pun

o

-
[m]

8H

-
o

0K

HZ7H( )

7HC O ),

urn
o

/

2 O )

H

2t

),

ot T (

13p)

3cm

R&D /
17RDPP-C138326-01

0.5cm

9cm

2.5cm

Scm

E31p)

rH

N

(

Z = A

(0.1cm)

11.

2019. 01.

15p)

0.15¢cm

ol

2cm

15.5p)

ar
]

<

4

I+

TENS

g 20p)

g

~d

i

(




1=

&

=
-

A

FTHIAMZ
A7)

2019¢ 14 11¥

o

9d A7)

o 3
4

="
3]
S
M)

7|

A& &

o

=3 o

=
=

Al

50
el
"

—_—

@A AL

718

B
Ho
Ho



HUA kA

_ | 17RDPP-C138326| ol ©7 2017.12.22.~
oy 19 s ¢ o = EARE 11
-01 AT 7t 2018.10.21.
ATARH FENSHAT|ZAY
AT H EQ MolFUXGe A=E 2|2 XA Y 71& e 7|¢
HE:79,000H &
= 79 oIk e
- L omawp | Te :
AT HRUKY & SETI LiE: 5% T ¢l HEQ|: M
SORTE T s oy ET 1T
A:79,000M &
D= PP o7
A7|Ey o FE ST
2% 2ME 33 @ARITAEE
QoF HIM B 245
[T =H]
o 2 d7E E2 MohFHUXFQ i E ZlAstol| st HF=Q 2H2AA S 7|&S LS
SHZ SN0 st 7|8lg ackE AY
o 2 7|FHRE Soll =EHE HFIAC B 0N =Hs =2 MAHFYXYGe ME Jistt HEES
2IEZ|AA T|E HU
- 7|2AFE Soff AL HME Fg
- 71870 oY Q] WY BtEME TUkoHe T TE ~E
- JENY MR QAMNE E=ESIH M ATHLHASE 74
[ WE]
T, 2E2AA AY - 718 - M - A7ESE 24 2 J|EeRA
2. 2| H2OA Y|S0 Ho| ¥ =H 4F
3. OFUE ¥ FrN £F
4, NEIATY 2 AFUE Y (MR EQUS 5= 2ZH2QA MHA XEAA 1Y 2 AHE, 2
NE: ASE 24 2H2QA A J1E )
5. MESATHLIAE of A0t ZHY 2 MFY ZHE
6. 2 WA SME I3t RFP &Y
AHOI 0] 2 2EpA  ER HFAXSE AEE e |87
2t AF _ _ —
(Z 571 014) AH0{ |Resilience |Heavy Rain Disaster Building Flood
Vulnerability | Flooding Recovery
Area




AFTA o

k9
gl

5t

At 9]

o

AFNLTHA L

II.

__o_o

ol hg

X
il

AL
__OO

AFALEIA 719

L=

st

o]

o] o

5

A2 EE

- Z9 A
o & IAE ¢
- B 34 AQFH(RFP) A

7149 Aol

1.

7€ (resistance)t E-U7]&(recovery)d] & 72

el

== A

]

A7

S



O

(0]

O

3193} 2 QIuE Fl= __i wet proofmgg_E._
279 A% 7164 Bt obd ASES V6 oR BV}t §olstEE WEk V&g 9y

UF2 AQAAL o] 4] $eAe] 14H02 Anewd B8
& ARACIE H5E B5 24 AHge] Ths

Agrse] me 29 Ad wanE Zvieh fgsie] g oz e
SAS}] Tt | Fuste] hE B9 5 B4d) Wit HYstEL ANEE S5k 9

2

mejolst 9 BReje] FRE 78k Slo] BT ulg U A% 7le AY Ba
el nag Add YAYEE Botu st SR )0l A5 24 Ropd] g4

27} 9&
A A F B9 Hotel g 7% Aol AF
59, 9%, 4, Jlek A F EHEDS dHESE Tl A% Ash g A o
Bt glo] olo] that 714 Y Ba
=¥ 54 FAQ9Ge Adg 74 Be

J

HiAld & AZEE vESkaL, =5 A5l YRt =5 B4, FARAE Ad/As 2 5EH
O

=
20
[e]

ok
N,
> jg
ol
ol
Fﬂ
>
=2
ox,
N,
>
2
oo
i |
fo

A4 Aaee A 29 A8
HARAAE ALY H54e AR Ashe A2t Bx A5} F QYO A5 Sof
He BlgedaEaE) Aue SUstel AEAMA B ALY 33

A L 7150, E439E Pot B9 T3 AA

A2 olratE 1 Ak AGA, 71T B FHBANA B 7 eATL 87T UL
(47 55, 56, 61)

9 3% 9 AR
A5



=

[e)

A

[e]

Fod
o3

°

=
=

Q5]
[

Al
=2

O
=

297} 98
tol =) AAANE 7hsd e

} o

o
=
°

T 7)<l

I3

PAEoFY] & FA7F Aol
A

= g

H
=
il

g

=
=

7‘_:,:1_*7

=13
=

8 obdl = AR Rt 2

stol AbIst =

o

A o9 22 = oS a1

[e]

1 AR o]
7o o)

[e)

=

°
§_1,]

3

S

2 Bofo] A9 Fjo] vl
AElE A0

A A

=971 A4t 7eM

[e]

FO 2 7|

o
LN

st

1:]0]-

a3
-

T

’

1=
T
=

3}

A1

O

3h

o

Sfjof

otz <l
_(H

Aol

=

H
=
HE

2

- egeez Aol B9
- T AR} 2o B

_o]

Llich

i,

9

= 7&, AR, ¥ 529 7Ieide] 2e

i

10
=

o

7

e

S}
=

HE

A

kel

5 AAote] AFFAE

%o
il
ol
o

o] %o} 91

7] ®rh

o)

=

o|J

)

o

o
oy

1
T

=
=

- ARFAEAES F

v =

[©)

AL 29 A

o

=

o

=4



4 AFAEIA 74 2 FAE

SNl thS B=E 2|22 AHA S 71 71

OHEL 752 54 AZROIA SALTES

MR SP0E B52 2|Za|iA

KHIA R4 7H 2 Ak o
O M A - o I.g__ll'
: iij R AR i FERUSUREHA L 2T IE MY

‘?-
- UEE B4 22 UA TS PIEHMBIA XA FUSE S EYNA S T =Y

| UBE B4 AN SSHIV IR 7NY

7lE7WY H 7K / BES}

(SN )

(GEHEA 79 H W&

By Erol It TR
. AZ2 24 M0 J|Z HES MBS IE HAIE, J|
(1-1) 29 02 #Z2 24 2”8 | = JHEot o7
POIA T HHET T|F T . ehziory HMo| HE2HO| OIS J0|S2tel
o J|BEA U HIS U JE OIS S AQIs 3
M . 722 24 HIUA 3 24 J|2 HY
(=org 7zs . AZBo| ZOOIS NS} MR Y
BIRRIOIA MHIA | (1-2) Z1EE2 B4 Mol B4 |« 7E2 24 2M2oA 45 DB 7% o XTa 7|&
KA N 2 | 2 st MHIAKIZAA e (Rl AZ2 A4 47 SMAE 7% o AZS o9 3
Az) opy 24 Zam i)
. B4 2TRl0IA MEES HIEOR B AMHIA XIUAA My
(1-3) 752 &4 2ejoia sjs || (22 BT ETANA I8 A8 28 €8
I‘Ig El<| )élg ® :TiHOHT|_—|X|1 L{ ?_-IﬂTE 2 E;E|O1 Jl= HEg ¥ =2
. BEH EZ B4 2W0IA BN DY g
. JIE AZE20] B 012 N5 HAS ot Bl
(0-1) BQ U2 7HEZ 47 U B |« NE AZS2O| BQ [fS NS AAHTH Y
21 M . 2HROIE WY MAA XE Jl53 J|& 22 DB 7=
o N7 AZE HE A, AR, 2% J10[S2t0l e
HETHH e on i o | OS89 Ards P IS
(=2 24 (212) .75:-;5 S5 E2 A S| e &ITE—L:?O? i 7;|§ 7Hi o .
pmoin | 1 . HEE B4 YTVA A JE WIIKE L NE oY
et
Tl )
. AZ2 24 2MOA BHS O3t A4, HIE, X ME
=E 0| AML-1j [=13=3]
0-3) 258 &+ amelen g | SISSWISEE LS
g5 T 71 Ny = e = ue S we i ]
o UEE &4 ZHE2MHA 45 HIIE fst ozt = ¢
sguot o1




V. d49% 344

Flez

ZAA

ar

SEBE

=07

o
—

o & IA9 2F FI=

het 2g

1
T

AR At

Fg #d HAE AARD

- Zlegit B Adel 2d

Bl

Bo
o

Ko
wl

ofo
i

<]
oy

—

N

X

oo

X
e

L
0°

<

T

X)

b 7|€%= DB

7k

8

- YAEZAE 99 HAA

2
=

T 7

=N
[e)

o

Tk

o

e, W, 7, AR

3

QAL FHL 9

o AU (5 @ A2

A= ord

[¢]

3
=

SFHAF G =

2 A

Hr

SJAF Hlolg #¥ 7|

3]
=

A7 285

Ueistol oA A9

pjo

%]_

e B4 A

5]

19

- EANE B E40] mE A

- YEEE Ve H A

=

Hin

= Vi



)

B

K

Tor

i

B

<]
5

W

AN2E A

w9l o

- ABE7A

=

2ol %]
A ARA 75 A

-

/57 el

9o
Q)

=
==

- A

= Vii



Executive Summary

[. Title

o Plan of Technical Development of Building Resilience Improvement in Areas that are

Vulnerable to Heavy Rainfalls

II. Overview of the Research and Development

1. Research objectives

o This study performs planning on the study task to develop an improvement technology of

building resilience to minimize a damage scale in areas that are vulnerable to rainfalls.

o The ultimate goal of this planning study is to develop a flood resilience technology for

buildings that can be applicable to vulnerable areas to heavy rainfalls.

2. Research contents

o Problem elicitation through current status analysis of heavy rainfall disasters

— Analysis on current status in relation to heavy rainfalls in building sectors
= Analysis on flood resilience related policies for buildings

— Market and industrial trend analysis

= Analysis on research trend and technical status in Korea and overseas

o Technical elements of buildings in response to heavy rainfall disasters are derived and
systematized.

— Establishment of strategy to develop improvement technologies on existing building resilience in
response to heavy rainfall disasters

— Establishment of strategy to develop improvement technologies on new building resilience in

response to heavy rainfall disasters

— Derivation of design technical elements to improve building resilience such as building location,
aspect, drainage, and underground space etc.

= Performing planning of research content for spreading and expanding building resilience

technology in response to heavy rainfall disasters.

o Planning on research development tasks for the project

— Creation of request for proposal (RFP) of this project

III. Execution details and results of the research and development

1. Definition of the technology

o Technology to improve flood resilience for buildings

— The flood resilience technology for buildings can be divided into two: resistance and recovery

technologies.



— The resistance technology is to primarily block the water inflow from external flood. It is also
called dry proofing. The recovery technology is to make buildings to be utilized after drainage of
water even water flows inside the building as soon as possible. It is also called wet proofing.

— The recovery technology means not technical recovery but to make the functional recovery of
buildings easier.

o Resilient building technology

— The flood resilient building refers to a building that is designed to primarily block the water inflow
from the outside during flood as the resilience technology is applied, and then make the building

to be used immediately through drainage even after inundation due to flood over the predicted
flood level.

2. Technological background and needs

o A measure against increase in occurrence of heavy rainfall disasters and mega scale of

disasters due to climate change is needed.

— A measure is needed to be established because of large damage scales of storm and flood such as
heavy rainfalls due to climate change and urbanization and increase in frequency of disasters.

— Technical development is needed to reduce a recovery cost as a scale of recovery amount is
increased along with the damage amount.

— The concept of resilience is needed to be applied to architecture and building sectors, which is the
ability of a building to spring back into the original state.

o Technical development is urgently needed to respond to heavy rainfalls among many

natural disasters.

— The damage due to heavy rainfalls (torrential rains) and typhoons (with heavy rainfalls) is the
largest among natural disasters due to heavy rainfalls, typhoons, heavy snow, and other disasters.
Thus, technical development against heavy rainfalls is needed.

o Technology in response to disasters in aging urban residential area is needed.
— The urban regeneration technology is needed to be applied to improve aging urban residential

areas where old buildings are concentrated and lack the infrastructure such as drainage facilities

into safe environments from disasters and calamities.
o Coping technology by building level is needed during heavy rainfalls.
= Practical coping technology is needed to be developed at a building level after the ongoing disaster

vulnerability analysis in urban sectors as institutional basis is not enough such as design criteria

and construction and operation guidelines by building level in response to heavy rainfalls.
o The concept of resilience is needed to be adopted in legal system.
= In advanced nations, the concept of resilience is adopted to improve systems and progress projects

to minimize the damage based on possible disasters and return to routine daily living as soon as
possible.

o It is related to national policies such as disaster control, climate change and

strengthening of urban competitiveness.

— Related technical development is demanded in national political agenda in relation to climate

change and disaster control, which are recently becoming issues (national political agendas 55, 56,
and 61).



3. Domestic and overseas trend and environmental analysis

o DPolicy trend

— Although several policy studies have been conducted in relation to vulnerability to heavy rainfall
disasters, policies in relation to recovery after disasters such as resilience are not in place
sufficiently.

— Several studies have been conducted for policy reflection, but comprehensive measures were not

provided as responsible ministries were different in building and disaster control areas.

— Since the concept of resilience is widely used, policies that can be utilized specifically in flood and
inundation subjects are needed to be developed.

— Planned in the direction of constructing a detailed technology to establish the resilience concept
particularly in relation to heavy rainfalls and implement them in building sectors.

o Market circumstances

— The disaster prevention market is expected to grow steadily due to the increase in disasters and
accidents caused by climate change. However, the market of building resilience sector in Korea is
smaller than that of other nations.

— The resilience technology is applied through demonstration or pilot projects to verify the effect
and market creation is needed through the technology expansion.

= A commercialization model is needed to be developed by benchmarking promotional policy cases

in overseas market.

- In particular, the commercialization model is needed to be expanded into finance and taxation
system sectors through the linkage with insurance business, which is currently underway in
overseas.

o Current status of technical development

= Since the building resilience-related technology is developed and applied actively in overseas

nations, the adoption and analysis of advanced overseas technology is essentially required.

- To do this, the possibility of localization of the technology is needed to be investigated by
benchmarking the research achievements and technical development outcomes of overseas
institutions.

— In addition, the developed technology must be verified beforehand as it is applied to the disaster
prevention sector. For this, construction, demonstration, and verification methods should be
developed.

— Considering the very small market size in Korea compared to that of overseas, research and
development based on technical demand is needed to commercialize the developed technology.

— The technologies in building structure, materials, and facility sectors are needed to be developed to
implement resilient buildings, and the intellectual property right of the required fields is needed to
be secured.

— For research, research topics in economic fields such as insurance and finance are also needed to

be studied.
o Utilization circumstances of infrastructure
= Although some research facilities in relation to heavy rainfalls and inundation are constructed in

government agencies and government-funded research institutes, no infrastructure in relation to
building sectors are not constructed.

— It is appropriate that rather than constructing a new test facility, existing facilities are utilized as
much as possible, and the required verification facilities should be verified at a small scale or using
living lab concept to conduct the demonstration.



4. Configuration and Strategy of R&D

Development and demonstration of

heavy rain disaster-resilient building technology

Part 1. Development of service
support system for buiding resiience

+ Development of legal system standards for buiding Tech.

* Developrment of design and reinforcement  technology

resiience inresponse to heavy rainfalls Development for bulldings in response to heavy rainfalls

+ Development of senice support system to improve + Developrment of technology to improwe the  building
the building flood resifence flood resilience

+ Application and demonstration of the bulding flood Liidnikas * Developrent of technology to evaluate the
resiience technology Fee d%ack performance of bulding flood resilience technology

Regulation basement /

LivingLab

Packaging of Technologies /

Standardization

Detailed task 1
(Development and
demonstration of
service support
system for building
resilience in
response to heavy
rainfalls)

(1-1) Development of
legal system standards
for  building resilience
in response to heavy
rainfalls

Research on existing legal system that applied the
technical concept of building flood resilience and
standard revision

Development of the countermeasure guideline by
building level after analysis of disaster vulnerability
Development of commercialization model such as
technical certification to spread and expand the
technology

(1-2) Development of
service support system
to  improve the
building flood resilience

Development of technology for current status analysis on
building flood resilience

Development of methodology to evaluate
performance in response to flood
Implementation of database about building flood
resilience performance and development of mapping
technology

Development of service support system based on flood
resilience information

building

(1-3) Application and
demonstration of the
building  flood

resilience technology

Application of building flood resilience technology,
demonstration and operation

Spreading and demonstration of building resilience
technology in flood disaster-vulnerable regions
Development of Korean-type building flood resilience
improvement model

Detailed task 2
(Development of
technology for
improvement of
building flood
resilience)

(2-1) Development of
design and
reinforcement
technology for
buildings in response
to heavy rainfalls

Development of reinforcement techniques to improve
performance of existing buildings in response to heavy
rainfalls

Development of design techniques to improve
performance of new buildings in response to heavy
rainfalls

Implementation of database about technology list that
is applicable to resilient building designs

Development of new building plan, design,
construction, and operation guidelines

—iv -



* Development of technologies to improve water—stop

(2-2) Development of performance of buildings

technology to improve * Development of technologies to improve recovery
the  building flood performance of buildings

resilience * Packaging building flood resilience improvement

technology and development of application manual

* Study on methodology of performance evaluation on
waster—stop, plumbing, structure, and materials to
improve building flood resilience

* Technical standardization and development of
certification evaluation model

* Implementation of infrastructure for performance
evaluation on building flood resilience and study on
utilization measures

(2-3) Development of
technology to evaluate
the  performance of
building flood resilience
technology

IV. Utilization plan of research achievements

o The final outcome of this project is the improvement technology of flood resilience that
is applicable to buildings in flood-vulnerable regions. The detailed achievements are as

follows:

— Improvements of legal systems in relation to building flood resilience performance improvements

(draft)
— Countermeasure guideline by building level after analysis of disaster vulnerability
— Technology expansion and spreading commercialization model
— Analysis technology of current status of building flood resilience
= Performance evaluation methodology of building resilience
= Database of building flood resilience performance and mapping technology
— Application of building flood resilience technology, demonstration and operation
= List of technical products that are applicable to the designs of building flood resilience
— Korean-type building flood resilience improvement model

— Reinforcement technique of performance improvement of existing buildings in response to heavy
rainfalls

— Design technique of new buildings in response to heavy rainfalls

= Database about technology list that is applicable to resilient building designs

= New building plan, design, construction, and operation guidelines

- Improvement technology of building water-stop performance

- Improvement technology of building recovery performance

— Packaging building flood resilience improvement technology and application manual

- Methodology of performance evaluation on waster-stop, plumbing, structure, and materials to

improve building flood resilience
— Technical standardization and certification evaluation model

— Implementation of infrastructure for performance evaluation on building flood resilience and
utilization measures



O

O

Policy makers (Central and local governments)

Support to establish foundational survey during urban basic planning and building planning
Providing legal systems to reflect the concept of resilience
Utilization of tools for deliberation and examination of vulnerability to heavy rainfall disasters

Utilization of tools to analyze vulnerability to heavy rainfall disasters considering building

characteristics

Utilization in certification system of performance assessment such as green building certification
Construction-related private companies and architectural designers, and financial and
insurance company data-related companies

Decision making support in relation to resilient buildings during urban construction planning
Support of analysis on disaster risk level according to spatial characteristics in urban development
Development of resilient technology and products

Development of derivative products utilizing related insurance data

Universities and research institutions

Support of research analysis on resilience
Development of technologies to improve resilience performance in vulnerable areas to disasters
Utilization as lecturing tools in relation to resilience in disaster vulnerable areas

Local residents, building owners, and residents etc.

Support of social recovery support system
Support of guidelines of coping and recovery at a building level

Promotion of construction of support system utilizing community

-V -
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HE FeEsia S

AFEHE| A= SPP 7(Scotland Planning Policy 7)0lA A Ao &4 9 7154
H7rsto] Algo vrgdstal A=

Adr-dE A3 712 JEE AFsh] Aol EAE T 8= Al 7FA(little or no risk,
low to medium risk, medium to high risk)® F&5l1 F3E AR HE A5odtaL Ut

o YLZoJA+E Planning Policy Wales 2002914 A|gF TAN 15(Technical Advice Note
152 &5 559 A WA 7eX-E Aot o, Bofdiite J=HES}
SARE WA 9] PPS 15(Planning Policy Statement 155 £3 3483049 /S st
7holE2kRlE AAISE &3] TAN 15004+ AQE=E of" {532 7fdo] A& Atet

A=g Asstl U=

T 2-20. PPS 250 oJst 428X 712

= £y NLAHE =&
Zone 1 ofut SHRIK| E5 OfH

. _ . DE JjueE &
(Low Probability) EUMEE 0.1% 0/2F XY H=8= &8

= HElS SA XOILJI Lo 2
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XtZ: U.K. Department for Communities and Local Government (2010) Planning Policy Statement 25:
Development and flood risk. London, DCLG.
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‘Property Flood Resilience’ 2 &&= 7

Building Aperture
Technologies

These are designed to fit over

any petential openings ina

building envelope. These can
be temporary or permanent.

r
Preinstalled Building
Aperture Barriers (automatic
flood doars, autoatic flood
gates)

Demountabls Building
Aperture Barriers (temporary
flood gates)

Temporary Bullding Aperturs
Barriers (door guards,
absorbent sandbags, flood
gates, airbrick covers; anti-
flood air brick replacements. |

Testing a Flood Door and Flood
Guard at HR Wallingford

_9.
8]
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Perimeter Technologies

These are "systems"” design
to help protect an entire
structure or groups of

buildings

ed

Demountable barriers

Self-closing automartic
barriers

Free standing barriers

Building skirt systems

Demonstration of Tilt-Dam?®

Image courtesy of Tilt Dam
http://www.tiltdam.co.uk/

Building Technologies

These are often necessary and
complementary to Building

Aperture Technologies

MNon-return valves, back flowe
valves, tailet bungs

Wall sealents: rendering (to
reduce water penetration
and cover cracks)

-

Warning systems (e.g,
telemetry systems)

O & ‘Road to Market' & FA2 fAAA 7|&L BE35}510 I
&£ d5s gE9da 3 7 i 9 A8

Example non-return valve
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H 2-34. The Six Steps to Flood Resilience Check List

A HAZAE
Step 1 A9l 0|5l SHUU0(H, SHUMO| HUSH QF, S+A XYL thoiA XSt A=A O S
Step 2 T&f F S+ 2H2QA J|E9] GX|0f st FHOISO Q1A
Step 3 XRAHZAL SRS WOl LX[Bte ASS0 TSt BAL
Step 4 HAQt HA =4 USE 2ttt AEHEXIE 2lst dAQ WY
Step 5 MX| A HX| Bz AE B
Step 6 28 H s+ 0|17 X
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%

Entry through party
walls from adjacent P
Eroy o popery s hooded SR e v
—] T
pipes and cables ‘= = brickwork
that pass through =

walls and floors

Entry through air bricks

Backflow through
overloaded drainage/
sewer system blocked

nd cracks in joint
ealant around doors

by flooding and windows

=

|

= Seepage throug_h
the ground entering
through the floors of

5 Entry atfthe basements and cellars
amp-proof course B Eniry through

permeable brickwork
mm and weathered or
= damaged mortar

Jd 2-39. t=2 20| fFY=Hes E=
A= Garvin, S. (2012) Flood-Resilient Building, Part 1: Legislation, planning,
flood-risk assessment and performance of buildings, 978-1-84806-242-9, BRE.

o (The award winning LiFE project)¥d= ZT|FAEFH9 ‘Making Space for
Waterinitiative’ 2] @8] A Po2 33t AA R FAAA Y A|&7Hse LS g
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- living with water: 2335}

)~

- making space for water: 7, vt} FHZ AT
- achieving zero carbon: 23} 9
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The award winning LiFE project

LifE Lessons

Upper catchment > let rain slow

AFAYA

Flood types Fuval, ypicaly Lty Ao surlace witet Sewers ind g ounchaler

Climate change  incieaed lhinss of fooding b om fvers, increed lboding bom und and sewers.

Soutom Lt siow” - Siow raewaler run off 101 educe presigie on s and dody amele
mlering the siver Green ronds and underyenund storage iy be wilabie in the foodplan
Ground menses, e swales and ran grdens, moy also be suitibie in the floodplen
Lt rhver s " - Aiow the tver 1 fow bt ke £ooen R Fiood iermution | peasiie

Middle catchment > let rivers flow
< VNN

Flood types. Foval Hooding domnat. Ko sud e wated, sewees and groundwaler llaoding,

Climate change  \noreased fiond hequency extent, deplh and duralion, mcrersed red of floodeg bom und,
sewers and grourcues

Soltioms Lem tivers fiow” - Allow the fver 1 fow doning a food by redoting dbatacies © foodglain
comveyce, Provice paits for Soodailes 10 feturn o the ey aderwands
L v slow” + G ks and underyoud st e may be stable in 0 flondplin
Ground mekslres, e vables 4% Al gardees, e Sutabie » the foodai

a Lower catchment > let tides go
TAWAYAYLAYAY

Flood types. Teal booding dominant. Ao Buvial londing, surlice waler, suscharged sewers and
groundwiger flonding cam aiso be e,
Clmate chonge  ermined fiorx) beguescy extert and depth rcrmased s ation of ol from lare),

s and Grunwi. b ciied e ek befind e LIfE principles .
Solionms Lot T o« Ao g e by leBing wiber pass arcund e sle vty dodicated Bood - Integrate community i
srag e Bild B oflotes LANME el e Sy daape el - Provide space for the river - Design to be adaptable
"Lt rivers fiow” «Allow the £iver 10 fow drng 2 flood by rediorng obstacies b foodplain
conveyarce: Provice putfs for foodwates 1o et 1o the mes aferwands. - Provide space for rain = Reduce car dependency
Lt 1 sl - Attt Falmuater rion ol s rechuce ik of sureharged sewers of surkace
waler fooding = {reate space for amenity = Provide space for energy

03 2-40. HEGIR R B4R H2YY

Xt&: Baca Architects and BRE(2009) The LifE Project, BRE.
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- REST CENTRE MANAGEMENT
- INCIDENT LOGGING PRINCIPLES AND PRACTICE

- FLOGD DUTY OFFICER

- saviae Haob] 93 HAH 4 L A B 5

o< ol I=r ZEIF AHFT A
£71sSt 9 7]& (The Code for Sustainable Homes)

2) 9@ Flood Risk Managements
o &4 AAF TR FA (Flood asset Inspection)

- =9 &5 9 =AY B g8 AY B A4E 5FA] E 23 LLFA(Lead Local
Flood Authorities) % T2 1S AlF

- AARERZ Ao Wt A AR 52T 4 Q1AL SuDS 752 £ A 985 Ak CAM
2 Ax 52 WA =Y A7 59

o 59 A ¢ AF (Planning policy and guidance)

- B B AE AXGA/FFo1d, £33, DEFRA, FEHAS], d= HFFIMQA FF,
SEAIEY 9 37 Al 939 5 AY dAEE 9 AE Tiol=F AAsto] Al
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o Homeowners Guide to Flood Resilience

om RESILIENCE FLOOD RISK

‘ Resil EMERGENCY PLANNING DEBRIEFING FLOOD RISK PROPERTY LEVEL FLOOD
esllience and 8 Pl
] Flood Risk o
RAB TRAINING COURSES IS

An expert resilience and
flood risk consultancy

=%
‘.“&‘;

FLOOD RISK
ASSESSMENTS

SSET VISUAL INSPECTION ACCREDITATION

INTRODUCTION TO TACTICAL CO-ORDINATING committed to providing 4
GROUPS (fCt) excellent customer service. INCIDENT MANAGEMENT  EX

TRAINING

TACTICAL INCIDENT MANAGER %
//’Q«S}
%«d \‘\{j\
Cre”

RESILIENCE
CONSULTANCY

DUCTION TO STRUCTURED EXERCISING

We
SUSTAINABLE DRAINAGE
DESIGN

Conmisinine A @ L= ‘,-:" gL WWIW.RABCONSULTANTE.COUK
O3 2-41. 2[HZ|oA 2 S48 HHE AKE
4) =7} % (National Flood Forum https://nationalfloodforum.org.uk/)
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(g Preparing for a flood &/ During the flood

Simple steps to prepare for flooding - this list is not exhaustive: Remember!
Make sure you have the correct insurance cover by ehiecking yaur insurance (i 10t approach any structure that may be unsafe.
palicy and ensure you are adequately covered 1 avoid being underinsured.

Do not approach any fast flowing water ar deep standing water, If you enter swiftly
flowing water, you risk drowning, regardless of your ability to swim, Shallow standing
Find out where and how 10 turm off your gas, electricity and water supplies. water can be Gangerous for smal chidren. Do not rely on cars or ather vehicles to protect
you from flocdwaters. |f you have to enter floodwater, in all cases move slowly and
carefully, make sure you are wearing strong footwear and use  stick to check that you are

L XX

Keep alist of useful telephone numbers (Including your GP details insurance claim notabout to step into & hole or onto s sharp object If driving in fioods is unavoidable, do
g Q g line and policy number). 50 with extreme caution. 6 inches depth of fast flowing water can sweep a 4x4 vehicle off
a road.
g g G Put together an emergency flood kit (see next pagel. Tur off the siectrcity supoly to the property until a qualified electrician or utility company

has checked out the electrics. Use extreme caution in dealing with eiectriclty. Ensure that
al switches, Sockets and appliances are checked prior ta use, especially If they have been in
Think about the needs of childen, babies, elderly, the disabled at home and your contact with floodwater. Once all electrical safety checks have been made, make sure that
pets Doni't forgel to check 6n o Aeighbobrs: You Lse 3 cireuit breaker with any electrical equipment that yau may use in, of ta clean, or
epair your property. Watch out for any fallen power ines and do not approach them - be
aware that there is always a potential electric shack hazard.

@ Ready for flooding

Before, during and afte

Take detalled photos of your property and contents O before any flood ceeurs

I\-10 appliances that have been flopded (or where their vents/flues
may have been affected).
Have a househald plan 10 use in the event of a fload:

No b, wWN

Identify and list urgent actions in priority of value
Wihat needs to be moved upstairs?

How can you prevent water entering the property - see page 15

Make sure you have the means to keep warm, faod, flasks, etc

Winere are you going ko store computer, data and photographs safely?
Most things can be repiaced, family photographs, memories often cannot -
move them to protect them

4
Nat'o na[ Move your car to higher ground, if it Is safe to do so. Where can you take the
Flood car safely?

Forum

Supporting and representing flood risk communities

e
\_j After the flood (& Flood products (¢ Hood products

To assist with future flood risk (resilienci

Dry

= Good ventilation is essential - keep windews and doors apen on dry days and remoue = Firplug sackets, boilers, service meters higher up on walls. —
airbrick covers - maintan security. * Choose water resistant door & window frames fand use slicone sealant around

& Usc fans plus industrial heaters and dehumiifiers, These will be provided by your frames),
Insurance comparyy if you are insured. When using dehumidifiers close all windows to *  Geta chemical damp proof course below joist level if your house does not have a
ensure drying properly accurs. damp proof membrane; and install aitbricks with removable covers or automatic

*  If possible have central heating on at 20C or above. aitbricks:

®  Drylng out can take several weeks of even months, *  Replace mineral insulation within walls with closed cell insulation.

o Consider non-retum valves in sewage pipes (0 prevent sewage backing up into the
house.

* Check access paints for pipes (e washing machines) for gaps and fil hales.

Air brick caver Fload board

And if possible:

« Gofor salid flaaring with a dimp proof membrane tied Into the building structure.

« Lay tiles (iay straight on to screed avoid adhesive blobs),

* Have solid wood or stainless steel kitchen/bathroom units ather than chipboard.

* Plek lime or cement render ~ depending on the age of the property. Propertics of
the Victarian age or older 0o to wivenglish-hei i
and-historic fi and-H bulldings-2nd-ed.pd

* Replace ovens with raised, built in types

«  Choose rugs rather than fitted carpets.

Alternative gel illed Sack Tollct seat seal
Who can | speak to?

+ The National Flood Forum have considerable experience in dealing with the aftermath
of floods

= Insurance - Contact your company's (24 Hour) Emergency Helpline as soon as you
can. If paying for help, keep receipts for any emergency puming or repair wark done.
Take meter readings of gas er eiectrieity. Keep photographic records of AL flood
damage.

= Your local fled support centre - this will most fikely be set up and advertised after a
flooding event has occured

= Your local council’s Environmental Health department

* Your G regarding issues of stress, aniety and other health issées

Flood board Flood barricade

Automatic / Self elosing aif brick

Flood boards
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H 2-35. AquobexAte)

= My DNFEINES!
. o SREST YA HHT YR SHH0HOR
Heritage o
Floodquard HAEHDONO|A 7tsotH ¥= Kitemark Z201E HEQ
¢ o OA] AFO]= 2 930mm ~ 1240mm, =0] 600mm
covel Threshold |, g soisiaz ool 237 was s
Flood Safety . 9B UPVC. HEE0 £ e Jtsat SIE T
Door
o EEA S2H018 T
o ¥=Ol 3,000047 Of&tel =0 HX | o AUS
Floodquard + ECtAH E= GRP(UYE ZEE)2 17| R0 ZE
oodguards
9 ALBR 27 ALBTHS
« Hi2|0{E= 600mm E= 900mmel BEE =02}
930mmOilAM 2765mm<e LHH|Z HZ
o XM SHUXZORZ ARZIO| 0| LQR| U2
PVCu Flood + UEE 20| S0 AS U1 E 40| M2
Safety Door 0= 20| g2 5 UAEE HAHN US

BSI Kitemark &0 HZE

Floodguards .
Meter Box Cover | ®
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Floodgate

|0

HREUATHO E4HIHR2OZ 680mm =00 A2
7tsotH, Y md AHS 660mm~1700mm AH0|Q]
HH|Z AL TtsE

20 319 EE MBS US

Floodtite

600mm 0], 840mm~1500mm LHH|2 IHEE AR

Aluminium
Slot=in Barrier

B 2ot s

tAIARO| 2T ROl ER[oks S+YAH
2 M2 XY AL AZotl FHS S
Aquaburg Z=E 5O017| 2loh 01l =55t ZHR o MY =
PVC ZY XHE2S 4x|, 2E=2 AHH 25 7|82 A¥
HeH &xHo2 sette ME
Aquafragma NSZEN S+YNHZ E2 SOM HXI6ks AiE
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. o ZHZUE =
Resilient Flood sl

. HAHES
Proof Kitchens “ =<

o CHZHEEE 7z UWeIR o, BiY, Y, AY, ¥
Ht 5 82 M8JIst 2F FHe EE

Dragonboard . BZQU|NOR 22 o] BASK| QOH HE A7t
Lol %)= 210] ExY

Pumps and .

Sumps

Pivot Barrier
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T2 2-44. Resilient House K|
At&: Garvin, S., Hunter, K., BRE; Barker, R. and Pellizzon, R., BACA Architects;

Alexander, J. and George, G. (2014) Flood Resilient Property, BRE, Baca Architect,

Aquobex and Defra.
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) Inlet system for conrolled inundation flood

First Floor

3 2-45. HHAMA

and George, G. (2014) Flood Resilient Property, BRE, Baca Architect, Aquobex and Defra.

At=: Garvin, S., Hunter, K., BRE; Barker, R. and Pellizzon, R., BACA Architects; Alexander, J.
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Indicative Section Key

1. Figar drain trap wih integral
enretas iaive

I MR s

water spmser

Fiood Il +0.9m
Fiood v +0.6m

& 2-46. Flood Resilient House HHE

At=: Garvin, S., Hunter, K., BRE; Barker, R. and Pellizzon, R., BACA Architects; Alexander,
J. and George, G. (2014) Flood Resilient Property, BRE, Baca Architect, Aquobex and Defra.

o Resilient House®| 84:%1 7|2, WA, olgF 59 AR 7Igd] disiAx olu] 7idste] 4
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O3 2-47. O|3MEE MAME
At=: Garvin, S., Hunter, K., BRE; Barker, R. and Pellizzon, B., BACA Architects; Alexander,

J. and George, G. (2014) Flood Resilient Property, BRE, Baca Architect, Aquobex and
Defra.



Flood resistant PVC(-U door @ Aguober Flood resistant PVC-U french door @ Aguobex
O3 2-48. 25 g8 &
AI=: Garvin, S., Hunter, K., BRE; Barker, R. and Pellizzon, R., BACA Architects; Alexander,

J. and George, G. (2014) Flood Resilient Property, BRE, Baca Architect, Aquobex and
Defra.

Internal Partitions

internal walls are to be water resilient

and buift with matenals that alow fast

drying recovery:

— {oncrete block partition wall

—  Lime plaster or magneswm oxide
board as finishing

—  Skirting to be sealed with internal | )
cavity membrane E : : =

Hagnezium oxide board (2} PVC-U zhirting profile (3)
B Supertec Caiings and Board (Piy] Ltd ‘source: Eurscal
beicd omex %

3 2-49. Resilient HouseQ| WEHAQF Mz
Atz: Garvin, S., Hunter, K., BRE; Barker, R. and Pellizzon, R., BACA Architects; Alexander, J.
and George, G. (2014) Flood Resilient Property, BRE, Baca Architect, Aquobex and Defra.
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AR 8284 2 obATeo] B WEol AFEL WY o] S HerEoA, A
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H 3-31. 2016 AYLUH M| Z0FE =Y
roims 0= () SR (F)
T481(%) TgH1(%)

(] 142,133 100.0 157,266 100.0
HEAYAEEAY 1,736 1.2 3,180 2.0
LEIALA D LAY 2,658 1.9 8,921 5.7
HEZAYUAESAY 76,966 54.2 92,474 58.8
LEIAUA DAY 2,475 1.7 8,326 5.3
HEAYA L2 3,690 2.6 7,213 4.6
LA SAIL Y 1,103 0.8 2,763 1.8
AYA LY 5,200 3.7 6,524 4.1
YHEZHZY 12,023 8.5 9,144 5.8
YN 541 0.4 909 0.6
dE7|F =Y 8,677 6.1 5,864 3.7
ENE BN (BN 7,469 5.3 2,523 1.6
JAFHZ= 10,788 7.6 6,357 4.0
JEIAUESHEY 703 0.5 303 0.2
AUREH Y 665 0.5 317 0.2
[t YEHIHEY 423 0.3 215 0.1
flelE MEEE M 1,924 1.4 708 0.5
AUEZEY 3,456 2.4 956 0.6
AUYH| E0HE 514 0.4 166 0.1
AUZSAUY 1,123 0.8 404 0.3
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E 3-32. 20161 YA Al 20r 7|2 B1E 72 ol

ARMY TR B A2 (%) AREMS
A= ni =
S ®A | s et |\ e | soen biet | t0oss dit | ol T
1] 1000 | 46.7 18.9 27.9 3.5 3.0 142,133
HSAYALLH 1000 | 374 16.3 39.4 3.5 3.3 1,736
UBTAYA LA 1000 | 743 14.9 9.4 1.0 0.5 2,658
H2AYA LB 1000 | 40.0 21.3 31.9 3.6 3.2 76,966
UBHAYA LB 1000 | 743 12.7 115 1.4 0.0 2,475
HEAYA LYY 1000 | 225 21.6 48.9 3.7 3.3 3,690
UBASZAIZZIY 1000 | 71.0 19.7 7.8 1.0 0.5 1,103
AR 1000 | 346 315 30.5 25 0.9 5,200
IO R XY 1000 | 557 11.0 25.6 3.4 43 12,023
HIOIR{2)¢] 1000 | 776 13.7 8.8 0.0 0.0 541
22 |RHEY 1000 | 381 135 35.6 5.7 7.1 8,677
A8 |RHEY 1000 | 295 21.3 35.7 5.6 7.9 7,469
IIHBHEY 1000 | 222 14.8 39.7 14.1 9.1 10,788
7| EtAMSEHEY 1000 | 62.0 22.7 7.9 5.6 1.9 703
AYRIYHEN 1000 | 43.9 11.4 25.5 7.7 115 665
7| EtA A H R 1000 | 5638 45 38.6 0.0 0.0 423
oS MUBE MEY | 1000 | 293 13.4 21.9 20.2 15.2 1,924
AYSZCH 1000 | 54.7 15.1 25.8 3.5 0.9 3,456
AU 1Y 100.0 54.7 23.8 19.9 0.0 1.7 514
AYUSTAHY 1000 | 67.7 12.4 18.4 0.7 0.7 1,123
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F8 ARG &

2 A Ad 2 HolgH o] ~(PFR-d) 75

BREE 9= A% (innovate UK)9 A ¥ Hhol BHI|AR] AXA Insurance, AQ-E o]
HHo]A 5 719 Lexis Nexis, 2HE 1fi 529 <& &5 l‘i—%ﬁ 2 AL
olefH|o]~(Property Flood Resilience Database, °©|5} PFR-d)& =

PFR-d= AE9H9Y AL HolgE 35kl &3 A4 HolgHo]lAEN, A=Y
A, A= AT AR, ASHAE, A A Ax, AHAA g, S5 A AHY AR
T 5 g gdgda #E dolgrE F9E A

= AFATA BREZF 8- UFS PFR-d 2AMEES PFR-d W Q== =l disi 2
AE9 Ao gAAA A A F5F 52 8 AE B9 oF

g 5 AZE Holg7t S¥E gdgAdA o] I3 H4rt Hojx|al 7Y o] T
= = 359 A I A== 24

1% 3-17. PFR-d O{Z2/A0|4 Al

Ktz: McNally and Garvin (2017, September 21), Data-set integration within the
PFR-d and Demonstration of the PFR-d ZHXA}Z

o PFR-d9] 8 o84 ¥ 12852 REYA} A2, Bdo] Prs 12 Yuo| $3L
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PFR-d ZAMY 1S

PFR-d 7% T4 2 A%E0] A4 Westel 2aeela o8 S¥st
o a7} B4

CENT

rlr
ucl

BRE 4kl 57|32l BRE Academy+ A2 T3 ZAMYS FAdot7] QI3 & T2 0590
BEA T AT AL AR WS I (Property Flood Resilience Surveyors training
course)S 7fAsta, ZARYo] WSt CQIFAE=(BRE Certified Independent Flood
Resilience Surveyor)E& <%

WEIFL o]E o AA o|FoA = 17719 EEE 4= AU
995£(%F 1509k)olth. A& Sl 70%01439] A4E E53 A

ZMH AT 25 (BREED) HIO|E{H0| A 15 =AM Q1T

v — Surveying Methodology
Module 3 — Building
Maodule 4 - .\nem.t pr Jpa"\-s elements and amenities
and modem methods of construction
E How to identify flood water entry points
Internal fabric and services: Flood water entry and damage
— Community Resilience
Module 9 — Insurance
Module Building construction and material
Module 11 —Flood Asse t — Drivers, Legislation and Process
Module 12 - Flood Assessment — Sources, Hazards and Reporting

Day 2

Mot‘ le 13 - Resistance measures
e 14 — Resilience measures
- ._ommunn. measures
the property flood resilience database

07 3-18. RSN B4 WAL T DT HH H2BY

Xt&E: BRE Academy (2017), Training&Events (20184 1& 17 ZAH)

PFR-d ZAMYS PFR H&of #olsh= AZFA L Au] AA|t= o]sf|lTA 7t ¢l
FAZA, T8 294 D AR A ASES] A AdA o] gt AL 5

AL AZE A4 98] 998, B 999 H o, B4 AY ol 58 2ABIL 3
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o PHoA= AXAE H|ESH 9= B3P F3] ABI(Association of British Insurers)?] 3]
AFEol 34 Helo g Qlsf B2 &4 1 o, Id=4Ret HAA = AEH AlAHR]
Flood REE #+E5TCEN S5 1Y A GoA9 gAa s £oluA

o " AYAGHEH(FEMA) A AAHR] F/EFHATZIH(NFIP)S SJ3) gont
20054 s1EAIQ FrEEYe] HolR g ZEIHO] HA FEE 20164 7|E0Z 2469
g, A7 ojxqt 49 €9 ol2= & Wi A &4 Fska (B3], 2017).
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& By AR IAE 7HA ol Eotal, AT AFoE QIgh &4 o
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o E}EW HAdAE S BHE BASE A A B 2lad gok 4 Baatel gt
T e g 2d L} A 71 A oo Z95k1 S
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Liverpool

City Council
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At=: MeNally and Garvin (2017, September 21)2| 2HEXIE X
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= H5FAEE(Department for Environment Food & Rual Affairs; ©]8F DEFRA)
L 201649 B34 54 fAEAA P5 AE(The Property Foold Resilience Action
Plan)& Y&

AEQ] 5714 F£8 W&oll= 25 Asfiol et 22|, 24520 AFAAolA Y fdEda
27, fgdeda Z2E-90F5, f48da FHEHE T AWl PF ¥, 83 YAE
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o . AE2 28T 24FOIS0| 0|8t HEXQl 37t ZHAO|E 23
Ao = + BRE, AXA Insurance, Zurich Insurance
{an | —]

+ Thomson Reuters, Federation of Small Businesses
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A 770,738 100%
B 4-17. SHAIE BARIC) KHQIZS 15
h=s Et e OH St (4 2H) H=E
S0 #E A3 459,490 34%
LIAIE LY LHAE SAHY AT - APAMEY 2 ASY 709,980 53%
7IEF M 2E ASY 170,389 13%
A 1,339,859 100%
o HAAE A T Tl ATl AAIShH= HlE2 34%0]1aL, HAAIE AAFNA F
A GS LB 7T *131/\0401 AAeH= v &S 20%2 F 4= 7+ Zo|7F yEbd
o ¥ Y%L 71202 WA WEd 3 A4 ASE 55 PAss B A fae
245hd oheat 2
H 4-18. AH 7152 34 2|ZelAnY Wiz EY 3
AB(AER) A o= AHH 23 01=2(20%) HH 0HEH(34%)
SEH L7 MEY 10,150 2,030 3,451
LR MS H=E 396,118 79,224 134,680
IS (ES 2,335,675 467,135 794,130
gE A= A 124,518 24,904 42,336
7|2 LAHE MEY 158,280 31,656 53,815
O4RE7 | HEY 1,502 300 511
S 23 AlSY 459,489 459,489 459,489
S - XE2 Hgt A=Y 4,424,959 884,992 1,504,486
ANEE QX| - HE22 ot A|l2Y 1,739,132 347,826 591,305
YA 8 =0HY 109,358 21,872 37,182
S AH| =0 30,370 6,074 10,326
Tz GMAIE EAY 315,597 63,119 107,303
aar SIHAIE 2AY 614,366 122,873 208,884
STl MASEE MH|IAY 154,664 154,664 154,664
7|EF MHEIE MH|IAY 232,842 46,568 79,166

- 214 -



LE(AER) T o= AHAH HH IHEA(20%) HH| 0HEH(34%)
81T 7= 27,457 5,491 9,335
S 3 U-City EXE=A J1& 15,300 3,060 5,202
X J=sT e 203,214 40,643 69,093
7|EF BIXH AZE T 59,483 11,897 20,224
T e AfH[A 26,880 5,376 9,139
o A 11,439,354 2,779,193 4,294,721
o A%E F4 PALAAG B B Ao JyHE A% 2o F A4 B 45 o)
20l9] 242 915 BFANAUELEE AHAA HEQ0%E A8 oF 27299 )
Zolo] AEH, FooAHA ABAY H1RGINE AN 42249 WiEdo] A2E
o AEHOE 2013¢ WANY BERAL L B4, 9 8-S W A%E F4 2Aln
s A o 2870017 GA) oF 2459 AEO| Aol 24 B & AT B 5 A
- 720139 WAl

- EQF ZF AF] disf AsE T EE AL
o FEEAL B IFY vEk HA
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(@)
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3. AFAY 284

o =elo] Hlg] A= ALt B Vg 7IHbo] v]ERt ARoIA FF2 AFEAE A

o A WAL 1970Ee) Hhu] 20009t oF 7.48 F7ksgom, AP 19709
f eRul 2000WTh o 78%(330%~ 72%) % ﬁ}sagur, e WA olds we
Qo) 24

al sl
2,000 100,000
1,800 e 0,000
- o - 41 nfol
1,600 H 80,000
19704 AcY o | ok 7,368 =7} "
1,400 1 70,000
1,200 ':D 50,000
i
1,000 -. L 50,000
j 1.23 8 27} 2174 27t
BOD 1 1
2.75 8ff 2t
600
400
200

o ey —

1970 1975

2) miafey2 20144 g4t}

O 4-10. MAXHSH TISH FA|
X AUHITIE(2015), 2014 HaHE

- 1982458 2014971 4R o559 MesolS AES A, Ao ofe] Ei of
WAYo] A&HQl 2R Arwd wi urﬂ = astgont, 5o Hsoe £
TEolg, Aulo] LEsh TFHR QA% ALE U AZE X 45 Het &Aoo B

il
e

7Fs
==
(Hgkeh (ha)
5,000,000 - 350000
& ool
o +H+Hy
o ¥ 300000
[
"
[1]
7,000,000 i
i 150000
1
[
6,000,000 =
P 200000
KADHE |
5,000,000 ETE_I (.
), A, * i 1]
=M ' 1
P 150000
s !
1 1
4,000,000 YT e
-..__‘.____\‘1-”‘: i 100000
3,000,000 ; - -~ § .'\‘
, T AN M %8 ] 34
! V! R ! e Vi "\\ 50,000
1

2,000,000

/ T A B S xk“
i \i Nt -_— -
F/.\ ¥ & e :’“‘h:m i
\

TR ¥ NN > H LS\, =

1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
(dE)

T 4-11. BN U oWy #at 30)



o 2011¢of] ¥7ke IPCC(Inter-governmental Climate Change)?] EEE A0 w2
TSR Qs Y 7HE, XA 5 5] T7HEHIAL oo IE moe AT He=

Hal 3lZ2

0

o Yo 7|THEE <l
I e, ojzet FFE FUoANE LS A= AYH

O

o AAAZ Qs AAtsiN-S A 10d @ = AmEH, 1960E9] 1% 2,060%
ol 2% 2909 €, 19804°] 5% 4,4809 €, 19904W0] 8% 238% Yoz A|&ZQI

I AAAZN ez ApdA s e] B Hl=o} Frert S71d Aoz q

242 Rolg7} 2000d0] SolME 202 AL oW FAsH 271

1o H#)
10,000

.%' i

8,000
S
000
6,000
-, Ly
4 W
i B
3,000
o IR
. Hen
000

.....

’7'?-:-5"] .»_JJ.E'J7=5:"_' z.:a:\i;--‘-:d'_l 2345

g 4-12. Xteixol miaHY =0
EX: FUCHA(2016), 2015 KHoHHE

- 1960¥~20154¥ AjIEA HolEHE 7|22 AAERFS AR5 205081 9] AR s =)<y
S A5t 23} 2050dA HA 9F 1% 8,0009 oA Hd 8% 5,0009 o] H AHo=R

g4

o 20259 AAAHZ QlIgt A TSN 15,840 ~ 47,7102 ¥ 10%21 1,584~4,7109 ¥

md d ks

H 4-19. 22 107F RO Do) 2 =270 35

i QIF = X{LHoH -
T = HeiEE e ARL-AZ (Q)) THAMI[S (22t ) (2 )
2006 16 63 1,942,984 3,650,889
2007 14 17 251,811 489,796
2008 12 11 63,703 147,621
2009 18 13 298,808 773,534
2010 22 14 426,782 715,405
2011 13 78 794,200 1,654,029
2012 22 16 1,089,210 2,053,176

2) IZ7F8A T AAAN )Y A (http://www.index.go.kr/potal/main /EachDtlPageDetail.do
- 217 -

?dx_cd=4100)

€, 1970


http://www.index.go.kr/potal/main

; oI5y U TYAHT|GH w ooy
T = HeiEE e AMBAZ (Q1) THAMGH (3t 2) (2 2)
2013 28 4 172,137 386,559
2014 23 2 180,019 507,065
2015 18 0 319 381
q4 18.6 21.8 521,997 1,037,846

H 4-20. KOIKHO| 2/t o4 mlaHoy

o1z Ofl 4 T3HOY ZoH(2fR)
2020 15,330 ~ 37,100
2025 15,840 ~ 47,710
2030 16,360 ~ 56,660
2035 16,900 ~ 64,610
2040 17,460 ~ 71,880
2045 18,030 ~ 78,640
2050 18,630 ~ 85,000

1960~2015H XiHAXNSH LigiMS 7|=2 AAE 20| oot =1 . R2 U2 0.567

4. 4% A%E Ao e vl ¥
o BRo| AFE AU e huL Fo YRS W] A% el e

Bodlz Q8] AR P4 AT AL ZAskn don], Yo
A9}, AF8Ae] 134Hel Wejel Bulgo]

- W & ARISe) AT JYHow Pl B FE A 3L AT FRAYe
=247t B4
B 4-21. H5= ZI|oiH
T =2 ¢ UEE RF =8 = Al
He2HE, D) Ir|GHeH(HH )
= 3,326 2,765
20144 ALK stul 23 2,034
AR ANE S 803 32,504
A 4,152 37,303
e 1,21 1,073
2016 4t e NS 39,259 6,552
A 39,380 7,625
= 1,535 2,523
201749 SHX Y TAA, AHE AE S 1,704 17,074
2A 3,239 19,597
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o AP} AES AehHE ASE A9 thSo] AT

- World BankollA] 2012 &3} Cities and Flooding E1Ao] =W A

qialo] 219 Wojgjaio] uls) A]7to] AR AehA 24 FH}

- 5 0E AsE Ay di3S 9t fEERIA A NS A7 27

iHE H3

ZH R xR )
R

7| AT AJAS

wat L)

TRME! Al

FE= ol o

it

ErrEipl gEy

i Mg e

Od 4-13. o EAE S Aoy =X gt
EX: World Bank(2012), Cities and Flooding

o "= AFAHFHH(FEMA)T thAsl] oA ¥3](Multihazard Mitigation Council)= ZFAA
o oHS ol X GARSlo] TS vl82 1 4ujo] £AS uk= {3t Qlokal FAKHFEMA

(2007), Multihazard Mitigation Council (2005))

Q.
10
28 ool A5slE g 4 Yo,
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H5& A0AF AHY

AL AT HE AHFEY A2

1. AA A A" B4 A

o

o 28918 FEE ARRAE ATHES AR WA 4] aF AP 7 Hopy
HANGE 5o 712 uet FAst] AL 2890S HI-EAG

- AT ARIAE AERERS NEow sdow AAT

- 7 ARIA ST GE BEAGAAY F L8908 FRE AL, 2 A BAEE
A9271-71-T 1) AN, 19 B BAER 28008 Sl 23Rl 2l

3 A $9T

- Zolee Ak Fol7lE 20%, Bt BoAE s0%m AASIE o, Fol|7ke vy 127)
48 Jzoz suze gL 43

o AT/ 5UL AR TEE & UL

- IR IER 47718, AFE L A1guA0] g

- 29 U4 ATHTES EEE BAR 24UES AR Y, 3AUE FRA

Hol= 2AHe AFAHT} E&E olof T
- 3T 4R e 2E ARES RESAYT AYsle 2%
- 47 SRR R AFeHE 9 F8uet nheld)

= L=y
- WATEE ofauist U ATEAYRS wdsle] WAY & UL

o AIFEIA AFFARHS EH 9] 7Iol JAst FRlgES 4% 21 599 A7 ks
F F 1,2000(FARNY x o717k x Frol&)9] Qlgo] £

- JAEE £2QdARES 7[Ht0 2 13} Akl & 2160108 £JlgS 24519 on, AL
T g5o] JFSHE 2~32 dxo FU== Qo] F7leta, A-E vt sk 4~5%F |
o= HASIEE AY

- Zt QAIRRA(F5 AN E A+ ARF 107 A4 3~5%10] Fofst= Ao = F/dste] <l

29g WA

B 5-1. CIRfE QIHEEY AE (H?: Man-Month)
T2 1REE PN SREE AXRPAE BAIEE Sl
THIE 108 126 132 132 114 612
2M15 108 126 126 120 108 588

A 216 252 258 252 222 1,200
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AFIAE A 18 B A

7b IARIA: F2dS dse S AL Arla ALAA T ' A
=

o IAIFIAI= HA

o ABTA|] B9 AR k1 A5 7149 A9 RS T Robrt cheyela slol= el %
Qo] uksl7] W] AF Q1 %ol 1Y we Aoz A YUY

H 5-2. 1HR Xt QIHEQ Ag (2 Q)

T IAIE | 2AHE | 3RHE | 4RHE | SRHAE | g
R 5 5 5 5 5 2
(1-2) E;g 2|2 OIA MHIA RIHA 7Y 5 5 5 5 5 25
2
(1-3) dEE B4 2z VIS NS 5 5 5 5 5 25
&7 15 15 15 15 15 75

oA 1RMEAE | 2XHEAE | 3AEE | 4RHEE | BRIEARE s
(1-1) 22 oS #%2 54 2AT2or
o e 7% i 0.25 0.5 05 0.5 0.5 2.25
-2) =2 2T2|UIA MHIA KIFHZ 7
(1 2)Hr=§ |=e qH| [EHA N 05 0.5 05 0.5 0.5 95
=
1-3) 7152 24 2MEloA J|& X 2
(1-3) e cT = = 0.25 0.5 05 05 0.5 2.25
=2
A 1 15 1.5 1.5 1.5 7
5-4. 1MIE X QIHEY A= (2 Man-Month)
oY 1AEE | 2R1EE | SREAE | 4ARMAE | BRHAZ | &
(1-1) =2 Oig 752 54 =202 B
o SR | 15 30 30 30 30 135
-2) HA=E A AHA MH|A X|&AA 7
(1-2) m:;g [Z2[21A M| [EHAA N 30 30 30 30 30 150
=
-3) HE2 B4 2TMA Iz XNg o
(1-3) o5 &+ 232 Jla 15 30 30 30 30 135
=o
A 60 90 90 90 90 420




U 2AIFRIA dSs S SEE AL Y Ve e
o 2MAIFE AEE T F-=AL V&S sk, BUHAIAE F&ESte WE Y

o Q-DIAE A FHe) FYo| BasH, -2 7|EA L AT ALE], A=Y So|
=9y

o (2-3) IAl= H5H7FE FPst=tl 28T JAngE 5 E&ot= WEoE AA AFAT,
TS 59 A-gso] 8sto] B ANFEIA RS B2 o] A1XI(10~11%0D)= ¥ st
oo
=1

5-5. 2N AHRME QAHEQ A= (H: Q)
D[ 1AMEE | 2AEE | 3APEE | 4XPEAE | BAMAR =]
— ZO [ HEZ M4 gl PAVIES
Y
HEE 54 2Z2HA &4 J|& 7
(2-2) 48 22 SR ER 10 10 0 10 0 -
=
(2-3) HEE &4 2H2MA H5 Tt
e 7 7 7 7 7 35
871 22 22 22 22 22 110
H 5-6. 2M5 CIXpE QIEHEY Al (U9 HZEEOE/2)
DA 1AEE | 2AEE | 3RIEE | 4REE | BRIEE | B
2O 1S RS MA Y BYIE
ngHJ) == & 0.25 0.5 05 0.5 0.5 2.25
-2) HE2 54 2TQA A 7B 7
(272) U158 25 &2 &t 0.5 0.5 0.5 0.5 0.5 2.5
=
— HEZ2 SA ZIRIZIHA
2-3) LoE ST &= 0.25 0.5 0.5 0.5 0.5 2.25
7lE N
g 1 15 15 15 15 7
" 5-7. 248 A : Man—-Month)
A 1REE | 2AUE | 3REE | 4RUE | BRIEZ | B
— O [H=e I7_-| Sy, E_<| PAYIES
@-1) 22 U8 P = =i 15 30 30 30 30 135
i
-2) HEE 54 g Sk 7
(2-2) ass &% o H 60 60 60 60 60 300
=
(2-3) tixE == 2Ee
e 21 42 42 42 42 189
9% 132 132 132 132 624
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A 272 L84 A

lo

o ARTHAE Hz ATHIA ARTH J1ETHAS SPshed LeTE BaHg
ol Erjz ANV LT ATHS APPste] F A oAt FRE A&

- QM) A AE7120 AFTEY/AE EYAUS, Fol7|zt, ol § AN A4
shel, Bt AAATAFESR) 1202 APPsta ddH wrks 20184 8Had
FgololAn 712wt Y AYATY N1E0R U 6,330HUCR A

- AN/ HFAT] AET S U 717 FHE B BANAE 78 A 9
3 AE|o) ARG whgor A4

- NAE AR AAE, AR ALAHR AT 4IRS 4E5] 96 aawE ug

- AFARH: Aok AR FYE] W AL Kol pey)

- Z|EpgE] W 2Pl QAN|eh AP AR ol 20%E A%

AR

LN

i
i

o IAE oAt HHZ=Iutog AQEL AoT st JATA

)
ftt
ox.
o
)
%
)
ko
ot
P

|
e
- 4
)
({2
)
o
12
lo
ufl
g,
S
1
At
)
olN
N
e
oM,
o
o
4z
)
re,
I
)
i
2
[r
fr
-
PN
N
o
W
=
s
19
)

o QAH|et M 4 AFFG7IeTA SE
stal, AE HIAYHE =2 LSt 94

o 7le/MERERS wtgste] A8 £ & 24

2. JAAA 2804t

o AAAY AQdAR2 18,023Wgrgo R A H
o IAIEIAIE 6,7699FHY, 2418 IHA= 11,2539 7Y

T 1ZAEE | 2xfEE | 3AfERE | 4XfEE | BRHHEE A
pabals] 494 704 704 704 704 3,309
AT E /] 300 1,050 1,300 1,150 450 4,250
o‘iﬁ? NESEN ES] 100 1,130 1,250 1,150 680 4,310
AL =] - 850 900 900 500 3,150
7|EEH] & ZHEH]| 179 747 831 781 467 3,004
A 1,073 4,480 4,984 4,684 2,800 18,023
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AFTAE A&Q94F

b ARTA: E9 g A5E fAAx P V& A 1%
o A7V AHEYA L] Bt A7Av] AYATUL 50% FHol @] I FAL Hof3lo]
A
o ATAY GulElet ARFARL 2] AmSAL, Al ALAA TE, AEBA] A
g9 15 01§ 5ol BAT AL ug
o ATIHYANN LHUZL AT ARH Y 57k W] o] oS wrefsto] ATAz) A

<l

o ATl F== |, ], AlRE A WY
H 5-0. THIF HISE AQ0L (Tl HIH)
T2 1REE | 2RI | SRMEE | 4XHAT | BRMWE | EA
o124t 190 285 285 285 285 1,331
CITLAI A/t 50 150 200 150 150 700
e AZ R - 530 550 550 280| 1,910
M=H| )
eV L] - 500 500 500 200| 1,700
J|EFEH] X ZHH| 48 293 307 297 183 1,128
& 288|  1,758| 1,842 1,782 1,098 6,769

D 0-D & & A5 & ddgd: 3d HAE 7lE A
o (I-D¥IAlE HAE 7IHE F55= W&

o Ztol=etel A% 5 ALEALEG) B8-S 1.

I 5-10. (1-1) HISE A0 (HHQf: E42HY)

B 1REE | oxtds | axds | axpas | sxus | e
OlZ4H| 48 95 95 95 95 428
e 0 0 0 0 0 —
dral AR 30 50 50 30 160

IHEE”
e -
7|ErZH| 2 7HEH| 9.51 25.02 29.02 29.02 25.02 118
-

57 150 174 174 150 705

2) (1-2) A=+ gAddz Anz AdAA 74
o (1-2)¥Al= A&’ F50] F YEom AAF HA Qo] #5489 Aol e
o GIS A <, B4 7I¥ 7/Nd2 A% BRR|(SW) 39, Al&E AlRte= 79 A
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Y 2RI B9 oS A5
o 2439 A9 Qs U

<l

g AL 5Bt  ASAA =
3

=
FOo= 80 v, ¥ A¥E =& wdsto] 159 A

R4, A%, guPEuE T, FERASAE A 50% FRe
2 g3

I 5-13. 2M|12 HISE A0 (HHQ: EiPHY)

= 1AHEE | 2AHEE | 3AEE | 4AXHEE | BRHEE 2l
paball 342 399 399 380 342 1,862
STAI /] 1,000 1,500 2,000 2,000 2,000 8,500
%ETl AESHZH 200 200 200 200 200 1,000
ALxH = | 100 100 150 150 100 600
7|EfZH| 3 ZHEH]| 328 440 550 546 528 2,392
A 1,970 2,639 3,299 3,276 3,170 14,354

D @-D &% ds d5& 44 2 237is 4
o 2-DIAlE ASF= AAVIe g, BV Jido] F FHoz I ¢ AYuE F4HL

= A-e A

o ZAYRJE oY A& 7|& DB+ TdH AAEAE S AV e ddede AT 74
ulE] A

B 5-14. (2-1) HISE AQ0L (Tl HIH)

= 1RAHEE | 2XHEE | SXEE | 4XEE | BRHEE A
pakalc] 48 95 95 95 95 428
STAI /] 100 200 200 200 100 800
O.iﬂ?;é‘itljl AESHEH 100 200 200 200 100 800
pap N L] -
7|EEH| & ZHEH]| 49.51 99.02 99.02 99.02 59.02 406
A 297 594 594 594 354 2,433

2) 2-2) A== T dAgdx FE e e
A%

o (2-2¥Al= 244 A5E & AL F 7IeS Mske dA=E, A=, wid, A

H, £, A= 59 I 7ee ddstal AFES AsHA H

o WEhA AFAIE/AARE] 11.59, AZFEAIRE] 109, d7A=EY] 7.59 AR
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B 5-15. (2-2) HI2Y AQOA (Trg): gt

rio

)

= 1REE | 2XHAE | SAfEE | 4RHEE | BAHALR 2gl

21H| 190 190 190 190 190 951

STAI L/ 50 300 400 300 100 1,150

o AEZHEH| 200 300 300 200 1,000
EE] :

A =H| 150 200 200 200 750

J|EtEH] 2] 48.03 168.03| 218.03 198.03 138.03 770

2 288|  1,008| 1308 1,188 828  4.621

=

A& s B7F 71 M

&9 4587t 71e< MEshe AA= F7HHEE A
47 AUl 755 A% AFAIE/ AR A

o ATAE/AAHMHIE 169Z Astlon, #= 4587 /lzet 52 fI7t I8
d}o

Z 7|E Al
e ARG DI YA o] 69 AINAS
o ATH7Iet HHE ATAER|(A1E E¥A 5 48) 288 7Y AN
H 5-16. (2-3) HISE AQO0A (HY: HHTHY)
748 XA 2AEE Sia= AXHEE BRHAL A
paral] 67 133 133 133 133 599
LA/ ZH| 100 400 500 500 100 1,600
e ARFEH|IZH| 200 200 100 100 600
XHEt” = =M=
A= 200 200 200 100 700
7|EtEH] R 7HHH 33.31 186.62 206.62 186.62 86.62 700
A 200 1,120 1,240 1,120 520 4,199
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