 1,190,600 1,190,600 1,190,600 1,190,600, 885,900, 885,900 885,900 885,900
EESMILIE 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000
BRTE 150,000 150,000  150,000f 150,000 150,000 150,000 150,000 150,000 150,000
RELLETE 1,923,900 1,923,900 1,923,900 1,923,900 1,923,900, 1,085,700, 1,085,700 1,085,700 1,085,700
EERE-KREFEETEl 9,371,660 9,371,660 9,385,160 9,371,660 9,385,160 9,385,160 5,587,760 5,587,760 9,385,160
Yy HSRAIE 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000 300,000
ER-YM1UIE 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000 80,000
BREKEISE 0 468,420 659,670 468,420 659,670 0 0 0 0
ERMREEIE 1,735,050 1,735,050 1,735,050 0 0 0 0 0 0
HBHOKEERBIE 645,310 941,410 1,130,410 941,410 1,130,410, 1,130,410, 281,960 578,060 1,130,410
= 150,000 150,000  150,000[ 150,000 150,000 150,000 150,000 150,000 150,000
EEIEE 16,676,520 17,441,040 17,834,790| 15,705,990 16,099,740 14,297,170, 9,651,320 9,947,420 14,297,170
(ﬁgfiff;tg) 20,000,000 21,000,000 22,000,000 19,000,000 19,000,000 17,000,000 12,000,000 12,000,000 17,000,000
& HHRFOHETHEME
. A o HES(cm) BKEEOHER N
L e (/) HE= L | 6L 50 100 150 i ES
(cm) (cm) (cm)
XUTEHERESE
ZEazyb 15,000,000 PTRE 0| 45/ 15000000 | 15000000 | 15000000
DS NFa-L 3,000,000 PTRE 0| 45| 3000000 3000000]| 3000000
BB A | 5000000 | BEmE 90| 185 0 0| 5000000 [F AOEMARE: .
BRI 14 5000000 | z= 90| 135 0 o| 5000000 %g’fg;g;ﬂ:fﬁf_ -
)TV 4,000,000 | LuhgUE 0 45 | 4000000 | 4000000| 4000000
T VAN Y 600,000 | LupruE 0] 45 600,000 600,000 600,000
HEEE 600,000 |HFE%fEEZ| 90| 135 0 0 600,000 [#EHniBEEELHT—,
a1 400,000 | JHE%ERRMZ| 70| 115 0 0 400,000
B 2,800,000 B EE 0| 45| 2800000] 2800000 | 2800000 |EHOBHEEELDT—,
XUTOMEITEEEESE
EREER 35,000 #a 0] 20 35,000 35,000 35,000
R 18,000 2 70 90 0 18,000 18,000
BEH 30,000 =4 70| 90 0 30,000 30,000
Ly 50,000 =4 70| 90 0 50,000 50,000
vabyg- 20,000 =Z4F 0] 20 20,000 20,000 20,000
ERESR 35,000 | Avvtyvy’ 0| 45 35,000 35,000 35,000
EREAE 70,000 PRE 0] 45 70,000 70,000 70,000
BEE 18,000 REE 70| 115 0 0 18,000
J-hPC 132,000 fRRE 70| 115 0 0 132,000
71)5- 30,000 fRRE 70| 115 0 0 30,000
MEE 129,000 | RAYTI-L 0] 45 129,000 129,000 129,000
BFLY 96,000 | RAYTI-4 150 | 195 0 0 0
ek 104,000 B 0| 45 104,000 104,000 104,000
XUTOMEIFTOMERSE
TRy 110,000 R 10| 55 0 110,000 110,000 |A-h-H4ans &% W1400 54
12 200,000 REE 20| 65 0 200,000 200,000 [A-h-h500' 8% NMN'yy
Fh-hAns B E
AF-FrE Ry EA) 270,000 ER=E 0| 45 54000 54000 54,000 [W900D450H7505 77 L 42
20%I BT
Fh-hans B E
AF-LApERyNM EEA) 255,000 RR=E 751 120 0 0 51,000 [W900D450H10504" A 7 B4R A
209 FATTE
EROYA- 48,000 | R&YT -4 0| 45 9,600 9,600 9,600 Egggfgfélﬁﬁ
T-7°V 700%700 60,000 | RAYTI-L 50 95 0 60,000 60,000 | T"BEEBE RENSEIH
AR 80,000 | RAYTIL-L 30 75 0 80,000 80,000 | F"BEEMERTENSEIA
7 W9 135,000 B 0] 45 0 0 0 | FBERBE A EoTER
& &t [ 38,325,000 | \ \ [ 258565600 | 26404,600 | 37,635,600 |
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