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1. Executive summary

As part of the Defra policy objective to help individuals take more ownership for
management of their flood risk a Rapid Evidence Assessment (REA) around low cost
resilience approaches to preventing damage once water is allowed into properties
has been undertaken as follows:

e The aim of the REA was to collate the evidence of the existence and
efficacy of low cost approaches and explore how they can be best
implemented by property owners and occupiers.

e Using a structured protocol the review has collected academic
literature, grey literature, industry and government publications and
guidance to answer the primary question “How can low cost adaptation
approaches be used in existing residential and small business
properties to limit the damage from flood water?” Secondary and
supplementary questions were also posed in order to inform the
analysis of sources found.

e Academic search databases, search engines and searching of
websites of organisations were used in addition to resources already
known to the review team. After expert consultation further sources
were identified through recommendation and highly targeted searches.

e Over 1,000 sources were scoped, 141 sources have been used at full
text. These sources have been briefly scanned for evidence and
information and relevant evidence has been extracted.

e 139 resilient interventions have been identified, 16 of which have
accompanying costing information.

e 15 publications include scientific evidence of the likely or actual
performance of these measures in a flood scenario.

e 46 publications discuss the barriers, motivations and incentives for
taking up measures.

e 19 publications contain case studies and 3 alternative web based
sources of case studies have been identified.

e Many of the documents built upon a core body of evidence already well
known to the review team and captured by Defra research but some
new ideas and evidence were gathered in the area of co-benefits,
properties of insulation and wall assemblages and barriers and
motivations.

e Costing information is scanty and contradictory in some cases, making
it difficult to identify low cost approaches definitively. An inclusive
approach is proposed to categorise measures.



Scientific evidence for performance of measures was also found to be
scarce in terms of published literature, but there was broad consistency
across industry experts regarding their view of the effectiveness of
many (but not all) of the approaches identified. There is a need for
further research to gather improved evidence of effectiveness.

The weight of evidence suggests that low cost approaches can be
used to minimise some of the damage from floodwaters entering the
home and increasing their uptake could save money for households,
small businesses and their insurers.

Low cost approaches can be taken individually or as part of a package
of measures. Often they are effective on their own and so present very
low financial barriers to implementation.

Different measures are most appropriate at different stages of the
property lifecycle for example at reinstatement or during planned
building work or replacement of fixtures and fittings.

Evidence also suggests that within the constraints of insurance
contracts and available funding for householders and small
businesses, these measures can provide a practical approach in
overcoming financial barriers to implementation.

Informational barriers are seen as critical from this review and in
particular from the interviews. More information and guidance was
requested by households and many professionals.

Flood recovery and/or the availability of grants were the triggers for
most of the repairable and resilient examples within the interviews.
While literature and guidance often makes a distinction between water
entry and water exclusion, interviewees saw repairability and resilience
as part of a whole scheme that might also have some exclusion
features. It may be helpful to reflect the concept of an ‘integrated
strategy’ in communications targeted at the general public as well as in
industry guidance.

Aesthetic considerations were highlighted as important in interviews,
unattractive, or abnormal looking measures will meet with opposition
from building occupiers, however some of the measures were seen to
be enhancements.

Contamination considerations were also stressed by professionals as a
real barrier to uptake.



2. Introduction

The rapid evidence assessment (hereafter RAE) forms part of a larger research
project that aims to identify barriers and propose solutions to promote low cost flood
approaches that would make properties at flood risk more resilient to damage from
flood waters. The project’s aim supports the long-term objective of enabling
individuals and communities to take more ownership for the management of their
flood risk and to recover more quickly as a result. The RAE sought to identify barriers
to resilient reinstatement and means to overcome these barriers, both within the
affected communities and within the professional networks engaged in the process.

The project fits within the context of extensive past research (much of it initiated by
Government) on ‘flood resistance’ and ‘flood resilience’ that has led to structural
interventions, community capacity building and improved planning policies. This new
research will build on the earlier research, avoiding replication of previous findings by
focusing on low cost approaches and innovative strategies.

The scope of interventions for the research has been clearly specified as excluding
measures to keep water out of a building so that the focus becomes internal
adaptation or what is often known as ‘wet-proofing’ or ‘water entry strategy’. This is
adapting a building so that when floodwater enters a building, damage to materials is
minimised and building elements that are damaged can be easily repaired or
replaced. Measures include use of waterproof or fast drying finishes and relocation
of sensitive services above expected water levels. A flood repairable strategy is
often recommended to deal with residual risk in protected properties, and in
properties where protection is not practical, e.g. due to high depth of expected
flooding. Some of the measures can be termed ‘no regrets’ or ‘low regrets’ options
as they are cheap to install, particularly during post-flood reinstatement, or during
refurbishment and/or alterations to properties. In some cases, the measures may
offer other benefits, such as improved air tightness leading to lower heating costs.
Low cost, ‘low regret’ adaptations are more widely applicable than more costly
resilient approaches, extending the potential uptake to any home likely to be flooded
(even those with other forms of protection) as a failsafe. The research will therefore
focus on measures that fall within the low cost category, or low additional cost
category when implemented at the intervention opportunities throughout the building
lifecycle.

It is well recognised that, despite efforts by multiple agencies, the tendency of
communities at risk to adopt measures to protect their property from flooding is
generally low. It has been recognised that lack of guidance on the range and
suitability of low cost flood repairable measures, and deeper understanding of their
economic costs and benefits in relation to other mitigation options, is an existing and
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critical barrier. Although other more comprehensive and costly schemes may prevent
a higher percent of damage in an individual building, the rationale for focussing on
low cost approaches in this project is that low cost approaches represent the lowest
financial barrier to implementation, may even be near to zero cost and could be
adopted more widely thus preventing just as much damage on a community level.
Therefore the project is designed to address some of the informational barriers to
implementation, while also engaging with the professional networks that would
support property owners and occupiers to implement the measures.

However, awareness and information alone does not result in widespread
implementation of resilient measures. Appreciation of financial resources, practical,
timing, emotional and behavioural barriers; and design of supporting networks,
informational materials and systems that minimise those barriers, may have the
potential to increase uptake. While approaches to do this have been suggested, and
indeed applied in a piecemeal manner by isolated companies/individuals, evidence
about the relative effectiveness of suggested approaches is lacking. This evidence
gap can be partly explored through closer examination of existing research and
therefore the project started with a rapid evidence assessment (REA).

2.1 Objectives

A Rapid Evidence Assessment (REA) was selected as an appropriate vehicle for
synthesis of the available research and practice based information regarding low
cost resilience approaches. Specifically the objectives of the assessment were:

e To collate the newest evidence regarding technical, opportunities to increase
uptake of low cost adaptations to existing buildings that limit future flood
damage.

e To collate the evidence regarding social and behavioural opportunities to
increase uptake of low cost adaptations to existing buildings that limit future
flood damage.

e To identify sources suitable for expansion into illustrative case study material.

e To gather performance data for improved cost benefit assessment of
measures.

The rapid evidence assessment approach has many advantages for this purpose
over the other options. A literature review would not allow for the inclusion of the
required variety of sources of evidence needed, to be up to date with the range of
low cost approaches used in practice, many of which will not be captured within
academic literature. A scoping review would not allow for the critical appraisal of
sources and inclusion of experts opinion in evaluating evidence. The full REA
includes academic and policy literature and technical material, consultation with the
experts to identify additional sources and further evidence gathering and synthesis.



The time and resources available for a full systematic review or more complex
systematic review were not available and also judged unnecessary given that the
academic evidence base was already known to the project team and subject to
methodological limitations. The review process is shown in figure 1 below.

V
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Elceics Synthesise the Communicate the
Involving outside Evidence indi

Figure 1: The Rapid Evidence Assessment process (after Joint Water Evidence Group

(JWEG) beta guidance 2014) collins, A., Miller, J., Coughlin, D. & Kirk, S. (2014) The production of
quick scoping reviews and rapid evidence assessments: A how to guide. London: Joint Water Evidence
Group.

2.2 Primary question, secondary and supplementary questions

The primary question for the evidence assessment was one of identifying low cost
technical approaches that limit future internal flood damage and loss.

How can low cost adaptation approaches be used in existing residential
and small business properties to limit the damage from flood water?

Further secondary research questions that were addressed by the evidence
assessment are as follows:

a. What low cost adaptation approaches are there?

b. What evidence exists on the impact of adaptation approaches on future flood
damage?

c. When and how can these adaptations be most effectively implemented?



In addition there were several themes that Defra wished to explore alongside the
main research question relating to barriers to uptake and ways to overcome these
barriers.

e Does the approach require ‘bespoke’ or innovative materials, or is it about
using existing knowledge and materials in a different way?

e |Is it possible to develop ‘packages’ of low-cost materials that can be used to
make properties flood repairable?

e For potentially useful products, are there criteria for their existing accreditation
that would also serve to indicate to users that the products are suitable for use
in resilient repair following a flood.

e Are there transferable approaches and lessons from projects in other fields
that can be applied to work in this area — examples include the energy, waste
or water supply sectors?



3. Description of methods used

3.1 Literature scoping

To structure the questions and search terms, the elements defined within the project
specification for the research were considered first, followed by search terms derived
from them. Evidence is required to answer a question that relates to a specific
population of interest. The question usually relates to an intervention or treatment to
achieve a desired outcome. Ideally this is compared to an alternative treatment or
intervention or to the existing no intervention condition.

The project specification defined both the at-risk population that would require low
cost approaches (single households and small to micro sized businesses) and the
other required elements (see table 1 below). As noted above the project focussed
upon households and small businesses, and comparing the low cost intervention
approach against no intervention rather than against an ‘optimum’ intervention.

Table 1: ‘PICO’ elements for the REA
Population The Population of interest is residential and

small business properties at risk from fluvial and
pluvial flooding.

Intervention The Intervention of interest is low cost
adaptations to prevent internal damage from
flood water.

Comparison The Comparison is with properties without such

low cost adaptations
Outcome The Outcome is reduced damages from flooding

Consequent upon this, lists of subject terms relating to existing residential and small
business properties were developed, likewise intervention terms relating to low cost
adaptation approaches; and outcome terms relating to reduced loss and damage and
rapid reoccupation. For example, a ‘subject’ term was ‘residential property’; an
‘intervention’ term was ‘resilient reinstatement’; and an ‘outcome’ term was ‘damage’.
The full resultant lists are shown in Appendices 1,2,3,4 and 5.



Search strategy detailed in full

One of the objectives of using a systematic search protocol for evidence is to ensure
that the conclusions are based on the best available evidence, no matter what
subject area the research derives from. In a multidisciplinary field such as flood risk
management a challenge for reviewers is to ensure adequate coverage of all the
potential sources of evidence. The study search strategy was chosen to maximise
coverage of all relevant disciplines.

Databases of academic and industry sources were scoped during this study; generic
search websites were also used. As this review concerned building practice there
was anticipated to be a large contribution from grey literature sources. The websites
of specialised organisations likely to contain relevant information were accessed.
The search term was framed as: Flood to be included as main search term AND any
subject AND any intervention AND any outcome.

For the search databases an advanced search query was developed working with
the ISI-WebofScience. Query development entailed trialling variations of the search
guery, recording the associated number of hits obtained and screening the first 20
titles returned for relevance to the primary question (using the inclusion criteria). The
purpose of this process was to identify any search terms that returned a large
number of irrelevant sources and to remove or replace these terms with alternatives.

The query arrived at by the above process is shown below; as this still yielded 936
hits, however, the 1SI-WebofScience offers the facility to exclude subject areas
judged to be irrelevant (such as computer science, and cell biology); having
employed this, the outcome was reduced to a more modest 576 records.

TS = (Flood AND (hous* or domestic or home or basement or wall or insur* or
fixtures or fittings or boiler or electric or services or meter or cladding or
plaster or ventilation or Sealant or Particle board or concrete or lining or
foundation or membrane or Floor* or Insulation or Building or Brick* or Cellar
or Commercial property or Residential or Business or sacrificial) AND (
reinstatement or adaptation or proof or water entry or resistant or drying or
repair* or reduce vulnerability or retrofit or flood-aware or betterment or
sacrificial) AND (damage or loss or recovery or disruption or cost or
destruction or claim or reoccup* or displace*) NOT “fuel cell”)

This stage also indicated the scale of resources likely to be returned, as well as
informing the time constraints that needed to be applied, in order to render the full
search process manageable.

The same (or equivalent) query was then applied to the other search databases and
titles hits collected. Duplication was avoided and a record of all hits was kept. It was



noted, however, that many database sites offered severely limited search facilities,
being incapable of accepting a complex Boolean logic query such as that above.
Where this was the case, attempts were made to retrieve relevant records via the
site’s own ‘Advanced Search’ option, where available. If the most sophisticated
query possible within the limitations of a given site yielded copious quantities of
predominantly irrelevant material, the search was abandoned; likewise, where
developing a useable query formulation took more than 15 minutes. The latter issues
reduced the total number of databases searched by six, all of them relating to
relatively small niche areas with results likely to be replicated by the more
comprehensive databases successfully interrogated. Titles were then screened for
relevance and the irrelevant titles abandoned.

Study inclusion criteria

All sources retrieved were assessed for relevance at title and then abstract level.

e Relevant subject(s): Studies which concentrated on approaches at a
building, building component or building material level that can be applied as
retrofit.

e Types of intervention: Studies relating to adaptations that can be applied as
retrofit at a low cost or at a low additional cost during reinstatement.

e Types of outcome: prefer studies that contained evidence of performance.

e Types of study: Empirical studies, technical studies and statistical analyses.
Guidelines and policy documents.

e Geographical scope of studies: worldwide.

e Language scope: English language only.

For the ISI-WebofScience search results, the relevance filter was applied separately
by two researchers and the results combined. This process revealed slight
differences between researchers and resulted in a slightly higher presumption in
favour of inclusion at title stage to accommodate these differences.

Filtering by abstract was performed after the title filter with sources without abstracts
or summary being kept for full text scanning.

Websites were sampled after the search databases, using a limited set of key words
due to the restricted search capabilities of most websites. Websites furnishing PDF
resources were prioritised, together with international sources not previously
interrogated by project staff. Titles were scanned online, then abstracts or executive
summaries were accessed.

Although numerous local government websites included relevant search terms, the
material was found to be derivative in nature (much of it relying on sources already
accessed); such results were therefore discarded. Whilst Google Scholar was used



at this stage, a wider Google search was not employed until after the Project Board
had reviewed the materials already amassed, such that specifically targeted queries
could be formulated.

Finally a rapid full text screening rejected those with clearly no relevance — usually
where the abstract did not accurately reflect the paper’s contents, and those that
were obviously derived from other studies containing no unique information. The
remaining sources were categorised in terms of supplying evidence or addressing
one or more of the three sub-questions as detailed in the following three sections. At
this stage it was observed that 53 of the full text sources contained no unique
information with respect to the questions (see references section).

To complete the process for the interim report the titles were subject to the following
analyses:

1. The publications were categorised on the basis of relevance to the three sub
guestions.

2. A table of interventions identified by the literature was derived.

3. The level of cost information and preliminary categorisation of cost category
was identified.

4. The presence or absence of evidence supporting the effectiveness of the
measure was noted.

5. Studies containing evidence of effectiveness of measures were summarised.

6. Presence or absence of advice on how and when to carry out interventions
was noted.

3.2 Consultations with the Project Board

The interim report summarising the outcomes of the above process was circulated
for critical appraisal by the Project Board. A workshop structured around key
guestions arising out of the REA was held, the feedback from this process being
used to inform the subsequent stages of the project. The questions put to the group
were as follows:

1 — What is missing from the draft report?

e Methods/materials/ Intervention opportunities
e Documents/ reports/ guidance
e Evidence sources/case studies

2 — How does this report relate to building standards and British Standards?

¢ Building standards that relate to the measure
e British Standards that relate to the measure
e Material properties that could indicate resilience to floodwater
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e Any conflicts that arise between standards and resilience

3 — Which elements of the new materials are worth investigating and why?

e Isitlikely to be low cost at reinstatement?

e Isitlikely to be low cost at other times?

e For less well evidenced measures, is it worth pursuing more evidence about
the performance of the measure?

e For newly suggested measures — is this worth investigating?

4 — What are the unanswered questions?

e Technical questions

e Resource questions, what is low cost?

e What is the role for proprietary products/kits?
e |deas for increasing uptake?

The resulting responses, in the form of ‘post-it’ notes added to flipcharts, were
subsequently typed up into a matrix format. Project team members then examined all
the information garnered, noting specific items requiring follow-up and adding
appropriate responses for feedback purposes. The completed matrix is included as
Appendix 6.

The list of potential publications arising from responses to the first question were
initially cross-checked against the REA to ensure they were not already covered,
under variants of title, author or publishing organisation. Where specific
documents/references not already forming part of the REA had been recommended,
these were obtained, reviewed and, where appropriate, added to the database. In
some cases, these gave rise to a need for further research: for example, to fully
understand the properties of the wide variety of plasterboard types referred to by the
respondents, eight additional sources were accessed. The resulting list of additional
material sources is included in the References and Bibliography (section 7).

Second consultation with Project Board

The draft final report was circulated to the Project Board for feedback and several
recurring themes were identified as listed and discussed in Appendix 7.

3.3 Fact finding interviews with professionals

A series of fact finding semi-structured telephone interviews, one face to face
interview and three written responses to the interview questions with individuals from
the professional and practitioner community were also undertaken, resulting in a total
of eighteen responses. The purpose of these interviews was to capture additional
evidence about emerging approaches not represented in published sources, as well
as examples of leading practice in relation to measures and materials and reflection
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on the effectiveness of approaches. Interviewees were identified through several
sources, including members of two key professional associations the BDMA and the
PCA, recommendations by the project board, surveyors and contractors known to
the project team, and leading national organisations. This purposive strategy was
appropriate given the need to identify expert individuals that had used or
recommended resilient measures and were aware of emerging approaches, rather
than to take a representative sample of the profession who may be less well
informed. Interviews were recorded to ensure accuracy and then notes taken from
the recordings. Interviews were initially piloted with three individuals who gave
feedback on the questions; as the interview questions were found to be appropriate
and no changes needed, these pilot interviews were included within the findings. The
interview questions are included in Appendix 8.

The interviews resulted in qualitative data and testimonial evidence on current
practice and effectiveness of measures (summarised below). Extra measures were
also identified and added to the list of measures. Potential literature identified by the
respondents was located where possible and considered for inclusion in the interim
report.

3.4 Householder interviews
Thirteen semi-structured face-to-face interviews with householders/small business

owners who had already adapted their properties were also conducted. The purpose
of these interviews was to capture the experience of individuals during the process of
deciding to adapt, adapting and living in their adapted property. Homeowners,
tenants and business owners were represented.

The interviews included discussion around the nature of the adaptations specifically
undertaken, together with the drivers for this approach to flood adaptation, as well as
any barriers these individuals had encountered in pursuing these methods and
experience of performance of resilient features during flooding.

Interviewees were identified through several sources, including personal
recommendation, individuals known to the research team and case studies
previously documented. This purposive strategy was appropriate, given the difficulty
in identifying individuals with substantially resilient measures through any other
means within the constraints of the project. Interviews were recorded to ensure
accuracy and then notes taken from the recordings. Interviews were initially piloted
with one individual who gave feedback on the questions; as the interview questions
were found to be appropriate and no changes needed, this pilot interview was
included within the findings. The interview questions are included in Appendix 9.

The interviews resulted in qualitative data and testimonial evidence on motivations
and experience of householders and small businesses and effectiveness of
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measures (summarised below). A number of innovative measures were also
identified and added to the list of measures.
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4. Results

4.1 Findings from the REA

The REA sits in the context of the development, over decades, of evidence to inform
policy, guidance and government investment in making individual buildings less
susceptible to flood damage using a variety of strategies. In understanding the
material, it is important to note that the majority of studies and evidence has been
designed to keep water away from (avoidance) and out of (dry-proofing) buildings.
Water entry strategy is far less represented in the literature and it is often included as
a small part in wider advice on flood risk management. Two major threads of
evidence are represented by work in the US and UK. Perkes (2011) presents a flow
chart of US standards and regulations up to 2009 (see Figure 2 below).

US Army Corps of Engineers
Flood Proofing Regulations
Enginesr Pamphietl 1165-2-314

A

NFIP Regulations
44 CFR 60.3

Floodplain Management Ordinance
(varies by community)

Y

FEMA USEPA
=3 Tochnical Bullttin 2-9G Executive Order 11988

2.0n

Technical Bulletin 3-€3

Technical Bullatin 7-8G T e dinas)
Building W1 (Federal Buildings)
A
Consensus Standards
ASCE 7 - Minimum Design Loads Building Codes
For Builoings and Other Structures > Internaticnal Buiding Code
ASCE 24 - Flood Resistant Design NFPA 5000 (Fire Code)

and Construction

Figure 2: Knowledge map of Key US publications (Source: Perkes 2011)

In a similar vein, it proved useful to consider the evidence trail leading to the latest
Defra research and guidance; an initial mapping exercise was undertaken, showing
the overlap and interactions between UK studies and reflecting the influence of US
work on the UK. Where additional publications were identified subsequently, these
were incorporated into the map and the final result is shown in Figure 3. It will be
noted that many international evidence trails lead back to the same US and UK
examples (for instance, much of the New Zealand and European guidance cites
FEMA and BRE sources).
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Figure 3: Knowledge map of key UK publications

Over 1,000 sources were scoped initially, of which 141 sources were used at full
text. They contained suggestions for 86 resilient interventions at this stage (forming
part of the final list included as Appendix 10). Costing information was found to be
scanty, potentially out of date and costing assumptions were sometimes unclear, the
results are also contradictory in some cases, making it difficult to identify low cost
approaches definitively from the available evidence contained in the literature.

Evidence on the performance of these initial interventions was contained in 15
publications. 46 publications discuss the barriers, motivations and incentives for
taking up measures from a variety of perspectives (as summarised in the table
included as Appendix 3). The scoping therefore suggested that further highly
targeted searches and case study enquiry was likely to be necessary to generate
evidence of the performance of measures. This was undertaken after the Project
Board had advised on the most promising low cost measures to take forward.

Anecdotal and testimonial accounts provided some of the strongest and most
convincing evidence of whether resilience measures work in practice: 19 publications
contain case studies and 3 alternative web based sources of case studies were
identified, which were followed up where appropriate to the chosen suite of low-cost
approaches. The weight of evidence and expert opinion suggested that low cost
approaches can be used to prevent some of the damage from floodwaters entering
the home and increasing their uptake could save money for households, small
businesses and their insurers. Low cost approaches can be taken individually or as
part of a package of measures. Often they are effective on their own and so present
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very low financial barriers to implementation. Different measures are most
appropriate at different stages of the property lifecycle, for example at reinstatement
or during planned building work or replacement of fixtures and fittings.

The process outlined above has been captured in the form of a flow diagram;
following the consultation process discussed in the next section, the original figure
was then modified to reflect the additional sources recommended and the associated
research undertaken to underpin development of the subsequent stages of the
project (see Appendix 11).

Evidence also suggested that, although low cost resilient approaches may not be the
most cost beneficial way to limit damage, within the constraints of insurance
contracts and available funding for householders and small businesses, they can be
the most practical approach in overcoming financial barriers to implementation.
Other barriers to implementation are identified — for example informational and
ownership of risk.

4.2 New findings after the consultation

All the comments received were reviewed and highlighted issues were investigated
by the appropriate members of the project team (where these were judged to be
within the project’s scope) or noted for future reference. Where further resources,
documents or other information had been signposted, these were first cross-checked
against the listings amassed during the REA compilation. This revealed that some
reports suggested by the Project Board members had been reviewed at an earlier
stage, but had been found to contain no new or unigue information (eg — a specific
issue of the RICS Journal); others were of tangential interest only (such as the
Dublin Resilient City project). A final recurrent theme was how best to capture the
potential cost-effectiveness of some measures over the longer-term.

Particular issues arising from the consultation included, for example, the need for
precision regarding terminology. For example, the uses of different types of
plasterboard (dry-lining): a leading UK manufacturer lists 7 different categories
(British Gypsum, 2015), each with subdivisions, whilst the US/Canadian trade body
lists 15 (USG, no date). The appropriate usage of different types of plaster, and the
issue of ‘breathability’ relating to specific construction techniques, particularly in
historic properties, was also investigated in detail. An array of problems may arise
from insulation materials in a post-flood situation (including disintegration, or
difficulty/failure to dry out) and this issue again highlighted the importance of
precision of terminology.
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The findings from the additional research on the three above mentioned issues are
discussed below; additional sources accessed are listed in the References and
Bibliography (Section 7).

4.2.1 Plasterboard terminology

There are many alternative boards that can be applied to internal walls and on
internal surfaces of external walls: the terminology can be confusing, however, with
products variously described as ‘moisture resistant’, ‘water resistant’ and ‘waterproof’
all being available. The properties, recommended usage and comparative costs of
the different types was, therefore, explored in detail.

The components of a typical ‘moisture resistant’ plasterboard comprise a’ gypsum
core with water repellent additives and firmly bonded strong paper liners’. However,
the use of paper-faced gypsum boards has been deemed unacceptable for walls and
ceilings in flood hazard areas by the US agency responsible for specifying flood
damage-resistant materials (FEMA, 2008). Non-paper-faced gypsum products that
comply with the FEMA requirements incorporate fibreglass mats instead of paper
facings (for example, Georgia Pacific Gypsum, 2013), and these materials are
typically described as ‘water resistant’. Some manufacturers of the latter type
recommend these products for use as tile-backing boards in locations such as the
walls and ceilings of ‘kitchens, bathrooms, shower cubicles and wet rooms’;
however, other manufacturers add that they should not be used in ‘areas subject to
prolonged exposure to standing water ( ... showers, saunas and hot tub decks)’
(United States Gypsum Company (USG), 2012). This could imply that such materials
would be inappropriate for use in many flood situations, although there could be a
potential use for these where shallow surface water flooding of brief duration is
anticipated. The ‘waterproof’ types are, as might be expected, the most robust, with
the manufacturer of one such product claiming that ‘even when completely immersed
for a month, (it) takes up only half a per cent of water’. These materials are the most
expensive: nevertheless, not only are they recommended for use in tiled areas,
including floors, but some have additional properties such as providing thermal
and/or noise insulation, as well as a waterproof barrier (British Gypsum, 2015). It is
possible these may be cost-effective in flood situations where such multiple functions
are appropriate.

4.2.2 Plaster issues

Where the construction of a particular property dictates that ‘breathability’ must be
maintained, the issue of permeability of various plaster/render types arises.
Research by Straube (2000, 2002, 2003) includes data on a variety of different
types, with cement/sand mixes reported as being virtually impermeable to water
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vapour, while lime-based types are the most permeable. This issue is of particular
importance in older/historic properties, as discussed by Historic England (2015):

“... the building and insurance industries’ standard procedures for making buildings
habitable again after a flood can be damaging .... Older buildings (generally those
built before 1919) are constructed quite differently to modern buildings in that they
are able to absorb and release moisture, rather than exclude it, and as result need a
different approach for flood remedial work.(Historic England (formerly Eng
Heritage)/Pickles et al., 2015)

The final, decorative, coating to wall surfaces can also pose a barrier to the passage
of water vapour, for example, vinyl wall coverings as noted by Lstiburek (2002).
Where a vapour permeable material, such as lime plaster, has been used for its
flood-repairable qualities, the subsequent application of inappropriate finishes can
prevent the plaster from drying out as intended by trapping moisture within the wall
(as occurred in Case Study H#10).

4.2.3 Insulation issues

Closed cell insulation is commonly recommended in guidance, and this was
corroborated by some of the professional interviewees. However, further
investigation revealed there are multiple closed cell types (including rigid expanded
polystyrene; fibreglass board; blown-in polyurethane foam; and polystyrene beads).
There is a lack of detailed evidence about the performance of these different closed
cell options during flooding, or their thermal integrity post flood. Some specialised
waterproof insulation materials have been tested in laboratory assemblages and
found not to absorb water: for example, blown-in closed cell insulation (Technitherm)
(Gabalda et al., 2012). Similarly, caution needs to be exercised as regards ‘closed
cell’ floor insulation materials, as not all of these are suitable for use in a
permanently wet environment (such as below the membrane layer in a groundwater
flood-risk location). The manufacturers’ specifications and/or certification must be
examined carefully to ascertain the suitability of the material under consideration:
one interviewee suggested insulation materials ‘with certification from the BBA’ were
appropriate, but investigation revealed the tests conducted on such products merely
certify they are resistant to water in normal use (British Board of Agrément, 2013)
rather than being resilient to total inundation by floodwater. (Please refer to
discussion of ‘breathability’ issues, raised by PB members, in section 3.2 in this
context).

The performance of mineral wool insulation ‘batts’ has been examined (Sanders,
2014) and the conclusion drawn was that under laboratory conditions, this material
kept its integrity and did not retain significant quantities of water after a clean water
‘flood’ had drained out of a simulated cavity. In a real cavity (simulation) however,
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the bottom of the insulation was found to remain wet for over 12 months. The author
acknowledges that, in actual flood conditions, contaminants such as sewage,
agricultural chemicals or seawater are likely to be present, which casts doubt upon
the suitability of such an absorbent material in a resilience context.

4.3 Findings from professional interviews

As previously detailed (in section 3.3) a series of semi-structured interviews were
conducted with individuals from the professional and practitioner community. The
purpose of these interviews was to capture additional evidence about emerging
approaches not represented in published sources, as well as examples of leading
practice.

There may be measures applicable to different approaches but it is not possible to
identify a single approach that will be best for all circumstances. The choice of
approach will remain a matter of judgement based on factors such as the type, depth
and expected frequency of flooding and the nature of the building type and
construction.

The age of a flooded property, the nature of its construction, and the needs of the
occupants are also (or should be) fundamental to deciding on the most appropriate
course of action for an individual property (eg P#16). The unnecessary removal of
materials that are already resilient in nature (an example being ‘oak ripped out of an
Elizabethan manor house’ p#16) is not as prevalent as it once was. Professionals
acknowledged that there was still room for improvement, as the busy period after a
flood lends itself to adoption of a ‘one-size-fits all’ approach (in the interests of rapid
reoccupation) rather than viewing each case as individually as possible. There were
also differences in approaches that may be related to specialists from related
disciplines who undertake flood reinstatement using their own tried and tested
approaches and materials, rather than seeking to understand other valid alternatives.

In the context of insurer-funded reinstatement, avoidance of ‘betterment’ does not
preclude restoration with different materials, provided these are consistent with the
cost and time constraints applying (P#16). In some cases, there could be an
appreciable time-saving in using different materials, thereby hastening re-occupancy,
with a concomitant reduction in the costs of alternative accommodation (P#14)
and/or drying equipment (P#16). Similarly, several interviewees commented that
some approaches, such as flooring replacement, may only be appropriate (and cost-
effective) if the existing material needs to be removed for reasons other than the
inundation event.

Some professionals acknowledge that they would welcome more specialised
education and training. Indeed this was reflected within the interviews through

19



evidence of different interpretations of terminology around material properties (such
as the critical differences between ‘water resilient’, ‘water-repellent’ and ‘flood-proof’
material types) and the subtler details of current Building Regulations (eg — Part L1b,
which governs the insulation of buildings, does in fact include specific exemptions for
both Listed buildings and ‘Buildings of traditional construction with permeable fabric
that both absorbs and readily allows evaporation of moisture.’) A further example
relates to the confusion surrounding the raising of electrical sockets: for repair and
reinstatement works in existing domestic buildings, alteration to an accessible height
is not currently mandatory (Part M section 8), although it may have additional
advantages over and above flood resilience, particularly for older householders.

4.3.1 Details by Building components: Plaster

If plaster needs replacement, then a lime or cementitious alternative to gypsum will
be more resilient (P#4); these can incorporate additives to inhibit the impact of salt
transport (proprietary ‘renovating plasters’ fulfil this requirement)( P#8, P#16). The
practice of finishing with a ‘skimming layer’ is controversial, as the latter is not
resilient and will be degraded by any future flood event; similarly, the type of paint
finish adopted requires careful consideration.

In some cases, it may be more appropriate to line the internal surface with a
waterproof membranes and use sacrificial plasterboard as a finish, together with a
sump-and-pump assembly (P#2; P#16). The underlying masonry can continue to dry
out behind the membrane via the external surface after the building is reoccupied
(providing the external face has not been waterproofed as part of a preceding water
exclusion strategy) (P#14). Whilst this approach is particularly suitable for relatively
shallow surface water flooding situations, these membranes are not designed to
withstand any long-lasting or significant hydrostatic pressure (P#16).

4.3.2 Details by Building components: Plasterboard/other wall-board types

Reinstatement professionals expressed the view that plasterboard (and other non
waterproof boards) would often need to be removed, even if it dried intact, due to
contamination (for example P#4). Cement based boards are recommended as
alternatives by some practitioners (eg P#6) and the use of Magnesium Oxide/silicon-
based boards by others (eg P#16). Although more expensive than gypsum
plasterboard, they can be used in limited quantities, for example, as the bottom-most
section of walls (P#6).

4.3.3 Details by Building components: Timber framing

Timber framing (in modern buildings) requires specialist treatment (P#10) and panels
will usually need to be removed for restoration. (Issues affecting historic timber in
buildings are covered within the ‘Floors’ section below).
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4.3.4 Details by Building components: Insulation materials

Degradation of insulation within cavities or beneath floor surfaces is a considerable
problem: removal of the damaged materials may entail some destruction of wall or
floor finishes, even if they are not themselves affected (P#2). Insulation materials
most susceptible to ‘slumping’ are loose fill types such as fibreglass (P#1, 5) and
mineral fibre (variously known as mineral wool/ rockwool/ stonewool) (P#1 after
prolonged flooding, P#9). Some professionals recommended materials proven
through use in basement waterproofing (P#2,14); another cited tests that have been
conducted on one material (polyurethane closed-cell insulation) for use in flood-
specific situations (P#16). Others suggested using materials ‘with certification from
the British Board of Agrément (BBA), however the certification in question indicated
enhanced water repellent properties, and the use of such materials has not been
tested under hydrostatic pressure, although they may offer some advantages.

Some practitioners suggested that, for the purposes of flood resilience, it might be
preferable to remove and not replace insulation; others pointed out that there are
some constraints on this owing to current building regulations regarding thermal
efficiency (Part L, 1b)(for example P#2, P#14). When replacing insulation, or when
large sections of un-insulated wall need to be disturbed, an upgrade to conform with
the current standard is usually required (P#1, 8). The current building regulations do,
however, provide exemptions for listed buildings and properties in conservation
areas (in some circumstances) and for ‘Buildings of traditional construction with
permeable fabric that both absorbs and readily allows evaporation of moisture.’
Therefore, if a building in one of these categories has had an inappropriate insulation
type installed previously, then removing it may not necessarily be contrary to the
intention of the regulations.

Application of closed cell spray insulation within a timber frame structure is not
appropriate, as an open-cell type is required (to avoid timber decay) (P#9). (Please
refer to discussion of ‘breathability’ issues, raised by PB members, in section 3.2 in
this context).

4.3.5 Details by Building components: Floor structure

Solid timber can be highly resilient to flooding, and many professionals questioned
the recommendation to routinely replace suspended timber floors with concrete
(P#1, 2, 8, 14, 16) unless there are additional damage/deterioration issues that need
to be addressed (P#16). Concerns were also raised as this practice carries the
additional risks of decreasing breathability in older properties, as well as
incorporating a (potentially) slow drying material (P#1, 4, 8, 11, 14). The latter issue
can, however, be overcome by using two membranes, one beneath the slab (to
exclude groundwater ingress) and a second one above (to prevent saturation in
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subsequent flood events) (P#16). Retention of existing timber flooring, where
possible, would avoid such additional costs.

The nature of the (historic) timber components in older properties also differs from
that use in modern construction (P#16): slow-grown timber having greater structural
density was used in the past, in contrast to modern lumber products (the former
being ‘... superior in hardness and durability to faster grown material’ Coed Cymru,
2011) and may, therefore, have already survived a considerable number of floods.

Replacement of extant concrete floors with a concrete alternative was seen as
appropriate in some circumstances (for example, in areas prone to a high water
table) (P#8, 9, 12). If replaced, the slab should be thicker than normal (P#6); if floor
insulation has been damaged, the whole floor would need replacement (P#10). A
note of caution was raised regarding ‘closed cell’ floor insulation materials, as not all
of these are suitable for use in a permanently wet environment (such as below the
membrane layer in a groundwater flood-risk location); manufacturers’ specifications
must be examined carefully to ascertain the suitability of the material under
consideration (P#16).

4.3.6 Details by Building components: Floor coverings/finishes

Floor coverings that are resilient include tiling (ceramic or stone) and resins, in each
case applied with suitable waterproof adhesives/grout and with workmanship of a
high standard. Vinyl flooring may also survive inundation, if suitable adhesives have
been used (P#16). However, the performance of even waterproof adhesive may be
variable in prolonged floods (P#4).

Any recommendation to adopt removable carpets/rugs will only be appropriate where
both sufficient warning time is likely to be available, and occupants have the physical
capability of carrying out the procedure (P#16). Non-engineered floor coverings (eg
laminate styles) are prone to swelling during floods and should be avoided (P#14,
16). Sealed Bamboo flooring, although currently in fashion for use in bathrooms, is
‘splash-proof’ but it is not suitable for use in flood situations (P#16).

There can be difficulties regarding the floors in listed buildings, but there are cases
where Conservation Officers have accepted the use of resilient tiles (resembling
guarry tiles) as a replacement for stone-flag floors (P#16).

4.3.7 Details by Building components: Services

Raising water sensitive services above the likely flood level is a commonly
recommended approach (eg P#4 and others) which most householders find
acceptable when applied to meters, control panels and boilers (P#1). Larger boilers
can be raised on plinths, whilst smaller units may be wall-mounted (P#16) or,
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relocated to an upper floor if available. Modern cabling and piping within walls and
floors is usually well protected and, by following current regulations during
reinstatement, old properties may become more resilient (P#1); isolation of
vulnerable circuits, rather than relocation, was suggested by one respondent (P#14).

The raising of electrical sockets is more complex: a minimum height of 450mm
above floor level is part of Building Regulations (Part M) but the regulations only
applies to new-build dwellings, public spaces and work on non-dwellings (H M
Government, 2013a, H M Government, 2013b). As this height may be sufficient to
protect many systems subject to shallow flooding (P#1), many householders
accepted this measure (P#1); however, others had found some reluctance based on
aesthetic issues, or fear of signalling the existence of flood risk)(P#6,7) when not
presented as part of a regulatory requirement.

One alternative (potentially lower cost) approach was suggested, this being to
remove switch-plates/covers from affected sections, allowing them to dry, and to
drain any remaining water from conduits, followed by inspection by an independent
electrical inspector; if corrosion of steel back-boxes has occurred, these can be
replaced with plastic equivalents (P#16). Similarly, gas and water service piping can
be retained, unless any physical damage has occurred that poses a safety risk

Similarly, central heating radiators only need to be replaced if prolonged flood
exposure has affected their structural integrity (by exacerbating pre-existing
corrosion); superficial rust patches can be rubbed down, treated and repainted,
provided the unit is otherwise sound (P#16).

4.3.8 Details by Building components: Doors and windows

Modern PVC doors have been seen to stand up well to flooding (for example P#1).
Solid timber and good-quality joinery can also be highly resilient to flooding, provided
the components have been appropriately maintained (regular inspection/ painting/
oiling) (P#16). Oak doors have been found to survive quite prolonged flooding
(P#1,7); where new timber components are used as part of repair, these should be
primed on all surfaces prior to installation (not merely on the faces to be painted) in
order to inhibit mould /rot during the drying phase after subsequent flooding (p#16).
Window joints are usually glued, but if fixings are required these should be stainless
steel (rather than ferric) as most timbers are acidic (oak in particular) and corrosion
will result (P#16).

4.3.9 Details by Building components: Kitchens

Replacing fitted kitchen units with free standing furniture is only occasionally
acceptable to householders (eg P#1); raising furniture, ovens and appliances above
the flood line is one alternative (P#5), another is to retain extant worktops, doors and
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drawer fronts (where possible) coupled with low-cost sacrificial carcasses (P#16).
Removable kickboards have the advantage of permitting air circulation, which can
facilitate drying; the use of ‘wrap-around’ ends to unit runs was also recommended,
rather than standard end panels made of chipboard, in contact with the floor and
therefore at risk of absorbing water (P#1). Solid wood kitchens may, however,
require replacement as the joints open up, and also due to contamination concerns
(P#7). Although both plastic and stainless steel kitchens are available, they have
rarely been found to be acceptable to householders, due to aesthetic issues:
according to one practitioner the ‘country kitchen’ is still widely in vogue (P#7).

4.3.10 Details by Building components: Other

Varnishing timber (using marine grade yacht varnish) and new breathable varnishes
(P#6), painting and other treatments can be used to improve resilience (although
these need to be renewed regularly to remain effective, and re-treated after a flood
event).

Timber staircases can best be dried out and retained, unless in the context of a
frequently flooded basement, where concrete replacement steps may be justified
(P#16).

A low-cost free-standing pump can be used in conjunction with a sump to drain
below-floor voids, rather than a permanently fixed pump (p#16).

4.3.11 Barriers, challenges and opportunities

Many of the professionals pointed out that they had little evidence about
performance of installed measures because they would have no reason to go back
to households for that information unless they flooded again. Even in that case the
same professionals would be unlikely to be involved. The lack of complaints,
however, was seen by some as an indication that things had worked in general (P#2,
4, 13). Most respondents could cite one or two successes. Two of the respondents
were involved in advising on arbitration around flood claims and observed that poor
workmanship is often to blame for failures of systems (P#3, 16) and that badly
installed systems can increase reinstatement costs. There was also concern that in
very long, deep or contaminated flooding most measures would eventually prove
inadequate.

Apart from normal certification (eg thermal compliance and Kitemarks) there were no
special certificates or guarantees offered by most companies regarding the resilience
of measures installed. Some companies offered installation certificates for
households to use as evidence for insurers. Although respondents were aware that
some in the industry did offer ‘guarantees’, concerns were expressed regarding the
validity of such practices.
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Practitioners appealed for a common sense approach. Resilience of PVC, tiles and
good quality hardwood can be observed from general reinstatement experience
(P#1). Within a building reinstatement scheme, however, resilient materials may be
removed and discarded through ignorance or to assist drying of other elements
(P#7). The issue of secondary damage of materials and breathability were again
raised.

Education is perceived as a major challenge at all levels, for both the public and
tradespeople involved (P#5, 11). Professional interviewees cited lack of awareness
in general but also lack of specific detailed information and guidance (P#10) such
that sometimes inappropriate measures are recommended by partially informed
advisers. Cost and lack of resources (P#7, 9) and the difficulty of accessing grant
funding (P#11) were mentioned and it was pointed out that low cost is not always a
viable option, or may not be the first choice, depending on the situation. The
complications this adds to the claims process (either through grant application, or
negotiating and pricing time) can deter loss adjusting companies from initiating
discussions (P#7, 9). One respondent pointed out the current trend for cash
settlement meant that insurers were settling claims more quickly and cheaply and
expert advice might be lacking. Households will also prefer insurers or the
government to pay: there is confusion about the ownership of risk and the new Flood
Re scheme is not expected to help, as many affected people may just “breathe a
sigh of relief” (P#3).

A lack of specialised contractors was felt to be a barrier by some (P#2, 3, 6, 10) but
others had found no difficulty in briefing contractors (P#1, 7, 9). However another
expressed concerns that standards must be checked when contracting out (P#7) and
tanking in particular was seen as problematic (P#4). More specialist training was
called for by some, regarding standards and Kitemarks for resilience to boost
confidence in the approaches. There is also a lack of market pressure, as no major
companies or critical mass of SME’s are involved in this market (P#6).

Lack of belief in the measures is seen as an issue (p#7); the public would benefit
from seeing successful examples (P#10) and they also need to know how to get
advice. The advice needs to be consistent, as far as possible, as, where experts are
seen to disagree, then credibility suffers (P#3). There are important emotional factors
for householders, such as not wanting to talk about the possibility of flooding again
(P#7). Dislike of the measures, on aesthetic grounds was also highlighted (P#1, 4,
8), likewise the impacts on the use of the building, and the wish to feel ‘normal’
(P#3), as well as lifestyle needs all have to be considered.

Opportunities to increase uptake identified include: the recent growth in specialist
contractors that could potentially incorporate resilience along with the protection
products (P#15); the planning process and building control procedures could also
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pose an opportunity to flag up the need to install measures. Some felt that the
decision could be removed from householders in some circumstances (usually those
with very low or neutral cost, for example, re-siting of sockets or different plaster
boards) to save the stress of decision making. Others suggested that some of the
approaches could be recommended to households as home improvements, if more
effort was invested in making them attractive (thereby addressing the aesthetics
barrier). The structural drying and restoration industry has a role to play in trying to
encourage builders not to rip out resilient finishes after a flood (P#8) and insurers
could offer premium discounts, or tie people in to new long term insurance products,
as a condition of supporting measures (P#3). Grants should be focussed on low
cost approaches to benefit the maximum number of people (P#2)

Good examples are needed to encourage faith in the methods and also more
research to prove these approaches work (P#6). Encouragement of low cost ‘do it
yourself’ methods (such as buying bricks to raise furniture above flood levels) was
suggested as a first step accessible to most people. Experience may then lead
people to adopt more extensive measures when next they flood. A professional said
“We have a lot more experience than we think we do — not always flabelled” and
another pointed out that the creativity of individual householders had often come up
with the best low cost measures. Experience is a key component of the process, as
properties near rivers frequently have the measures because of a long iterative
process (P#7): a means of empowering those at lower risk would, therefore, be
welcomed.

4.4 Findings from the householder interviews

As previously detailed (in section 3.4) a series of semi-structured face-to-face
interviews were conducted with householders/small business owners who had
already adapted their properties were also conducted. The purpose of these
interviews was to capture the experience of individuals during the process of
deciding to adapt, adapting and living in their adapted property. Homeowners,
tenants and business owners were represented.

4.4.1 What kinds of properties, people and flooding?

All but one of the householders live in older property (the oldest was built in 1750,
the newest in the 1970’s) and some are listed, often close to a river but not
exclusively. The properties ranged from detached through attached and terraced;
most were owned, two were tenanted (one via a housing association, one privately).
Most of the property owners had been flooded more than once, up to 14 times, but
for some a single flood or knowledge of flood risk was sufficient for them to decide to
install measures. In that respect these individuals appear to be atypical and more
proactive than the average population at risk. The properties were variously at risk
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from high depth river flooding, groundwater flooding, drain flooding and surface
water flooding. The depth of flooding varied from just the basement to more than 1
metre above ground. Awareness of flood risk on moving in varied, with some
unaware, others vaguely aware and one fully aware of risk before occupying the
property (the latter having made changes before moving in during necessary
renovation work). There was a sense of community engagement from many of the
respondents: both tenants talked about being there to help out the neighbours and
one had already become a flood warden (H#7), the other mentioned a family
member was training to become one (H#10); many were flood group members;
another bought a boat that they used to access supplies and to assist neighbours;
others were very keen to share their experience because now: “Being flooded is a
... huisance but it’s not a disaster’ (H#5).

4.4.2 Why have they taken the approach?

Recognition that flooding was likely to recur and that it is impossible to keep water
out was a universal theme. Not being prepared to suffer again they have taken the
only alternative approach. Respondents used phrases such as “sandbags are worse
than useless” (H#5) and “Realistically, we know we will never be able to stop
flooding ... so we have done everything we can to make this house more resilient.”
(H#9). The most expressed motivation was to prevent upheaval and ‘getting back to
normal as soon as possible’ (H#3). Having peace of mind and being able to stay in a
property or location that they loved, (H#7) with many households staying put and
moving upstairs rather than relocating in the immediate aftermath. Pet ownership
was a factor for some and also security issues. They felt it was worth investing time
and money to save money in the long run or to keep their insurance. Along with that,
some felt flooding was becoming worse and one respondent recognised that there
was residual risk despite benefitting from community defences. The majority of the
changes were made in the aftermath of flooding, during reinstatement. One of the
two tenanted properties is a special case, as it had previously been adapted as part
of a research project, rather than at the behest of the occupant (H#10); the second
has been adapted as a joint project between the owner and tenant (H#7).

4.4.3 What measures did they take?

Internal walls were treated with a variety of different plasters: gypsum, lime plaster
(with salt resistant additives) and cementitious treatment but with porous paint
finishes. Some had 'tanking’ or bitumen coatings behind, others had air gaps. Dado
rails or (removable) panels were used to limit the need for future redecoration (eg
H#10). Skirting boards were dealt with in a variety of ways, popular methods
including: easily removable skirtings; resilient wood, or heavily painted or yacht
varnished skirtings; H#13 was the only example of stone skirting, whilst others have
tiled skirtings in some rooms. Most reported satisfaction with the finishes and their
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performance if they had been re-flooded. However, existing damp conditions had
made lime plaster problematic for one household (H#4), another had observed minor
salt accretion (H#6). In the case of H#10 the most recent flood was far more severe
than those experienced in the past, and as a result some measures proved
unsuitable, either for the additional depth of water, or the rapidity of onset when the
local telemetry system failed to activate a warning. One respondent reported that
because of the highly porous nature of the existing masonry, drying was very slow
and an internal membrane system was used to allow reoccupation while the walls
remained wet (H#9). This demonstrates the importance of salt inhibitors and a
thorough understanding of the existing conditions of a building. The external walls
had also been treated in some cases to limit ingress and air bricks had been re-
positioned. Due to the age of the properties, there were few with cavity insulation but
one reported a problem with insulation material in their modern extension, as the
oblong ‘batts’ acted as sponges and took a long time to dry (H#3), another
household had successfully used closed cell insulation in an extension (H#13).

Most had concrete floors, some of these having been replacements for previous
timber floors; one interviewee had also raised the floor level (H#9). Most chose to
attempt to limit ingress through the floor from below, or into the floor from above, with
tanking, thick membranes and waterproof additives. Some had seen such
approaches fail (eg a DIY Sika layer H#11), and had subsequently replaced, or
planned to replace, the tanking system. Only two considered their floor as accepting
water, ie designed to get thoroughly wet and then be cleaned and dried out; one of
these had previously seen tiles pushed out by hydrostatic pressure from
groundwater flooding (H#5). Tiling was the most popular surface treatment for floors
— a variety of slate, porcelain, marble, limestone, and encaustic were noted.
Inadequate adhesives was the most common reported issue with tiling in re-flooded
properties and the use of swimming pool standard adhesives, waterproof cement
and additives was recommended. Other treatments included stone flags, varnished
solid wood, engineered wood, removable rugs, cheap sacrificial carpets, and
removable carpets — particularly for lower treads on stairs and, in one case, the
replacement of the bottom-most stair by an uncarpeted concrete block

Some households had relocated their kitchens, bathrooms and downstairs
cloakrooms from flooded areas — mostly basements. For those that were not
relocated, a combination of approaches was usually used by each household. Free
standing (and thus removable) items, for example: lightweight tables and removable
kitchen units; non-integral electrical items; free standing ‘Belfast’ sinks, removable
kick boards; raised cookers and stacked tumble driers, with other electrical items on
plinths; increased use of wall rather than floor cupboards; and kitchens made of flood
resilient materials. Resilient materials included steel, acrylic, marine ply, oiled oak,
old oak, solid oak, plastic. Respondents reported that the majority of these kitchens
had survived flooding, needing only cleaning, disinfecting and some retouching — eg
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re-varnishing. The one that had not was a steel kitchen that had begun to show signs
of damage prior to a major flood, suggesting some pre-existing problems had
compromised the units (H#10). Removable kitchen cabinet doors were rare but one
respondent mentioned removing doors with ordinary hinges. One householder had
successfully used an internal barrier system to protect a cooker that could not be
moved (H#4).

Every household had raised electrical sockets, and these were dropped down from
the ceiling in most cases or housed in easy drain conduits. Meters, controls and
boilers, service entry points were raised or moved upstairs. Many reported isolating
electrical and heating circuits to enable them to live upstairs and maintain their
heating and electrics while the downstairs was flooded and then reinstated. This
include sump pumps, where present H#8. Unplugging electrical items in advance of
the flood was recommended to prevent short circuiting. An alternative heating source
was also recommended in case the electrics and gas fail (H#12, 13). Removable or
enamelled radiators were also recommended. A majority had also installed non-
return valves (NRVs) on sewage pipes and other plumbing items; in one case where
this had not been done (H#10), a rapid onset flood had triggered raw sewage outflow
from a downstairs toilet before the occupants were able to deploy their toilet ‘bung’,
thereby reinforcing the merits of the ‘passive’ NRV approach.

Good quality wooden doors and staircases, treated, oiled or painted had survived
flooding and were retained. Others had installed higher quality wooden items on
replacement, as MDF and other cheaper wooden items had not survived. They
expressed the view that these paid for themselves and looked good. Removable
doors were reported in three cases (eg H#13), but in one case the occupants had
been unable to remove theirs due to the rapid onset of the flood (H#10). Another
said that they used ordinary hinges rather than rising hinges (H#13). External doors
and windows were replaced by UPVC alternatives in some cases, and these
changes were seen to have the added benefit of improved thermal efficiency (H#12).

Avoidance was the most popular approach for contents. Some items were raised,
such as wall mounted TV and speakers (H#1, 9) and wall mounted cupboards (H#8).
Others chose items with resilient lower features such as plastic legs and sofas with
legs, others noted that precious or sentimental items had been re-located
permanently upstairs H#7, H#8. Avoidance of fitted units (H#8) and contents that are
lightweight and removable to upper floors or alternative locations (including tables,
bookcases, sofas) was another avoidance strategy. Other items were raised
permanently, or just temporarily during the flood and there were several different
ways to do this: plastic trestles, supporting doors, hinged wainscoting, chair-raiser
‘pots’ (marketed for raising seat heights for elderly people), carpenters’ telescopic
metal trestles, bricks (wrapped in plastic to prevent water wicking up to the protected
items), nylon bricks, sturdy work surfaces in the kitchen. Wrapping in plastic was
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chosen by one household (H#4) and they recommended polytunnel grade plastic.
One household had chosen not to have irreplaceable items on display — for example
glassware — that would take too long to move and had disposed of most of their
traditional books and now used e-books instead (H#13).

4.4.4 How did they go about it?

Experience with insurers was variable with some households praising the generosity
of insurers in being willing to replace items repeatedly. However, one respondent
mentioned that some policies allow insurers to replace items that don’t match, for
example as part of a three piece suite, therefore policy wording should be checked.
Insurance issues with ‘betterment’ led to the reluctance on the part of some insurers
to install resilient features and insisting that resilient features were removed, perhaps
to speed up the drying process. Householders “learned to deal with insurers” or
accepted lump sum settlements in order to have more control over their
reinstatement work. The households had often undertaken their own extensive
research in order to select appropriate measures, (for example referring to research
undertaken by the National Trust) and taken advice from experienced builders,
neighbours and members of their local flood group. As mentioned above, one of the
tenanted properties had been adapted as part of a research project (H#10); the
second had negotiated some physical changes funded by the property owner, but
also made lifestyle changes entailing no financial outlay (H#7).

Miscellaneous advice included: buying a sack truck to help with moving items H#1,
raising outside items including oil tanks and hen houses; ensuring a woodburner is
completely cold before water enters, to avoid cracking; using protective sheets on
upstairs carpets when moving items from downstairs pre-flood; using pumps to
control water depth; also portable ‘puddle-sucker’ pumps for use during a flood and
subsequent clean up stage; creating a ‘grab bag’ to include important documents,
supply of medication and similar items.

Most of the households interviewed had used a combination of resilient approaches
but had some exclusion measures as well as resilient features. Although the
schemes were not all low cost, many individual items within the schemes were not
more expensive than like for like replacement and some households had skilfully
offset expenditure in one area against savings in another (eg H#1, #2). Their
strategies were designed to fit in with their own lifestyles, resources and capabilities.
As a result many of the households are now in the position where they do not need
to move out of their homes and could reoccupy the downstairs quite quickly after a
flood. The ability to get on with cleaning and drying independently of insurers was
mentioned — one had bought their own dehumidifiers for the purpose (H#13). As one
put it, the concrete floors simply need washing and drying out, and the sacrificial dry-
lining replacing, “ ... and then we can crack on as normal” (H#9), another said “...
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last time it flooded we just washed everything down and moved back in” (H#5), and
another had been flooded fourteen times in twelve years but only needed to putin 2
insurance claims during that time (H#3). Several of the households were flooded in
the 2015 event (H#6, 11, 12) and were back in residence within days. In only one
instance (H#10) had some of the previously installed resilience measures been
compromised to the extent that they were not retained, but many of these decisions
were made by the housing association that owned the property and which was
funding the reinstatement works.
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5. Synthesis of results

Water entry strategy is sometimes also known as resilient reinstatement, resilient
repair or wet proofing. Water entry strategy is defined in the 2007 CLG guidance as:
“‘Allow water through property to avoid risk of structural damage.” (notwithstanding
that, for low depths, this strategy can always include “Attempt to keep water out for
low depths of flooding”). This is reiterated by the recent ‘FloodProbe’ project
(Escarameia et al., 2012/2013) noting that the strategy entails:

e Flood-resilient material and designs up to 1m in depth.
e Access to all spaces to allow drying and decontamination.
e Design to drain water away after flooding.

Thurston et al., (2008) also describe a water entry strategy listing a number of
different measures for building elements and fixtures and fittings.

The recent EU SMARTEST project also covers technigues and strategies for water
entry or wetproofing. On their main wetproofing page there is reference to building
materials and sacrificial approaches (ie cheap and easily replaced materials) but
they also mention some important structural considerations:

e Targeted improvement and reinforcement of structures, especially of ceilings
to possess higher loads due to saturation;

e Reinforcement and expansion of foundations to prevent scouring due to
dynamic flood impacts;

e Consideration of special loading conditions because of floods (hydrostatic
pressure, impact loads) in the dimensioning of components, reinforcement /
improvement of flood-endangered components of structural relevance.

These structural considerations have been considered outside the scope of the REA
as they are likely to involve substantial work and be very costly to implement.
However, it is important to recognise that they represent limitations to the scope for
non-specialists to undertake resilience measures without expert assessment of risk.
It is also important to consider how the water will be allowed to enter a property,
means of escape for the building occupants and security of building contents during
and after a flood. Equally the assessment of these aspects of secondary damage,
security and safety could be considered to be part of the normal professional
reinstatement process as outlined in the publically available standard (PAS64 - BSi,
2013).

The interface between water exclusion and water entry is also a crucial matter for
debate:
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First there is the physical interface, particularly the internal surfaces and cavities of
external walls and the treatment of floors. The limitations on the height of internal
finishes and the presence or absence of resistant cavity or void insulation are highly
relevant. Therefore, knowledge of the structural and drying properties of such
materials and the impact they have on wall assemblages has been considered within
the scope of this review.

Second there is the question of suitable circumstances for implementation of the
water entry strategy. In the literature, water entry strategy is usually associated with
recommendations about structural stability but it can also be recommended: as a
failsafe — recognising that in long duration flooding many resistant methods may falil;
for flash floods where there may be inadequate warnings to implement resistance; in
historic properties where resistance is unsuitable. The reason for adopting the
strategy and the associated depth of flooding and duration that is expected will
impact on the suitability of some of the recommended measures.

Flood resilience within a building can be achieved in different ways. Vulnerable
elements (such as electrics) can be raised above the expected flood level or
removed (avoidance) either permanently (passive) or temporarily on receipt of a
warning (active). Exposed elements can be made of, wrapped or coated in flood
resistant materials (for example use of plastics), permanently or temporarily, or
exposed elements can be made of resilient materials that can accept water without
deformation or disintegration and dry quickly afterwards with potential for
decontamination (for example cementitious materials). In all cases the need to
evacuate the water quickly is important. For resistant and resilient materials the
adequate circulation of air around the exposed elements for reasonably rapid drying
must be assured. It follows that there are likely to be multiple possible water entry
strategies for any given building and this was reflected in the results found by the
structured search.

5.1 What low cost approaches are there?

The combination of literature, consultation and interviews combined to produce a list
of 139 proposed measures in all (86 from the initial REA and 53 additional items
from subsequent inputs) associated with the water entry strategy. The list is included
at Appendix 10. Measures covered the full range of building elements, categorised
as follows:

e Water compatible internal walls

e Water compatible flooring

e Water compatible kitchen fittings

e Water compatible bathroom fittings (for ground floor/ basement locations)
e Services
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e Fixtures and fittings

Suggestions for contents protection, measures to facilitate rapid reoccupation and
miscellaneous suggestions are also included.

Cost information is rarely presented in studies, nor are there existing catalogues of
solely low cost measures; consequently, an initial documenting of proposed wet
proofing approaches was followed by an examination of available cost information.
However, it became clear that some contradictory views of cost categories existed in
the literature. In addition costs differ depending on whether an intervention is applied
at reinstatement or planned building work, as opposed to a stand-alone intervention
specifically to reduce risk. The contradictions may be in part to do with underlying
assumptions about the timing of interventions — ie during or after reinstatement or
about the labour requirements. In the longer term further refinement is needed in the
thinking of what represents ’low cost’ or perhaps it might be useful to think about
using the term ‘affordable’. However the term is taken within this report to be as
inclusive of measures as possible. Measures are flagged as low cost in Appendix 10
if they have the potential to be installed at low cost (under £750 per measure) either
at replacement or at reinstatement or at any time. It must be borne in mind that a
suite of measures would then be much more expensive — 6 or so being achievable
within the constraints of a £5,000 grant.

Each of these measures may be applicable for inclusion in the water entry strategy
depending on the depth of flooding expected. Therefore Appendix 10 also indicates
whether the measure is suitable for low, medium or high flood levels. Other factors
such as speed of onset, velocity of floodwater, type and age of property, and
capacity and preferences of building occupiers also need to be taken into account.

5.2 What evidence of reduced damage is there?

Studies documenting actual performance of measures are very rare. In the evidence
assessment there were 15 studies that included actual performance data.

The studies involving performance data were mainly experimental studies that
reported the results of experiments of building assemblies or building components
subject to simulated flooding. The findings provide robust evidence for resistance
and resilience properties of a small range of building materials, mainly related to wall
assemblies. The results of these studies are reflected in current guidance materials
for example BS85500. However, the results of these studies demonstrate that
considerations of material properties alone are not sufficient to predict resilience
within a building setting. Quality of construction, state of maintenance, the interfaces
between materials and the drying spaces around materials are equally important to
consider.
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There are also a number of studies that explore water resistance properties of
materials subject to other forms of wetting, or report material characteristics related
to the capacity of materials to absorb water such as porosity. These studies provide
an indication of the types of materials that may prove resistant or resilient in flooded
buildings but they do not provide robust evidence of the likely performance of such
materials in a flood situation.

Anecdotal and testimonial evidence suggest that a number of resilient interventions
will be successful in preventing damage. However, in assessing anecdotal and
testimonial evidence within the literature it is likely that a bias towards the reporting
of positive results will be present and failures are unlikely to be reported. The review
found 19 publications containing case studies and 3 web based sources of case
studies. The table included as Appendix 4 summarises the evidence available on
performance of measures within the literature.

From the professional interviews evidence of positive performance of some materials
(for example hardwood) was offered. There were also some examples of material
failure in a flood situation (mineral wool insulation). This testimonial evidence is not
considered to be subject to positive bias. The evidence from the professionals on the
performance of materials concurs largely with current recommendations. The
resilience of hardwood, tiling and sand and cement plaster was highlighted by these
respondents. However, the professionals pointed out the importance of considering
building assemblies, joints and interfaces, and questioned the necessity of replacing
timber floor with concrete for most properties. They also reported instances where
normally resilient materials had deteriorated, usually after very prolonged flooding.

From the households and small business interviews further testimonial evidence of
material performance was gained that was mostly positive. Marine ply and plastic
kitchens had been seen to be resilient. Lime plaster and sand and cement had
worked for some. Hardwood, varnished and painted wood had survived flooding. Tile
finishes were successful in most cases. Households also reported on the success of
other measures, such as the raising of sockets, services and other items, non-return
valves, moving contents, wrapping in plastic, and isolating circuits. Some issues
were also reported and these included contamination issues, higher than expected
flood depth, failure to execute plans and failure under hydrostatic pressure. Other
issues such as minor salt accretion, breathability and a rusting steel kitchen appear
to have some relation to existing building conditions rather than flood damage.

5.3 When and how to make adaptations

Two elements underlie the question of when and how to make adaptations. There
are more studies that explore the barriers to adaptation than there are studies that
look for positive opportunities and behaviours. The REA identified 46 studies that
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looked at drivers, motivation and barriers for implementation of measures from a
variety of perspectives, as summarised in the table included as Appendix 3.

It is well recognised that, despite efforts by multiple agencies, the tendency of
communities at risk to adopt measures to protect their property from flooding is
generally low. Studies in the UK have been carried out to explore the barriers to
climate adaptation generally (Bichard and Kazmierczak, 2009) and to flood adaption
(Thurston et al., 2008). The recent work of Joseph, Lamond and Proverbs (eg
Wassell, Joseph et al., 2009) has related specifically to ‘resilient’ or ‘flood repairable’
adaptation. All these studies have identified a complex set of constraints that need to
be addressed in order for change to occur within a variety of ‘theory of change’
models. For example, Lamond and Proverbs (2009) consider resilience under four
barrier types (informational, financial, emotional and timing) that impacted variously
on the necessary awareness and perception of risk, ownership of the risk,
knowledge of solutions, resources to implement solutions and belief that the
measures would work. Other models include Spence et al. (2011), Bubeck et al.
(2012) and work summarised by Fell et al. (2014).

Successful adaption of buildings is most likely when stakeholders have the desire
and ability (financial, practical) to make changes. The most commonly reported
factor that contributes to the desire to adapt property to flooding is flood experience,
usually direct experience of flood damage to the home or business. Householder
interviews confirmed that the motivation for adaptation was almost universally
triggered through not wanting to experience another flood, with its attendant distress
and displacement. It is also commonly recognised that this desire is strongest in the
period immediately following a flood (Steinfuhrer et al., 2009); some professionals,
however, noted some reluctance to slow down the reinstatement process. These are
also potentially occasions where cost of installing resilience measures may be at its
lowest. Within the property lifecycle, it has been suggested that adaptation can take
place naturally and most cost effectively at reinstatement (Joseph et. al., 2014) or at
pre-planned maintenance or renewal of fixtures and fittings (Soetanto et al 2008).
The disruption associated with installing resilience will also be lower at this point, and
both professional and householder interviews confirmed this was a very common
experience for measures relating to building fabric.

However, this is not the only point at which measures can be taken. Some evidence
exists that during insurance renewal businesses in particular may be driven to install
measures (Lamond et. al., 2009). At property transfer there is the potential for the
vendor to take measures in order to present a lower risk to the buyer, during
negotiations. However, the greater opportunity may be the tendency for new owners
to invest in their new property if they are properly advised: an example of this was
seen in household interviews and one professional mentioned it also. Finally, there is
the chance that property owners will install measures as a result of some other

36



external influence such as an awareness campaign or grant opportunity: in the
interviews with professionals, grants were highlighted as a new and important trigger
for thinking about resilience. General awareness campaigns were not mentioned as
a factor by any interviewees; which underscores the importance of thinking about
innovative awareness raising activities targeted at the windows of opportunity.

At the intervention points, guidance and advice may be delivered to property owners
and occupiers by a variety of professionals and these might include:

e damage management professionals such as loss adjusters, building
surveyors and reinstatement contractors, local authority

e general builders and building/DIY suppliers, property care advisers

e surveyors, valuers, estate agents, estate managers

e Insurance brokers, product providers, underwriters.

In thinking about how measures are selected, professionals interviewed used a
combination of their own professional training and experience, together with the
limited guidance available, to make their recommendations. The interviews
suggested that many of these network members could benefit from professional
development and training to better support households and small businesses.

However, individuals are also increasingly seeking out information from less formal
networks such as flood action groups, the National Flood Forum (NFF) and web
based sources of guidance and advice such as the Blue pages, Defra website and
NFF website. Ideally the guidance available from these sources should be consistent
and designed to assist and promote uptake rather than confuse and prompt inaction.
The utility of such sources was confirmed by householder interviews, some
individuals having invested a great deal of time in researching optimal interventions
for their particular property. Householders also proved to be a source of several
novel measures, as well as improvements on some existing methods, mainly around
non building fabric measures. Several interviewees mentioned they had successfully
negotiated lump sum payments from insurers, effectively removing advisers from the
process. ldeally the guidance should also signpost sources of further advice,
particularly in respect of those measures where building expertise may be essential
to avoid unintended consequences (for example, where older properties need to
maintain their breathability). There is an acknowledged risk that inappropriate
products and services may be adopted, unless impartial advice and guidance can be
accessed. Ideally, a reinstatement plan should be made in advance of a flood event
occurring, so that the necessary information is to hand when the time comes to
negotiate with insurance company representatives.

Further, it is clear that people also rely on informal networks of friends and family for
guidance and support. Importantly there was a general sense from both
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professionals and households that, given the current lack of evidence for
performance, there has to be an acceptance that these approaches are about
damage limitation. Most stressed that water exclusion — seen as ‘protection’ - was
still the preferred option. Most of the households interviewed, and many of the
professional examples described, had a combination of measures to limit water entry
as well as repairable internal features. This suggests that repairable approaches
could be reappraised: instead of being seen as the last resort, adoption might be
encouraged if they were promoted as useful within any property level scheme, rather
than as an alternative. Stressing co-benefits could also be helpful; for example, one
householder had purchased stylish Italianate furniture, which enhanced her interior
décor, as well as being lightweight and resilient. Similarly, raised sockets can be
convenient in the longer term, as they are more easily accessed by older people, or
those with mobility issues, whilst both waterproof insulation and UPVC door and
window frames can offer improved thermal efficiency and thus lower energy bills,
(provided the nature of the building’s construction does not preclude the use of these
approaches).
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6. Conclusions and areas in need of further
evidence

Much of the literature and guidance builds upon a core body of evidence already well
known to the review team and captured by Defra research but some new ideas and
evidence were gathered in the area of co-benefits, plaster and plaster boards,
properties of insulation and wall assemblages, and barriers and motivations, current
practice and successful case study examples.

e Costing information was found to be scanty and contradictory in some
cases, making it difficult to identify low cost approaches definitively.
Too many variables are involved in the complex internal environment to
provide scenarios covering every eventuality. Further research is
required to examine the concepts of low cost and affordable. However
a pragmatic interim approach is to define low cost as having the
potential to be low cost and to provide a limited number of illustrative
costed examples of common measures.

e The evidence scoping identified several areas where scientific
evidence of performance is lacking but industry experts have
consistently recommended approaches. More research is needed to
gather improved evidence of effectiveness. Given the complexity of
building assemblies this will need to combine laboratory testing,
testimonial and documentary evidence and post flood damage
assessments.

e The weight of evidence suggests that low cost approaches can be
used to prevent some of the damage from floodwaters entering the
home and increasing their uptake could save money for households,
small businesses and their insurers.

e Low cost approaches can be taken individually or as part of a package
of measures. Often they are effective on their own and so represent
very low financial barriers to implementation. However it is important to
understand the strategies employed in order avoid combining
measures that are incompatible and trap moisture.

e Different measures are most appropriate at different stages of the
property lifecycle: for example, at reinstatement, or during planned
building work or replacement of fixtures and fittings. However the
opportunity of reinstatement was highlighted as particularly important
for flood repairable measures and the pivotal role of insurers, loss
adjusters and restoration professionals was confirmed within this study.
Exploration of the other windows of opportunity is recommended.

e Evidence also suggests that low cost resilient approaches may not be
the most cost beneficial way to limit damage but, within the constraints
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of insurance contracts and available funding for householders and
small businesses, they can be the most practical approach especially
where resistance is not practical or as a fail-safe.

Existing standards for materials and building regulations cut across the
reinstatement or refurbishment process. However, it is noted that in
some instances standards may only be indicators of improved water
repellent properties and not applicable under hydrostatic pressures.
Changes to the building fabric, insulation, windows, drainage, electrics
and services will almost invariably need the input of suitably qualified
professionals. Other modifications to fixtures and fittings may not
require such support.

Some proprietary products, such as insulation and plasterboards, are
suitable for use in repairable approaches. Households and
professionals will need to take care to consult technical specifications
as the descriptive terms used, such as waterproof, can cause
confusion.
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Appendix 1. Evidence Review Summary Details
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@ .
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Appendix 2: Sources explored
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e Individual Insurance company websites — Axa, RSA and Aviva
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Appendix 4. Summary of studies containing evidence of
performance of measures

1.

Aglan et. al.
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evidence.
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Bjork (2012)
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evidence.

This study simulated prolonged flooding followed by a
variety of drying processes on housing units and wall
assemblies. The research compared long flood impacts
measured in the study with previous work by Aglan on
shorter term inundation. The results clearly show that
reinforced gypsum board exposed to prolonged flooding
loses integrity with blistering and peeling of paper and
mould growth. Shorter flooding did not destroy the
integrity of the reinforced gypsum board and only
redecoration was required. Drying observations were
also taken showing that accelerated drying was most
successful in drying the walls.

Examines the impact of air gap construction as a method
for allowing fast reoccupation of flooded buildings without
mould growth or dampness. This may be a low cost
option at reinstatement - costing could be followed up.

Part of the CHEF project on historic buildings this paper
is mainly about moisture testing. However the
experiments included observations about water
penetration that observed sandstone to be less water
absorbent than brick masonry. This research is also
intended to look at surface treatments in the future.

The paper presents work in progress at Bath on wetting
and drying processes for timber walls. It is primarily
testing different drying techniques but within the work the
wetting process is also recorded. This may produce
findings about water resilient assemblage components.
(This was followed up, but thus far subsequent
publications have not been found to be of direct
relevance to this project).

This short note describes the construction of some
timber frame test facilities in Judgeford, New Zealand.
Presently this has been limited to drying tests to
establish the impact of reinstatement techniques that
minimise destruction. Two types of insulation used -
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6. Cassar (2007)
Contains
experimental
evidence.

7. Escaramaeia
(2006) Contains
experimental
evidence.

Insulation was found to be an influencing factor on drying
and also remained wet after 6 weeks in sealed walls.
Testing is ongoing - but no results have been published
as yet.

In situ monitoring and experiments on replica historic
type walls. Problems with curing of the lime were
experienced causing cracks so walls had to be
dismantled. Brick wall with lime mortar allowed water
penetration quite slowly. After flooding surfaces dried
quickly but the cores remained wet for some length of
time even with dehumidification. Internal wall was also
slow to dry out. Sandstone wall was only tested by

spraying.

The report details the wetting and drying testing carried
out on wall assemblages carried out for the Department
of Communities and Local Government with a variety of
materials supposed to have different resilience to water
immersion. Mainly aimed at resistance of external walls it
demonstrates that masonry walls constructed in
laboratory conditions allow floodwater through, at
leakage rates up to 400 litres/hour/m?2. This experiment
tested filled and unfilled cavity walls of masonry and
timber frame construction types common in the UK (as
determined by a steering panel). The head of water was
held constant at 1m and a 1m panel was tested. The
results confirmed that assemblages are only as strong as
their weakest component. Some reflections on insulation
are contained here confirming the unsuitability of loose
fill in terms of collapse during wetting therefore requiring
removal. The rigid insulation was seen to absorb water
but did not affect the drying time of the internal face of
the wall. However drying time was seen to be very long
and the potential for mould to accumulate inside the
cavity is noted.

Reflection on plaster confirmed the unsuitability of
standard gypsum but did not confirm the properties of
lime due to lack of curing time. Internal cement renders
are effective at minimising water ingress into a property
and also appear to promote rapid drying of the surface of
the wall. The extent to which the render prevents drying
of the substrate is not currently clear and may be
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8. Gabalda (2012)
Contains
reference to
experimental
evidence on
building materials.

9. Gupta (2014)
Anecdotal/Testimo
nial evidence

10.Laks (2002)
Experimental
results

11.Lambert (2006)
Contains
experimental
results

important to consider, particularly for solid wall
construction.

Floor tests were also designed to measure resistance.
However the strengthening of floor slabs to withstand
water pressure was recommended. Concrete has low
sorpivity and so it is slow to wet and dry but the slow
wetting is seen to offset slow drying unless prolonged
immersion is expected. Concrete can be dried without
loss of integrity. High cement mixes were not seen to be
advantageous. Placement of membranes and joints were
also discussed but in terms of resistance.

Fermacell boards were tested and found to deform under
high water pressure in a resistant scenario. However the
presence of the board (not removed for drying) also
slowed the drying process.

As a part of the EU SMARTEST project some materials
testing was carried out. Blown in closed cell insulation
(Technitherm) was tested for water repellency and found
not to absorb water. It was noted that slight shortcomings
in construction processes may have allowed for some
leaks.

This reports the successful implementation of a
combination of resistant and resilient measures installed
in a frequently flooded property in Kent. The recent
floods demonstrated the success of the installation as
water levels were kept low. However the measures are
mainly resistant. Electrical cabling is dropped from the
ceiling.

The findings are potentially relevant to the resilience of
different wood types. Mould growth is investigated and it
is shown that the hardwood content is more significant
than coatings in preventing decay and mould growth in
damp timber.

A presentation of work to study the effects of heat
assisted drying. Materials tested included brick masonry,
wooden doors and gypsum panels. The study confirmed
the tendency of composite wood panel doors and
gypsum panels to distort when wet. By contrast the
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12. Perkes (2011)
Contains
experimental
results

13.Poussin (2015)
contains survey
evidence

14. Uddin (2013)
Contains
experimental
evidence.

15.Wingfield (2005)
Contains
testimonial and
theoretical
evidence.

hardwood front door, floorboards, chair and skirting
board suffered minor distortions only.

The paper reports results of wetting and drying of wall
assemblies within an open air test facility. The tests
measured the ingress into, and drying properties of, a
variety of building assemblies including metal stud, cavity
wall with and without insulation and sealed block. The
tank was filled over a period of 4 hours — representing a
reasonably slow rise flood and then maintained for a
further 22 hours before emptying. These experimental
results reinforce the expectations that in normal
construction and long duration flooding some water will
usually seep through. Insulation and waterproofing
treatments were found to affect drying rates.

Reports tests of the effectiveness of measures
implemented in France in preventing damage to
property. Some measures were found to be effective
under all types of flooding, while others were found to be
type specific. Attempts to quantify the impact of
individual rather than packages of measures.

Composite Structural Insulated Panels (CSIP) are used
in the US for modular construction. Four panels were
tested for up to 7 days immersion in flood water. The
conclusion was that the panels were resilient to short
duration flooding but that degradation increased as the
length of flood increased.

Is a review of existing information and experience of the
flood resilience and flood resistance of buildings. The
review focuses on the interactions between building
fabric and floods and includes: an overview of the
interaction of buildings with flood water; a review of
existing practice and guidance in the UK and overseas;
an assessment of available data on the effect of flood
water on building materials and structures. It builds on
previous reports such as ODPM 2003. Importantly it
contains the substance of the BRE Scottish guidance
(1996) not obtained by this review. Concludes that the
although there is information about the sorpivity of
individual materials used in construction the evidence for
actual performance of materials in constructed facilities is
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very slight and further testing is required.
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Appendix 5: Summary of studies containing evidence of
how and when to implement measures

1.

9.

Bichard and
Kaziermczak
(2009)

. Birkholtz (2014)

Blong (2004)

Defra 2014

Diekmann 2003

Dufty 2014

Duzi 2013

Escarameia 2012a

Evans 2012

10.Everett and

Lamond

Major review of studies into climate adaptation through
flood protection and energy saving

Reviews previous work on motivation for protection and
risk perception and investigated the flood risk
perceptions and motivation to prepare in the case
studies of Hamburg (Wilhelmsburg) and Dhaka City
(Badda).

Discusses the building lifecycle and appropriate times to
undertake adaptation

Stresses the importance of engagement and options
appraisal in the decision making process

Argues that environmental concern influences
environmental behaviour primarily in situations and
under conditions connected with low costs and little
inconvenience for individual actors using a survey of
German households

Reviews the use of social media in forming communities
of practice in resilience learning.

Survey of factors affecting adoption of measures in
Czech republic

Highlights the lack of standards and institutional support
for resilience measures. Considers whether markets
need to be created to drive uptake.

Community engagement as a route to resilience.

Review of behavioural literature, includes key differences
between people’s desire to act and their ability to do so.
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11.Feltmate 2014

12.Grothmann 2006

13.Gupta 2014

14.Harries 2008 +
15.2011 +
16.2012

17.Howe 2011

18. Ibrekk 2005

19.Johnson 2011

20.Joseph 2011 +
21. 2014

22.Koerth 2013

23.Kreibich 2011a +
24.2011b

25.Nygren 2015

Examined policy options to encourage uptake of
measures in Canada

Psychological study looking at factors that make
individuals more or less likely to adapt in Germany
through survey and regression modelling

Anecdotal description of reasons for adapting due to
trauma of flooding and determination to avoid unpleasant
consequences

Examines the emotional aspects of adaptation and the
alternative methods of ontological security- that is denial.
Reasons for reluctance to adapt even when individuals
are aware of risk are given including worries about
changing the home and standing out from the norm.

Business resilience as a function of the socio-cognitive
characteristics of business owners

Communication of risk, including dissemination
techniques.

Perception of ‘contamination’ following flooding can
dissuade property owners from adopting water entry
strategies.

Examines willingness to pay to avoid the intangible
effects of flooding and the need to provide targeted and
specific information to householders. Suggests shifts in
ownership of the issue but still uncertainty in the benefits
of adaptation.

Develops a typology of household attitudes and
behaviours that can be used to target risk
communication in coastal communities in Denmark,
Germany and Argentina

Looks at perceptions and risk behaviour in Germany
through household surveys.

Role of the diffusion of innovations theory in climate
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26.0sberghaus 2015

27.Parker 2009

28.Porter 2014

29.Proverbs and
Lamond 2008

30.Rose 2010 +
31. 2012

32.Schinke 2013

33. Steinfuhrer 2009

34.Thurston 2008

35. White 2013

36.Wilson 2014

change adaptation uptake.

Links broader climate beliefs to mitigation actions in
German Households at a variety of different risk levels

Exploration of why some members of the public fail to
respond to flood warning information, including lack of
understanding, mistrust in authority and a lack of
ownership of flood reducing actions.

Systematic review of households adaptation behaviour to
climate change. Supports the idea that low cost low skill
reactive responses are most likely to be adopted by
households in the UK

Review of international studies on the barriers to
implementation of measures finds that the desire and
ability to implement changes hinges on informational,
resource, emotional and timing aspects

Reviews of psychological factors relevant to flood risk
perception and adaptation, including perceived
responsibility, blame-shifting and ontological security and
their effects on decision-making processes.

Discusses capacity building in professional stakeholders
as a necessary precursor to increasing uptake and
market for resistance and resilience measures.

Factors influencing preparedness actions, and social
vulnerability implications.

Survey of households reveals barriers to implementation
of measures that include lack of ownership and worries
about loss of property value, cost and uncertainty.

Proposes a roadmap to increase uptake of measures
based on an analysis of barriers and opportunities :
Understanding the risk; Planning - first considerations;
Surveying; Design and Specification; Installation;
Operation and maintenance.

Adaptation in the wider context of socio-economic and
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political drivers, including vulnerability issues.
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Appendix 6: Flipchart outputs from 15 Project Board

meeting

To validate the draft report and steer the evidence assessment.

Q&A on presentations

Notes and response from project team

Question 1 — What is missing
from the draft report?

1. Methods/materials/
Intervention
opportunities

Do we need to strip off
plaster? The thinking here
is that we should
considered measures
which would require just
drying and no strip out.

Should be judged on case by case and
depends on

plaster type— detailed analysis needed

Addressed in technical report.

Don'’t strip out, dry things
slowly. If this can be
achieved, it may means
that there may not be a
need for stripping out.

Case by case issue the need to assess
before strip out

highlighted in REA from interviews

Ensure any works do not
create moisture problems —
where can moisture get
out? Beware impermeable
coatings and linings .

We need to consider the
permeability level of the
recommended/suggested
materials within the report,
as some of the materials
may be categorised as low
cost but if these would
cause damp problem later
on, it should be avoided

Contrasting advice here — highlighted in
technical

Report. Judged on a case by case basis
and buildings

expertise needed. Highlighted in REA and
tech

report

Oak doors instead of flush
doors. This is missing from
the list, but it is a good
example of low cost
measure because oak
doors are more resilient to
water damage when
compared to flush doors

Now included but with caution
Cheapest ‘oak’ doors from DIY chains are

NOT suitable, they will still swell and
warp — despite

the added expense comp to normal ie
sacrificial

cheap doors
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2. Documents/ reports/
guidance

Speed drying. This needs
to be considered as the
effectiveness of speed
drying would result in
reduce cost of
reinstatement. However,
the cost of speed drying
also needs to be
considered.

A little out of scope

Diff between short-term cost, and long
term

cost-effectiveness (saving on temp accom

costs if prop re-occupied faster). (See
Lambert)

Understanding cost of
resilience — material
replacement ie dragon
board /plasterboard only
extra material cost.

Dragon board costs were examined and
found to be

out of scope as a low cost measures
notwithstanding

it may be cost beneficial after a flood

Materials that can
withstand steam cleaning
for de-contamination eg
steel, plastic , hardwood.
The suggestion is
considered to be a good
idea, the issue of
permeability needs to be
given greater consideration
especially with plastic
material.

Permeability issue has been highlighted
but plastics

Suitable for kitchen units/ furniture not for
walls

Unless air gaps are provided.

Do we need drainage grate
within floor to remove
water.

Sumps and pumps are covered (gravity
drains

not appropriate)

How do we get around
vested interests and
assess best drying out
method? Are householders
getting the best bespoke
deal

Important issue not just related to drying.

Interview analysis address the fact that
the industry

Does not recognise one optimum
approach.

Lambert’s report on Speed Drying was
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3. Evidence
sources/case studies

undertaken with academic rigour but
limited. No

other rigorous studies supporting
dehumidifier

method have been identified.

Is plaster and plasterboard
not resilient?

Depends on specific type — see detailed

analysis on plasterboard types.

Need to classify the
building materials. The list
appears to be too much
and difficult to
comprehend. Therefore it
was suggested that the list
could be categorised, for
instance, we could have
material for walls under
one category and another
for floor etc.

It is now categorised in this way (orig
table

represented raw data).

Risk reports from insurers
with identities removed

Commercial sensitivity issue

Zurich Insurance risk
Nexus reports

Commercial sensitivity issue

Effect of water on
Rockwool by a Scottish
university

Report accessed and included.

(Mineral wool insulation manufacturers

association (MIMA) report by Glasgow

Caledonian 2015)

Historic England (EH)
literature on Lime repairs in
old buildings

Material is covered by other sources
therefore

examined (and discarded) this at an earlier

stage.
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BRE flood resistance
studies

Included

Loss adjusters/insurer post
event reviews

Commercial sensitivity issue

RICS building surveying
journal (Jun 15)

We now have this, but derivative info only.

PCA technical literature on
timber and integral plastics

derivative info only

Axa Insurance
reports/studies

Commercial sensitivity issue

North West Water reports

Commercial sensitivity issue

Edinburgh Napier
University

Land mgt and flooding, so n/a.

PAN 69 being updates by
Scottish Govt

Issued Jun 2015, water entry strategy
mentioned only

as an aside, no detail.

Scottish Flood Forum

We already have these, no additional info.

National Flood Forum

We already have these, no additional info.

Evaluation of Pathfinders

This Defra initiative was community
focussed; water

entry strategy does not appear.

UK flood barriers Defra
2010 PLP

Water exclusion approach, n/a

Flood protection resilience
consultation

See Defra/JBA 2014, already in list.

Flooding on estates (similar
identical) houses +different
approaches taken

This is a well-documented Ins industry
issue - no

new data available
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Repair and renew grant
evaluation

This was largely a review of process, not
methods.

JL + RJ pursuing for final report

Community groups

Covered via relevant householders from
comm gps.

Dublin Flood resilient city

Not water entry strategy.

Loss adjusters case study
reports/CILA

Commercial sensitivity issue - none
identified

Question 2 — How does this
report relate to Building
standards and British
Standards?

1. Building standards that
relate to the measure

2. British Standards that
relate to the measure

3. Material properties that
could indicate
resilience to floodwater

4. Any conflicts that arise
between standards
and resilience

Plastic cladding could cause
dampness in buildings.
Where it was suggested that
plastic cladding can be used
instead of either plasterboard
or plaster for internal walls.
This was considered as
against the building
standards because it could
result in dampness of the
building, which may be
expensive to rectify.
Therefore, this needs to be
reconsidered and probably
the use of plastic should be
limited to skirt boards and
kitchen cabinets.

see previous comment

This was considered a
conflict between resilience
and building standard

Insulation an electricals Issues
discussed in tech

report
11,12,&13 already in the draft | fio
British Standard.
Raising services above flood | fio

line or anticipated flood levels
is seen as a low cost option,
this approach supports British

90



standards and it has been
included in the draft British
standards document. The
inclusion of these items in the
report relates perfectly with
British standard.

Types of insulation.
Difference types of insulation
can be considered but type of
wall construction in most
cases dictates the type of
insulation to be used.

Further analysis now reported in tech
report

Question 3 — Which elements
of the new materials are worth
investigating and why?

1. Isitlikely to be low
cost at reinstatement

2. lsitlikely to be low
cost at other times

3. Forless well
evidenced measures
if worth pursuing more
evidence about the
performance of the
measure

4. For newly suggested
measures — Is this
worth investigating

Understanding of context —
some of the measures
listed from the literature
have to be considered in
the context of the building
and nature of the flood risk
exposure

fio

Unexpected consequences
- recognising that some
measures may have
undesirable or unexpected
implications that may cause
other issues for the

property.

See previous comments

Recognising that the
existing condition of the
building and the materials /
components within may
include defects that are not
related to the flood. Timber
for example is resilient to
water — so there is no need
to install solid floors if the
joists are in good condition.

This also emerged from inerviews and is
reflected in tech epor and REA.

Known issues re shallow flood levels
creating

stagnant water in void beneath
floorboards,

AND customer’s preferences?

Caution use of plastics and
similar materials re
breathability as these may
cause unexpected
consequences such as
dampness

See previous comments
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Context of the works need
to be considered — for
example solutions may
differ depending on whether
the measures are being
considered as part of a
planned refurbishment, as
part of post flood
reinstatement works or as a
new build

See previous comments

Oak floorboards need not
be removed as timber is
resilient

Timber types analysis reported in tech
report

and REA.

There is a need for the
development of a
methodological approach to
the specification of these
measures taking into
account the building (age,
type, condition, etc), nature
of flood risk, and
homeowner preferences /
characteristics

Fio — needs to be considered by building
professional

on case by case basis

Electrics need not be
removed as wiring is
generally resilient

Interviews support this but need to get a
qualified

electrician’s comments on case by case
basis.

Dry or not to dry — the
debate about drying
approaches including use
of speed drying solutions
and to be aware of
unexpected consequences
such as mould growth

See previous comments

Strengthened gypsum
being used in US worth
investigation

Investigated, see analysis of plasterboard
types
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Plaster to be removed or
not? Experience suggests
that often traditional plaster
is able to withstand flooding
and is resilient

See previous comments

Suspended timber to be
removed or not?

See previous comments

Reliable source of
information needed to guide
professionals and other
property stakeholders

Need for new guidance will be considered

in later project stages.

Education and training
needed for surveyors as
part of CPD. Also need to
embed this in the
curriculum for building
surveyors

Need for further training emerges in
interviews

Type of training is out of scope.

Levels of ‘contamination’
can vary and need to be
aware of vested interests
from eg mould that might
increase the scope of strip
out works

Lack of robust evidence on contamination
issue to be

highlighted in final REA.

Question 4 — What are the
unanswered questions?

Technical questions,

Resource questions, what is
low cost?

What is the role for proprietary
products/kits?

Ideas for increasing uptake

Neutral at reinstatement =
low cost but need the
customer consent

Interviews shed some light on this see final

REA. Also investigated in next phase.

What is low cost?
Refinement in the
assessment of low cost.
The report uses a cost of
under £750 to mean ‘low
cost’, however this
assumption must be
caveated to recognise that
depending on the
community and individuals

Good point, needs articulating in report
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in hand, that assessment
may vary significantly.
Seeing how cost is a main
criterion for the choice of
suggested PLP measures
it would be useful to
understand how/why we
are using that sum.

How about the link
between cost and benefit?
Are we exploring that?

Yes see final reports

A list of examples should
be provided to
households that includes
potential measures and a
cost range. There are
examples (e.g.
Houselogic website) that
also provide an indication
of effort or time (e.g. Low-
one weekend).
Considering
inconvenience (the
‘hassle factor’) is one of
the reasons of reluctance
to uptake house
improvements that would
also be useful to include.

Case studies are being developed but
impossible

to be comprehensive given the variety of
different

starting conditions and adaptation options

When thinking of cost we
need to consider indirect
cost that might occur,
which could range from
the cost of installation
(service) to potential
maintenance costs down
the line.

Valuable but not possible in the timescale

Similar to the above
argument — do we need to
consider the longevity of
the measure?

Valuable but not possible in the timescale

There was also a
discussion around the
different brands and
qualities available for the
same measure or product
and how that might affect

Will need to be assessed on a case by
case basis
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the choice of measures.
For instance would it be
preferable to
purchase/install one
‘good’ quality product or
two that are lower in cost
(but may not be a well-
known brand or perhaps
lack certification- 1SO),
with a similar ‘low cost’
budget?

Timing in the claims
process is critical — need
to inform BEFORE the
loss adjusters get there.

There are windows of
opportunity for measures
to be taken up that do not
necessarily follow a
flooding event but could
follow any sort of
catastrophe or accident
causing damage to the
house, structural or
otherwise.

Interview analysis covers this. Also next

Phase of project.

Another issue for individual ins company

processes , add suggestion to report

Consistency not there on
normal reinstatement — let
alone resilience

Industry Quality Control issues = beyond

scope, but Material for addenda.

Minimum
standards/industry
guidance for claims

PAS exists. Industry Quality Control issues

beyond scope, but Material for addenda.

This gives opportunity for
insurers to differentiate by
offering better service

Industry Quality Control issues =

beyond scope, but Material for addenda.

Think about resilience in

See above and demonstration project
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all reinstatements not just
flooding — may already be
happening

Why is it not taken up
when offered (denial)

Complex psychological issues here, to be
examined

in later stage of project

Non ABI affiliated insurers
— how to reach

Out of scope.

Embed in govt initiatives
(Green deal, insulation)

Good point for Addenda.

Think about climate
change and where might
be at risk in future

fio

Water proof grout should
be standard for all tiling

Waterproof grout more expensive — costed
in tech

Report.

Standardised kits for
houses

Already offered by some flood product

vendors

Consistent messaging
about schemes

Can existing kits be
branded as flood
products Similar labelling
and messages could be
included in other products
and materials whose
primary purpose is other
than flood protection (e.g.
insulation) but can have
co-benefits for flooding

Addressed in interviews
Someone has to pay for Kitemarking,
and unlikely to appeal to manufacturers of

items with existing market anyway

Insurance is a key driver —
some insurers won'’t pay
claims unless resilience is
purchased — but this has
to be in terms and
conditions and not seen
as constructive

Insurers require improved evidence
Such as this REA — lack of industry

consistency is out of scope
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Appendix 7: Comments from second project board
consultation

1. Concerns around the ‘breathability’ of older (pre-1930’s) properties

It was highlighted that inappropriate and/or improperly fitted insulation materials have the
potential to adversely affect the behaviour of water vapour in some older structures: this
issue is covered in some detail in a recently issued report from BRE (King, 2016), and is
also reflected in the recent establishment (May 2016) of a dedicated research initiative (UK
Centre for Moisture in Buildings (UKCMB), no date) which incorporates the Building
Research Establishment (BRE), University College London, Heriot Watt University and the
London School of Hygiene and Tropical Medicine. The outputs from this centre are
expected to inform industry practices in future years, enabling improvements in this
controversial area.

2. Contamination (by sewage or other substances)

It was agreed there is a perception among some insured householders that any
‘contaminated’ furniture and fittings (particularly in kitchen areas) can never be cleaned
and sanitised to an acceptably high standard, leading to the stripping out of otherwise
resilient materials. Although best practice advice includes testing (for example swabs
taken for laboratory analysis that can confirm the materials have been decontaminated)
this may not allay the fears of building occupants and so a pragmatic approach currently
regards many fittings as sacrificial. As a corollary to this issue, it was also suggested that
there have been instances of over-zealous and unnecessarily costly decontamination
procedures or strip out that reinforce the public perception regarding contamination.
Although some of the major water companies (which regularly deal with sewer leaks and
therefore have extensive specialist knowledge) already offer advice in this area, it was
suggested that the communication could be further improved by working in conjunction
with a reliance agency such as Public Health England (PHE) and this avenue could
beneficially be explored at the earliest opportunity.

3. Timescale impacts (real or perceived) of adopting resilient measures

As discussed by Soetanto et al., (2008) installation of some resilient measures may indeed
involve additional repair time, but most do not. An example is the use of lime-based
plasters, as these take longer to ‘cure’ compared to gypsum products: it was suggested
that some builders are reluctant to use this approach, due to fears of being fined for ‘over-
runs’ on the contract, and that there could also be impacts upon temporary
accommodation costs. However, one industry expert asserted that the overall time
required, including the application of the porous paint finish, should be within normal time-
scales, with the added benefit that residual moisture within the masonry will be able to dry
more readily than would be the case with impermeable cement-sand renders. Improved
information on repair times could be a feature of industry guidance.
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4. Use of under-floor heating in flood resilient cement-rich screeds

Contrasting views existed on this topic: concern was expressed as to the advisability of
this approach, owing to the risk that water may be able to penetrate through any ‘micro
cracks’ (causing damage that is hard to detect). It was, however, suggested that the use of
the plastic-tubing-style heating systems, accompanied by a waterproof insulation layer,
can result in enhanced floor drying times (compared to unheated cement-rich screeds)
which would constitute an additional advantage. There is an over-arching need (as with all
such measures) to ensure that such installations are undertaken by a suitably qualified
professional and completed to a high standard to manage down the risks.

5. Maintenance

The importance of maintaining the envelope of all buildings in good condition was
mentioned as a key ‘no regrets’ solution: by ensuring that (for example) wall materials
remain dry, they will be better able to resist moisture uptake in a flood situation, whereas
poorly maintained structures may already contain moisture which will tend to draw in
additional water. The importance of quality construction and prevention of defects is
evidenced by Escarameia et al. (2007) and Kelman (2002).
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Appendix 8: Semi-Structured interview protocol -
Professional interviews

PART A: Your experience and role in supporting property adaptation

1.

Can you tell me about your level of experience in carrying out resilient
adaptation?

Now can you tell me under what circumstances you normally do this work —
how you are approached?

When you undertake a project — how do you decide what measures to
install?

PART B : Materials and methods you use in low cost resilience

4.

What are the most common treatments you employ?

What resilient treatments /materials do you give to internal wall surfaces?

Are there any special treatments for cavity walls?

What are your thoughts on suitable insulation materials?

What sort of changes do you make to floors?

©|0 N O

Do you move electrical, gas or plumbing services above the expected flood
depth?

10.How do you make windows and doors resilient without too much extra

expense?

11.What do you do about kitchens and built in cupboards?

12.What other measures/materials have you used?

PART C : Your experience of the performance of different materials and
methods in limiting damage

13.What sort of evidence do you have that the approaches work (or don’t)?

14.Do you issue any guarantees or certificates?

15.What happens during reinstatement, are resilient features treated in the

expected way or do they get ignored?

16.Have you changed what you do over the years?

PART D: The challenges and limitations you face and ways of overcoming

them

17.What are the biggest challenges in increasing the uptake of measures?

18.Do you have problems with sourcing contractors, builders understanding the

approaches or not carrying out the work properly?

19.Can you think of a specific property that can serve as a good example of a

low cost resilient package?

20.1s there anything else you would like to talk about that we have not

discussed?
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Appendix 9: Semi-Structured interview protocol -
Householder interviews

Questions for households and small businesses

1. Can you tell me how many times you've been flooded and when? How
long were you out of your home for?

2. What made you decide to take moves to adapt your home to reduce
the damage a flood could do in the future?

3. When you decided to adapt your home— how do you decide what
measures to install?

3a Where or who did you get advice/information from

Let’s start with your floors. What sort of changes did you make?

S P

What resilient treatments /materials did you give to internal wall
surfaces?

6. Do you have cavity walls? If so, did you use any special treatments for
cavity walls? If not, did you treat any external/internal walls?

. Did you make any changes to external or internal doors?

7

8. Did you do anything to your stairs?

9. Do you move electrical, gas or plumbing services above the expected
flood depth?

10. Did you do anything to your windows without it costing too much? If
not, do you have any ideas as to what you could do?

11.What do you do about your kitchen and built in cupboards?

12.What other measures/materials have you used?

13.Did you adapt your downstairs toilet or utility room? If so what did you
do?

14. Have you bought any furniture that you think may be more resilient to a
future flood?

15. Are there any other changes you have made to your home- no matter
how small or insignificant you think it may be? Your knowledge and
experience will help us.

16. Since you adapted your home, have you been flooded again?

17.Is there anything else you would like to talk about that we have not
discussed?
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Appendix 10: List of suggested low cost measures for

water entry strategy

MEASURE TYPE

Depth Low-

cost
items

SPECIFIC interventions

Key: Low up to 100mm, Medium = up to 300mm, High = up to 900mm, Any = up to one storey
**%** potential to be installed at low cost

Water compatible walls

Any
Any
Any
High
High

High

Any
Any

Any

Any

High
Any

Any

Any
Any

Any

Any

%k k k%

%k k k%

%k k kk

%k Kk kk

%k kkk

%k kK k

%k kK k

Silicon-mineral/Magnesium Oxide board, instead of
plasterboard (concerns with breathability)

Use cement based moisture-resistant plasterboard or
waterproof board

Use cellulose-fibre reinforced gypsum for areas with short
duration floods

Fix plasterboards horizontally on timber framed walls rather
than vertically (aka sacrificial plaster board/dry-lining)
Plastic lining of walls/membrane /tanking

Plastic cladding materials (such as simulated wood
panelling, per 2009 paper from a case study) (caution -
concerns over dampness hence against Bldg Regs)

Removable timber (or other) cladding material

Cement Render/cement sand render/water-resistant
cement-based plaster coated on to internal walls then
skimmed

Lime based plaster/ hydraulic lime coating with Porous paint
on top of plaster, (and salt resistant additive) to allow water
vapour to pass out as drying proceeds.

Hydraulic lime on stainless mesh, mounted on tanalised
battens, with membrane to sep this from wall. (Hyd lime
also contains an additive making it impermeable to water
but permeable to water vapour; finish with compatible
permeable paint.)

Ceramic/porcelain tiles (with water-resistant grout and
adhesives, as used in swimming pools)

Closed-cell type insulation (to replace mineral insulation in
cavity walls) (eg sprayed polyurethane foam or SPF)

Cavity wall - use insulation materials that are water
resistant/low absorption (expanded polystyrene sheets, EPS
water-resistant beads, or semi-rigid self-draining mineral
wool slabs/batts that will not collapse on wetting) with
stainless steel fixings

Replace timber wall plates and joists on sleeper walls with
corrosion resistant steel alternative

Install a damp proof material around the ends of floor joists
where built into walls

Internal lining of timber-framed walls - use marine ply/WBP-
bonded ply, BS1088. demountable fixings, sacrificial joints
and lime-based finishing layer

Replace corroded timber frames with treated timber
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Water compatible floors

Any
High

Any

Any

Any
Any
Any
Any
Any
Any

Any
Any

Any

Any

Any

Any
Any
Any
Any
Low

Any
Any

Any

Any

* ok k%

* ok k%

* ok k%

* ok k%

* ok k%

* ok k%

%k %k k kk

%k %k %k kk

%k %k %k kk

%k %k %k kk

%k kK k

%k kK k

%k kK k

%k kK k

Replace corroded steel frames with galvanised steel
equivalents

Seal between wall, floor and partitions (continue concrete
seal 0.5m up walls)

Avoid (non-breathable) vinyl wall-coverings, use
microporous paint temp finish, then paper (breathable
wallpapers must be affixed with breathable adhesives)

Avoid fitted carpets, parquet and laminate flooring: use
ceramic tiles, loose fitting rugs; removable carpets (eg fixed
with hook-and-loop -tape or hooks-&-eyes set into floors)

Vinyl/thermoplastic tiles replaced by ceramic tiles (vinyl
sheet flooring can be retained)

Quarry tiles, coated to prevent staining

Cement-rich floor screed

Foam glass and mastic asphalt screed

3mm epoxy resin waterproof floor treatment added to
concrete floor screed

Suspended floors - preservative-treated joists/ floorboards
Marine ply (instead of chipboard/ other timber)
Suspended floors (brick and block) - need to create low
point/well in soil or sub-floor, to collect water then pump
out

Solid floor/Replace timber floor with solid concrete (and tile
finish with falls for drainage to sump/pump) concerns with
breathability

Ensure effective connection between the damp-proof
membrane for the floor and the damp proof course in the
wall

If oak blocks on concrete need replacing, use tiles. If oak
blocks set in bitumen need replacing, then use screed and
new finish on top.

For suspended floors, if oak floorboards need replacement,
then use (cheaper) treated timber.

Treated floorboards, WBP plywood, screed or tiles to
replace chipboard

Remove ash-bedding from underneath quarry tiles in
Victorian houses (retains moisture and impedes drying out)
Clear and repair air bricks/vents to suspended timber
ground floors (aids drying out process via airflow imps)
Move airbricks to above expected flood level and duct down
to floor void (periscope principle)

Closed cell insulation in boards for floors

Silicon-mineral board instead of chipboard (concerns with
breathability)

Design floor levels and exit routes to shed water once flood
has receded to minimise standing water.

Replace the kitchen units with proprietary plastic or water-
resistant alternatives (PVC or steel) and build off floor; use

acrylic or removable wooden doors; steel kick-boards.
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Water compatible kitchen
fittings

Water compatible
bathroom fittings (ground
flr/ basements)

Building Services

Low
High
High

Med
Any

Any

Any
Any

High
High
Low
High
Any
High
Any

Any

Any
Any
High
Any

Med
High

High

Any

Any

Med

%k k k%

* ok k%

* ok k%

* ok k%

* ok k%

* ok k%

%k %k k kk

%k %k k kk

%k %k k kk

%k %k %k kk

%k %k k ko

%k %k k kk

%k %k k ko

%k %k k ko

%k %k k k3

%k %k k ko

%k k k%

%k 3k %k kK

Fit kitchen units with extendable plastic or stainless steel
feet or support on raised brick/stonework (for floods
<50mm deep only)

Replace ovens with raised, built under type
Oven/microwave mounted part way up wall (shoulder
height/eye-level)

Tanking around cooker, with its own flood barrier.

Specify the least expensive kitchen possible and to expect to
replace it (aka Sacrificial approach)

Free standing removable units (eg pitch pine), then carry
upstairs when flood warning rec'd.

Use Belfast sink on brick base, not a 'sink unit'

If space permits, brick-built carcasses concealed by 'normal’
looking but removable doors

Limit number of base units and have removable doors so
only bottom carcases need replacing

Avoid built in appliances and have strong work surfaces that
can support appliances during a flood

Removable kick boards - wrapped around units avoiding end
sections that extend to the floor

Better to have a table and/or high-level 'breakfast bar' than
a (fixed) island.

Avoid kick heaters and use radiators instead.

Waterproof tile adhesive and water-resistant grout for tiled
walls

Replace baths having chipboard stiffening panels with cast
iron or pressed steel models

Some acrylic baths have integral encapsulated (ie
waterproofed) base-boards (cost same as normal acrylic
baths).

Have a wet room rather than shower tray.

Use of an anti-siphon toilet

No vanity unit around wash-hand basin use wall mounted
cupboards/shelves

Gravity drained toilets (grnd floor) replaced with pumped
system

Sump and pump system ( with alarm in case pump fails)
Raised electrics = dual purpose, as more accessible for
older/less mobile people when raised.

Electric cables drop from first-floor level down to sockets at
high level on walls;

Central heating pumps and controls raised above max
expected flood level; and any pipe insulation below exp'd
flood level replaced by closed-cell type

CH control unit moved upstairs, so radiators serving upper
floor(s) can still be used (ground floor underfloor heating
only).

Wall-hung fires >1m above flood level (depending on
expected flood depth)
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Doors/windows/staircases

Any
Any
Any
Any
Any
Any
Any

Med
Any

High

Any

Any

Any
Any

Any

Any

High
Any

Med

Any

Any

Any
Any

Any

Any

%k k k%

* ok k%

* ok k%

* ok k% K

* ok k%

%k %k %k kk

%k %k %k kk

%k %k %k kk

%k %k %k kk

%k kK k

%k kK k

%k kK k

%k 3k %k kK

%k 3k %k kK

%k 3k %k kK

Raised meters 1m above expected flood level, and use
plastic housing.

Boiler mounted above max expected flood level

Seal radiators with polyethylene sheeting

Use enamelled radiators, which wipe clean after flood.

Use demountable radiators.

Use an enamelled finish woodburning stove (cast iron rusts
after a couple of floods)

Ensure woodburners allowed to go completely cold before
water enters (cast iron will crack if still hot)

Raise woodburner up on robust metal support.

Where possible, incoming telephone lines/cable services/
and internal control boxes should be raised above the
expected flood levels.

Through-wall service connections raised >900mm above the
ground floor level

A house can be wired so that the ground floor ring main can
be switched off, leaving supply to the upper floors still
available; likewise, smaller vulnerable circuits can be
isolated.

Place services including electrics in easy to access conduits
to allow draining and drying

Anti backflow devices on foul drainage

Anti-backflow valves (NRVs) to sewer pipework AND
dishwasher/washing machine pipes.

Toilet 'bungs'; sink and shower 'bungs' (to prevent sewage
ingress)

Water supply pipework insulation can be replaced with
flood resistant closed cell material below the expected
flooding level.

Outside fuel tanks raised on concrete plinth (standard
plastic bunds float, pipes then fracture)

Water compatible steps/stairs (partly or fully eg resilient
staircase of solid timber/steel

Sep piece of carpeting for bottom-most stairs, removable
when flood warning received - then nail back down (but
looks like normal fitted stair carpet).

If normal staircase has to be replaced, use open-tread type
made of oak. (Half the wood, so cost-neutral at rebuild
stage).

Replace internal doors with solid hardwood doors (caution -
avoid cheap 'oak-style' doors)

Consider installing cheapest possible doors to be sacrificial.
Removable /light weight internal doors/replace door hinges
with rising butt hinges. These allow doors to be lifted off.
Internal hollow cellular-fill type doors - replaced with solid
timber types (and paint these before hanging, with water-
resistant paint, to ensure sides and bottom fully covered)
Retain traditional solid wood doors, on rising butt hinges,
and use on trestles to support furniture etc
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Speed of
reoccupation/drying

Contents Protection

Miscellaneous

Any

Any

High

Any
Any
Any
Any

Any

Med

Any
Any

Any
Any

Any

Any
Any
Any

Med
Any
Ay
Any

High

High
Any
Any

Any
Low
Any
Any
High
Any
Any

%k k k%

%k k k%

* ok k%

* ok k%

* ok k%

* ok k%

* ok k%

%k %k k kk

%k %k k kk

%k %k k kk

%k %k k kk

%k %k %k kk

%k %k k kk

%k %k k kk

%k %k k ko

%k %k k kk

%k %k k k3

%k %k k ko

%k kK k

%k kK k

%k kK k

%k kK k

%k 3k %k kK

%k 3k %k kK

%k 3k %k kK

%k 3k %k kK

%k 3k %k kK

For wooden windows and external doors - use oil-based or
waterproof stains, paint or varnish timber

Replace doors, windows, skirting boards, architraves,
doorframes and window frames with fibreglass (GRP), PVC-
U or similar

Hopper style windows with fixed lower panels below the
likely flood depth. (caution ensuring adequate low level
escape routes)

Replace skirting boards with ceramic tiles

Treat wood skirting, painted on ALL sides

Oak skirting held with screws, removable.

Use of toughened glass in doors/windows /cabinets (reduce
damage from floating debris)

Use non-corrosive door/window hardware fittings (eg
stainless)

Wall cupboards/built-in-wardrobes - rebuild off floor with
plastic legs, concealed by removable plinth

Use PVC wall cupboards instead of timber

Bookcases formed of fixed brackets but with easily removed
shelving.

Oak exterior doors oiled repeatedly with linseed oil

Speed reoccupation and drying through optimum height of
the floor air gap (to aid speed of drying of gypsum boards)
needs heating cable in vertical air gap.

Rapid drying techniques (rather than trad slow
drying/dehumidifiers etc) - depends on building suitability
Steam cleaning of plastics/hardwoods

Buy wet/dry vacuum cleaner to remove pockets of water
Maintain stock of water absorbing bags to absorb
seepage/clean up water

Plinths (or equivalent methods) for white goods
Waterproof bags for furniture

Water-tight covers for appliances

Use polytunnel-grade thick plastic, plus recycled carpet
underlay to prevent corner puncturing it, and duct tape to
hold it all in a parcel

Raise furniture on bricks/breeze blocks/plastic trestles (or
similar) before water enters.

Robust shelving system (marine ply) to support white goods
Relocate valuables/docs etc

Move furniture to pre-arranged storage / used pre-arranged
removal firm; Hire/borrow etc van/flat-bed to move your
furniture etc to a location out of floodplain.

Cast iron woodburning stove enamelled (or they rust)
Woodburner raised up 6"

Plastic kitchen stools

Lightweight settees etc, easily lifted upstairs

Wall mounted TV

Buy a sack truck for moving things

Businesses should include flooding in continuity plans
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Any

Any

Any

Any
Any
Any
Med
Any
Low
Low
High
Low

Any
Any

%k k k%

* ok k%

* ok k%

* ok k%

* ok k%

%k %k k kk

%k %k %k kk

%k %k %k kk

%k %k %k kk

%k %k %k kk

%k %k k kk

%k %k k kk

%k %k k ko

Locate computers above flood level (businesses and
domestic users)

Flood warning devices/alarms property-specific
Community-based (eg for small watercourses/surface water
flooding) - high overall cost but shared among multiple
beneficiaries.

Ext walls - Re-point brickwork with a mix of 1:2:9 - cement:
lime: sand mortar (far more likely to survive flood
conditions without need for repair)

Protect the upstairs carpets (plastic sheeting/dust sheets)
before carrying loads up from ground floor

Flood flaps/vents/ports - allow water to enter and exit
sealed 'crawlspaces' or unoccupied basements, thus
equalising hydrostatic pressure (FEMA requirement in USA )
Sealed buckets and lids, to allow small items to float

When raising wooden furniture on bricks, wrap bricks in
plastic to prevent water wicking up into legs

Switch off all electrical appliances before floodwater enters,
to avoid damage from short-circuiting

Plastic furniture raisers, as sold for use by older people to
raise seat heights

Choose furniture with legs, not castors (eg sofas), easier to
raise further with bricks

Use carpenters’ telescopic metal trestles to raise heavy
furniture (more robust than plastic trestles)

Choose TV stand made of glass and metal, not wood

Generator back up for pumps, in case electrics fail
Biocidal detergent for post-sewage flood clean up (as used
in hotel/catering trades)
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Appendix 11: Flow diagram showing full evidence review process, with number of
results at each phase
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