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EXECUNVESUMMARY

The motivation for thisproject arisesfrom the experience and observations made
during the 2011 and 2013 floods in Australia, which caused widespre ad
de vastation in Quee nsland. The flood events also resulted in significant logistics
for eme rgency ma nagement and disruption to communit ies. Considerable cos ts
were sudained by all levels of government and property owners to effect
dama ge repairand enable communi tyrecovery.

A fundamen tal reason for thisdam age was inappropr iate developm ent in
floodpla ins and a lega cy of high risk building stock in flood prone areas. The
vulnera bility and associated flood risk is being reduce d for newe r construction
by adop ting new standa rds (ABCB, 2012), building controls and land use
plan ning, howe ver, the vulnerabi lity associated with existing building stock
rema ins. The vulnera bility of existing building stock con tributes disproport ional ly
to overall flood riskin many Australian ca tchmen ts.

The Bushfire and Natural Hazards Collaborati ve Research Centre (BNHCRC)
project entitled 0 C st-effec tive mitigation strategy de velop ment for flood prone
buildin g saims to address this issue and is targeted at assessng mitigation
strategies to reduce the vulnerabi lity of existing residential building stock in
Australian floodpla ins. The project addressesthe need for an evide nce base to
inform decision mak ing on the mitigat ion of the flood risk posed by the most
vulnerable Australian houses and complemen ts parallel BNHCRC projec ts for
earthquake and severe wind.

To date, the project within the BNHCRC has de veloped a building classificat ion
schema to categorise Australian resident ial buildings into a range of typical
storey types. Mitigat ion strategies de veloped nationally and internationally have
been reviewed. Fie typical storey types have been selected which represent

the most common reside ntial buildings in Australia. A floodpro ofing ma trix has
been developed to assessap propriate strategies for the selected s torey types.
All appropr iate strategies have been costed for the selected storey types
through the engag ement of quanti ty surveying spec ialists.

Furthermor e, selected building materials/systems have been tested to ascertain
their resilience to floodwater exposure. These tests were aimed at addre ssing
knowledge gaps in the areas of strength and durability of building materials
during immersion. The results of the tests showed that flood ing did not have any
significant e ffect on the pull-out strength of the bond of the ceram ic floor and
wall tiles to their substrate, nor on the racking strength of the OSBand HDF wall
sheet bracing. However, there was a significant red uction (~45%) in load car rying
capac ity of the timber joissswhen tested in the wet conditio n.
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In the following years of the project vulnerability of predom inant storey types
will be assessed. The informat ion on vulnerability is fundamen tal to evaluate
mitigation strategies and to examine the oppor tunities for reducing the
vulnera bility. The research will include cost bene fit anal ysis to find optimal
mitigation strategies for selected storey types located within a range of
catchment types.

This proje ct is investigat ing m ethods for upgrading existing housing stock in
floodpla ins to increase their reslience in future flood events. The project will
provide an evidence base to inform decision making by governmen ts and
proper ty owners to reduce flood risk. The risk mitigation ach ieved w ill decrease
human suffering, impro ve safety and ensure ameni ty for commun ities.
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ENDUSER STATEMENT

Lee sa Carson, Geoscience Australia, ACT

Floods ca use widespread de vastation, disruption and cost to communit ies. Akey
con tributing factor to flood risk is the presence of buildings within flood prone
are as.

Thisproject isdeveloping an important evidence ba se to assist go vernme nts and
householders make informed dec isons on retrofit options for existing houses to
red ucing the vulnerabi lity of these buildings to flood ing.

The project has ach ieved its schedu led tasks includ ing the de velopment of an
initial Australian specific build ing classification schema and a literature review
of existing mit igation strategies. A flood mitigation ma trix has been de veloped to
ide ntify appropr iate mitigation strategies. These strategies have been costed for
selected building types and willprovide a method to assistinvestmentdec isions.
Fnally, based on identi fied knowledge gaps in material suscep tibility to
floodw ater, a significa nt exper ime ntal program has been undertaken that has
provided insightsinto material suscep tibility.

The project team is acti vely eng aging in relevant con ference s, workshops and
forums to commun icate the research of the project and engage with key end -
usersand experts. The vist by the lead researcher to Italy and Germany early in
the year has been very valuable in showcas ing the CRC research and seeking
feed back from three separa te European research groups. Further, the project
team has successfully engag ed with two major insurers that has informed the
exper ime ntal program and its outcome s. Fnally, the team has developed with
the National Flood Risk Advisory Group a project utilisation project that will
translate and augm ent the research outcomes for use by the floodpla in
manage ment com munity.
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INTRODUCTION

Globally, floods cau se widespread dama ge with loss of life and proper ty. An
anal ysis of global statistics cond ucted by Jonkman (2005) showed that floods
(including coas tal flood ing) caused 175,000 fatalities and affected more than
2.2 billion people between 1975 and 2002. In Australia floods cau se more

dama ge on an average annual cost basis than any other natural hazard
(HNRMISC, 2006). The fundamen tal cause of this level of dam age and the key
fac tor co ntributing to flood risk, in genera |, isthe presence of vulnerable bu ildings
constructed within floodplains due to ineffec tive land use plan ning.

Retrospec tive anal ysisshow large bene fitsfrom disaster riskreduct ion (DRR) in the
contexts of many developed and developing countries. A study cond ucted
by the U.S Federal Emerge ncy Man ag ement Agency (FEMA) found an overall
bene fit-cost ratio of four suggesting that DRR can be highly effective in future
lossreduction (MMC , 2005). Howe ver, in spite of potentially high returns, there is
limited research in Australia on assesdng bene fitsof d ifferent mitigation strateg ies
with conseq uential red uced investment made in loss reduction measu res by
individuals and governments.Thisistrue not only atan individual level but also at
national and international levels. Acco rding to an estimate, international donor
agenc ies alloca te 98% of their disaster manage ment funds for relief and
rec onstruction ac tivities and just 2% s alloca ted to red uce future losses(Me chler,
2011).

The Bushfire and Natural Hazards Collaborati ve Research Centre project enti tled
'Cost-effec tive mitigation strategy development for flood prone buildings'
(BNHCRC, 2017) is exam ining the opportunit ies for reducing the vulnera bility of
Australian reside ntial buildings to riverine flood s. It ad dresses the need for an
evidence base to inform dec ison making on the mitigation of the flood risk
posed by the most vulnerab le Australian bu ilding types and complem ents
parallel BNHCRC projec tsfor earthquake and severe wind.

This project investigates me thods for the upgrad ing of the existing resident ial
building stock in floodpla ins to increase their reslience in future flood events. It
aims to ident ify econom ically opt imum upg rad ing solutions so the finite resources
available can be best used to minimise losses, decrease human su ffering,
impro ve safety and ensure ameni ty for co mmunit ies.
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PROJECT BACKIR®OUND

Recent eventsin Australia (2011 and 2013) highlight the vulnerabi lity of housing
to flood ing which originates from inappr opriate de velopment in floodpla ins.
While there isnow a construction standard published by the Australian Building
Code Board (ABCB, 2012) for new construction in some flood prone areas, a
large proportion of the existing building stock has been built in flood prone
areas across Australia (HNFMSC, 2006). The Australian Governme nt has
developed a National Srategy for Disaster resilience which de fines the roles of
government and individuals in impro ving disaster resilience (NSDR, 2011). The
strategy also emphases the responsibility of governments, businesses and
households in assessng risk and taking action to reduce the risk by
implement ing mitigation plans (Prod uctivity Comm ission, 2014).

An in-depth understand ing of the effects of floods isrequired for the assessment
of risk and the development of mitigation strategies, particularly in the context
of limited financ ial resourc es. In this respec t, reliable informat ion about the costs
and bene fits of mitigation are crucial to inform dec ison-making and the
develop ment of policies, strategies and measures to prevent or reduce the
impact of flood.

The objective of thisproject isto provide an evide nce base for two target groups

to inform their decision making process around mitigation aga inst flood risk:
governmenta nd proper ty owner s. Federa |, Sate/ Territory and localgo vernm ents
have an interest in the lossesarising from past or future flood e ventsand requ ire
vulnera bility information to support several objec tivesincluding dec ison making
concern ing the allocat ion of funding and risk manage ment. Property own ers
are also interested in vulnerab ility and mit igation assessment to know the
potential risk to their propert ies due to floods and to make decisions on
undertaking mitigation measures to reduce risk and (possbly) their insurance
prem iums (Meyer et al. 2012).

Therefore, this project aims to provide an evidence base to inform decison
making on the mitigation of flood risk by providing informat ion on the cost-
effectiveness of a range of mitigation strategies involving alterations to existing
resident ial buildings.
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WHAT THE PROJECT HAS BEEN UP TO

The first four tasks have been comple ted by the end of June 2017 in line with
the project schedule. A summa ry of the project acti vitiesisprovided belo w:

Within Australian communit ies there is a wide range of building types. These
vary in many attributes that include floor area, number of storeys, age,
arch itectural style, fit-out quality, construction ma terial types and the level of
ma intena nce. For mitigation research itisnecessa ry to take thisrange ofbuilding
types and geome trics and discretiseitinto building classesor ca tegor iesof smilar,
if not ide ntical, vulner ability.

In this project a literature review was conduc ted which reviewed building
schemas developed nat ionally and internationally for a range of uses within
different projec ts. The reviewed schemas were from HAZUS USA (FEMA, 2007),
UNGAR, Global (Magsood et al. 2014a), Earthquake damage Analysis Cent er,
Germany (Schwarz and Maiwald, 2008), GMMA RAP, Philippines (Pacheco et
al. 2013), RiskScape, New Zealand (NIWA, 2010) and Geoscience Australia,
Australia (Wehner et al. 2012).

Following the literature review a new schema was proposed which was a
fundamen tal shift from de scribing the comple te building as an entity to one
that focuses on sub-componen ts. The prop osed sche ma divided each building
into the sub-elemen tsof founda tions, bottom floor, upper floors (if any) and roof
to descr ibe itsvulnerabi lity (see FHgure 1).

Through this approa ch it was made possble to assess the vulnerab ility of
structures with different usage and/or construction ma terial used in different
floors, and also to assessthe vulnerab ility of tall structures with ba semen tswhere
only basementsand/or bottom floors are expec ted to be inunda ted (Maqsood
et al. 2015a). The schema class ified each storey type based on six attributes:
construction period, fit-out quality, storey height, bottom floor, internal wall
ma terial and external wall material.

Roof

Second Floor

> Superstructure

Ground Floor

AGURE1: SCHEMATIC DIAGRAMS OF FACH TESTIYPE(MAQSOOD ET AL, 2015A)
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LITERATURERE/IBAN OF FLOOD MITIGATION STRATEAQES

The succeeding task comple ted in this project was the literature review of
mitigation strategies de veloped nat ionally and internationa lly. The review helped

to evaluate the strategies that suit Australian building types and typical
catchment beh aviours for adopt ion in Australia. The review consider ed literature
available through peer-reviewed journal s, internat ional conferences and
research repor ts.

Srategies in the international literature have been developed for different types
of floods and the adoption of a particular strategy depends upon the
char acteristics of flood hazard and building stock along with any mitigation
ince ntives and associated cost bene fit analysis. The review discussed the
commonly used strategies and summarised the ad vantages and d isadvantages
of each of them. The review categorised mitigation strategies into five
categor ies: elevation, reloca tion, dry floodpr oofing, wet floodproo fingand flood
barriers (Magsood et al. 2015b).

Elevation istraditionally considered to be an easier and effective strategy and
isthe one which ge nerally re sults in incent ives such as a reduction in insurance
prem iums (Bartzis, 2013). How ever it isdifficult to implem ent for some cons truction
types such as conc rete slab-on-grade s tructures. Reloca tion is the surest way to
eliminate flood risk by relocating ou tside the flood plain but, as in the case of
elevation, it becomes more difficult to implement for heavier and larger
structures. Dry floodpro ofing and flood barriers are efficient only in shallow low
velocity hazard areas and are general ly not pract ical in deep fast flowing
waters. Wet floodproo fing is suitable in low to modera te dep ths of wa ter with
inunda tion dura tion not exceeding a day.

FHgure 2 presentsexamples of elevating ground floor and flood barriersto keep
wa ter aw ay from the proper ty.

(A) EL&VATING GROUND H.OOR (B) USNG A.OOD BARRIERS

AGURE2: EXAMPLESOF MITIGATION STRATEGIES (MAQSOOD ET AL., 215B)

10
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A list of building mater ials typically used in Australian reside ntial construction
was develope d. This list helped to identi ty predom inant con struction materials
and storey types in Australia and also informed the develop ment of costing
module s. Fve typical resident ial storey types were selected for the balance of
the research which was a subset of the schema pro posed e arlier in this report.
Key cha racteristics of these storey types are presented in Table 1.

TABLE1: CHARAC TERISTICS OF SELEJED SDREYTYPES

Storey Construction  Bottom Fitout  Storey floor Internal wall  External Photo
Type period quality height system mate rial wall
mate rial
1 Pre-1960 Raised Low 2.7m Timber Wea ther-
Timber board
2 Pre-1960 Raised Low 3.0m Masonry  Cavity
Timber masonry
3 Pre-1960 Raised Low 2.4m Masonry  Cavity
Timber masonry
4 Post-1960 Raised Sandard 2.4m Plasterboard Brick
Timber veneer
5 Post-1960 Sab-on- Sandard 2.4m Plasterb oard Brick

grade veneer

11
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Further, based on the charac teristics of the selected storey types a floodpro ofing
matrix was developed which exclud ed the mitigat ion options thatwere invalid
in the Australian con text (see Table 2).

TABLE2: HOODPROOHNG MATRX

Building Type Elevation Elevation Elevation Relocation Flood Barriers Flood Barriers (Extending
(Building a  (Raising the (Permanent) (Temporary) the walls) second

whole hou se)
storey)

2 N/A N/A N/A N/A

3 N/A N/A N/A N/A N/ A N/A
4 N/A N/A N/A N/A N/A N/A
5 N/A

Costing modules (see Table 3) were developed by quantity surveying specialists
to estimate the cost of imple menting all appropr iate mitigation strategies for
these five storey types (Magsood et al., 2016a). These costing modules will be
utilised to assessthe vulnera bility of selec ted storey types after mitigation in the
next phase of the projec t. Furthermor e, these costing modules will be a cruc ial
input in the Cost Benefit Analysis (CBA) to identify op timum mitigation strategies
in selected catchment types.

TABLE3: COST OFIMPLEMENING A OOD MITIGATION STRATEGISESTO EXISTING BUILDINGS FOR SELEQED SIOREY TYPESMAQSOOD ET AL, 2016A

Storey Elevation- Elevation-Elevation-Relocat ion Flood Barriers Flood Barriers Dry Wet Flood -proofing
Type Extending Building a Raising Flood -
the walls second the whole ($) (Permanent) (Temporrary) proofing %)
storey house
(%) (%) (%) $)
®
1.0m 1.8m 09m 1.2m 1.8m high Existing Substantial
high high high  high structu re  Renovation
N/A 68,000
2 213,500 N/A N/A 133,500 177,600 62,500 111,800 136,300 N/A 15,400 56,600
3 397,700 429,700 N/A N/A N/A N/A N/A NA NA N/A 17,400 104,300
4 N/A 405,200 N/A N/A N/A N/A N/A NA NA N/A 15,500 140,000

5 N/A 431,000 N/A N/A 154,300 208,300 164,600 144,100 176,200 $154,320 17,400 149,800

12
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In this project the strength and durability implications of immersion of key
structural elemen ts and building componen tsin condit ions of slow water rise
were examined to ascertain where deterioration due to wetting and
subsequent drying need ed to be addressed as part of repair strategies
(Magsood et al., 2017a).

This research includ ed experimental testing of selected materials/systems to
ad dress key gaps in knowledge on resiience to floodwa ter exposure. The
Cyclone Tesing Sation at James Cook Universty (JCU) wasselected to cond uct
the experimentson selected building materials and structural systems to assess
degra dation in smulated flood events. Meetings were held at JCU in June 2016
to scope the research program and to inspect the testing fac ilities available for
thiswork.

Furthermor e, the experime ntal program me was de veloped in consultation with
the insurance industry loss assessors and was scop ed in recognition of the
available bud get. Two separ ate workshops were organ ised in Sydney on 13t July
2016 with the Insurance Australia Group (IAG) and the Suncorp Group. The
workshops were aimed at seeking feedb ack from the insurance industry on
proposed experimental programme. The feedback addressed the
appropr iateness of the testing regime, identified gaps in material testing
research and prioritised the tests to be included in the experimental
program me to fill the gap s. Based on the feed back, for three test types were
selected. A numb er of samples were prepared for each test type at JCU and
tested to attempt to provide some understanding of the variation of resistance.

The scope of the testsinclude d:
A Construction of samples for three selected test types,
A Testing the samples for strength evaluation in a dry state,

A Immersing the samples in silt or clay-laden water for a spec ified period of
time,

A Testing some samples immed iately after immersion,

A Drying the samples using natural ventilation and/or forced ventilat ion but
not heating, and

A Testing the samples follow ing drying.

Furthermor e, a techn ical sp ecialist (loss as®ssor) from the Insurance Australia
Group (IAG) was requested to inspect the specimens visually and to assessthe
repa ir work the samp les might require if they were part of a full size house. The
tech nical specialists submit ted a report on the observations made during the
tests.

Each of the test specimen types is described below along with the key results
ob tained.

13
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Test Type 1 (6 speci me ns):

Tiled surfac es within a typical brick venee r, slab-on-ground house (see FHgure
3A). This test examined the bond strength of floor and wall tiles following
inundation  with the objec tive of determining the necessity or otherwise of
remo ving and replac ing all tiles following inundation (see FHgure 4A).

Sx specimens were constructed. Three of them replica ted a bathroom assemb ly
while the other three replicated a shower assembly. Results indicated that
flooding d id not have any ad verse impact on the bond streng th of floor and wall
tiles as shown in Table 4.

TABLE4: REQLTS OF STATIC PULL-OUT SRENGTH TESIING

Test Wall Tile Failure
Load (kN)

Al Bathroom No Con trol Spec ime ns 9.27 2.82
A2 Bathroom Yes Teded after drying 12.44 3.66
A3 Bathroom Yes Teged after drying 11.69 3.64
B1 Shower No Con trol Spec ime ns 8.92 3.57
B2 Shower Yes Teded afterdrying 8.96 3.15
B3 Shower Yes Teged afterdrying 9.72 3.70

Test Type 2 (20 specimens):

Man ufac tured timber sheet wall brac ing (see Fgure 3B). This test exam ined the
strength of engineered timber structural sheet wall brac ing. This test was
designed to test the structural ade quacy of structural wall sheet bracing
follow ing inunda tion and subsequent drying (see Hgure 4B). Two types of wall
sheet bracing were tested for racking strength i.e. Oriental Srand Board (OSB)
and High-density fiberboard (HDF).

Ten specimens were constructed for each bracing mater ial. Fve of them were
tested in a dry cond ition without being flooded and the other five were tested
after a wetting and drying cycle. Results indicated that flood ing did not have
any adverse impact on the racking strength of both types of bracing shown in
Table 5.

TABLES: RESLTS OF RACKING SIRENGIH TESTS

Test Sheet Flooded Comment Failure Load (kN)
Al- A5 OSB Yes Teded af ter drying 5.47
A6 - A10 OSsB No Con trol spec imen 5.35
Bl-B5 HDF Yes Teged af ter drying 5.60

B6- B10 HDF No Con trol spec imen 6.23

14
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Test Type 3 (48 specimens):

Engineered timber joists. This test exam ined the ben ding and shear strength of
manu factured timbe red joists (see Hgure 3C). This test was designed to test the
structural adeq uacy of manu factured timber | section joists following
inundation and subsequent drying (see Hgure 4C). Two types of joist were
tested (H2 treated and untreate d). Srength was tested at three stage s dry
be fore immersion, wet imme diately after immersion and dry after drying
follow ing immersion.

Resultsindica ted that flood ing did not have any ad verse impact on the bend ing
and shear strength of both types of bracing when tested in dried cond ition as
shown in Table 6.

Howe ver, there was a significant reduction (~45%) in load carrying ca pac ity of
the timber joists when tested in the wet condition. M oreover, it was observed
that the moisture con tent level after the test returned close to pre-inundat ion
level within a wee k.

TABLEG: FOUR POINTBENDING STRENGTH TESING RESILTS

Test Treated Flooded Comment Failure Load (kN)
Al 6A8 H2 YES Teged afterdrying 16.53
A9 8A16 H2 NO Con trol Spec ime ns 17.21
Al17 6A24 H2 YES Teded wet 9.23
B1dB8 NIL YES Teded afterdrying 16.21
B9 6B16 NIL NO Con trol Spec ime ns 18.64

B17 06B24 NIL YES Teded wet 9.30

15
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Walls and floor waterproofed as per
bathroom shower endlosure with / Timber framed walks to
floor waste and screeded falls. I 1200mm height.

e T\ 10mm plasterboard
extemal and 6mm fibre-
cement intemal lining.
Plasterboard lining
excuded to back face to
replicate extemal wall.

(@)

W5y ;':1"\

90mm concrete slabon metal pan
(1.2mby 2.4m). Slabextemal to
shower endosure not waterproofed
and tiles fixed as per non-wet area.

ikl steel sub-fame
epoxy sealedto el S

prevent horizontal 2 with lifting frames.
wateringress. <2

Doorway wall end
treatment with standard
fixing of jamb and
architraves.

WA Standard aluminium
tilingangle fixed in
conjunction with
waterproofing.

(A) TILED SURFACES WITHIN A TYPICAL BRICK VENEER, SLAB)N-GROUND HOUSE

Timber framed wallto

Reversed cydic g
testing regime 24{.')0mm height.
to rack wall. Oriented Strandboard

and/or HDF lining one face
as perstandard residential
bradng panel.

(B) MANUFACTIRED SHEEWALL BRACING

Point loading at cne
third span locations

Standard residential
floor joist with
Oriented Strand Board
web.

Simply supported
beam ends

(C) ENGINEEREDTIMBERJOISTS

AGURE3: SCHEMATIC DIAGRAMS OF EACH TESTIYPE
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i

——

T
Hydraulic ram

Lateral restraints
with rollers on top
flange of sample

End lateral
restraint

End point with
sample free to rotate

(C) ENGINEEREDTIMBERJOISTS

AGURE4: TESING ARRANGEMENTS
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NEXT STEPS

The tasksforthe bala nce of the project are summarised belo w:

The vulnerab ility of selec ted building typesto a wide range of inundationdep ths
will be assessed and supplemen ted by both a significant body of flood
vulnera bility research by Geoscience Australia and a body of dam age and
socio-econom ic survey activity in Australia.

The outputs of this research will be suitable for use in other CRC research
concern ing risk assessment and impact forecasting in the immedia te aftermath
of an actual event.

Retrofit options entail an investment that will realise a bene fit over future years
through reduced average annualised loss due to severe flood exposure.
Decisions to invest in red ucing building vulnerab ility, either through asset owner
initiatives or the provision by government or the insurance industry incenti ves,
will depend upon the bene fit versuscost of the retrofit.

In this exerc ise all retrofit options will be assessed through a co nsderat ion of a
range of severity and likelihood of flood hazard covering a selection of
catchment types. The work will provide informat ion on the optimal retrofit types
and design levelsin the con text of Australian construction costsand catchment

beha viours.

The work will provide information on the retrofit types suitable for Australian
building types and associated cos t-bene fit anal ysis. The output will be an
evidence -base to inform dec ision making on the mitigation of the comm unity
risk posed by Australian reddential buildings located in flood plain
environm ents.

The outcomes willbe comm unicated to stakehol ders through workshop s, repor ts
and co nference/jo urnal publication s. Using the outcomes of the stakeholder

workshop and the research, tailored retrofit informat ion will be de veloped to
inform dec ison making by governme nts and property owne rs to red uce flood
risk.
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LAUNCESTONLOOD R& MITIGATION
ASSESSMENR®JECT

Launces ton is floodprone and located within the Tamar Rier floodpla in at the
con fluence of the Tamar, North Eskand South EskRiersin Tasman ia. To rep lace
the existing deteriorated levees a new flood mitigation initiative was
commen ced in 2010 to provide Launces ton with reliable flood protection up to
the 200 year Annual Recurrence Interval (ARl event (Fullard, 2013). The initial
project cost estimate was assessed to be $22 million in 2006 (Fontiers, 2006).
Howe ver, the final project cost was exacer bated to $58 million (in 2016 doll ars)
due to increases in cost of con struction and land ac quisition. The project was
funded by the Federal, Sate and Local Governments. The comple ted work
compr ises a levee and flood gate system which includes 12 kilome ters of earth
levee, 700 metres of concre te levee and 16 floodgates (National Precast
Concre te Associatio n, 2015).

Geoscience Australia (GA) was awa rded a project as a variation to its current
project within the BNHCRC to con duct a CBA of the Launces ton flood mit igation
initiative described above. The project stakeholders included the BNHCRC,
Tasmanian Depar tment of Premier and Cabinet, Tasmanian Sate Emergen cy
Sewice, Launces ton City Coun cil (LCC), Launces ton Flood Authority and Northern
Midlands Counc il.

The study aimed to assess:

A The avoided dama ge cost to Launces ton in the June 2016 floods as a
result of the new mitigat ion works.

A The number of peop le displaced due to inunda tion of homes for flood
eventsranging from the 20 year ARl up to the Probab le Max imum Flood
(PMF) and the expec ted time for them to return before and after the
new mitigation works.

A Avoided resident ial and non-resident ial building lossfor flood events
rang ing from the 20 year ARl up to the PMF due to the new mitigat ion
work s.

A The long term cost to Launces ton from flood hazard prior to the new
mitigation works.

A The long term cost to Launces ton from flood hazard following the new
mitigation works.

A A CBA of the new flood mitigat ion investment.
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To acco mplishthese aims the study followed the traditional concept of risk (the
comb ination of hazard, expo sure and vulnerab ility) and conducted a CBA by
assesdng risk be fore and after mitigation at the building level (mirco-scale
study). This study utilised da ta from a number of sources for each compon ent of
the research. Table 7 presentsthe range of componen tsfor which direct losses
were estimated in 2016 dollar values forthe residential and non-resident ial
sectors.

TABLE 7:ESIMATED LOSSFOR THE REEDENTIAL AND NON-RESDENTIAL SECIORS

Residential Sector Non -residential Sector

Building repair/rebuild cost Building repair/rebuild cost
Contents damage cost Clean -up co st

Lossof rental income Lossof Inventory/equipment
Clean -up co st Lossof stock

Lossdue to fatalities Lossof incom e: proprieto r imame

Lossof incom e: turnover

Lossof incom e: wage/salary

The results indica ted that during the 2016 June flood in Launces ton (a 50 year
ARl event based on LCC, 2016) the recons truction of the levee system resulted
in avoiding lossesof about $216 million should the pre -existing levees have failed.
The resulting avoided losseswould be app roximately four times the investment
in new levee sysem.

For the assessment of d irect lossesbe fore and after the new mitigation initiative,
cond itional probab ilities of failure with increasing flood dep th were used to
replicate the deteriorated condition of pre-existing levees. The assessd
likelihood of failure in overtopping of the new levee system if subjected to
extreme flood loads was also considere d.

Table 8 presentsthe number of affected people be fore and after mitigation work
that would be displaced due to inundat ion of homes for selected ARIs. The
new levee system would be able to protect the commun ity up to the 200

ARl event and it was assumed that the communi ty will not be affected for this
flood severity. Furthermor e, it was estimated that there is a 90% chan ce of
protection during the 500 year ARl event based on the freebo ard pro vided on
top of the 200 ARI peak flood level.
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TABLE 8:ESTIMATED AFFEC TED NUM BER OF PEOPLEIN THE RESDENTIAL SECTOR

ARI  Annual Number of affected Number of Affected Number of Affected
(Year) Probability residential properties People People
of Before Mitigation After Mitigation
Exceedance
100,000 0.00001 1,853 4,262 4,262
1,000 0.001 989 2,275 2,275
500 0.002 864 1,987 199
200 0.005 786 1,356 0
100 0.01 707 650 0
50 0.02 627 72 0
20 0.05 551 1 0

Table 9 presents the estimated d irect flood losses to the resident ial and non-
resident ial sectors be fore and after construction of the new levee system for the
componen tslisted in the Table 7. Usng these, the Average Annual Loss (AAL)
was calculated for both be fore and after mitigation. There was a reduction of
$2.9 million in the AAL which reflected the savings made by the investment in
mitigation.

TABLE 9:ESIMATED LOSES ($) BEFOREAND AFTER MITTGATON
Annual Potential Conditional  Conditional Average Annual  Average
ARI  Probability i Lossd Before Lossd After Lossd Before Annual Loss 8

(;O,\jf Mitigation ~ Mitigation ~ Mitigation  After Mitigation

(Year) of
Exceedance (M) (s M) s M) (M)

100,000 0.00001 972.2 972.2 972.2
1,000 0.001 476.5 476.5 476.5
500 0.002 430.2 430.2 43.0

200 0.005 324.8 256.4 0 3.95 1.04
100 0.01 278.4 111.2 0
50 0.02 232.4 11.9 0
20 0.05 165.8 0.08 0

For the assessment of Bene fit Co st Ratio (BCR) the project life was considered to
be 80 yearsand five annual d iscount ra tes (3% to 7%) were used to assessthe
sensitivity of the resultsto investment ca pital cost. The ac tual investme nt cost of
the project compr ised an initial construction and land acqu isition cost of $58
million in 2016 dollar s.
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