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EXECUTIVE SUMMARY 
 

The  mo tivat ion for th is project  arises from the  exper ience  and  obser vat ions made  

dur ing  the  2011 and  2013 floo ds in Australia, w hich  caused  widespre ad 

de vasta tion in Quee nsland . The  flood  events also resulted  in significant  log istics 

for eme rgen c y ma nagement  and  d isrup tion  to communit ies. Cons iderable cos ts 

were  susta ined by  all levels of  go vernment  and  proper ty owners  to effect 

dama ge repa ir and  enable  communi ty rec overy. 
 

A fundamen tal  reason  for this dam age  was  inappropr ia te de velopm ent in 

floodpla ins and  a  lega c y of  high  risk build ing  stock  in flood  prone  area s. The 

vulnera b ility and  assoc ia ted flood  risk is being  reduce d  for ne we r cons truc tion 

by  adop ting new  standa rds (ABCB, 2012), bu ild ing  con trols and  land  use 

plan ning, howe ver, the  vulnerabi lity assoc ia ted wi th existing  bu ild ing  stock 

rema ins. The vulnera b ility of  existing bu ild ing  stock  con tributes d isproport ional ly 

to overa ll flood  risk in many  Austral ian  ca tchmen ts. 
 

The  Bushfire and  Na tural  Haza rds Collaborati ve Research  Cen tre (BNHCRC) 

project  entitled  òCost-effec tive mitiga tion  strategy  de velop ment  for flood prone  

bu ild ingsó a ims to address  this issue and  is targeted  at  assessing mit iga tion  

strategies to  red uce  the  vulnerabi lity of  existing  resident ial  build ing stock  in 

Australian  floodpla ins. The project  addr esses the  need  for an  evide nce base  to 

inform  dec ision mak ing on  the  mitigat ion of  the  flood  risk posed  by the most  

vulnerable  Australian  houses and  c omplemen ts parallel  BNHCRC projec ts for 

ear thquake  and  severe  wind.  
 

To da te , the  proj ect  within the  BNHCRC has de veloped  a  bu ilding  classificat ion 

schema  to ca tegor ise Australian res ident ial bu ild ings into a  range  of  typ ical 

storey  types. Mitigat ion  stra tegies  de veloped  nat ionally  and  interna tional ly ha ve 

be en review ed . Five typ ical  storey types ha ve been  selec ted  wh ich represent  

the  most  common  reside ntial  buildings in Australia. A  floodpro ofing ma trix has 

been  de veloped to assess ap propr ia te stra teg ies for the  selected s torey  types. 

All appropr ia te strategies have been  cos ted  for the  selec te d storey  types 

through  the  engag ement  of  quanti ty surveying  spec ia lists. 
 

Furthermor e, selec ted  bu ild ing  ma terials/systems ha ve been  tested to ascer ta in 

their resilience to floodwa ter exposure. These tests were  a imed  at  addre ssing 

knowledge gaps  in the  areas  of  streng th and  du rab ility of  bu ild ing  materials 

dur ing  immersion.  The  results of  the tests showed  that  flood ing  d id  not  have any 

significant e ffect  on  the  pull -out  streng th of  the  bond  of the  ceram ic  floor  and 

wall  tiles to their substra te , nor  on  the  rack ing  streng th of  the  OSB and  HDF wall 

sheet  brac ing. However, there  was  a  significant  red uc tion (~45%) in load car rying  

c apac ity of  the timber  joists when  tested  in the  wet  conditio n.
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In the  follow ing  yea rs of  the  project  vulne rab ility of  p redom ina nt storey  typ es 

will be  assessed . The  informat ion on  vulnerab ility is fundamen tal  to eva lua te 

mit iga tion  strateg ies and  to exam ine  the  oppor tunit ies for reduc ing  the 

vulnera b ility. The  research  will include  cost  bene fit anal ysis to find  op timal 

mit iga tion  strateg ies for selec ted  storey  types loca ted  within a  range  of 

ca tchment  type s. 
 

This proje c t is investigat ing m ethods  for upgr ad ing  existing  housing  stock  in 

floodpla ins to increase  their resilience  in future  flood  events. The project  will 

pro vide  an  evidence base  to inform  decision  ma king by go vernmen ts and 

proper ty owners  to red uce  flood  risk. The  risk mit iga tion ach ieved w ill decrease 

human  suffering , impro ve safety and  ensure  ameni ty for commun ities.
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END USER STATEMENT 
 
Lee sa Ca rson,  Geosc ience  Australia , ACT 

 

Floods ca use widespread  de vasta tion, d isruption  and  cost  to c ommunit ies. A key  

con tribut ing fact or to flood  risk is the presen c e of  bu ildings  within flood prone  

are as. 
 

This project  is de velo p ing an  important evidence  ba se to assist go vernme nts and  

householders  make  informed  dec isions on  retrofit opt ion s for existing houses  to 

red uc ing  the vulnerabi lity of  these  bu ild ings to  flood ing.  
 

The  project  has ach ieved i ts schedu led  tasks includ ing the  de velopment of  an 

initial  Australian  speci fic  build ing  classific a tion  schema  and  a  litera ture  review 

of  existing mit iga tion  strategies. A flood  mitiga tion  ma trix has been  de veloped to 

ide ntify appropr iate  mitiga tion stra teg ies. These strategies have been  cos ted for 

selec ted  bu ild ing  types and  will provide  a  method  to assist investment dec isions. 

Fina lly, based  on  identi fied  knowledge  gaps  in ma terial  suscep tib ility to  

floodw at er, a  significa nt exper ime ntal  p rogram  has been  undertaken  that has  

pro vided  insights into ma terial suscep tibility. 
 

The  project  team  is acti vely eng aging  in relevant con ference s, workshops and 

forums to c ommun ica te the  research of  the  project  and  engage  with key  end - 

users and  exper ts. The  visit by  the  lead  resea rcher  to Ita ly and  Germany  ear ly in 

the  year  has been  very valuable  in showcas ing the  CRC resea rch  and  seeking 

feed back  from  three  separa te European  research  groups. Further,  the  project 

team  has suc cessfully engag ed  with two  major  insurers that  has informed  the 

exper ime ntal  program  and  its outcome s. Finally, the  team  has developed  with 

the  Nat ional  Flood  Risk Advisory Group  a  project  utilisation  project  that  will 

transla te and  augm ent  the  research  ou tcomes for use by  the  floodpla in 

manage ment  com munity.
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INTRODUCTION 
 

Globally, floods  cau se widespr ead dama ge with loss of  life and  proper ty. An 

anal ysis of  global  statist ics cond uc ted by Jonkman  (2005) showe d  that  floods 

(includ ing  coas tal  flood ing)  c aused 175,000 fa talit ies and  a ffec ted  more  than 

2.2 b illion  people  be tween  1975 and  2002. In Australia  floods  cau se more  

dama ge on an  average  ann ual  cost  bas is than  any other  na tural  haza rd 

(HNFMSC, 2006). The  fundamen tal c ause  of this level of  dam ag e and  the  key 

fac tor co ntributing to flood  risk, in genera l, is the  presence  of  vulnerable bu ild ings 

cons truc ted  within floodplains  due  to ine ffec tive land  use plan ning.  
 

Retrospec tive anal ysis show  large  bene fits from  d isaster risk reduct ion  (DRR) in the   

con texts  of   many   de veloped   and   de velo p ing  c ountries.  A  stud y cond uc ted  

by  the  U.S. Fede ral  Emerge nc y Man ag ement  Agen c y (FEMA) found  an  overall  

bene fit-cost  rat io of  four  sugges ting tha t DRR can  be  high ly e ffec tive in future 

loss reduc tion (MMC , 2005). Howe ver, in spite of  po tent ia lly high  returns, there  is 

limited  research  in Australia  on  assessing  bene fits of d ifferent  mitigation  stra teg ies 

with  conseq uent ial red uced  investment  made  in loss red uc tion  measu res by  

indi viduals  and  go vernm ents. This is true  not  only  at an individual  level but also  at  

nat ion a l and  interna tional  levels. Acco rd ing  to  an est ima te , interna tional  donor  

agenc ies alloca te 98% of  their d isaster manage ment funds  for relief  and  

rec onstruct ion  ac tivities and  just 2% is alloca ted  to  red uce  future  losses (Me chle r, 

2011). 
 

The  Bushfire and  Nat ural  Hazards  Col laborati ve Research  Centre project enti tled  

'Cost-effec tive mit iga tion  strategy de velo pment for flood  prone bu ild ings' 

(BNHCRC, 2017) is exam ining the  opportunit ies for red uc ing  the vulnera b ility of 

Australian  reside ntial  build ings to riverine flood s. It ad d resses the need  for an 

evidence base  to inform  dec ision  ma king on  the  mitiga tion  of  the flood  risk 

posed  by the  most  vulnerab le Australian bu ilding  types and complem ents 

parallel  BNHCRC projec ts for earthquake  and  severe  wind.  
 

This project  investiga tes me thods  for the  upgrad ing  of  the  existing  resident ial 

bu ild ing  stock  in floodpla ins to increase  the ir resilienc e in future  flood  even ts. It 

a ims to ident ify ec onom ically opt imum  upg rad ing  solutions so the  finite resources  

ava ilable  can  be  best used  to minimise losses, decrease  human su ffering , 

impro ve safety and  ensure ameni ty for co mmunit ies.



COST-EFFECTIVE MITIGATION STRATEGY DEVELOPMENT FOR FLOOD PRONE BUILDINGS: ANNUAL REPORT 2016-2017 | REPORT NO. 333.2017 

8 

 

 

 

 
 
 
 
 

PROJECT BACKGROUND 
 

Recent  even ts in Australia  (2011 and  2013) highlight the vulnerabi lity of  housing 

to flood ing  wh ich  orig ina tes from  inappr opria te de velopment in  floodpla ins. 

While there  is now  a  construct ion standard  publ ished by  the  Australian  Building 

Code  Board  (ABCB, 2012) for new cons truc tion in  some  flood  p rone  area s, a 

large  pro port ion  of  the  existing  bu ild ing  stock  has been  bu ilt in flood  p rone 

areas  ac ross Australia  (HNFMSC, 2006). The  Australian  Governme nt has 

de veloped a  Na tional  Strategy  for Disaster resilience  wh ich  de fines the  roles of 

go vernm ent  and  ind ividuals in impro ving  d isaster resilience  (NSDR, 2011). The 

strategy  also emphases  the  responsib ility of  go vernmen ts, businesses and 

households  in  assessing   risk  and   tak ing   ac tion   to   reduc e  the   risk  by 

imp lement ing  mit iga tion  plans  (Prod uc tivity Comm ission, 2014). 
 

An in-depth  unders tand ing  of the e ffec ts of  floods  is requ ired  for the  assessment 

of  risk and  the  development  of  mit iga tion  strategies, part icularly  in the  context 

of  limited  financ ial  resourc es. In this respec t, reliable  informat ion  about  the  cos ts 

and  bene fits of  mitigat ion  are  cruc ial  to  inform  dec ision -making and  the 

de velop ment of  po lic ies, strategies and  measures  to pre vent or reduce  the 

impact  of floo d . 
 

The  obj ec tive of  this project  is to  pro vide  an  evide nce base  for two  target groups  

to inform  the ir dec ision mak ing  process  aro und  mit igation aga inst flood r isk: 

go vernment a nd  proper ty owner s. Federa l, Sta te/ Territory and  local go vernm ents 

have an interest  in the  losses ar ising  from  past  or future  flood e vents and  requ ire 

vulnera b ility information  to support  several  objec tive s including  dec ision  mak ing  

concern ing the  allocat ion  of  fund ing  and  risk manage men t. Property  own ers  

are   also  interested   in  vulnerab ility and mit iga tion  assessment to know the 

po tential  risk to their propert ies due  to floods and  to make dec ision s on  

under tak ing mitigat ion  measures  to red uce  risk and (possibly)  the ir insurance  

prem iums (Meyer et  al.  2012). 
 

Therefore, this project  a ims to p rovide  an  evidence base  to inform  dec ision 

mak ing  on  the  mitigat ion  of  flood  risk by pro vid ing informat ion  on  the  cos t- 

effec tiveness of a  range  of  mit igat ion  strateg ies involving  al terations  to existing 

resident ia l bu ild ings.
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WHAT THE PROJECT HAS BEEN UP TO 
 

The  first four tasks ha ve been  comple ted  by  the  end  of  June  2017 in line  with 

the  project  sche dule. A summa ry of  the  pro ject  acti vities is provided  belo w: 
 
 

BUILDING CLASSIFICATION SCHEMA 
 

Within Australian  communit ies there  is a  wide  range  of  bu ild ing  type s. These 

vary  in many  a tt ributes that  include  floor are a , number  of store ys, age , 

arch itec tural style, fit-out  quali ty, cons truc tion ma teria l types and  the  level of 

ma intena nc e. For mitigation  research  it is necessa ry to take  this range  of bu ild ing  

types and  geome trics and  d isc ret ise it into bu ild ing  classes or ca tegor ies of  similar, 

if not  ide ntica l, vulner abi lity. 
 

In this pro ject  a  litera ture  review was  c onduc ted  wh ich  reviewed  bu ilding 

schemas  developed nat iona lly and  internat ionally  for a  range  of  uses within 

d ifferent  projec ts. The  reviewed schemas were  from  HAZUS, USA (FEMA, 2007), 

UNGAR, Global  (Maqsood et  al.  2014a) , Ea rthquake damage  Analysis Cent er, 

Germany  (Schwarz  and  Ma iwal d , 2008), GMMA RAP, Philipp ines (Pach eco  et 

a l. 2013), RiskScape, New  Zealand  (NIWA, 2010) and  Geosc ience Australia , 

Australia  (Wehner  et  a l. 2012). 
 

Following  the  litera ture  review  a  new  schema  was  proposed  wh ich  was  a 

fundamen tal  shift from  de scr ib ing  the  comple te building  as an  enti ty to one 

tha t focus es on  sub-componen ts. The  prop osed sche ma divided  each  bu ilding 

into the  sub-elemen ts of founda tions, bo ttom floo r, upper  floors (if any) and  roof 

to descr ibe  its vulnerabi lity (see Figure  1). 
 

Through  this approa c h it was  made  po ssible to assess the  vulnerab ility of 

struc tures with d ifferent  usage  and/or  c onstruct ion ma terial  used  in d ifferent 

floor s, and  also to assess the  vulnerab ility of tall  struc tures with ba semen ts where 

only  basemen ts and/or  bo ttom  floors are expec ted  to be  inunda ted  (Maqsood 

et  al.  2015a). The  sc hema class ified each  storey  type  based  on  six a ttribute s: 

cons truc tion per iod , fit-out quali ty, storey  he ight, bottom  floo r, internal  wall 

ma terial  and  external  wall  ma teria l. 
 
 

 
 

FIGURE 1: SCHEMATIC DIAGRAMS OF EACH TEST TYPE (MAQSOOD ET AL., 2015A)



COST-EFFECTIVE MITIGATION STRATEGY DEVELOPMENT FOR FLOOD PRONE BUILDINGS: ANNUAL REPORT 2016-2017 | REPORT NO. 333.2017 

10 

 

 

 
 
 

 

LITERATURE REVIEW OF FLOOD MITIGATION STRATEGIES 
 

The  suc c eed ing task comple ted  in this project  was  the  literature  review  of 

mit iga tion  strategies de veloped nat ion a lly and  internat iona lly. The  review helped  

to evalu a te the  strateg ies that  suit Australian bu ild ing  types and  typ ical 

ca tchment  beh aviours for adopt ion  in Australia.  The  review cons ider ed litera ture 

ava ilable  through  pe er-reviewed journal s, internat ional  con fere nc es and  

resea rch  repor ts. 
 

Strategies in the  internat ional  litera ture  have been  de veloped  for d ifferent types 

of  floods  and  the  adoption  of  a  part icular  strategy  de pends upon  the 

char ac teristics of  flood  hazard  and  bu ilding  stock  along  with any  mitiga tion 

ince ntives and  assoc ia ted cost  bene fit anal ysis. The review  d iscussed  the 

commonly  used  strategies and  summar ised the  ad vantages  and d isadvantages 

of  eac h of  them.  The  review  ca tegor ised mitiga tion  stra tegies into five 

c a tegor ies: ele va tion,  reloca tion, d ry floodpr oofing , wet  floodproo fing and  flood  

barr iers (Maqsood  et  a l. 2015b). 
 

Eleva tion  is tradit ional ly cons idered  to be  an  easier and  effecti ve strategy  and 

is the  one  wh ich  ge nerally re sults in incent ives such  as a  red uc tion in insuranc e 

prem iums (Bartzis, 2013). How ever it is d ifficult  to implem ent  for some cons truc tion 

types suc h as c onc rete slab-on -grade s truc tures. Reloca tion  is the surest  way to 

elimina te  flood  risk by reloca ting ou tside  the  flood p lain  bu t, as in the  case  of  

ele vation, it becomes  more  d ifficult  to implement  for hea vier and larger  

struc tures. Dry floodpro ofing  and  flood  barr iers are  effic ient only  in shallow  low  

velo c ity hazard  a reas and  are  general ly not  pract ical  in deep  fast flow ing  

wa ters. Wet  floodproo fing  is suitab le in low  to  modera te dep ths of wa ter with 

inunda tion  dura tion  not  exceeding  a  day. 
 

Figure  2 p resen ts examples  of  ele va ting ground  floor  and  flood  barr iers to keep 

wa ter aw ay from  the  proper ty. 
 
 

 
(A) ELEVATING GROUND FLOOR                                          (B) USING FLOOD BARRIERS 

 

 
 

FIGURE 2: EXAMPLES OF MITIGA TION STRATEGIES (MAQSOOD ET AL., 2015B)
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DEVELOPMENT OF COSTING MODULES FOR SELECTED 

MITIGATION OPTIONS 
 

A list of  building  mater ials typ ically  used  in Australian reside ntial  cons truc tion 

was  de velope d . This list helped  to  identi ty predom inant  con struc tion  ma terials 

and  storey types in Australia  and  also informed  the  de velop ment of  cos ting 

module s. Five typ ical  resident ia l storey  types were  selec ted  for the  balance  of 

the  resear c h wh ich  was  a  subset of  the  schema pro posed e arlier in this report. 

Key cha rac teristics of  these  storey  types  are  presen ted  in Table  1. 
 

TABLE 1: CHARAC TERISTICS OF SELECTED STOREY TYPES 

 
Storey    Con struction  

Type    pe riod  

 
Bottom    Fit-out       Storey floor   

quality   height system  

 
Inte rnal   wall 

mate rial  

 
External 

wall 

mate rial  

 
Photo  

 

1       Pre-1960     Ra ised    Low       2.7m 

Timber  
 

 
 
 
 
 
 
 
 

2       Pre-1960     Ra ised    Low       3.0m 

Timber  
 

 
 
 
 
 
 
 
 

3       Pre-1960     Ra ised    Low       2.4m 

Timber  
 

 
 
 
 
 
 
 
 

4       Post-1960    Ra ised   Standard    2.4m 

Timber  

 

Timber         Wea ther - 

board  
 

 
 
 
 
 
 
 
 

Mason ry      Cavity 

masonry  
 

 
 
 
 
 
 
 
 

Mason ry      Cavity 

masonry  
 

 
 
 
 
 
 
 
 

Plasterb oard   Bric k 

veneer  
 

 
 
 
 
 
 
 
 

Plasterb oard   Bric k 

veneer  

 

5       Post-1960 

 

Slab -on -  Standard    2.4m 

grade  
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Furthe r, based  on  the  charac teristics of  the  selec ted  storey types a floodpro ofing  

ma trix was de veloped  wh ich  exclud ed  the  mitigat ion  op tions tha t were  inva lid  

in the Australian con text (see Table  2). 
 

 
 

TABLE 2: FLOODPROOFING MATRIX 

 
Building Type    Elevat ion     Elevat ion     Elevat ion     Relocat ion   Flood Ba rriers Flood Ba rriers (Extending    

(Building a    (Raising the               (Permanent)  (Tempo rary) the  wall s)     second    

whole  hou se)  
storey)  

 
Dry Flood -   Wet Flood - 

proofing      proofing  

 

1 

 
2 

 
3 

 
4 

 
5 

 

N/A  

 
N/A  

  

N/ A         N/ A         N/A  
 

  

N/ A         N/A N/ A         

N/A N/ A         N/A  

N/ A         N/A  

 

  

N/ A         N/ A         N/A  

 
N/ A         N/ A         N/A  

 

N/A  

 
N/A  

 

 

 
 

Cost ing  modules  (see Table  3) were developed  by quanti ty surveying  spec ial ists 

to estima te  the  cost  of  imple ment ing all  appropr iate  mitigat ion stra tegies for 

these  five storey  types (Maqso od et  a l., 2016a). These cos ting  modules  will be 

ut ilised to assess the  vulnera b ility of  selec ted  storey types a fter mit iga tion  in the 

next  phase  of  the  projec t. Furthermor e, these  cost ing modules  will be  a  cruc ial 

inp ut in the  Cost  Bene fit Ana lysis (CBA) to  ident ify op timum  mit igat ion  strategies 

in selec ted  ca tchment  type s. 
 

 
 

TABLE 3: COST OF IMPLEMENTING FLOOD MITIGA TION STRATEGISES TO EXISTING BUILDINGS FOR SELECTED STOREY TYPES (MAQSOOD ET AL., 2016A) 

 
Storey   Elevat ion - Elevat ion -Elevat ion -Relocat ion  Flood Ba rriers       Flood Ba rriers 

Type   Extending  Building a  Raising  

the  walls    second  the  whole     ($)     (Permanent)        (Tempo rary)  
storey    hou se 

($)                                     ($)                ($) 

($)      ($) 
 

1.0m   1.8m   0.9m   1.2m   1.8m high    

high    high     high     high  

 
Dry 

Flood - 

proofing  
 

($) 

 
Wet Flood -proofing  

 

($) 

   

Existing 

structu re 

 

Substantial  

Renovation  

 

1 

 
2 

 
3 

 
4 

 
5 

 

N/ A      N/A  

 

78,200 

 

N/ A    N/ A    N/ A    N/ A    N/A  

 

N/A 

N/A 

N/A  

N/A  

 

11,700    68,000 

 
15,400    56,600 

 
17,400    104,300 

 
15,500    140,000 

 
17,400    149,800 

 

N/A  

 

213,500 

 
429,700 

 
405,200 

 
431,000 

 

N/ A      N/A 

N/ A      N/A 

N/ A      N/A  

N/ A      N/A  

 

133,500 177,600 62,500 111,800 136,300 

 

397,700 

 

N/ A    N/ A    N/ A    N/ A    N/A  

 
N/ A    N/ A    N/ A    N/ A    N/A  

 

N/A  

 
N/A  

 

154,300 208,300 164,600 144,100 176,200 $154,320 
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EXPERIMENTAL TESTING OF SELECTED BUILDING 

MATERIALS 
 

In this project  the  streng th and  du rab ility imp lic a tions of  immersion  of  key 

struc tural  elemen ts and  bu ild ing  componen ts in condit ions of  slow wa ter rise 

were   examined  to  ascer ta in  where   deteriorat ion  due   to  wett ing   and 

subseq uent  drying  need ed  to be  add ressed as part  of  repa ir stra teg ies 

(Maqsood  et  al ., 2017a ). 
 

This resea rch  includ ed  exper imen tal  testing  of  select ed  ma terials/ systems to 

ad dress key ga ps in knowledge on  resilience to floodwa ter exposure. The 

Cyclone  Testing  Sta tion  a t James  Cook  University (JCU) was selec ted  to cond uct  

the exper iments on selec ted  bu ild ing  ma teria ls and  struc tural  systems to assess 

degra da tion in simula ted  flood  even ts. Mee tings were  held  at  JCU in June  2016 

to scope the  resear c h program  and  to inspect  the  test ing  fac ilities ava ilable  for 

this work.  
 

Furthermor e, the  experime ntal  program me was  de veloped in consul tat ion with 

the  insurance  indus try loss assessors and  was  scop ed  in recognition  of  the 

ava ilable bud get. Two separ at e workshops  were  organ ised in Sydn ey on  13th July 

2016 with the  Insurance Australia Group  (IAG) and  the  Suncorp  Group . The 

workshops  were  a imed  at  seeking  feedb ack  from  the  insurance indus try on 

proposed  exper imen tal pr ogramm e. The  feedb ack  ad dressed  the 

appropr iateness of  the  testing  reg ime, ident ified  gaps  in ma terial  testing 

resea rch   and   prioritised the   tests  to  be  includ ed  in  the   exper imental 

program me to fill the  gap s. Based  on  the  feed bac k, for  three  test types we re 

selec ted . A numb er of  samples  were  pre pared for each  test type  at  JCU and 

tested  to a ttempt  to p rovide  some unders ta nd ing  of  the varia tion of  resistan c e. 
 

The  scope  of  the  tests inc lude d : 
 

Å  Cons truct ion of  samples  for three  selec ted  test  type s, 
 

Å  Testing  the  samples  for strength  evalu a tion  in a  d ry stat e, 
 

Å Immers ing  the  samples  in silt or cla y-laden  wat er for a  spec ified  pe riod  of 

time, 
 

Å  Testing  some samples  immed ia tely a fter immersion, 
 

Å Drying  the  samples  using na tural  ventila tion  and/or  forced  ventilat ion  but 

not  he a ting , and  
 

Å  Testing  the  samples  follow ing  drying . 
 
 

Furthermor e, a  techn ical sp ec ia list (loss assessor) from  the  Insurance  Australia 

Group  (IAG) was  requested  to inspect  the  spec imens visually and  to assess the 

repa ir work  the  samp les might requ ire if they were  pa rt of  a  full size house. The 

tech nical  spec ia lists submit ted  a  report  on  the  obse rvat ions m ade  during  the 

tests. 
 

Each  of the  test spec imen types is descr ibed  below  along  with  the  key results 

ob ta ined.
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Test Type 1 (6 speci me ns): 
 

Tiled  surfac es within a  typ ical  b rick  venee r, slab-on -ground  hou se (see Figure  

3A).  This test  exami ned  the  bond  strength  of  floor  and  wall  tiles followi ng 

inundation  with the  objec tive of  de termining  the  necessity or otherwise of 

remo ving  and  replac ing  all  tiles follow ing  inunda tion (see Figure  4A). 
 

Six spec imens were  cons truc ted . Three  of  them  repl ica ted  a  ba throom assemb ly 

wh ile the  other  three  repl ica ted  a  shower  assembly.  Results ind ica ted tha t 

flooding d id  not  ha ve any  ad verse impact  on  the bond  streng th of  floor and  wall  

tiles as shown in Table  4. 
 

 
 

TABLE 4: RESULTS OF STATIC PULL-OUT STRENGTH TESTING 

 
Test 

 
Simulation             Flooded             Comment         Floor Tile Failure 

Load (kN) 

 
Wall Tile Failure  

Load (kN) 

 

A1 

 
A2 

 
A3 

 
B1 

 
B2 

 
B3 

 

Bathroom               No          Con trol Spec ime ns          9.27                2.82 

 
Bathroom               Yes          Tested  af ter dry ing          12.44                3.66 

 
Bathroom               Yes          Tested  af ter dry ing          11.69                3.64 

 
Shower                No          Con trol Spec ime ns          8.92                3.57 

 
Shower                Yes          Tested  af ter dry ing           8.96                3.15 

 
Shower                Yes          Tested  af ter dry ing           9.72                3.70 

 

 
 

Test Type 2 (20 speci mens): 
 

Man ufac tured  timber  sheet  wall  brac ing  (see Figure  3B). This test exam ined  the 

streng th of  eng ineered timber  struc tural  sheet  wa ll brac ing . This test was 

designed  to test the  struc tural  ade quac y of  struc tural  wall sheet  bracing 

follow ing  inunda tion and  subsequent  drying  (see  Figure  4B). Two types of  wall 

sheet  bracing were  tested  for rack ing  strength i.e. Orien tal  Strand  Boa rd  (OSB) 

and  High-densi ty fiberboard  (HDF). 
 

Ten  spec imens  were  c onstruc ted for each  b rac ing  mater ial.  Five of  them  we re 

tested  in a  d ry cond ition wi tho ut be ing  flooded  and  the  other  five were  tested 

a fter a  wett ing  and  drying  c ycle. Results ind ica ted tha t flood ing  d id  not have 

any  ad verse impact  on  the  racking  streng th of  bo th types  of  brac ing shown  in 

Table  5. 
 

 
 

TABLE 5: RESULTS OF RACKING STRENGTH TESTS 

 
Test 

 
Sheet                  Flooded                 Comment  

 
Failure Load (kN) 

 

A1 - A5 

 
A6 - A10 

 
B1 - B5 

 
B6 - B10 

 

OSB                     Yes              Tested af ter dr ying              5.47 

 
OSB                     No               Con trol spec imen               5.35 

 
HDF                     Yes              Tested af ter dr ying              5.60 

 
HDF                     No               Con trol spec imen               6.23 
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Test Type 3 (48 speci mens): 
 

Engineered  timber  joists. This test exam ined the  ben d ing and  shear streng th of 

manu fac tured  timbe red  joists (see Figure  3C). This test was  designed to test the 

struc tural   adeq uac y  of   manu fac tured  timber   I  sect ion   joists  following 

inundation  and  subsequent  drying  (see  Figure  4C). Two  types of  joist we re 

tested  (H2 trea ted  and  untreate d ). Strengt h was  tested  at  three stage s: d ry 

be fore  immers ion, wet  imme diately a fter immers ion and  d ry a fter d rying 

follow ing  immers ion.  
 

Results ind ica ted  that  flood ing  d id  not  ha ve any  ad verse impact  on  the bend ing 

and  shear  strength  of  bo th types of  b rac ing  when  tested  in dried cond ition as 

shown  in Table  6. 
 

Howe ver, there  was  a  significant  red uc tion  (~45%) in load  car rying  ca pac ity of 

the  timber  joists when  tested  in the  wet  c ondit ion. M oreo ver, it was obser ved 

tha t the  moisture con tent level after the  test  returned  close  to pre -inundat ion 

level within a  wee k. 
 

 
 

TABLE 6: FOUR POINT BENDING STRENGTH TESTING RESULTS 

 
Test 

 
Treated                  Flooded                 Comment  

 
Failure Load (kN) 

 

A1 ðA8 

 
A9 ðA16 

 
A17 ðA24 

 
B1 ðB8 

 
B9 ðB16 

 
B17 ðB24 

 

H2                      YES              Tested  af ter dry ing             16.53 

 
H2                      NO              Con trol Spec ime ns              17.21 

 
H2                      YES                  Tested  wet                  9.23 

 
NIL                     YES              Tested  af ter dry ing             16.21 

 
NIL                     NO              Con trol Spec ime ns              18.64 

 
NIL                     YES                  Tested  wet                  9.30 
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(A) TILED SURFACES WITHIN A TYPICAL BRICK VENEER, SLAB-ON-GROUND HOUSE 

 

 
 

(B) MANUFACTURED SHEET WALL BRACING 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(C) ENGINEERED TIMBER JOISTS 

 
 

FIGURE 3: SCHEMATIC DIAGRAMS OF EACH TEST TYPE
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(A) TILED SURFACES WITHIN A TYPICAL BRICK VENEER, SLAB-ON-GROUND HOUSE 

 

 
 

(B) MANUFACTURED SHEET WALL BRACING 

 

 
 

(C) ENGINEERED TIMBER JOISTS 

FIGURE 4: TESTING ARRANGEMENTS
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NEXT STEPS 
 

The  tasks for the  bala nce  of  the  project  are  summar ised belo w: 
 

 

VULNERABILITY ASSESSMENT FOR CURRENT AND 

RETROFITTED BUILDING TYPES 
 

The  vulnerab ility of  selec ted  bu ild ing  types to a  wide  range  of  inundation dep ths 

will be  assessed  and  supplemen ted  by bo th a  significant  bo dy of flood 

vulnera b ility research  by Geosc ience Australia  and  a  bo dy of dam age  and 

soc io-econom ic  survey ac tivity in Australia.  
 

The  outpu ts of  this research  will be  suitab le for use in other  CRC research 

concern ing  risk assessment and  impact  forecas ting  in the  immedia te a ftermath 

of  an  ac tual  even t. 
 
 

COST BENEFIT ANALYSIS 
 

Retrofit op tions enta il an  investment tha t will rea lise a  bene fit over future  years 

through  red uced  average  an nual ised loss due  to severe  flood  expos ure. 

Dec isions to  invest in red uc ing  bu ild ing  vulnerab ility, either  through  asset owner 

initia tives or the  pro vision  by  go vernment  or the  insurance  indus try incenti ves, 

will depend  upon  the  bene fit versus cost  of  the  retrofit. 
 

In this exerc ise all retrofit opt ions will be  assessed through  a  co nsiderat ion of  a 

range  of  severity and  likelihood of  flood haza rd  co vering  a  selec tion of 

ca tchment  type s. The work  will p rovide  informat ion  on  the  op timal  retrofit types 

and  design  levels in the con text  of  Australian  cons truct ion  cos ts and  ca tchment 

beha viours. 
 
 

DISSEMINATION 
 

The  work  will pro vide information on  the  retrofit types suitab le for Australian 

bu ild ing  types and  assoc ia ted cos t-bene fit anal ysis. The  ou tp ut will be  an 

evidence -base to inform  dec ision ma king  on  the  mitiga tion  of  the  comm unity 

risk  posed   by   Australian  resident ial   build ings  loca ted   in  flood   plain 

en vironm ents. 
 

The  ou tc omes will be comm unic a ted  to stakehol ders through  workshop s, repor ts 

and  co nference/jo urna l publ ication s. Using  the  ou tcomes  of  the stakeholder  

workshop  and  the  resea rc h, ta ilored  retrofit informat ion  will be de veloped to 

inform  dec ision  mak ing  by  go vernme nts and  pro perty owne rs to red uce  flood  

risk.
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LAUNCESTON FLOOD RISK MITIGATION 

ASSESSMENT PROJECT 
 
 

INTRODUCTION 
 

Launces ton is floodprone and  loca ted  within the  Tamar  River floodpla in at  the 

con fluenc e of the  Tama r, North Esk and  South Esk Rivers in Tasman ia.  To rep lace 

the  existing  de teriora ted le vees a  new flood  mit iga tion initia tive was 

commen c ed  in 2010 to provide  Launces ton  with  reliable flood  pro tect ion up  to 

the  200 year Annual  Recurrenc e Interval  (ARI) event  (Fullard , 2013). The  initial 

project  c ost estima te was  assessed to be  $22 million  in 2006 (Front iers, 2006). 

Howe ver, the  fina l project  cost  was exacer ba ted to $58 million  (in 2016 doll ars) 

due  to increases in cost  of  con struct ion a nd  land  ac qu isition.  The project  was 

funded  by the  Fede ra l, Sta te and  Local  Governm ents. The  c omple ted  work 

compr ises a levee  and  flood  ga te system  which  includes  12 kilome ters of  ea rth 

levee, 700 me tres of  concre te levee  and 16 flood ga tes (Na tion a l Precast 

Concre te Assoc iatio n, 2015). 
 

Geosc ience Austral ia  (GA) was  awa rded  a  project  as a  variati on to its current 

project  within  the  BNHCRC to con duct  a  CBA of  the  Launces ton  flood mit iga tion  

initia tive descr ibed  abo ve. The  project  stakeholders  included  the BNHCRC, 

Tasmanian Depar tment  of  Premier and  Cab inet, Tasman ian  Sta te Emergen c y 

Servic e, Launces ton  City Coun c il (LCC) , Launces ton  Flood  Autho rity and  Northern  

Midlands  Counc il. 
 
 

AIMS AND OBJECTIVES 
 

The  study a imed  to assess: 
 

Å The  avoided  dama ge cost  to Launces ton  in the  June  2016 floo ds as a 

result of  the new  mit igat ion  work s. 
 

Å The  num be r of  peop le d isplaced  due  to inunda tion  of  homes  for flood 

events ranging  from  the  20 year ARI up  to the  Probab le Max imum Flood 

(PMF) and  the  expec ted  time  for them  to  return before  and  a fter the 

new  mit iga tion  work s. 
 

Å Avoided  resident ia l and  non -resident ia l bu ild ing  loss for flood  even ts 

rang ing from the  20 year  ARI up  to the  PMF due  to the new  mitigat ion 

work s. 
 

Å The  long  term  cost  to Launces ton  from  flood  haza rd  pr ior to the  new 

mit iga tion  work s. 
 

Å The  long  term  cost  to  Launces ton  from  flood  hazard  follow ing  the  new 

mit iga tion  work s. 
 

Å  A CBA of the  new  flood  mit igat ion  investmen t.
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SCOPE OF STUDY 
 

To acco mplish these a ims the  study follo wed  the  tradit ional  concept  of  risk (the 

comb inat ion  of  hazard , expo sure and  vulnerab ility) and  co nduct ed  a  CBA by 

assessing  risk be fore  and  a fter mit iga tion  at  the  build ing  level (mirco-sca le 

study). This study utilised da ta  from a number  of sourc es for each  compon ent  of 

the  resear c h. Table  7 presen ts the range  of componen ts for wh ich  d irect  losses 

were  estima ted  in 2016 dollar  values  for the  resident ial  and  non-resident ial 

sec tors. 
 

 
 

TABLE 7: ESTIMATED LOSS FOR THE RESIDENTIAL AND NON-RESIDENTIAL SECTORS 

Residential Sector                       Non -residential Sector  
 

Build ing repair/ rebu ild cost               Build ing repair/ rebu ild cost  
 

Co ntents damage cost                  Clean -up co st 
 

Loss of  renta l income                    Loss of  Inven tory / equ ipm en t 
 

Clean -up co st                         Loss of  stock  
 

Loss due to fa ta lities                    Loss of  incom e: pro prietorõs income  
 

Loss of  incom e: turnover 
 

Loss of  incom e: wage/ sa la ry 
 

 

RESULTS 
 

The  results ind ica ted that  dur ing  the  2016 June  flood  in Launces ton  (a  50 year 

ARI event based  on  LCC, 2016) the  recons truc tion  of  the  levee  system  resulte d 

in avoid ing  losses of  about  $216 million  should the  pre -existing  levees  have  fa iled . 

The  resulting  avoided  losses wou ld  be  app roxima tely four  times the  investment 

in new  levee system.  
 

For the  assessment of d irect  losses be fore  and  a fter the  new  mit iga tion  initia tive, 

cond itional probab ilities of  fa ilure with inc reasing  flood  dep th were  used  to 

repl ica te the  de teriorated  co ndit ion  of  pre -existing l evees. The assessed 

likelihood  of  fa ilure in overtopp ing of  the new  levee  system  if subjec ted  to 

extreme  flood  loads  was also cons idere d . 
 

Table  8 p resen ts the number  of  a ffec ted  people be fore  and  a fter mit iga tion work  

that  would  be  d isplaced  due  to inundat ion  of  homes  for selec ted  ARIs. The  

new  levee  system  would  be  able  to pro tect  the  commun ity up  to the  200 

ARI event  and  it was  assumed that  the  communi ty w ill not  be  a ffec ted  for this 

flood  severity. Furthermor e, it was  estima ted that  there  is a  90% chan c e of 

pro tect ion  dur ing  the  500 year ARI event based  on  the  freebo ard pro vided  on 

top  of  the  200 ARI peak  flood  level.
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TABLE 8: ESTIMATED AFFECTED NUMBER OF PEOPLE IN THE RESIDENTIAL SECTOR 

ARI      Annual  

(Year)  Probability 

of  
Exceedance  

Number of affected     Number of Affected      Number of Affected 

residential properties          People                 People  
Before Mitigation         After Mitigation  

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 p resen ts the  estima ted d irect  flood losses to the  resident ial  and  non - 

resident ia l sec tors be fore and  a fter cons truction  of  the  new  levee  system  for the 

componen ts listed  in the  Table  7. Using  the se, the  Average  Annual  Loss (AAL) 

was  ca lcu la ted  for both be fore  and  a fter mit iga tion.  There  was  a  red uc tion of  

$2.9 million  in the  AAL wh ich  reflec ted  the  savings made  by the  investme nt in 

mit iga tion.  
 

 
TABLE 9: ESTIMATED LOSSES ($) BEFORE AND AFTER MITIGATION 

Annual  

ARI     Probability  

(Year)        of  

Exceedance  

Potential    
Conditional    Conditional   Average Annual    Average  

Loss    
Loss ð Before   Loss ð After    Loss ð Before    Annual Loss ð 

($ M)      
Mitigation     Mitigation      Mitigation    After Mitigation  

($ M)         ($ M)          ($ 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 

100        0.01 

50        0.02 

20        0.05 

324.8       256.4          0            3.95           1.04 

278.4       111.2          0 

232.4        11.9           0 

165.8        0.08           0 

 

 
 

For the  assessment of Bene fit Co st Ratio (BCR) the  pro ject  life was  cons ider ed  to 

be  80 years and  five annual d iscount ra tes (3% to 7%) were  used  to assess the 

sensitivity of the  results to investment  ca p ita l cos t. The  ac tual  investme nt cost  of 

the  project  compr ised an  initial  cons truc tion and  land  acqu isition cost  of  $58 

million  in 2016 dollar s.




