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The SMARTeST Project 

The SMARTeST project was funded under the European Union’s FP7 Research Programme, in the 
area Technologies for improved safety of the built environment in relation to flood events 
(ENV.2009.3.1.5.1).   

The extent and consequences of recent flood events in Europe and worldwide have shown that 
existing flood defence structures do not guarantee sufficient protection for people and properties. Due 
to climate change and rapid urbanisation the situation is likely to become more severe. In this 
unfavourably changing environment, a substantial rethinking of existing strategies and a paradigm 
shift from the traditional approaches is required in order to cope with future flooding in an adequate 
way. 

The SMARTeST project (Smart Resilient Technologies, Systems and Tools) was conceived in order 
to address many of the issues of integration of flood resilience (FRe) technology into the overall 
approach to flood risk management. The project has developed and disseminated knowledge to help 
facilitate flood resilience across Europe. It has identified challenges to the design and integration of 
FRe technologies and isolated opportunities for their promotion. The project was designed to improve 
the road to market for FRe technologies, particularly those with innovative or ‘smart’ FRe features. 
These features rely less upon human intervention for their deployment, although correct use, 
installation and maintenance are critical to improving their overall effectiveness. Beyond innovative 
technologies, the project has also developed FRe modelling and decision-making, again with an 
ultimate aspiration to promote the growth of more resilient societies. The emphasis is on cost effective 
solutions to flood resilient systems in the urban environment. 

The project has achieved the following: 

• Development of guidance for standards makers on FRe technology; 

• Understanding of FRe systems intended to incorporate FRe technology; 

• Development of a series of models and tools that support integration; 

• Understanding stakeholder needs for the integration of FRe technology, systems and tools; 

• Production of guidance for professionals and individuals. 

 

The project has been coordinated by the Building Research Establishment of the UK, and has 
involved 10 European research institutes.  It has been supported by National Support Groups in each 
country and an International Application and Implementation Group (see www.floodresilience.eu for 
details). 

 

The SMARTeST project team gratefully acknowledge the support of the European Commission 
through the FP7 programme and particularly the project officers from DG Environment. 

 

http://www.floodresilience.eu
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Executive Summary 

Floods are the most common type of natural disaster in Europe. Consequently the market has seen the 
development of technologies for building and community scale to cope with the effects of flooding. These 
technologies so called flood resilient technologies (FRe Technologies) may be used for: 

• Dry-proofing building sealing: The principle is to prevent floodwater from flowing into the building by limiting 
the water entries in the building. 

• Dry proofing building shielding: The principle is to prevent floodwater from flowing into a defined area by 
using perimeter flood barriers. 

• Wet-floodproofing is defined as a strategy that permits water to enter a property, but uses a resilient 
approach to design and construction to avoid damage. 

 
They are characterized through three main categories: 

• Building aperture technology providing flood protection to openings within a building, such as ventilation 
areas, entrance doorways and pipework.  

• Perimeter technology installed around or along an area to protect it against flood actions. 
• Building technology including permanently positioned technology used to seal building walls, foundations 

and floors as well as materials that are resilient to the effects of flood water.  
 
These products although present in the market have not always been fully trusted by home owners and/or 
community bodies. Indeed many of the companies producing FRe Technologies claim performance levels without 
any third parts evaluation. Europe has seen a move towards a strategy of flood risk management, as opposed to 
traditional flood defence with the advent of the Floods Directive (EU, 2007). This Directive is seen within the 
SMARTeST project as a signal to improve the market of Flood resilient Technologies. Therefore this report intends 
to provide guidance to standards makers at European and National levels and to regulators on FRe technology and 
the issues around their standardisation. The report provides a route towards the development of standards in this 
area in Europe. 
 
Centred on guidance for the elaboration of a Code of Practice (CP) of flood resilient technologies, this report set out 
good practice and is typically in relation to practical workmanship issues in the construction area. It defined 
recommendation on three levels, as follows: 

• Pre-flood 
o survey phases of the flood risk and the site to properly assess the flood resilient requirements 
o design phases mainly based on surveys and quality control 
o construction phases to properly and safely construct permanently-installed component 

• During flood 
o operational procedures to properly and timely install the flood resilient products 

• Post flood 
o maintenance which is a key issue for features that are likely to be rarely installed (potentially 

several years without being used)  
o end of life of the product. 
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Completing the Guidance for Code of Practice, guidance documents on performance assessment for flood resilient 
technology intend to inform on the various types of technologies, appropriate means of assessing performance and 
their characteristics. Performance assessment is primarily based on laboratory based testing of technologies. 
Review of existing standards and experiences from the testing phase carried out within the SMARTeST project are 
the keys basis of these guidance documents. Performance assessment of the three categories building apertures, 
building technologies and perimeter technologies are addressed in this report. 
 
The report reflects the research work related to flood resilient technologies accomplished within the SMARTeST 
project. It is mainly addressed to standards makers at European and national levels and to regulators. It intends to 
be a basis for them to develop regulation on flood resilient technologies. Options for implementation at the 
European level are made at the end of this report. 
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1 Introduction 

Many major floods have affected Europe in the past decade causing damage to the built environment. The 
process of clearing up after a flood involves a significant amount of decontamination and drying, and the 
repair of buildings can take months or even years to complete. Furthermore, the on-going health concerns 
and costs for those homeowners and businesses involved are often significant. Drivers such as climate 
change and rapid urbanisation will result in increasing flood problems in urban environments throughout 
this century, perhaps most especially increasing pluvial flooding driven by intense rain storms. 

The traditional engineering approach is to form flood defences for river and coastal areas to provide a level 
of protection to established urban developments. The level of protection is often defined on the basis of risk 
or the return period. Europe has seen a move towards a strategy of flood risk management, as opposed to 
traditional flood defence with the advent of the Floods Directive (EU, 2007). This change of approach will 
require more consideration to be given to the use of new technologies and their interaction. The role of 
flood resilience technology (FRe technology) in alleviating problems for a range of stakeholders, from 
government departments to individual homeowners, has not yet been addressed fully. Consequently, FRe 
technology is not as yet seen as an integral part of flood management strategies across Europe.  

The non-integration of FRe technology within flood risk management can be put down to a number of 
factors. One of the main issues is the perceived problems of existing technology that are a concern to 
potential users and funders. The need for human intervention in erecting or putting into place the equipment 
in the event of a flood has continued to be perceived as a negative aspect of FRe technology. The advance 
warning, time and manpower required to install many FRe products make them unattractive as a method of 
protection for many stakeholders. 

This report is intended to provide guidance to standards makers at European and national levels and to 
regulators on FRe technology and the issues around standardisation. Standards and guidance should 
provide the necessary information to select the appropriate technologies to its on-site conditions and 
requirements in order to build a Flood Resilient System. The report provides a route towards the 
development of standards in this area in Europe. 

A standard is a publication that provides rules, guidelines or characteristics for activities or their results, for 
common and repeated use. Everyone benefits from standardisation through increased product safety and 
quality as well as lower transaction costs and prices. It is produced by all interested parties through a 
transparent, open and consensus based process. 

European Standards are a key component of the Single European Market and represents a model 
specification, a technical solution against which a market can trade. 

Test standards are used to harmonise approaches and methods of testing amongst test houses and to 
ensure consistency of results for clients. 

A Code of Practice (CP) can be published as a standard to encourage good practice in an area as opposed 
to product specifications or test standards that are used to achieve minimum performance standards from 
products. 
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A CP is intended to set out good practice and is typically in relation to practical workmanship issues in the 
construction area. It represents an approach that was common used within national standards, whereas 
harmonised European Standards historically tended to focus upon test and product harmonisation are now 
more that are codes of practice linked to product standards.  

 

1.1 SMARTeST Project 

The SMARTeST project (Smart resilient technologies, systems and tools) was conceived in order to 
address many of the issues of integration of FRe technology into the overall approach to flood risk 
management. The project has addressed FRe technology from the perspective of encouraging innovation 
and developing an approach to standardisation of the technologies. As such the research has addressed 
the issue of standards harmonisation and production of good practice guidance. 

The SMARTeST project had the overall aim of improving the Road to Market of FRe technologies. It had a 
series of objectives that relate to flood resilient technology, systems and tools. The key project objectives 
as regards technology were as follows: 

• To develop innovative and smart technologies to enhance the flood resistance of the built 
environment and infrastructure, with a specific focus on new materials and smart deployment and 
control. 

• To test and assess the performance of FRe-technology (products and materials). 

• To develop guidance as the basis of standards for the testing and approval of FRe-products, 
harmonizing the different European standards on FRe-product and approval procedures. 

This report is relevant to the third objective. The project has developed a technologies web portal where a 
reference source of FRe technology exists (www.floodresilience.eu).  Users of this guidance should refer to 
that document for examples of the types of technologies discussed. 

 

1.2 About the report 

The report brings together knowledge of flood resilience technologies and synthesises this into guidance for 
standards makers. There are two main parts, as follows: 

• Guidance to a Code of Practice (CP) for FRe technology, a CP is intended to set out good practice 
in the use of FRe technology. At present there is no equivalent in either national of European 
standards arenas and therefore it represents an innovation in this area. 

• Guidance on performance assessment for FRe technology, this is primarily concerned with 
providing information on the various types of technologies, appropriate means of assessing 
performance and their characteristics. Performance assessment is primarily based on laboratory 
based testing of technologies. 

The report does not attempt to write the standards in their ultimate format, but instead it provides 
information to advance the potential case for standardisation at a harmonised European level. It also makes 
a template for European Standardisation based upon appropriate test standards and the Code of Practice. 
The report should be used as the starting point for the process and it is expected that with the involvement 

http://www.floodresilience.eu)
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of national standards bodies, CEN and other parties that it would progress and develop over a period of 
time. 

It is important for users of this guidance to understand that FRe technology is not one thing, but rather is a 
collection of established building products and new developments in barrier technologies and materials. 

1.3 The audience 

The audience identified for this report is primarily those involved in the areas of standards. The report will 
also be of interest to those involved in the production of FRe technology. There are two groups of users 
amongst the technology providers, the first are those involved in manufacture and supply of technologies 
that have the sole purpose of flood resilience and the second those producing construction products that 
could have innovative uses for flood resilience. 

A summary of the connection between the users and the guidance is set out below. 

The European Committee for Standardization (CEN) 

As the competent organisation for the adoption of harmonised standards (HS) CEN aims to remove trade 
barriers for European industry and consumers. At the European level CEN is the principal intended 
audience for this guidance. CEN can use the guidance to adopt a route to develop an approach to 
European harmonisation in this area. The creation of harmonised standards in this area should allow CE 
Marking under the Construction Products Directive. 

Technical Assessment Bodies (TABs) 

TABs are national bodies in charge of the assessment and issue of European Technical Assessments 
(ETAs) in particular product areas. Under a manufacturer request for an ETA, TABs are due to check if that 
particular construction product is not already covered by existing Harmonized Standards (Article 30, 
Regulation 305/2011). 

The national bodies are responsible for translating a harmonised European standard into a national version. 
As such they are a key component of the development and delivery to the market of a new standard. 

Manufacturers 

This report will interest manufacturers as standards in this area have the potential to improve quality, 
enable innovation and to develop the market for products. The production of harmonised standards should 
allow manufacturers to sell good across the European Union without barriers to trade, when combined with 
appropriate CE Marking. 

The EU Commission 

The Commission has the overall responsibility to enforce the common market and remove disparate 
requirements that prevent trade within the European Union. It is also competent for issuing mandates to the 
European Standardisation Bodies to draw up harmonised standards. The Commission therefore has an 
interest in the production of harmonised standards in this area. 

The Commission is also responsible for the implementation of the Floods Directive.  As such it has 
responsibility to associate itself with both standards for FRe technology and how this fits with the aims of 
the Directive. 
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Member States (MS) 

Member states have rules that require construction works to be designed and executed so as not to 
endanger the safety of persons, domestic animals, property or the environment. MS must also make sure 
that such national provisions are in accordance with harmonized EU technical specifications. In that sense, 
they must not introduce or withdraw any colliding national references. (Article 8, Regulation 305/2011). On 
the other hand, MS are also entitled to promote the definition of classes of performances so as to take 
account of differences in climate, geology and geography and other conditions prevailing in their territory. 
To fulfil such function, MS create ad hoc bodies: TABs, Product Contact Points for Construction and Market 
Surveillance Authorities.  

Product Contact Points for construction 

Regulation EU 764/2008 Article 10 makes Product Contact Points responsible of the supply of information 
related to the technical rules applicable to a specific type of product in the territory of each MS. To fulfil this 
function, Product Contact Points will find an interest in the standard review carried out under this report.  

Market surveillance authorities 

Market Surveillance Authorities play a major role in enforcing standards into national markets. Article 56 of 
Regulation 305/2011 not only entitles such national bodies to control and evaluate the compliance of 
suspect products with in force HS and ETAs, but also to adopt harder measures such as the imposition of 
corrective measures or the withdrawal and ban of irregular products. To carry out this control the guidance 
may be useful even in the current absence of the harmonised standards. 

Other bodies 

Other bodies concerned with standardization and certification should find interest in the guidance, such as 
product certification bodies, factory production control certification body and testing laboratories. Even if 
only indirectly, importers and distributors may also be somehow interested, since Regulation 305/2011 
(Articles 13 and 14) makes them responsible of a control previous to the introduction of a product on the 
market. In practice, both operators must ensure the conformity of products with the declaration of 
performance, withdraw suspicious products from the market and take corrective measures to bring 
suspicious products into conformity. Moreover, importers shall also carry out sample testing to ensure the 
reliability of declared performances. In the fulfilment of such tasks, the categorization of FRe technologies 
and identification of existing standards will provide assistance. 

 

1.4 Relevant definitions 

The SMARTeST project has developed a glossary of terms that are related to the area of flood 
management, this includes terms that are necessary to the understanding of this report. The glossary is 
available on the project web site (SMARTeST Website). Further definitions related to this report: 

Product functions are the expected actions or reactions of a product. 

Product performances quantitatively characterize the ability of a product to fulfil its functions.  

For each function a characteristic is defined to measure the corresponding product performance. 
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Variables are the conditions (flood actions, environments, product configurations, site conditions) that can 
change and affect the product performance. 

Test conditions are the condition in which the test is carried out. 

Test Variables are the variables which are simulated for testing purpose. 

Criterion is a threshold value which enables a performance graduation. 

Construction product: “means any product or kit which is produced and placed on the market for 
incorporation in a permanent manner in construction works or parts thereof and the performance of which 
has an effect on the performance of the construction works with respect to the basic requirements for 
construction works” [Art 2.1 Reg. EU 305/2011)]. 

Intended use: “intended use means the intended use of the construction product as defined in the 
applicable harmonised specification” [Art 2.14 Reg. EU 305/2011)]. This definition does not clarify at all the 
meaning of this term. The following seems better: “the intended use of a product refers to the role(s) that 
product is intended to play in the fulfilment of the Essential Requirements” [Art. 1.3.4. Co. 94/C 62/01]. 

For the purposes of this document, the intended use of considered products will be the flood resilient 
contribution they provide to the works there are applied to. As will be deduced later from the market 
analysis, such intended use “FRe contribution” may be fulfilled improving either the water resistance of the 
work, or its serviceability and durability when flooded. 

Field of use: means the conditions (flood actions, environments, product configurations, site conditions), in 
which the product have to be used. 

Essential requirements (= basic requirements): “the basic requirements for construction works […] shall 
constitute the basis for the preparation of standardisation mandates and harmonised technical 
specifications” [Article 3.1, Regulation EU 305/2011)]. 

Essential characteristics: “essential characteristics means those characteristics of the construction product 
which relate to the basic requirements for construction works [Article 2.4, Regulation EU 305/2011)]. 

Performance of a construction product: “performance of a construction product means the performance 
related to the relevant essential characteristics, expressed by level or class, or in a description” [Art 2.5 
Reg. EU 305/2011)]. Another definition describes performances as “a quantitative expression (value, grade, 
class or level) of the behaviour of a works, parts of the works or product for an action to which it is subject 
or which it generates under the intended service conditions (for the works or parts of works) or intended use 
conditions (for products)” [Article 1.3.7, Co. 94/C 62/01]. 
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2 Guidance to a Code of Practice 

2.1 Background 

A Code of Practice (CP) is published to encourage good practice in an area as opposed to product 
specifications or test standards that are used to provide minimum performance standards for products. 

A CP is intended to set out good practice and is typically in relation to practical workmanship issues in the 
construction area. It represents an approach that was common used within national standards, whereas 
harmonised European Standards historically tended to focus upon test and product harmonisation there are 
now more that are codes of practice linked to product standards.  

The FRe technology Code of Practice shall include details on at least the following: 

• Scope 

• Flood risk 

• Site surveys 

• Design  

• Construction  

• Operation 

• Maintenance  

• End of life.  

This document shall help to ensure that clients and users receive the best service from surveyors, 
designers, manufacturers and installers of FRe technologies. 

As a code of practice it shall contain guidance and recommendations. It shall not, however, be quoted as if 
it were a specification and particular care shall be taken to ensure that claims of compliance do not mislead 
the public. Any user claiming compliance with such a code of practice shall be able to justify any course of 
action that deviates from its recommendations.  

About this guidance 

The guidance does not constitute a draft of a Code of Practice by itself, but instead it addresses the key 
issues required and discusses the content requirements. The guidance follows a logical sequence through 
the ‘journey’ of FRe technology. 

Due to the wide variety of installation conditions, it would not be possible to cover all applications 
completely in the code of practice, but it shall cover those good practices that are expected to ensure 
satisfactory performance. 
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FRe technology contains a number of subsets and indeed approaches. As such it covers a whole range of 
technologies and materials. Each material and indeed form of FRe technology shall have its own unique 
performance characteristics. The surveyor and installer shall be aware of the technologies and materials 
being used, and any additional manufacturer’s recommendations for survey and installation. 

 

Guidance structure 

The guidance to the code of practice is structured into a number of sections covering the items set out 
above. An initial explanation is given as to why that section is needed and what is covered. A description is 
also given of the contents that might be required in that section and any outcomes that shall be achieved. 

The final adoption of guidance by standards makers could vary the structure set out here. 

2.2 Scope 

2.2.1 Why is a scope section required 
The scope is a straightforward statement of what is covered by the standard / code of practice. The scope 
shall be set out in no more than around one page.  

It is recommended that the scope of the Code of Practice for FRe technology covers the key types of FRe 
technology used at building and community levels to provide protection in areas that are difficult or no 
longer economically feasible to protect with primary flood defences. 

The different FRe technologies covered result in the guidance potentially being more complicated than if 
only one set of technologies was addressed. However, the more holistic nature of the approach means that 
designers, specifiers, clients and the public shall have one reference source.  

2.2.2 Contents 
This code of practice gives recommendations for the flood resilience technologies. It covers flood risk, site 
surveying, design, construction and installation, maintenance and end of life issues. It covers different types 
of dry-proofing and wet-proofing technologies (Figure 1), in particular the following which are described in 
detail in Appendix 1: 

• Building aperture technology  

These provide flood protection to openings within a building, such as ventilation areas, entrance doorways 
and pipework. The specific products could include air brick covers, door guards, building-fixed flood guards 
and non-return valves.  

• Perimeter technology  

Perimeter flood barriers are barriers installed around or along an area to protect it against flood actions. 

• Building technology  

There are a range of items that are included in building technology; they can include permanently 
positioned technology used to seal building walls, foundations and floors such as water-tight material. 
Resilient building materials are construction material with a main function different than flood protection but 
not significantly affected by a flood. Local warning systems that are integrated at the building level are also 
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relevant FRe building technology. Anti-corrosion products have been identified within the SMARTeST 
project as relevant to building technology.  
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2.2.3 Outcomes 
The outcome of this section is that the user of the code of practice shall understand the scope of the 
guidance, including the technologies and the contents. 

 

2.3 Flood risk assessment 

2.3.1 Why is a flood risk assessment section required 
A flood risk assessment shall be undertaken before specifying FRe technologies at a property or 
community level. The level of the flood risk assessment, i.e. an empirical or full process shall be 
proportionate to the proposed installation. 

The flood risk assessment shall identify the sources of flooding, the pathway and the receptors. In this way 
the assessor can determine how to protect the receptor (building, group of building, community, etc.) using 
FRe technology. The risk assessment shall also assess the intensity of the expected flood actions. Flood 
actions are characterized from literature review in Table 1.  It includes hydrostatic actions partly due to 
depth of flooding, hydrodynamic actions and debris action partly due to flow velocity and non-physical 
action due to pollutants or component contained in the water. These factors as well as their duration 
influence the extent of damage to receptors and therefore how FRe technology can be used to control the 
source, the pathway or the receptor. 
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1 “Localized changes in the velocity, and therefore variation pressure causing suction force, occur when water flows around corners of a building or through 
gaps.” 
2 “Debris refers to solids in the flood” 
3 “Would occur due to sediment accumulating” 
4 “Dynamic debris actions would be either concentrated forces (log floating in moving water) or distributed pressures (hyper-concentrated flow)” 
5 Classified in three categories: Normal impact loads, Special impact load and Extreme impact loads  

  
Kelman, I & Spence, R. (2004) 

BWK 
(2005) 

ASCE 
(2005) USACE(1995) 

Hydrostatic actions 
 
 

Lateral pressure X X X X 

Capillary rise X 
   

Buoyancy actions X 
 

X X 

Hydrodynamic actions 
 
 
 
 

Lateral pressure X X X X 
Localised water velocity1 X 

   
Turbulence X 

   
Non-breaking wave X X X 

 
Breaking wave X X X 

 

Debris actions2 
 
 

Static actions3 X 
  

X 
Dynamic debris  actions 

concentrated force4 
X X X X5 

Dynamic debris  actions 
distributed force X 

   
Non-physical actions 

 
 

Chemical actions X 
   

Nuclear actions X 
   

Biological actions X 
   

Table 1: List of Flood actions according to diverse literature 
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The science of risk assessment can be complex, but the approach is often undertaken on a more simplistic 
level. The resources and methods shall be proportionate to the issues being addressed, but shall address 
the following: 

• What can go wrong? 

• How likely is it to happen? 

• If it does happen, what are the consequences? 

The code of practice for FRe technology could not provide guidance to cover all eventualities in flood risk 
assessment and management, but shall direct users to the key requirements. The main issue shall be to 
address the use of FRe in managing the flood risk effectively. In the absence of a flood risk assessment 
there might be insufficient site information from which to specify FRe technology.  

A flood risk assessment shall be carried out by a competent person. 

2.3.2 Contents 

2.3.2.1 Flood risk assessment 
The risk assessment shall be undertaken to determine the following: 

• The likelihood, the intensity and consequence of flooding, from all sources that could damage 
defined receptors. 

• The FRe technology proposed to manage the risk of flooding, and whether this is intended to 
address the source, pathway or receptor. 

• How the use of FRe technology might alter the existing flooding situation (addressing the source, 
pathway and/or receptor), including potentially increasing the risk of flooding elsewhere. 

The flood risk assessment has a number of steps and components, as follows: 

• Hazard identification 

• Hazard assessment 

• Risk analysis 

• Risk management. 

The degree of flood hazard in an area is often measured by the annual probability of flooding or the return 
period of the flood that would cause inundation. However, there is a common misconception that once a 
flood of a given severity, e.g. a flood with a 100-year return period (in reality a 1% annual probability of 
flood), has occurred then such a flood shall not recur for another 100 years. 

Floods are random and, other factors being unchanged, have the same probability of occurring in any year. 
Flood risk can be managed by addressing the hazard, exposure and vulnerability through an analysis of the 
sources, pathways and receptors of flooding. Flood hazard may be reduced through engineering or 
structural measures, which alter the frequency (i.e. the probability) of flood levels in an area. The exposure 
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and vulnerability of a community to flood loss can also be mitigated by non-structural measures, e.g. 
through changing or regulating land use, through flood warning and effective emergency response and 
through the use of FRe technology.   

Flood-risk assessments shall be proportionate to the risk and appropriate to the scale, nature and location 
of the development. The requirements for flood-risk assessments to address FRe technology are that they 
shall consider the following: 

• The risk of flooding to the receptor (whether an individual building or item of infrastructure, 
community, or other development). 

• The risk of flooding arising from the use of FRe technology, i.e. the impact downstream. 

• Climate change and whether or not this shall impact on the flood risk over time. 

• The impacts of existing flood-risk management infrastructure, including defences, flow channels, 
flood storage areas and other artificial features. 

• The vulnerability of those that could occupy and use the receptor. 

• The impacts of a range of flooding events including extreme events on people, property, the natural 
and historical environment and river and coastal processes. 

• The assessment of the remaining (known as ‘residual’) risk after FRe technology has been 
implemented.  

• The effect on the drainage systems of using FRe technology (sustainable drainage and pipe-based 
infrastructure). 

2.3.2.2 Requirements for risk assessment 
Before undertaking a detailed assessment of the risk of flooding, information about the site and 
surroundings shall be obtained, including the following: 

• Details of existing infrastructure (e.g. reservoirs, canals, culverts, flood-risk management 
infrastructure and/or drainage infrastructure). 

• Details of existing raised flood-risk management infrastructure (e.g. the level of protection afforded 
by them and their condition). 

• Evidence of historical flooding. 

• Topographic mapping including local features (e.g. boundary walls and hedges). 

• Information on site ground conditions. 

A description of the hazard shall be needed to assess the potential consequences of a flood. The type of 
flooding that is likely to occur (whether from natural or human sources and including joint and cumulative 
effects). The relevant characteristics may include the following: 

• Can the land flood 

• What area is affected 
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• What causes the flooding (river, coastal, surface water, groundwater, sewers, infrastructure failure, 
etc.) 

• What is the likely flooding frequency 

• What are the expected flood actions 

• How rapidly does the flood rise 

• What is the duration of flooding? 

• The flood risk assessment shall be supported, where necessary, by hydrological modelling that 
gives outputs on the above.  

2.3.2.3 Approach 
The risk assessment shall be undertaken using a combination of the following: 

• Desk based review – shall provide information for the hazard identification, as well as contributing 
to risk management. 

• Site surveys – shall provide information for the hazard assessment and risk analysis. 

• Modelling – hydrological models, property damage models and decision support tools to support 
hazard assessment and risk analysis. 

Information to complete a flood risk assessment can be gathered from a variety of sources, but it shall be 
site specific and be extensive enough to cover the receptors identified as being at risk. 

A requirement of the Floods Directive (EU, 2007) is that flood risk assessments shall be undertaken at 
catchment and local scales. These flood risk assessments shall be available (in the future) in the public 
domain and as such can be a first source of information. Flood maps also need to be produced under the 
Directive and as such these publicly available records on flood probability mapping shall be included in 
assessing the flood risk. These maps typically deal with fluvial and coastal flood risk in the main, however, 
surface water and groundwater flood maps are also available in some countries and these can be useful 
sources of information.  

Information about past floods can be examined to understand where a flood occurred, its intensity and its 
impact and where flooding may happen again. This kind of information is gathered from a variety of 
sources, including eyewitness accounts, local newspaper articles, high water marks on buildings and more 
recent detailed records. 

Maps giving buildings, streets and infrastructure layouts shall be used in order to determine the area to 
which the FRe technology is being applied.  

The site survey shall support the desk based review and the modelling. It shall confirm the location of 
buildings and infrastructure as set out on maps and seek to identify those that are at most risk. 

2.3.2.4 Flood risk management 
Flood risk management is the means to manage the risk to the receptor. In the case of FRe technology to 
determine the preferred means of managing the risk identified. At this stage the intention would not be to 
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fully design the FRE technology, but instead it would involve selecting the type(s) of FRe technology and 
setting out the approach to its implementation.  

The use of FRE technology shall not be viewed in isolation as a risk management measure, but instead 
shall be seen in the context of the FRe system and the existence of other flood risk management 
infrastructure. 

Decision making in flood risk management can be supported by a number of tools and models, in particular 
damage assessment models and decision support tools. 

2.3.2.5 Competency 
Risk assessment shall be undertaken by a competent person, as early as possible in the process. There is 
no specific qualification for flood risk assessors, however, individuals and organisations shall be able to 
demonstrate competence through previous work and experience. The flood risk assessor shall be capable 
using the outputs from other experts, for example a hydrological model, in order to development the risk 
assessment. For the purposes of FRe technology the flood risk assessor shall be knowledgeable in its use. 

2.3.3 Outcomes 
The outcome of the flood risk assessment shall be the understanding of flood risk at the site and the role 
and type of FRe technology in managing the risk. 

The risk assessment shall be provided in a report that sets out the findings, conclusions and 
recommendations for risk management using FRe technology. The dependence of FRe technology on 
other factors shall be set out as relevant within the report. The risk assessment report shall enable further 
steps in the design and installation to be undertaken. 

 

2.4 Flood resilience technology survey 

2.4.1 Why is a flood resilience technology survey section required 
The purpose of the flood resilience technology survey is to gather information on a building, item of 
infrastructure or area of ground to which the FRe technology shall be used. It aims also to evaluate the 
operational capacity of the community. In the absence of a survey insufficient information is likely to be 
available on the building and as a result the design and installation may not be effective in providing the 
protection required. 

The survey can be undertaken at any time, but it is possible that it shall occur shortly after a flood event. 
The condition of the building and the ground may therefore be affected by circumstances in advance of the 
survey taking place. 

Some points are required to be included in all surveys while others may be specifically related to property 
level protection for buildings or to community level interventions (e.g. perimeter barriers).  

It shall be noted that at this stage the basic types of FRe technology shall already have been selected in the 
risk management activities. Therefore, the role of the survey shall be to result in information to be used in 
the design. It is possible that the findings of the FRe technology survey shall result in a change of the 
approach and this shall be advised to the client within a written report. 
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2.4.2 Contents 

2.4.2.1 Competence 
A competent survey is the basis of ensuring a quality installation and one that shall work in the event of a 
flood of a given type. Surveyors shall be trained and knowledgeable in FRe technology installation 
techniques, and in the manufacturer’s recommendations for the particular system being used.  

Surveys shall as such be carried out by a suitably trained, independent professional. Companies that 
manufacture, supply or install FRe technologies may also offer to carry out a survey, but they may only 
offer a restricted range of FRe technology. 

Surveyors shall future proof their recommended scheme by considering both climate change and the end 
users of the technology. 

The FRe technology survey can be undertaken by the same surveyor who undertook the site survey as part 
of the risk assessment. Alternatively, the FRe survey could be undertaken as a separate exercise using the 
output of the risk assessment as a starting point.  

The FRe technology survey may break down the site survey from the flood risk assessment, for example 
the initial survey may have included an estate of different properties (type, construction method, etc.), but 
the FRe survey may address a subset or an individual property. 

2.4.2.2 Building level survey 
In a building level survey the full range of relevant details of the building shall be gathered. For each 
property the focus shall be on gathering information related to the design, construction and installation of 
the FRE technology. The survey shall also include all relevant information that may impact on the 
performance of the FRe technology. 

General building details 

The general details of the building shall be recorded, as follows: 

• Construction type – general information, size, surrounding ground type (gardens, paving, etc.) 

• Form - detached building, attached building, storey height(s), etc. 

• Doors and windows – location, size, type 

• Walls – masonry (solid or cavity), frame with cladding or infill (masonry, sheet, render, etc.) and 
insulation 

• Basement (if present) – masonry or concrete 

• Ground floor – solid concrete, suspended concrete or timber, other type 

• Services – heating and cooling devices, ventilation, lighting and electrics 

• Service and ventilation penetrations into the building. 

The building details shall be recorded on a survey form, either on paper or electronic format. The survey 
shall include a photographic record of the building, a scaled sketch of the building and plot layout. 
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Survey for FRe technology 

The survey shall consider first the potential water entry routes into the building. Surveyors need to be aware 
that the duration of a flood shall have an impact, as a building’s walls may keep out water over a short time 
frame, but if the floodwater does not recede for many hours, water can then penetrate the walls. Specific 
points to consider for water entry are as follows: 

• Through masonry and mortar joints where the natural permeability of both these materials, 
particularly the mortar, can be high; and through cracks and flaws in external walls 

• Through vents and airbricks in the wall construction 

• Through or around windows and doors at vulnerable points such as gaps and cracks in the 
connection of the frames and walls 

• Through door thresholds especially where these have been lowered to the ground to allow level 
access 

• Through gaps around wall outlets and voids for services such as pipes for water and gas, 
ventilation for heating systems, cables for electricity and telephone lines 

• Through party walls of terraced or semi-detached buildings in situations where the property next 
door is flooded 

• Through the damp proof course, where the lap between the wall damp proof course and floor 
membrane is inadequate 

• Through underground seepage which directly rises through floors and basements 

• Through sanitary appliances (particularly WCs, baths and showers) caused by backflow from 
flooded drainage systems. 

Figure 2 shows these locations in a diagrammatic format. 
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Figure 2: Flood entry routes into a house (after CIRIA 2005) 

 

The following design principles shall be applied to buildings (in accordance with the vulnerability guidance 
in Table 2): 

• Up to 300 mm – dry-proofing acceptable for all buildings 

• 300 mm to 600 mm – dry-proofing acceptable for most buildings, for more vulnerable building types 
combination with wet-proofing is required. 

• 600 mm to 900 mm – wet-proofing required for all buildings, dry-proofing can be used to exclude 
water as long as the building is structurally capable of maintaining load. 

• Greater than 900 mm – only wet-proofing shall be considered. 

The above gives general guidance for existing building. If alternative design approaches are taken, for 
example dry-proofing to first floor level, then the designer needs to ensure that there is no risk of structural 
collapse. 
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Table 2: Buildings and infrastructure - vulnerability classification for flood risk management 

Essential 
Infrastructure 

Essential transport infrastructure (including mass evacuation routes) which 
has to cross the area at risk, and strategic utility infrastructure, including 
electricity generating power stations and grid and primary substations. 

Highly vulnerable Emergency services (police, ambulance and fire stations) and command 
centres and telecommunications installations required to be operational during 
flooding. 

Emergency dispersal points. 

Basement dwellings. 

Caravans, mobile homes and park homes intended for permanent residential 
use. 

Installations requiring hazardous substances consent. 

More vulnerable Hospitals. 

Residential institutions such as residential care homes, children’s homes, 
social services homes, prisons and hostels. 

Buildings used for: dwelling houses; student halls of residence; drinking 
establishments; nightclubs; and hotels. 

Non–residential uses for health services, nurseries and educational 
establishments. 

Landfill and sites used for waste management facilities for hazardous waste. 

Sites used for holiday or short-let caravans and camping, subject to a specific 
warning and evacuation plan. 

Less vulnerable Buildings used for: shops; financial, professional and other services; 
restaurants and cafes; hot food takeaways; offices; general industry; storage 
and distribution; non–residential institutions not included in ‘more vulnerable’; 
and assembly and leisure.  

Land and buildings used for agriculture and forestry. 

Waste treatment (except landfill and hazardous waste facilities). 

Minerals working and processing (except for sand and gravel working). 

Water treatment plants. 

Sewage treatment plants (if adequate pollution control measures are in place). 
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The range of dry-proofing technologies and their survey needs are described in a number of tables, as 
follows: 

• Aperture barriers – Table 3 sets out options with survey requirements. 

• Building technology – Table 4 sets out options with survey requirements. 

 

Table 3: Aperture – dry-proofing 

Type Survey needs Comments 

Door guard Door type, size (width/height) and 
condition 

Location within the building and 
sealing to walls 

Threshold height 

Surrounding wall type and condition 

Doors are available in a number of 
materials (PVC-U, timber, metal). They 
may have some flood resistance 
without further measures, but specific 
flood doors are available on the market, 
which shall have their flood 
performance set out by the 
manufacturer. 

The resistance of the door guard to 
flood water depends on a number of 
factors, but the ability to seal to the 
surrounding wall and threshold is 
essential to performance. Separate 
door guards shall prevent water from 
contacting openings in the door or 
joints to the wall. 

Window guard Window type, size (width/height) and 
condition 

Location within the building and 
sealing to walls 

Height of the window cill from 
finished floor level 

Surrounding wall type and condition 

Windows are commonly PVC-U, timber, 
metal or composites framed. Whether 
the window is opening or fixed needs to 
be determined 

Include glass type and whether single 
or double-glazed 

Windows shall only need to be 
protected if cill height is less than 
900mm above finished floor level.  

As for doors the sealing to the wall is 
essential to performance, and water 
should be kept away from the seals, 
openings and joints to the wall. 

Ground floor air 
brick cover 

Type, size (width/height) and 
condition of existing air brick 

Air brick covers are either added as 
additional products over openings, or 
existing air bricks can be replaced with 
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Location within the building, including 
height from the ground 

Surrounding wall type and condition 

a self-closing type that has a moving 
valve with rising water. 

Vent cover Type, size (width/height) and 
condition of vent 

Location within the building, including 
height from the ground 

Surrounding wall type and condition 

The vent can be either a cavity wall 
weep hole or a larger service vent (e.g. 
ventilation) 

 

 

Table 4: Building technology– dry-proofing 

Type Survey needs Comments 

Building joint 
sealants 

Length and width of joints to be 
sealed 

Sealants might be around service 
openings, windows and doors.  

  

Wall sealing – 
waterproofing 
material 

Area of wall to be sealed 

Condition of wall(s) to be sealed 

Construction material and finish 

It should be ensured that the structure 
has sufficient strength to withstand the 
pressure exerted by the floodwater.  

Wall sealing – 
external render 

Area of wall to receive render 

Condition of wall(s) to be rendered 

Construction material and existing 
finish 

The survey should ensure that the 
building will have sufficient structural 
strength to withstand the pressure 
exerted by the rising floodwater. 

Masonry repointing Type and condition of wall and 
particularly existing pointing 

Materials used 

Size of bricks/blocks 

Masonry used in construction may be 
brick or block-work (or a combination) it 
is important to identify the type of 
masonry, plus the existing mortar type. 

Resilient cavity wall 
insulation 

Type and condition of wall 

Materials used for construction 

Area of cavity wall to be treated  

Not all walls will have cavity 
construction and this should be 
identified. The cavity width should also 
be established where possible. 
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2.4.2.3 Ground survey 
A ground survey is needed where perimeter barriers are to be installed. The scale of a perimeter barrier 
can vary substantially, but the guidance given in the code of practice shall typically cover a total length of 
no more than 50 m. Where larger installations are required then additional considerations may need to be 
taken into account. The site survey needs shall be informed by the desk based review and site survey 
undertaken in the risk assessment. 

It is necessary for a health and safety risk assessment to be undertaken prior to undertaking the site 
investigation works.  

A strategy for the visit shall be decided in advance and suitable plans, checklists and reference 
documentation prepared. 

The objectives of the visit shall be as follows: 

• verify information on the site collated during the desk study; 

• collect additional information about the site, its environs and any potential contaminants, pathways 
and receptors; 

• record observations of aspects of the site and its environs not revealed by the desk study, including 
the presence of invasive plant species; 

• collect information that shall assist in the planning of any subsequent phases of exploratory 
investigation (for example any constraints to access). 

Walk-over survey (site reconnaissance)  

A walk over survey shall be undertaken to assess the location where the perimeter barrier shall be installed. 
The surveyor shall record the following information: 

• The current land use 

• The topography of the site 

• The site hydrology (drainage of the ground, run-off, etc.) 

• The presence of (above and below ground) obstacles, drainage systems to prevent backwater 
effect, structures and/or services along the intended path of the barrier 

• The type of ground / soil, i.e. the near surface geology 

• The surface cover, hardstanding or soft ground 

• The proximity to the sources of flooding, flood management infrastructure and drainage systems. 

• Any evidence for previous land use 

• Any evidence for contamination, made ground or unstable ground conditions. 

The walk-over survey shall progress to a more detailed exploratory investigation. However, this shall be 
undertaken on the basis of risk. If there are already detailed site records available then it may not be 
necessary, or if the barrier length is less than 10 m then an exploratory investigation may not be required. 
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Exploratory investigation 

The exploratory investigation would be recommended for all perimeter barrier installations with a length of 
at least 10 m, although surveyors would require to risk assess the need for an investigation at less than that 
length.  

It is recommended that a borehole of trial pit shall be to assess the ground conditions and profile at a 
maximum of every 25 m along its length. The depth of the excavation shall be at least twice that required to 
install the barrier. The barrier may be demountable, or pre-installed there is a need for foundations or 
supports that shall remain in the ground. For all perimeter flood barriers the soil permeability and stability 
are necessary to design foundation against breaching, piping, bearing and erosion. For temporary 
perimeter flood barrier the product stability is mainly based on friction with the ground. An analysis of the 
near surface shall be done to assess the sliding stability.  

A borehole is a narrow shaft bored in the ground, either vertically or horizontally. The borehole shall 
indicate the following: 

• The ground geology as a profile to the depth taken 

• The presence of groundwater and its depth 

• The presence of contamination (may require chemical testing). 

A trial pit shall provide the same type of information, but shall open up the ground and allow directly visual 
evidence of the above factors. Trials pits can be excavated to around 5 m depth, whilst boreholes can be 
deeper. 

FRe technology – perimeter barriers 

The basic requirements are set out in Table 5. 

Table 5: FRe technology – perimeter barriers 

Type Survey needs Comments 

Temporary Ground geology, 
hydrology and soil 
conditions, soil 
permeability, near 
surface 

 

Focus particularly on near surface geology as temporary 
technologies are ground placed in the event of a flood 
warning. However, where the ground is permeable it 
may be necessary to investigate a deeper profile  

“Temporary flood barriers used on an unknown site 
should not be used in case of flood water levels reach 
higher than 0,6m above ground level. This 
recommendation is related to the risk of ground failure. 
In fact, the product might be able to withstand the load of 
more than 0,6m hydrostatic pressure, but there is a risk 
of ground instability like hydraulic base failure or inner 
erosion 

In case of the installation of temporary flood perimeter 
barriers on a known site, the limit height is 
recommended as 1.2 meters above ground level in case 
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geotechnical characteristics at the site cannot withstand 
the resulting load” (BWK, 2005) 

Demountable Ground geology, 
hydrology, soil conditions 
to depth in excess of 
foundation/support 
depths, soil permeability 

These barriers shall typically be stored on or off site, but 
shall have permanently in place foundations/supports to 
locate and secure the posts/barrier elements on 
receiving a warning. 

Pre-installed Ground geology, 
hydrology, soil conditions 
to depth in excess of 
foundation/support 
depths, soil permeability 

A barrier of this type is predominantly installed within the 
ground, apart from guide walls/supports. The depth / 
width of excavation required for installation may be 
extensive. 

2.4.2.4 Operational survey. 
Demountable, temporary and some pre-installed products need to be installed prior to the flood. The 
installation of such products requires some necessary steps (see Figure 3). To optimize and insure the 
complete installation of the product in time, an operational plan is needed. Depending on the scale of the 
installation, the requirements on installers, equipment and time can differ. For example the installation of a 
50 meter demountable perimeter flood barrier might need a more complex operational plan than for the 
installation of 3 aperture flood barriers in a building.  

Nevertheless a survey is needed to evaluate the operational capacity of the users. It should identify: 

• Availability of body responsible of operational management, 

• availability of body responsible for each installation steps, 

• storage capacity, 

• transportation capacity, 

• availability of appropriate resources, 

• availability and quality of warning systems,  

• access to site. 
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2.4.3 Outcomes 
The survey report shall provide clear and concise information for the manufacturer and contractor to follow. 
It enables in combination with the data from flood risk assessment, proper selection and design of the FRe 
technologies.  

 

2.5 Flood resilience technology design 

2.5.1 Why is a FRe technology design section required 
A FRe technology design is required in order to allow the specification of appropriate products. The design 
shall depend on the specific type of technology (as described above) and shall be based upon the 
performance requirements as determined through testing. 

The use of FRe technology can be based upon protection of new developments and infrastructure or an 
existing situation. Avoiding the flood risk is unlikely to be suitable for existing properties but shall be the first 
consideration for all new build developments. 

The scale of the interventions shall also be considered, whether the protection shall be at property level 
(aperture or building technologies) or at wider or community level (perimeter barriers).  

2.5.2 Design intent 
The design intent shall be set out after the risk assessment and is based upon the factors determined at 
that stage and further informed by the site survey.  

The flood design strategy for FRe technology involves one of the following: 

• Dry-floodproofing (flood resistance or water exclusion) 

• Wet-floodproofing (flood resilience or water entry) 

• A combination of dry- and wet-proofing approaches. 

FRe technologies must reduce the level of risk experienced by the property or community. The 
performance of FRe technology must be specified. The design and specification must therefore be closely 
linked to the performance level as determined by appropriate testing and declared by the manufacturer 
(chapter 3, 4 and 5). 

 

 Mounting  Warning/Alarm 

Installation 

 Security 

 Cleaning/Preparation 

 Control/Checking 

 Loading 

 Transportation 

Time 
Figure 3: Perimeter flood barrier installation phases (BWK, 2005) 
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2.5.3 Design principles 

2.5.3.1 Building level  
This includes aperture barriers and building technology. 

For dry-proofing technology the intention shall be to minimise the total amount of leakage into the building. 
Any leakage allowance shall be commensurate with the resilience of the inside of the building and the 
extent of clean up required. The leakage allowed (i.e. the volume of water that may enter inside a protected 
structure) shall also be determined by the use of the building. Table 6 provides guidance on the uses of 
buildings and the leakage that might be allowed. Specifiers shall need to convert the allowable leakage 
through an aperture, wall or floor into the total amount within a building, based upon the floor area. The total 
amount leaking through an aperture with a door guard could be the same on two similar doors, but a large 
domestic building (100 m2 ground floor) shall be less affected overall than a small building (40 m2).  

2.5.3.2 Perimeter barriers – communities and infrastructure 
The use of perimeter barriers to protect buildings, communities and larger areas is primarily a method to 
prevent water flooding defined areas or to divert water to a defined storage area. 

As such a number of design issues need to be taken into account, all of which have a corresponding 
performance and therefore need to be tested. 

As for dry-proofing approaches at the building level the allowable leakage for the perimeter barrier needs to 
be carefully considered. A certain volume of flood water might be allowed to leak through the barrier, but 
this shall depend on the circumstances of the installation. 

The flood action and their duration as well as the result of site survey are important parameters which 
should be taken into account.  

2.5.4 Design parameters 

2.5.4.1 Building level 
 
Aperture barriers 

The designer shall provide a detailed design for the aperture flood barrier based on the flood risk 
assessment (Chapter 2.3) and the surveys (Chapter 2.4).  

The performance assessment should focus on the three main functions of the aperture barriers: 

• Readiness  

• Stability 

• And watertightness 

This performance analysis can be proved through calculation proof. Coefficient of security should be 
applied to insure a good level of performance.  

Physical tests might be necessary when the theoretical approach is not adequate for example the 
determination of leakage rate or the stability assessment of complex products. 
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Standards test exist as referred in chapter 3.1. Instead of the pass/fail criteria used in these standards, a 
classification of performance based on the measured leakage rate can be used as illustrated in Table 6. 

For specific and more detailed performance assessment based for example on the flood risk assessment 
(Chapter 2.3) and the surveys (Chapter 2.4), the procedure describe in chapter 3.3 shall be followed. 

 

Table 6: Leakage rates for aperture barriers, building sealing 

Aperture barriers 

Classification Leakage rate range 

aL0 ≤ 0 lt/hr/m edge length 

aL0.5 .> 0 ≤ 0.5 lt/hr/m edge length 

aL1 .> 0.5 ≤ 1.0 lt/hr/m edge length 

aL5 .> 1.0 ≤ 5.0 lt/hr/m edge length 

aLmax .> 5.0 lt/hr/m edge length 

 
Building technology 

The designer shall provide a detailed design for building technology based on the surveys and flood risk 
assessment.  

Performance assessment of these products shall be assessed based on the review of standard presented 
in chapter 4. 

A guidance document (chapter 5) on how to explore the physical system behaviour (e.g. water saturation, 
capillary rise) of building assemblies due to the presence of not contaminated flood water shall be used to 
evaluate the performance of these products  

 

2.5.4.2 Perimeter barriers 
This includes pre-installed, demountable, temporary, all of which are dry-proofing technologies for building 
perimeters, communities and infrastructure. 

Perimeter barriers share the same fundamental function as the aperture flood barrier, as follows: 

• Watertightness: the intention shall be to minimise the total amount of leakage into the protected 
area. Any leakage allowance shall be commensurate with the resilience of the area inside. The 
leakage allowed shall also be determined by the use of the area and the vulnerability of the users. 
Specifiers shall need to convert the allowable leakage through a perimeter barrier into the total 
amount within a building, based upon the floor area.  

• Stability: Perimeter barriers shall be installed so that the permanent supports and foundations are 
stable and provide the support and strength to the barrier in-situ. The supports shall be identified so 
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that the posts and boards of the barrier can be readily installed prior to a flood event. The may be 
located directly in the ground or be installed on existing walls, roads or other structures. 

• Readiness: the product shall be installed before the flood reaches the protected area  

The designer shall provide a detailed design for the aperture flood barrier based on the flood risk 
assessment (Chapter 2.3) and the surveys (Chapter 2.4). 

This performance of the functions can be proved through calculation proof. A factor of safety should be 
applied to insure a good level of performance.  

Physical tests might be necessary when the theoretical approach is not adequate for example the 
determination of leakage rate or the stability assessment of complex products. 

Tests that exist as referred to later in this report generally have pass/fail criteria, however a classification of 
performance based on the measured leakage rate can be used as illustrated in Table 7. 

For specific and more detailed performance assessment based for example on the flood risk assessment 
(Chapter 2.3) and the surveys (Chapter 2.4), the procedure describe in chapter 3.3 shall be followed. 

Barriers that are permanently in the ground shall be identifiable by installers who are required to do the 
installation in the event of a flood. All permanently installed barrier components shall be resilient to the 
actions of people, traffic or other activities at all times. 

 

Table 7: Leakage rate classifications for perimeter barriers 

Classification Leakage rate range 

pL0 ≤ 0 lt/hr/m of barrier length 

pL10 .> 0 ≤ 10 lt/hr/m of barrier length 

pL50 .> 10 ≤ 50 lt/hr/m of barrier length 

pL100 .> 50 ≤ 100 lt/hr/m of barrier length 

pLmax .> 100 lt/hr/m of barrier length 

 

2.5.5 Outcomes 
The outcome of this part will be a detailed design and specification for the FRe technology. The design and 
specification will be used as the basis for pricing work as required; it will also be used as the basis for the 
construction work. 

The client shall agree to the detailed design in writing prior to any construction and installation work taking 
place. 

2.6 Construction 

2.6.1 Why is a construction section required 
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The construction works refer to the initial installation of the permanently installed parts of the flood 
resilience technology. It shall involve the installation of supports, foundations and frames onto which boards 
and barriers shall be fitted in the event of a flood. For building technologies they shall be permanently 
installed in a building and the work shall be carried out in accordance with good practice. The section on 
construction is required in order to provide good practice in these areas. It shall follow on from the design of 
FRe technology and lead into the maintenance requirements. 

2.6.2 Procurement and contracts 
After the design has been completed the construction work shall be undertaken. A process of procurement 
shall identify a suitable supplier and contractor. The client may choose to procure the works through a main 
contractor or a project manager shall coordinate the activities of the supplier and subcontractor. In some 
cases the supplier of the FRe technology shall also carry out or manage the construction work. 

For larger works or contracts the procurement may be based upon a formal tender process. The client shall 
ensure that a full specification and/or bills of quantities are available to those tendering for the works. 
Tenders shall be clearly set out and clearly state the design and performance requirements. 

The client shall ensure that the tenders received meet the requirement of the specification. Any further site 
survey work required prior to the construction work proceeding shall be included within the remit of the 
specification. 

Often the installation of fixed FRe technologies is undertaken by the manufacturer. If this is not the case, 
then the contractor shall liaise with the manufacturer and consider all steps in the surveyors report. 
Manufacturers may only guarantee installations that are undertaken by approved installers. 

A suitable form of contract shall be entered into for the works involved. The contract shall be supported by 
all contractors, suppliers, project managers and designers carrying appropriate insurance (professional 
indemnity, public liability and employer’s liability). 

2.6.3 Health and safety 
The contractor shall prepare a full risk assessment and method statement prior to undertaking the site 
work. The work shall meet the requirements of national legislation in all regards. 

Contractor staff shall wear appropriate personal protective equipment at all times on site. Site welfare 
facilities shall be provided for construction workers. 

 

2.6.4 Building level 

2.6.4.1 Aperture barriers 
The aperture barriers include the items set out previously. In construction works the contractor shall set out 
the aperture framework or supports. The aperture supports shall be correctly sized, positioned and fixed in 
order to install the barrier prior to a flood event. 

The work shall be carried out in a manner that fully fixes and seals in place all permanent components. 
Installation of the aperture barrier shall initially be undertaken more than three times in order to 



Flood Resilience Technologies 

© SMARTeST 2013   30 
 

demonstrate that the construction has been carried out correctly and that the fixings and fittings are secure, 
strong and sealed. 

2.6.4.2 Building technology 
Building Technologies are permanent installed materials. The construction works should be carried out by 
competent persons following the manufacturer’s recommendations. 

2.6.5 Perimeter barriers 

2.6.5.1 Construction 
As there are a variety of types of perimeter barriers the construction and installation shall vary. All perimeter 
barriers require to be anchored in some way to the ground, whether through foundations and supports, or 
their own self-weight. Temporary barriers shall be placed on designated areas of ground or other structures 
in the event of a flood warning, whilst pre-installed shall be installed fully in the ground with no requirement 
to add further components for a flood event. The demountable barriers shall have foundations permanently 
in place with the addition of posts and barriers in the event of a flood.  

For the construction of perimeter barriers the following shall apply: 

• Setting out (including clearing the work area by removing all debris and obstructions, and checking 
for underground or overhead cables) 

• Preparation of the ground or the building to receive the FRe technology (or the frames, supports 
etc. for the FRe) 

• Building in the barrier, either foundations or the complete in-ground assembly as required 

• Install the full barrier to ensure that all seals between components shall be completed in the event 
of a flood. 

• Check the installed product’s water-tightness, particularly at seals between sections of the barrier. 
Tests shall be undertaken using suitable water tests on all seals as the construction work 
progresses. For self-closing or automatic systems, the activation system shall also be checked for 
correct operation by flooding water into the underground chamber. 

2.6.5.2 Inspection of construction work 
New construction work shall be undertaken and supervised by competent persons and checked upon 
completion by an independent party. After installation a final inspection shall be carried out, preferably 
accompanied by the client, user and/or installer to ensure that the works have been completed in 
accordance with the design and the manufacturer’s instructions.  

It is essential that the client is made aware of the method(s) of installation and appropriate training provided 
as necessary. Where it is not possible to pass the instructions directly to the user or installer then it is the 
responsibility of the client to ensure that the instructions and any training needs are passed on. 

2.6.6 Outcomes 
The outcomes of this part are the recommendations for proper and safe construction. 
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2.7 Operational 

2.7.1 Why is an operational section required 
The operational section concerned only products which need to be mounted prior the flood event. It should 
be prepared once the flood risk assessment, the surveys and the FRe Technologies are defined. This topic 
is largely considered into the delivering benefits through evidence Temporary and Demountable Flood 
Protection Guide (Defra, 2011) and the German guideline (BWK, 2005). This section will highlight the main 
outcomes. 

• Four stages within the life cycle of the operational management are identified (Defra, 2011): 

• Planning the logistics  

• Flood plan development and operational readiness 

• Operation during a flood event 

• Post event operations 

The complexity of the operational plan depends on the type of products, on the work requirement and on 
the personal requirement. 

2.7.2 Logistics  
The logistics of installation shall be planned and include the following:  

• The personal and material resources required. 

• The responsible person for the overall operation and for each operational stage (leader and 
personal). A defined structure that enables rapid decision making and execution.  

• identify and design the storage area for demountable technologies. The storage area should be 
designed to enable loading, maintenance and inspection of all components. The location of the 
storage place shall be close to the site to decrease the transportation time and minimize potential 
route disruption. The storage condition shall ensure that the product component will not be 
damaged by physical (for example due to storage of the product not in adequacy with the 
manufacturer’s instructions) or non-physical actions (for example UV light or humidity).  

• Identify and designing the transportation phase. The storage area shall be accessible for the 
vehicles and persons required for the installation of the product. The route to the access area shall 
be planned taking into account the dimension of the vehicles as well as alternative routes in case of 
inaccessibility or blockage of the first planned route. Transportation requirements (type of vehicles, 
number of vehicle) shall be available in any time with their associated drivers and persons to load 
the products component. Loading and unloading equipment shall be in the vehicles. A risk 
assessment for the transportation phase shall be developed to identify the possible transportation 
failure and define alternative solutions. 

• Training and exercises shall be regularly organised at least once a year to keep all actors trained 
and ready for a real flood event. 

• Risk assessment and method statement shall be prepared to meet the requirements of national 
legislation in all regards. Safety of all the persons implied in the operational phases as well as the 
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safety of the public the mounting area should be considered. Contractor staff shall wear appropriate 
personal protective equipment at all times on site. Site welfare facilities shall be provided for 
construction workers. 

2.7.3 FRE technology plan development and operational readiness 
A plan for the flood resilient technology shall be developed, consisting of the following: 

• management: 

o inspection and maintenance programme (ref. chapter 2.8),  

o schedule of trial deployment, 

o public awareness, 

o improvement processes, 

o lessons learned, 

o maintenance of the flood protocol  

o non deployment or operational failure plan 

• mobilisation: 

o Real time monitoring/ updates 

o Mobilisation processes 

o Check procedures 

• The closure operation, which shall timely describe each phase of the installation (Figure 4), who 
should do what and at which time. 
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2.7.4 Post event management 
 
The post event activities shall start after authorisation and includes the following demobilisation steps: 

• Staff mobilisation 

• Barrier removal 

• Site clearance 

• Waste disposal 

• Debriefing/review; outcomes for the management protocol informing on the experience from the 
event in order to improve protocols. 

2.7.5 Outcome 
Operational plan is essential for a good quality of installation and consequently performance of the flood 
resilient technology. This guidance for elaboration of an operational plan is meant to reduce the risk of 
operational failure related to a wrong installation or unachieved installation into. 

2.8 Maintenance 

2.8.1 Why a maintenance section is required 
FRe technologies of all types need some degree of maintenance or checking over their lifetime. The 
maintenance requirements will vary substantially and some will need to be maintained on a routine basis, 
whilst others will require no more than a periodic check or test on continuing operation. The maintenance 
section is intended to set out good practice. As for all types of FRe technology it will be necessary for the 
manufacturer / supplier to set out to the designer / client the maintenance requirements that must be 
followed. 
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Figure 4: Installation phases (BWK, 2005) 
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2.8.2 Contents – general  
Maintenance requirements shall be provided by the product manufacturer / supplier, in writing, to the client 
to ensure the continued correct operation of the FRe technology in future flood events. The building owner 
or responsible person shall be aware of the on-going maintenance regime and must undertake the required 
steps to ensure continued levels of performance. It is useful if manufacturers or installers of FRe 
technologies can give end users ‘hands on’ practice at the installation and maintenance procedure.  

In properties where there is a change of ownership or occupants, the maintenance procedure shall be 
iterated to the new residents to ensure FRe technologies continue to operate correctly.  

Replacement parts when required can generally be acquired from the product manufacturer. The parts 
which are most likely to need to be replaced are the rubber seals which form a water-tight join within an 
item of FRe technology or between parts of a barrier.  

 

All items which come into contact with floodwater and particularly sewage infected floodwater shall be 
cleaned with a suitable disinfectant before they are put into storage. 

2.8.3 Maintenance contracts 
Generally, manufacturers suggest annual or bi-annual inspection of all parts of the FRe technology, but in 
practice FRe products are often only checked when a flood warning is issued. This means that it may be 
too late to resolve any problems that are found at this point. The requirement for maintenance of FRe 
technologies is often cited as a potential barrier to their widespread uptake. In local authority FRe projects, 
the local authority may be able to set up an annual maintenance schedule. For some FRe technology, 
particularly aperture and perimeter barriers a maintenance contract may be agreed between the client and 
a contractor (possibly the original supplier or installer). The need for a maintenance contract shall be 
determined on the basis of risk, in particular the harm that can be caused by a failure occurring in service.  

A suitable form of contract shall be entered into for the maintenance involved. The contract shall be 
supported by all contractors, suppliers, project managers and designers carrying appropriate insurance 
(professional indemnity, public liability and employer’s liability). 

2.8.4 Health and safety 
The contractor shall prepare a risk assessment and method statement (RAMS) prior to undertaking 
maintenance work. Contractor staff shall wear appropriate personal protective equipment at all times on 
site. 

A maintenance period will be an opportunity to update the RAMS for the event installation works. 

2.8.5 Building Level 

2.8.5.1 Aperture barriers 
Maintenance of the aperture barrier shall include a number of checks and the fitting of the equipment to 
ensure that all supports and fixings are still operational. 

The following requirements shall apply: 

• Check the barrier for any change in form, cracking, corrosion, deterioration or change of shape 
(warping) that may affect performance. 
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• All fixings are available and in good condition 

• Gaskets and seals are in place and in good condition 

• Supports and fixing holes are in position and capable of taking the load when the barrier is in place 

• Any labels are properly and full adhered to the barrier and are legible. 

• The barrier can be installed and demounted at least three times without affecting its function. 

If the maintenance is completed by an approved contractor then a maintenance certificate with checklist 
shall be supplied by the contractor to the client or property owner after each maintenance check. 

2.8.5.2 Building technology 
FRe building technology includes a range of materials, components and equipment that is typically 
constructed and permanently in place. Some items will be readily visible as well as permanently in place, 
whilst others will be hidden from view, but the maintenance requirements shall take this into account. 

Maintenance checks on building technology shall primarily take the form of a visual check, with simple on 
site tests or measurements being taken to supplement such works. For example, a render applied to an 
external wall shall be checked at a regular interval for any signs of cracking, detachment or deterioration. If 
such problems are found then arrangements should be made to carry out proper patch repairs. 

For sewage or drainage devices, with mechanical parts (e.g. non-return valve), the maintenance 
requirements are again different. The maintenance schedule shall include steps to: 

• Immobilise, close or switch off the device 

• Check for build-up of debris (and or silt), and remove if necessary (especially from grates or grilles) 

• Clean all parts (this can often be done by flushing clean with water)  

• Inspect rubber seals (and replace if necessary). 

2.8.5.3 Building Sealing 
The maintenance of any building sealing FRe technology is essential to ensuring the dry-proofing qualities 
of a property. The following requirements are provided for different types of sealing technology: 

• Joint sealants (flexible seals) – the joints between wall sections, window to wall junctions, window 
to door junctions, etc., shall be checked on at least an annual basis using visual means. The seals 
in locations that might be directly impacted by a flood shall be included in the check, typically within 
1 m of the ground or floor level. The adhesion of the sealant to the substrate shall be checked by 
visual means primarily. Any seals that have lost adhesion or otherwise deteriorated shall be cut off, 
the substrate cleaned and the sealant reapplied in accordance with good practice. 

• Waterproofing coatings – need to be reapplied at defined intervals in order to ensure their 
continued performance. Reapplication shall take place according to the manufacturer’s instructions, 
which shall usually be several times during the life of the building. A test of whether or not a 
reapplication is required is to assess if water pools on contact with the waterproofing coating. If it 
does not, then reapplication shall be required. Such tests shall be carried out at no greater than 
annual intervals. 
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• Membranes and tanking – it is likely that any membrane or tanking material will be hidden from 
view and therefore a visual check will be impossible. However, the maintenance check shall involve 
visual inspection for potential effects of failure. For example, dampness patches showing on 
internal walls. 

2.8.5.4 Perimeter barriers 
Maintenance requirements for manually operated demountable and temporary FRe technologies are similar 
in most respects to aperture barriers, the following maintenance requirements are recommended: 

• Check the barrier for any change in form, cracking, corrosion, deterioration or change of shape 
(warping) that may affect performance 

• Check posts, supports and foundations for damage or distortion. 

• All fixings are available and in good condition 

• Gaskets and seals are in place and in good condition 

• Supports and fixing holes are in position and capable of taking the load when the barrier is in place 

• Any labels are properly and full adhered to the barrier and are legible. 

• General cleaning can be carried out using a multi-surface cleaner, but after a flood event, barriers 
shall be cleaned using a suitable disinfectant before storage is resumed.  

• Demountable barriers shall be stored in a dry location to prevent seals from deteriorating. This 
location shall also be easy to access so that barriers can be quickly installed in a flood event. In the 
storage place the seals shall not be compressed (see above also). 

• Permanent frames and supports shall be checked for dirt or debris before inserting the 
demountable sections.  

At the maintenance period carry out a trial installation of the barrier into the fixed frames to demonstrate 
that a functioning seal can be achieved. The trial installation may form part of a flood warning simulation 
event for a location. The trial shall be in accordance with the extent of risk to the site, i.e. for a high 
frequency of flooding on a site then the complete barrier shall be installed if a lower frequency of flooding a 
part only shall be installed. 

The additional requirements that shall be considered relate to the storage and installation of these types of 
FRe technologies. The location shall be secure, covered, dry and free from other activities, i.e. it shall be a 
dedicated space. As well as the equipment full instructions on installation shall be available, and also 
copies of the risk assessments and method statements.  

Self-closing barriers shall be checked annually to ensure correct operation. An in-situ hydrostatic test of the 
system shall ensure that it works correctly. This can be done by: 

• Filling the system with a hose pipe to ensure system operates correctly 

• Checking for cracked, perished or leaking seals, and replacing as necessary 

• Testing any submersible pump 
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• Cleaning silt from the service pit 

• Checking to ensure the closing system functions correctly. 

2.8.6 Other maintenance requirements 
Other specialised equipment shall also require maintenance. Periodic testing of submersible pumps is 
recommended. Early warning systems shall also be tested (every 3 months) to ensure that the alarm 
sounds, and also that it is triggered appropriately (e.g. by rising flood water).  

2.8.7 Outcomes 
Clear recommendations should be addressed in this part for a proper, regular and safe maintenance of the 
constructed parts and the demountable components. 

 

2.9 CE Marking 

2.9.1 Why a CE Marking section is required 
Testing and certification provides assurance to the end users and the public that the specified FRe 
technologies shall perform as expected. This section shall address the aspects of accreditation or 
certification of FRe technology. The guidance provided is general at this stage as at present no test or 
product standards exist. 

Currently there is no EU standard for FRe technologies. A harmonised European standard (or set of 
standards) would be of benefit to manufacturers, installers and end users. Some member countries award 
certification to products (e.g. BSi Kitemark for products which meet the requirements of PAS 1188:2009 in 
the UK). A CE mark would indicate that the FRe product was compliant with EU legislation and had been 
suitably assessed before being put onto the market. National bodies in member countries would supervise 
the allocation of CE marking, ensuring that manufacturers have: 

• Verified their product complies with all relevant requirements in the specific directive, for example 
health and safety or environmental conditions. 

• Had their product independently verified, where applicable. 

CE marking is also widely recognised as a symbol of accreditation across the EU and would make 
specifiers of FRe technologies sure performance of barriers conform to relevant harmonized standards. 

The sector needs to develop a set of test standards that will allow CE Marking for at least some types of 
FRe technologies. For building technologies and sealing there may be potential to expand the scope of 
existing test and product standards to include a flood resilience aspect. 

2.9.2 Evaluation of conformity 
The manufacturer (or an agent) shall demonstrate compliance for the product with the requirements of this 
European Standard by carrying out both initial type testing and factory production control. 

Tests to the reference methods specified in the relevant European Standard shall be adopted. 

 



Flood Resilience Technologies 

© SMARTeST 2013   38 
 

2.9.2.1 Initial type test 
After completion of the development of a new FRe technology type and before the commencement of 
manufacture and offering for sale, appropriate initial type tests shall be carried out to confirm that the 
properties predicted from the development meet the requirements of this standard and the values to be 
declared for the product. 

Sampling shall be carried out in accordance with the relevant test/product standard. 

Initial type tests shall also be carried out on existing products when a change in the basic materials or 
manufacturing procedures leads to what the manufacturer considers will change the product designation or 
the use of the product. In these cases the appropriate initial type tests are those for the properties which 
are affected or need confirming and new properties introduced by a change of use. 

The tests to be conducted shall be reference tests as described in this standard for the properties in 
accordance with chapter 3, 4 and 5 consistent with the FRe technology type’s intended use. The results of 
initial type tests shall be recorded. If the manufacturer declares other additional properties then these shall 
also be tested by initial type tests. This may provide additional assurance to the client 

2.9.2.2 Factory production control 
A factory production control scheme shall be established and documented in a manual. The factory 
production control system shall consist of procedures for internal control of the production to ensure that 
products placed on the market conform to this standard and the declared values. 

The internal control will consist of one or both of the following: 

• regular inspections, checks and tests and the utilisation of the results to control equipment, raw or 
incoming materials and the production process. 

• regular inspections, checks and tests on the finished product. 

2.9.3 Operative accreditation 
All operatives undertaking construction or installation works associated with FRe technology shall be 
appropriately trained and accredited by the manufacturer or supplier. In some cases the operative may be 
employed directly by the manufacturer / supplier, but contractors can be engaged by the client separately or 
be on an approved list from the supplier. In these instances the manufacturer / supplier shall accredit the 
contractor for the construction, installation and/or maintenance works to be carried out. 

2.9.3.1 Property occupants or responsible persons 
The person or people responsible for operating and maintaining FRe technologies shall likely be the 
homeowner or resident at a property level, or the local authority or locally appointed ‘flood champions’ in a 
community scheme. At community level is it important for the local residents to be engaged with at an early 
stage to ensure they understand the proposed design and their responsibilities in the event of a flood. 
Without community engagement, there is unlikely to be suitable capacity for the FRe technology to be 
correctly deployed or maintained.  

The ability of occupants or those responsible to use or operate products shall be considered when 
specifying a system of FRe technologies. Products which need to be deployed or activated in a flood event 
may not be suitable for people with a physical impairment, or for older people. Consideration must also be 
given to the ability of the responsible person to continue to install or operate the products in the future.  
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Most FRe interventions (including maintenance) shall incur some cost, and the budget of the householder 
or the funds available from the community may also be considered at this stage, as proposing high cost 
solutions may result in no action being taken. Personal or community payment for all or part of a FRe 
scheme can encourage ownership of the products. It may be possible to implement FRe technologies as 
part of other works to reduce costs.  

 

2.10 End of life 

2.10.1 Why an end of life section is required 
At the end of their useful life, it is hoped that FRe technology products can be recycled. The ability to 
recycle FRe technologies shall depend on a number of factors: 

• The materials used in FRe technologies  and their recyclability 

• Composition of FRe technologies, i.e. are the materials easily separable 

• Availability of recycling facilities. 

Advice to designers and contractors on the recycling potential of barriers is required in order to encourage 
good practice in sustainable construction.  

2.10.2 Waste hierarchy 
At the end of life, the waste hierarchy (as set out in European Directive 2008/98/EC) shall be adopted to 
identify the most sustainable way to manage any waste, as follows: 

• Prevention: Using less material in design and manufacture, keeping products for longer or re-using 

• Preparing for re-use: Checking, cleaning, repairing and refurbishing; either the whole product or the 
separate parts 

• Recycling: Turning the waste into a new substance or product 

• Other recovery: Including anaerobic digestion, incineration with energy recovery, and gasification 
and pyrolysis which produce energy and materials from waste 

• Disposal: If there is no alternative, landfill or incineration without energy recovery. 

Recycling reduces the need to extract and consume natural resources and also reduces the amount of 
waste being sent to landfill. 

2.10.3 Materials used in FRe technologies 
The materials used in FRe technologies are generally impervious, durable materials such as metal, plastic 
and wood which can prevent the passage of water. At the end of their useful life it is hoped that FRe 
products would be reused either as a whole product, or broken down into individual material parts and 
recycled. Wood and metals (aluminium or steel) can be easily recycled. Plastic may be recycled depending 
on the composition of the material. Plastic is generally recycled into a different kind of plastic. Often objects 
made from recycled plastic cannot themselves be recycled. 
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Rubber used for seals to ensure water-tightness around the edges or between barrier sections shall also be 
easily recycled. The more complex the composition of materials within a product, the more difficult and 
costly it becomes to recycle.  

2.10.3.1 Durability 
The lifetime of a FRe technology and this shall be determined by a number of factors including material 
choices, exposure and maintenance.  

Determining the expected life cycle of a product by life cycle costing can help to identify when it becomes 
cheaper to replace an item, rather than continue to maintain it. To establish the expected life the following 
must be considered: 

• Conditions in which the product shall be expected to work 

• Minimum performance requirements (at what level of performance does the product cease to work 
satisfactorily) 

For FRe technologies, there are two types of exposure; during a flood event and out with flood events 
where the product, if demountable or temporary, shall ideally be stored in a dry, sheltered location. 
Permanent FRe technologies shall be fixed in location and shall be subject to continual exposure. Table 8 
lists the conditions FRe products may be exposed to and the effects they may have. 

 

Condition Cause Effect 

 During a flood (all 
exposed FRe 
technologies) 

Out with a flood 
(permanent 
products) 

 

Moisture* 

 

Product shall be in 
direct contact with 
flood water, which 
may or may not be 
contaminated.  

 

Moisture present in 
the atmosphere as 
well as rain and snow 
can affect the product.  

Moisture can result in a change in 
shape or appearance, or reduction 
in strength. A change in shape of a 
FRe technology may cause 
leakages to occur. 

Glass reinforced plastic can absorb 
approximately 0.5% (m/m), wood 
shall swell on average as it takes in 
moisture up to 25% (m/m), though 
this depends on the species. Wood 
shall continue to absorb beyond 
25% (m/m) but the dimensions 
shall remain stable.  

Frost damage Unlikely to have an 
effect during the flood 
but if temperatures 
were to drop 
immediately following 

Products shall be 
subject to all diurnal 
and annual changes 
in temperature 

Water which freezes shall expand 
and can cause cracking or other 
damage, particularly when water is 
absorbed by the material. 
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a flood, FRe products 
may not have dried 
out sufficiently and 
may suffer damage. 

Acidic action Gases which can cause acidic action may be 
present in the atmosphere at any time. 

Gases (e.g. nitrogen oxide) are 
soluble in water and can create 
acids which shall attack metals and 
cementitious materials. 

Wind FRe technologies shall be subjected to all 
weather conditions including wind.  

Wind driven rain and particulates 
can cause damage to exposed 
surfaces of FRe technologies. 

Radiation Solar radiation (infra-red, visible, UV and 
thermal) may still be an issue, even during a 
flood depending on the shading, cloud cover, 
season and local topography). 

Can increase surface temperature 
and can cause degradation (e.g. in 
PVC). The amount of radiation 
absorbed depends on the opacity, 
colour and texture of the material. 
White shall absorb 12% to 20% 
compared to ‘perfect’ black. 

Oxygen Oxygen is present in the atmosphere.  Required for corrosion to occur and 
can oxidise paints, plastics and 
sealants causing damage.  

Saline water Coastal flood 
defences shall have to 
hold back saline 
water.  

FRe technologies 
located in coastal 
areas shall be subject 
to sea spray, which 
can travel on the 
wind. 

Salt can accelerate the corrosion of 
particularly ferrous metals and can 
adversely affect stonework. 

Contaminated 
water 

Depending on the 
flood type, water can 
easily become 
contaminated with 
sewage, oils or 
solvents.  

FRe products which 
have come into 
contact with 
contaminated water 
shall be thoroughly 
cleaned and sanitised. 

Solvents may attack plastic 
causing swelling. 

Many chemicals can attack and 
degrade plastics and rubber. This 
shall be of particular concern with 
rubber seals, which if cracked shall 
result in leakages. 

Table 8: Potential exposure conditions and subsequent effects 

*Moisture probably has the greatest effect on product durability. Many types of deterioration (e.g. corrosion, frost damage, fungal 
decay) can only occur when moisture is present.  

Durability shall also depend on normal wear and tear and any abuse by the user. FRe technologies which 
are properly maintained according to the manufacturer’s instructions and which are not subject to any 
accidental damage shall have a much greater lifespan. 
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2.10.4 Availability of recycling facilities 
In the majority of EU countries, recycling facilities are widely available. The Waste Framework Directive 
(Directive 2008/98/EC) provides a general outline of waste management requirements and the waste 
management definitions for use within the EU. 

2.10.5 Outcomes 
The analysis of the life cycle should provide clear and concise recommendation to follow.  
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3 Performance assessment of flood barriers 

Flood barriers (perimeter and aperture), as outlined in appendix 1, must be tested to establish their 
performance. In this section the current standards and protocols related to these products are presented; a 
short discussion of the common procedures follows and an outline of the testing methodology used in the 
SMARTeST project. This allows the limitations of these different test methods to be identified.  

This introduces the need for a standardised process which can address these limitations. The final parts of 
this section (3.3 and 3.3.7) present guidance for the process of creating a test methodology for perimeter 
and aperture flood barriers.  

3.1 Current standards/protocols 

In Table 9 the current test protocols and national test standards which are related to perimeter and aperture 
flood barriers are presented. 

 
Table 9: Existing product testing reference documents 
Existing document Type FRe category Organisation 

Approval 2510 Other protocol 
document 

Building aperture technology 

Perimeter technology 

FM Global 

PAS 1188-1  

PAS 1188-2  

PAS 1188-3  

PAS 1188-4  

National 
Publically 
Available 
Specification 

Building aperture technology 

Perimeter technology 

BSI 

CSTB protocol  Other protocol 
document 

Building aperture technology CSTB 

DIN 19569-4  National 
standard 

Building aperture technology 
Perimeter technology 

DIN 

 

The FM Global protocol (FM Global 2006) presents the compounds and material testing methodology for 
temporary Perimeter Flood Barriers and Aperture Barriers. 

British Standards Institution (BSI) is the National Standards Body of the UK and produces standards on a 
wide range of products, services and processes. BSI is responsible for producing and publishing British 
Standards and also for representing UK interests within international and European standards 
organisations such as ISO or CEN. The BSI PAS (Publically Available Specification) 1188 (2009) ‘Flood 
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Protection Products’ has four defined sections which categorise flood protection products and their 
associated test procedures. The four sections of this document are: 

• PAS 1188-1: Building aperture products (which relates to the SMARTeST category ‘Building 
aperture technology’) 

• PAS 1188-2: Temporary products (relating to products in the ‘Perimeter technology’ SMARTeST 
category’) 

• PAS 1188-3: Building skirts systems (which covers products which relate to both the ‘Building 
aperture technology’ and ‘Perimeter technology’ SMARTeST categories) 

• PAS 1188-4: Demountable products, (which relates to the SMARTeST category ‘Perimeter 
technology’).  

Centre Scientifique et Technique du Bâtiment (Scientific and Technical Centre for Building, CSTB) is the 
French national organisation which provides research and innovation, consultancy, testing, training and 
certification services for the construction industry in France. CSTB is a member of EOTA and it is an 
approval body nominated to issue ETA (European Technical Agreement). The French Department of 
Infrastructure requested a protocol in 2004, to assess aperture barriers, in order to give to users a better 
understanding of the performances of the available products. 

DIN 19569 is the German Standard for wastewater treatment plants and describes the principles for the 
design of structures and technical equipment. It is published by Deutsches Institut für Normung (German 
Institute for Standardization – DIN). Although its original aim was not to categorise products used in flood 
protection, some German companies (i.e. company HWS-System GmbH6, IBS GmbH7) assessed the 
water-tightness of their products according to the Part 4 of this standard: ‘Specific principles for shutoff 
devices as penstocks, sluice gates, stop-logs etc.’ This standard also defines structural design and 
technical equipment specifications which are relevant for flood protection products.  

 

3.1.1 Content of the documents 
 
In relation to building aperture technologies, the FM Global protocol, PAS 1188-1 and the CSTB protocol 
have a lot of common points. Similarities also exist in the FM Global protocol, PAS 1188-2 and PAS 1188-4 
for perimeter technologies. 

The main observations in relation to these reference documents are as follows: 

• Flood perimeter barrier layout testing is described in terms of specific geometric layouts in FM 
Global; whereas it is written in terms of required objectives ("capable of accommodating the test 
specimen", "test specimen shall include intermediate joints and internal and external corners" for 
example) in PAS 1188-2 or PAS 1188-4. 

• Hydrostatic tests:  

                                                   
6 http://www.hochwasserschutz.de/de/produktbereiche/hochwasserschutz-fensterklappen-platten.php 
7 http://hwssystem.de/produkte/ 

http://www.hochwasserschutz.de/de/produktbereiche/hochwasserschutz-fensterklappen-platten.php
http://hwssystem.de/produkte/
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o Sequential fill: the rate, or stages, of water level depth described in the tests differs and this 
may affect products differently. Permanent products may perform differently compared to 
temporary barriers. 

o The test duration is specified between 22 and 48 hours; this difference in parameter could 
be significant in case of creep. 

o The surface of the support for aperture technologies is required to be masonry for PAS 
1188-1, concrete for FM Global Protocol and concrete or steel for the CSTB protocol. 

o The acceptable leakage rate is : 

• For perimeter barriers: 40l/h/m for PAS 1188 and 45 l/h/m for FM Global Protocol; 

• For aperture barriers: 1l/h/m in both documents.  

• Hydrodynamic load tests : 

o It is not necessary to test for the effect of incidental waves in PAS 1188. 

o The characteristics of wave-induced tests and current tests differ slightly in PAS 1188 and 
in the FM Global protocol. 

o An overflow test is required only by the FM Global protocol. 

o For aperture technologies; wave and current tests are considered in PAS 1188-1 but not in 
FM Global and CSTB protocols. 

• Security is assessed by bending tests in the CSTB protocol whereas it is indirectly determined by 
deformation tests in the FM Global protocol and PAS 1188. 

• Impact tests are not specified in PAS 1188. 

In DIN 19569-4 water-tightness classes are defined with respect to leakage rates (Table 10). The 
measuring conditions differ from other test protocols but are relevant for aperture and perimeter barriers. 
The test procedure is described as follows: 

• The leakage rate measurement refers to the water-tightness line, which is defined as the contact 
area of the sealant between frame and plate; 

• The water pressure condition has to be agreed by the manufacturer and the testing institute; 

• The tests have to be carried out with distilled water; 

• The measurement time is 10 minutes. 
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Table 10: Water-tightness classes according to DIN 19569-4 

Class Maximum acceptable leakage rates per meter of the water-tightness 
line (l/s/m) 

1 Between 0.3 and 1.0 

2 Between 0.1 and 0.3 

3 Between 0.05 and 0.1 

4 Between 0.02 and 0.05 

5 Less than 0.02 

 

3.1.2 Other documents in development 
 

The ‘European Flood Protection Association’, founded in May 2011 as an alliance of 18 companies from 
five European countries working in the area of flood protection, plans to found a research institute for 
certification marks8. This association published a test standard for quality labelling in December 2011 
(Europaverband Hochwasserschutz e.V., 2011). This standard concerns three categories of products: 
temporary flood barriers, aperture flood barriers and pre-installed/demountable perimeter flood barriers. 
The evaluation criteria are: 

• Transport and storage volume; 

• Time of installation; 

• Water-tightness; 

• Control of stability proof; 

• Manufacturer's expertise. 

Depending on the performance, a classification is attributed to the product. 

The testing centre for construction elements9 (Müller 2008) developed a guide for testing and classification 
of the water-tightness functionality of flood aperture barriers defining the terms 'water proofed' and 'flood 
resistant' as follows: 

• Water proofed: the leakage rate through the structure is less than or equal to 20 ml/h after a water 
load over 24 hours; 

• Flood resistant: the leakage rate through the structure is less than or equal to 10 l/h after a water 
load over 24 hours. 

This PfB guideline has been applied to the product ‘Flood Protection Door Teckentrup’10.  

                                                   
8 http://www.europaverband-hochwasserschutz.eu/Pressemitteilung-FINAL-Englisch.pdf 
9 http://www.pfb-rosenheim.de 

http://www.europaverband-hochwasserschutz.eu/Pressemitteilung-FINAL-Englisch.pdf
http://www.pfb-rosenheim.de
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3.2 Outputs from the testing phase within the SMARTeST Project 

3.2.1 Products tested 
 
Perimeter barriers differ in material, construction, elements, and available protection height. Within the 
SMARTeST project, different barriers were tested to cover the range of products available. The following 
tests have been undertaken in the test facilities of TUHH (Technical University of Hamburg Harburg) and 
CSTB. 

Temporary perimeter barriers include:  

• Sandbag System – Temporary flood barrier (TUHH) (Figure 5)11  

• Mobildeich System - Temporary flood perimeter barrier consisting of water-filled tubes (TUHH) 
(Figure 6) 

• DAEDLER System - Trapezoidal water-filled tube system (TUHH) (Figure 7) 

• OPTIMAL System – Water-filled double tube system (TUHH) (Figure 8) 

Demountable perimeter barriers include: 

• AQUASTOP DAMM – Demountable perimeter flood barrier (TUHH) (Figure 9) 

• IBS Mobile Wall System - Demountable flood barriers / dam beams (TUHH) (Figure 10) 

• Aquafence - Demountable perimeter flood barrier (TUHH) (Figure 11) 

Pre-installed perimeter flood barriers include: 

• Spring Dam System - Pre-installed flood barrier- Manually folding stand-by (TUHH) (Figure 12) 

• AquaWand- Pre-installed flood barrier- Manually folding stand-by (TUHH) (Figure 13) 

 

Tested aperture barriers include: 

• Aqua-Stop: Pre-installed - Automatically operated flood barriers (TUHH) (Figure 14) 

• Collad'eau: Demountable flood barriers (CSTB) (Figure 15) 

• Barrier n°3 : Demountable flood barriers (CSTB) (Figure 16) 

• Barrier n°4: Demountable flood barriers (CSTB) (Figure 17) 

                                                                                                                                                                       
10 http://www.teckentrup.biz/produkte/tueren/hochwasserschutztueren.html 
11 Although a sandbag barrier has been tested as part of the SMARTeST project, other technologies 
described in the project go beyond the state of the art and are innovative in their design, automation or 
performance. 

http://www.teckentrup.biz/produkte/tueren/hochwasserschutztueren.html
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Figure 5: Sandbag system – temporary flood 
barrier 

 

Figure 6: Mobildeich system – temporary perimeter 
flood barrier consisting of water-filled tubes 

 

Figure 7: DAEDLER system – trapezoidal water-
filled tube system 

 

Figure 8: OPTIMAL system – water-filled double tube 
system 

 

Figure 9: AQUASTOP Damm – 

 demountable perimeter flood barrier 

 

Figure 10: IBS mobile wall system – Demountable 
flood barriers/dam beams 
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Figure 13: AquaWand system - pre-installed 
flood barrier 

Figure 12: Spring dam system – pre-installed 
flood barrier 

Figure 11: Aquafence – demountable perimeter 
flood barrier 
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Figure 14: Aquastop system – Door, window and 
basement window barriers 

Figure 15: Collad'eau 

  

 

Figure 16: Barrier n°3 
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Figure 17: Barrier n°4 

 

 

3.2.2 Tests undertaken in the SMARTeST project 
 
The tests carried out were mainly based on the existing standards. The main aspects of the test procedures 
were the following: 

• ‘Readiness’ Assessment: 

o Installation and dismounting of the system, with or without time measurement. 

• Stability and water-tightness assessment: 

o Hydrostatic load tests including leakage rate measurements for different system and/or 
product configurations as well as different water levels; 

o Hydrostatic load tests including displacement measurements for different system and/or 
product configurations as well as different water levels; 

o Hydrostatic load tests up to system failure (high degree of displacement) for different 
system and/or product configurations; 

o Dynamic impact load/current load executed at one side of the structure; 

o Dynamic load impact/debris load tests with different debris weights, impact angles and a 
fixed water level; 

o Overflow test/observation of the product stability in an overtopping situation.  

• Assessment of the effect of wear to establish durability: 
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o 100 cycles of installing/dismounting of the product with a check of the movable parts every 
cycle. 

• Failure load test to determine the behaviour of the barrier under the action of a distributed load and 
the safety factor of the product. 

 

3.2.3 Potential limitations of testing procedures 
This section outlines the limitations that have been discovered whilst undertaking testing for the 
SMARTeST project. These limitations are then addressed in the following section (3.3) regarding guidance 
for testing.  

3.2.3.1 Limits of test standardisation 
When analysing the product performance, the testing conditions always have to be taken into account. 
Through this test phase it was proved that the product performances are highly dependent on the 
conditions during testing. For illustration, two examples are given as follows: 

• The water-tightness of the product is assessed according to the leakage rate. The leakage rate is 
dependent on how the product is sealed, as well as on external conditions (e.g. geotechnical 
characteristics of the ground, topography, type of ground surface and flood actions). The products 
were tested in purpose built basins made of smooth and flat concrete. These conditions can be 
described as ideal with respect to the watertightness of the ground and the absence of gaps 
between the ground and the barrier. However, the smooth concrete results in a very low friction co-
efficient between the ground surface and the protection structure leading to sliding of non-fixed 
constructions such as temporary tube systems.  

• The time to install the product is assessed in metres per hour per person. During testing the 
transportation timescales have been short and the weather conditions have been fair. This may be 
different to real situations.  

Test standardisation means that the same test conditions, procedures and variables are set for comparable 
products. This process may cause one product to be viewed as favourable to others; when in a ‘real’ flood 
situation both may perform equally well. End users will want to know how the selected product will perform 
under their specific on-site conditions. For many test methodologies it is understood that the test conditions 
are not identical to the ‘real’ conditions and appropriate adjustments or approximations are made.  

To ensure precise results, products should be tested according to their design and relevant deployment 
situations.  

Therefore, it is first necessary to identify the variables which influence the functionality of a product. When 
identified, these variables will be interpreted by testing institutes in collaboration with FRe product 
manufacturers as either:  

• test conditions i.e. set according to the known intended use of the product;  

• test variables where the effect of one variable parameter on the product performance is assessed, 
for example. 
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3.2.3.2 Limits of approval procedures 
Approval procedures relate to decision based pass/fail criteria, which permits the approval of a product. In 
main cases, this approval should be based on the comparison of the product performance against the 
pass/fail threshold. To date, this kind of approval procedure is not seen to be appropriate for flood barriers, 
for two reasons: 

• Product performance is dependent on external conditions and this would require all products to be 
tested under the same standardised conditions and methodology. The test results may not then be 
relevant for the end users unless the testing conditions are similar to those interesting the end user. 

• The threshold pass/fail is a subjective criterion, which may not take into consideration the required 
outcome for the end user. 

An alternative solution could be the development of a classification of performance with different levels. 
However, this will still require the development of a standardised testing methodology. 

Tests can still provide a wealth of information and can particularly help the manufacturer, even if the testing 
is not standardised. If a test institute chooses to provide an approval decision, they should be careful to 
ensure they provide guidance to allow correct interpretation of the results. 

3.2.3.3 Limits and observations of testing procedures 
Physical tests procedures may only deal with flood-related performance and site specific characteristics (for 
example, base failure) cannot always be analysed. 

 

In order to obtain more accurate results for perimeter barriers; the product should be installed and 
subsequently tested several times. Mean values of product performances should be calculated to ensure 
accurate results.  

 

3.3 Guidance for Testing 

3.3.1 Why guidance for testing 
 
Guidance for testing procedures should describe the most suitable form of testing to accurately determine 
the product performance. The difficulty in this process is to define the actual test conditions and procedures 
in order to deliver relevant information to the end users. The conditions related to real flooding events are 
diverse with respect to the type of site, type of environment and type of flood actions.  

Therefore, as the performance of flood barriers is dependent on external conditions, guidance for testing 
should identify all these influencing factors and deliver relevant information to the end user to enable the 
decision-making process.  

In order to determine the product performance, the three fundamental product functions of flood barriers 
need to be assessed. The product performances depend not only on the product itself but also the 
conditions under which it is tested. 
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3.3.2 Product functions and associated characteristics 
Mathematically speaking, a perimeter flood barrier performance can be characterised by three functions as 
follows: 

• Readiness [R ()] 

• Stability [S ()] 

• Water-tightness [W ()] 

Aperture and perimeter flood barriers share the same fundamental functions. Only the scale and the field of 
use differ. The performance of aperture barriers will be less affected by readiness and stability but 
nevertheless these should still be considered. 

The readiness is the ability of the product to be ready to protect on time. This function is partly dependent 
on the product but mainly on external variables such the logistics. The associated characteristic is the time 
taken to install.  

The ability to remain stable characterises another expected function. This characteristic is often a 
qualitative analysis but can also be quantitatively described by the product deformation or displacement. 

Flood barriers are designed to retain the water outside or at least decrease the leakage. This is the final 
function, the water-tightness, and its associated characteristic, the leakage rate. 

These three product performances depend on external conditions which will vary from one site to another 
and from one product to another. Therefore these diverse conditions are defined as variables (a, b, c, d…).  

Consequently we have the three product performance functions expressed as follow: 

• R (a, b, c, d…) 

• S (a, b, c, d…) 

• W (a, b, c, d…) 

In this configuration each function can be expressed in many different ways which is in practice not possible 
to investigate. Hence these variables a, b, c, d… need to be set. This process is the most important in order 
to get relevant product performance.  

A case by case investigation may be more appropriate than standardisation as it allows the testing 
institution in collaboration with the product manufacturer to set these variables themselves. In this way, the 
variables will be defined by testing institutions in collaboration with the flood barrier producer as follows: 

• Test conditions: a ≥ a1, b ≥ b1, c ≥ c1, d ≥ d1 

• Or test variables when they want to assess the effect of one variable variation on the product 
performance for example here the test variable is a: a ≥ a1, a2, a3, a4; b ≥ b1; c ≥ c1; d ≥ d1 

This process of physical test protocol elaboration is illustrated in Figure 18. The blue cells correspond to the 
main parameters which must be identified in order to elaborate a physical test protocol. The general 
overview of these parameters above and the variables below (Chapters 3.3.1, 3.3.2, 3.3.3) allows them to 
be identified in a generic way. 
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The green cells are the test setting process which can be undertaken by the testing institution in 
collaboration with the manufacturers. This process is based on the parameters identified in the blue cells 
and the additional detailed information on the product and the intended use (Chapters 3.3.5 and 3.3.6). The 
test conditions are also subjected to physical restrictions, product restrictions and test facilities restrictions 
(Chapters 3.3.5.1 & 3.3.5.2). 
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Scope of investigation and setting of the test conditions,  
based on: 

Intended use 
1 

Product  
A 

Flood actions Environment Human 
reliability 

Ground and 
lateral 

support 

Product 
configuration & 

state 

Functions: R(), 
S(), W() 

Function characteristics 

Performance 

Variables: a, b, c, 
d,… 

Product category 

Type of test and tests conditions: 
a1, b1, c3, d6…  

 

Test protocol adapted to product A and 
use 1: R(a1, b1, c3, d6…); S(a1, b1, c3, 

d6…); W(a1, b1, c3, d6…) 
 

 
 

Chapter 3.3.2 

Chapter 3.3.2 

Chapter 3.3.2 

Chapter 3.3.3 

Chapter 3.3.5 

Process which also needs to take 
into account: 

• The physical restrictions 
• The product restrictions 
• and the test facilities 

restrictions 

Figure 18: Elaboration of a physical test protocol  
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3.3.3 Variables 
 
Different conditions exist in reality. These conditions need to be simulated in the test in order to align as 
much as possible to reality. These conditions are called variables. They can be classified in five categories: 
flood actions, product configuration, site condition, environment and human influence. 

3.3.3.1 Flood actions 
The flood actions identified in chapter 2.3 and can affect the flood performance of a product, i.e. leakage 
rate and stability 

3.3.3.2 Product-Configuration and state 
The product configuration can also influence the product performance. Product configuration corresponds 
to the following characteristics for perimeter flood barriers: 

• Wall connections; the product need to be connected to walls at its ends; 

• Product course/layout; angle constraints are imposed on the product; 

• Total length of the product and the intermediate components; in the example of the beam system, 
two similar products can have completely different performances in term of readiness, stability and 
water-tightness depending on the distance between the pillars. 

• Height of the product.  

For aperture flood barriers, the product configurations are as follows: 

• Width, height and depth of the aperture; 

• Length of intermediate component for protecting large widths. Two similar products can have 
completely different performances in term of readiness, stability and water-tightness depending on 
the distance between the pillars; 

• Wall connections (horizontal and vertical). 

The product condition is also a factor in the assessment of the product performance. ‘Wear and tear’ or 
damages can impair the products performance. 

3.3.3.3 Ground and Support 
The site conditions are the variables associated with the type of ground and wall connections for the 
perimeter flood barriers and associated with the type of aperture support for the aperture flood barriers. 

The type of ground is relevant especially for the temporary flood barrier where ground foundations are not 
pre-installed. Depending on the type and condition of the ground the performance associated stability and 
the water-tightness can vary significantly. 

For the demountable and pre-installed flood barriers, foundations and surfaces are generally designed to 
allow a constant performance but this characteristic needs to be verified for each product. 
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For aperture flood barriers the same observation can be made. If the connection surface from the building 
to the product is not appropriately prepared, the performance related to the water-tightness and stability can 
vary.  

3.3.3.4 Environment 
The variables associated with environment are all other physical or non-physical actions apart from flood 
actions which can have an influence on the product performance. They can be classified as functions of the 
product state: 

At the storage state: 

• Live load such as traffic loads (for pre-installed products only); 

• Non-physical loads in the storage area (chemical and biological loads) such as humidity, UV effect 
and temperature. 

At the installation state: 

• Risk of product component damage during transport. 

At the flood protection state: 

At the flood protection state, the product should provide the expected function under flood actions but other 
actions remain as important for example: 

• Wind loads 

• Snow loads 

• Rain loads 

• Ice loads 

• Live load during flood such as human load, car impact loads, vandalism 

• UV, temperature effects. 

These actions need to be taken into account when a product is to be implemented. For example, the 
following questions need be answered before the implementation to avoid technical or logistical failures: 

• Can the product be installed and remain stable in certain wind conditions? 

• Can the product still be installed in time if the pre-installed parts are covered with ice? 

• What effect can traffic vibration loads have on the pre-installed parts? 

• What storage conditions are required to avoid any component deterioration? 
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3.3.3.5 Human reliability 
A variable, which must not be forgotten and which is vital for the products performance, is the human 
reliability. These products need to be erected to stand as the flood protection for a building or area. The 
performance associated to readiness relies on many human parameters such as: 

• The logistics; does an operational plan exist to install the barriers? Has this operational plan been 
tested? 

• The personal; Are the personnel trained. How efficiently do they work? 

• Human error such as an incorrect installation of the product can also cause a performance 
diminution or even a product failure. 

This overview of potential issues shows the large diversity of variables which can affect the product 
performance. In order to closely reach the accurate product performance, it is first necessary to know the 
real conditions in which the product is to be implemented. The relevant variables can then be 
parameterised according to these analyses. In this way, tests aim to assess the reliability of a product.  

A case by case analysis aims to precisely identify the conditions associated to the case study in order to 
accordingly parameterise the test variables and get the most accurate product performance. Only in this 
way can the question, ‘how reliable is this product for my case study?’ be accurately answered. 

3.3.4 Influence of variables on product functions 
Table 11 inter-relates the variables and the product functions previously presented. The blue cells identify 
which variables influence the product performances in the corresponding function. The white cells in 
contrary identify where there is no influence. 

Table 11: Influence of variables on functionality (blue corresponds to influences; white no influences) 

Water-tightness Stability Readiness 

Flood Actions 

Hydrostatic actions 
Lateral pressure    

Capillary rise    
Buoyancy actions    

Hydrodynamic 
actions 

Lateral pressure    

Localised water velocity    

Turbulence    
Non-breaking wave    

Breaking wave    

Debris actions 

Static actions    
Dynamic debris  actions 

concentrated force    

Dynamic debris  actions 
distributed force    



Flood Resilience Technologies 

© SMARTeST 2013   60 
 

Non-physical 
action 

Chemical actions    

Biological actions    

Product 
configuration 
and product 

state 

Wall connection     

Course     
Total length     

Height     
Damages     

Wear     

Ground and 
lateral support 

Type of ground and 
support     

Ground and lateral 
support revetment     

Environment 

At the storage 
place 

Live load such as traffic 
loads    

Non-physical load    
At the installation 

state     

At the flood 
protection state 

Wind    

Snow    
Rain    
Ice    

Live load    
UV    

Temperature    

Human 
reliability 

Motivation     
Physical ability     

Team organisation     
Logistic before 

installation     

Human error     

 

3.3.5 Towards guidance for a test protocol 
 

The elaboration of a test protocol to evaluate the performance of a product consists of setting these 
variables. This setting will mainly depend on the general restrictions related to the product type and the 
physical conditions of the test facility. 
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3.3.5.1 The product restrictions 
 
From BWK 

According to BWK, 2005: 

• “The application of temporary flood barriers is not recommended for large flood depths and high 
dynamic loads resulting from wave impact, flow velocity and/or flotsam impact shifts, as well as for 
short warning times. 

• Temporary flood barriers used on an unknown site should not be used in case of flood water levels 
reach higher than 0.6m above ground level. This recommendation is related to the risk of ground 
failure. In fact, the product might be able to withstand the load of more than 0.6m hydrostatic 
pressure, but there is a risk of ground instability like hydraulic base failure or inner erosion.  

• In case of the installation of temporary flood perimeter barriers on a known site, the limit height is 
recommended as 1.2 meters above ground level in case geotechnical characteristics at the site 
cannot withstand the resulting load. 

• Regarding the demountable and pre-installed perimeter barrier no limits are set, assuming that 
these barriers are designed according to the design loads and the ground is prepared accordingly.” 

Consequently a designated maximum water depth is to be limited at 1.2 metre for the temporary flood 
barriers. The first point concerning the recommendation on the application of temporary flood barriers does 
not provide any quantitative limitation on wave impact, flow velocity and debris impact. 

According to PAS 1188-1, building aperture products are intended “for use in the temporary sealing of 
building apertures and entrances to properties, in the event of static flood water rising up to a level between 
600 mm to 900 mm above ground level, except where they are designed to completely cover or replace 
small apertures, such as air-bricks or air vents”. CSTB protocol also limits the maximum water depth. As a 
matter of fact, current buildings are not structurally designed to support a hydraulic load higher than that 
created by one metre depth of water pressure. Moreover, a barriers height should not cause extra 
difficulties for rescue teams. Consequently, the maximum water depth should be limited to 900 mm for 
building aperture products. 

From SMARTeST Project testing: 

• Three configurations for perimeter flood barriers are possible: 

• Straight protection which include at least one element connection and two wall connections 

• U-shape protection which include at least one element connection, two 90° angles and two 90°C 
wall connections. 

• U-shape + connection which include at least one element connection, one 90° angle, one 120° 
angle and two wall connection (90°, 60°) 

• The choice of the configuration and the product design is the sole decision of the manufacturer. 
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• Testing hydrodynamic loads on building aperture products can be undertaken following two 
approaches: 

• with direct hydrodynamic loads such as waves or currents; 

• with indirect hydrodynamic load, by applying a hydrostatic load plus an extra static load to take into 
account dynamic effects. 

3.3.5.2 The physical restriction 
Among the variables presented in Table 11 there are defined variables such as lateral pressure which can 
be identified through the water density and water depths. There are others variables which are not 
measurable for example those related to human factors. Even if it might have a high influence on the 
performance related to readiness, it is not possible to measure, for example, the motivation or the physical 
ability of the installers. 

Therefore the variables related to the human factor cannot be investigated through the tests. 

In the same way, the total readiness time including security, cleaning/preparation, loading, transportation 
(Figure 3) cannot be investigated without exact information on the on-site organization and logistic. 
Therefore the performance related to readiness will be considering only the on-site installation however 
guidance can be given (see Code of Practice). 

For barriers which are pre-installed and/or automatic, not all of these steps may be necessary.  

3.3.5.3 Scope of investigation 
The scope of investigation is determined in the elaboration of the test protocol 

• Which effects of variables on the product performances need to be investigated? 

This can be done only through a case by case analysis. Manufacturers and testing institute should identify 
which variables are important to investigate according to the field of use and the product. The investigation 
can be then developed in the limit of the test facilities. 

 

3.3.6 Case study examples 
Case study examples show the scope of investigation followed within the SMARTeST project for perimeter 
and aperture barriers.  

3.3.6.1 Perimeter  barrier 
 
Within the SMARTeST project the following scope of investigation was followed to test a perimeter flood 
barrier. 

An evaluation of the stability and water-tightness of flood barriers under hydrostatic load and under debris 
impact load must be undertaken. The effect of hydrodynamic actions on the product performance was non-
existent, or negligible. Other flood action variables and the corresponding test conditions are outlined in 
Table 12. The simulated loads will be limited to capacity of the test facility. An evaluation of the readiness is 
identified under the following conditions. 
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The effect of environment, of human reliability, ground and lateral support and other flood actions are not 
tested, i.e. these factors are non-existent or negligible during the test. In particular the following conditions 
are noted: 

• Ground and Lateral Support: must be water-tight and stable enough to undertake bearing forces 
and erosion. The roughness of the ground should be noted. 

• Environmental conditions: in storage and prior to installing the product, it is said to be in ‘mint 
condition’ without any damages. All other environmental variables (see Table 11) are negligible 
during a flood.  

• Human variables: motivation and physical ability cannot be defined. The logistics of pre-installation 
are not accounted for in the test. 

Table 12: Test condition on the variables related to flood action 

Variables Test conditions 

Flood Actions 

Hydrostatic actions 

Lateral pressure To be investigated see 
part 3.3.6.2 

Capillary rise 
No products were 

identified with poured 
material 

Debris actions 

Static actions Use of potable water 
without sediments 

Dynamic debris  
actions concentrated 

force 

To be investigated see 
part 3.3.6.2 

Dynamic debris  
actions distributed 

force 

Use of potable water 
without sediments 

3.3.6.2 Corresponding test protocol 
This is an example of a test protocol based on the scope of investigation described in part 3.3.6.1 where 
the test conditions are fixed. However, some variables remain (see Table 12: Test condition on the 
variables related to flood action in blue). The influence of these variables on the product performances will 
be assessed through the following tests. 

Furthermore every hydraulic test will be carried out with potable water without sediments, with a density of 
1000kg/m³. 

Hydrostatic test 

This test aims to measure the influence of the hydrostatic pressure on the stability and water-tightness of 
the product. 

The product will be installed as described in 3.3.5.2 following the manufacturer’s instructions and tested 
under the conditions set in 3.3.6.1. 
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Water stages 

The hydrostatic pressure will be simulated through different water level until the designated maximum water 
depth. 

Three water stages will be investigated as follows: 

• 1/3 of the designated maximum water depth 

• 2/3 of the designated maximum water depth 

• the designated maximum water depth 

Influence of hydrostatic pressures on water-tightness  

For each water stage, the total leakage rate will be measured, which includes the following: 

• Leakage through joints between lateral supports and the product; 

• Leakage through joint between the ground and the product; 

• Leakage through joint between product elements; 

• Leakage through product element.  

Time of measurement 

A number of leakage measurements should be taken at each water stage as follows: 

• a minimum of three leakage measurements; 

• measurements continue to be taken until the variation between two leakages measurements is less 
than 5%. 

Influence of hydrostatic pressure on stability 

For each water stage the following should be evaluated: 

• the internal deformation of the product; 

• the displacement (overturning, sliding, floating) of the product; 

• the risk of product failure (barrier breach or overtopping). 

 

Debris load test 

This test aims to measure the influence of the debris load impact on the stability and water-tightness of the 
product. 

The product will be installed as described in 3.3.5.2 following the manufacturer’s instructions and tested 
under the conditions set in 3.3.6.1. 

The influence of the debris load will depend on the following physical characteristics 
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• Debris impact zone shape; 

• Debris mass; 

• Debris tightness; 

• Debris velocity; 

• Impact angle; 

• Water stage. 

Many combinations can be implemented and tested. They might be limited by the test facility’s equipment 
and the scope of investigation. These variables can be set, see Table 13 as an example. 

Table 13: Debris load test conditions 

Variables Test conditions 
Debris impact zone shape Two type of woody debris: 

Debris 1: weight 225 kg, impact zone shape: square 
30*30 cm² 

Debris 2: weight 400 kg, impact zone shape: square 
50*50 cm² 

Type of wood: pine wood 

Debris mass 
 

Debris stiffness 
 

Debris velocity 1m/s, 2m/s, 3m/s 
Impact angle 70° and 90° 
Water stage 80% of the designated maximum water depth 

 
In these conditions, the test will assess the variation of flow velocity, debris type and impact angle on the 
product performance in combinations shown in Table 14 and Table 15. 

 

Table 14: Combination of debris load test with debris 1 

Impact angle/debris 
velocity 

1 m/s 2 m/s 3 m/s 

70° Debris load test 1 Debris load test 2 Debris load test 3 
90° Debris load test 4 Debris load test 5 Debris load test 6 

 

Table 15: Combination of debris load test with debris 1 

Impact angle/debris 
velocity 

1 m/s 2 m/s 3 m/s 

70° Debris load test 7 Debris load test 8 Debris load test 9 
90° Debris load test 10 Debris load test 11 Debris load test 12 

 
 
Influence of debris load on water-tightness  

For each water stage, the total leakage rate will be measured including all joints as for with hydrostatic 
testing. 
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Time of measurement 

The leakage rate should be measured under the same parameters as during the hydrostatic test.  

Influence of debris load on stability 

For each debris test, the stability of the perimeter barrier should be evaluated, as for the hydrostatic test. 

 
Installation test 

This test aims to measure the time to install the barrier under the condition set in 3.3.5.1. 

The installation team will be comprised of the minimum number of workers required to install the barrier and 
one leader. The leader is an experienced person who will teach and lead the workers for the installation 
test. The workers are non-experienced people who will have one hour before the test with the leader to 
become familiar with the system. This process will reduce the likelihood of human error.  

All necessary material, equipment, and tools will be provided by the manufacturer on the test site. The 
product will be installed by the workers under the supervision of the leader. The installation will be filmed 
and the time to accomplish the task measured. The report should inform on the following points: 

• Tools required; 

• Equipment required; 

• The minimum of workers required and any specialist qualifications they may need to possess; 

• The installation efficiency and ease based on workers feedback and video; 

• Risk of injuries; 

• Risk of time loss; 

• Risk of product damages; 

• Installation time. 

3.3.6.3 Example for a particular aperture flood barrier and its scope of investigation 
The example provided in this part is based on the aperture flood barrier as described in Table 16.  

Table 16: Example of aperture flood barrier: characteristics and intended use 

Description of barrier 

Demountable building aperture flood barrier 
Polycarbonate rigid plate with punctual fixation 
Dimensions: height = 0.5 or 0.8m, length = 1.1m, depth = 
0.1m 

Description of intended use Fluvial flood with low speed and water height < 0.70m 
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An evaluation of the stability and water-tightness of the flood barrier under hydrostatic load and under 
debris impact load must be undertaken. Simulated loads are limited to the capacity of the test facility. An 
evaluation of readiness will be evaluated under the following conditions. 

• Ground and Lateral Support: concrete, with negligible ground roughness. 

• Environmental variables: the product is assumed to be in mint condition, with no damages. The 
effect of all environmental variables on the product performance is negligible. A live impact load is 
considered during testing.  

• Human variables: motivation and physical ability cannot be defined. The logistics and potential for 
human error are not simulated in the test.  

The flood action variables are outlined in Table 17. All other flood actions (as set out in Table 12 are 
negligible or not studied during this test. 

Table 17: Test condition on the variables related to flood action 

Variables Test conditions 

Flood Actions 

Hydrostatic actions Lateral pressure Water depth hw = 0.7m 

Hydrodynamic actions Lateral pressure 
Equivalent extra water 

height of 5 cm : 
htest = hw + 0.05 = 0.75m 

Debris actions 

Static actions 
Use of clear water 
without sediments, 

density = 1000kg/m³ 
Dynamic debris  

actions concentrated 
force 

Impact load of 600J 

Dynamic debris  
actions distributed 

force 

Use of clear water 
without sediments, 

density = 1000kg/m³ 

3.3.6.4 Corresponding test protocol 
This is an example of a test protocol based on the barrier and its scope of investigation described in part 
3.3.6.3, where the test conditions are fixed.  

 
Hydrostatic test 

This test aims to measure the influence of the hydrostatic pressure on the stability and water-tightness of 
the product. The product will be tested under the conditions set in 3.3.6.3. The hydrostatic pressure will be 
simulated until the designated maximum water depth, equal to 0.75 m. 

The total leakage rate will be measured which includes: 

• Leakage through joints between lateral support and the product; 

• Leakage through the joint between the ground and the product; 

• Leakage through joints between product elements; 
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• Leakage through product elements. 

During the loading phase (water depth from 0 to 0.75 m) and the stabilisation phase; the displacement 
(overturning, sliding, floating etc.) of the product is noted. The stabilisation phase should last at least 24 
hours and more if stabilisation is not reached after this time. The risk of product failure (barrier breach, 
overtopping) should be evaluated. 

 
Debris load test 

This test aims to measure the influence of the debris load impact on the stability and water-tightness of the 
product. The product will be tested under the conditions set in 3.3.6.3. 

The impact object will be a piece of sawn log (Ø30.5 cm, 50 kg). To simulate a 600J impact, the object 
should fall down from a height of 1.2 m. At least two impact points will be tested: 

• in the middle of the barrier at 80% of the height of protection hw; 

• at the connection between the panel and a column, at a height corresponding to the weakest point. 

Where barriers have with multiple parts, a third point of impact will be selected at the weakest point, at the 
connection between two parts. 

After the impact test, the barrier should undergo hydrostatic testing again during over at least 24 hours, 
following the same protocol as described above. 

 

Installation test 

This test aims to measure the time to install the flood barrier. For this example, it is considered that only 
one person is required to install the barrier. All necessary materials, equipment, and tools will be provided 
by the manufacturer on the test site. 

The report should inform on the following points: 

• Tools required; 

• Equipment required; 

• Whether or not one person is sufficient; 

• The installation efficiency and ease; 

• Risk of injuries; 

• Risk of time loss; 

• Risk of product damages; 

• Installation time. 
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3.3.7 Outcomes 
This section has outlined the functions that a flood resilient barrier should meet and provide the necessary 
parameters and variables that should be considered when developing test guidance. It should also outline 
the limitations of some existing test standards and of test standards in general, such that these limitations 
may be overcome. The two test protocol case study examples have demonstrated how the functions and 
associated variables are combined in a test situation.  
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4 Performance assessment of flood resilient building technology (sealing 
materials) 

This section tackles the problem of standardization of Flood Resilient (FRe) Building Technologies. 
Legislative harmonization is a complex process in which it is necessary to find a suitable equilibrium 
between safety and proliferation of technical norms. In that sense, “harmonization should seek to 
encompass wide product categories and types of risk” (Council Res. 85/C 136/01). This methodological 
piece of advice will be rigorously followed in this document, which starts with a market review aiming to the 
identification of “wide [FRe] product categories” existing in the market, and follows in its second part with a 
review of how “[flood] risk” are considered in existing norms characterizing such products. These elements 
– FRe products and characteristics - obtained from the market review are then compared with those Basic 
Requirements relevant to FRe considered in the Construction Product Regulation (CPR) 305/2011 and its 
Interpretative Documents. From this comparison, guidelines for the improvement of the standardization 
process of FRe Building Technologies will be obtained. 

4.1  Market review: FRe products classification 

A major problem that faces the EU Commission in the standardization process is to keep under control the 
“proliferation of excessively separate Directives for each products”. This tendency can be hindered 
resorting to the definition of wide product categories and types of risk, as in the classification presented 
below.  

4.1.1  Market review and FRe products identification 
This classification has been obtained carrying out a market review of existing FRe products singled out by 
stakeholders.  

 
Figure 19: FRe Building Technological Products natural classification. 
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Constituting the first category, membranes are usually obtained from polymeric materials. They are 
designed either for continuous (joint-less) or discontinuous applications, but all of them present a solid final 
aspect. Solid membranes need expansion joints, and this is why they are also known as discontinuous 
membranes. On the contrary, liquid membranes enable continuous (joint-less) applications, offering the 
maximum waterproofing efficacy. 

While membranes are indeed coating, other FRe Building Technological Products rather aims to modify the 
external superficial structure of the building element through a shallow penetration of its matrix. This 
penetration can be obtained either by an impregnated or by a special coating in case of granular elements. 
Here are the so-called “hydrophobic surface protection”. Its most widespread modality are silicones, but 
other kind of solutions based on epoxy resin, polyurethane varnishes or mineral products should also be 
taken into account. 

Thirdly, local sealings address localised applications of waterproofing product that seal water penetration 
channels, joints, anchors and cracks. Local sealing are mainly structural adhesives that due to their curing 
properties are well suited for easily assembled elements in building and civil engineering structures. By the 
curing reaction a polymeric material is formed, which fills narrow gaps or micro-imperfections of the 
substrate thus sealing and bonding the joint. Silicones and composites are suitable (C / Si based 
macromolecules), among other, are encompassed here. 

Finally, FRe Building Technological Products are not enough to hinder the triggering of corrosive 
processes. Floods actions and their consequent dampness leads to the dissolution of some materials, to 
the red-ox corrosion of others and might consequently cause the building degradation. Reinforced concrete, 
widely used in urban areas, is particularly vulnerable to the referred processes, and for this reason, 
preventive anticorrosive measures are included in FRe Building Technological Products. 

4.1.2  Resulting provisions12 characterizing FRe Products 
As stated in previous Deliverables, after identifying FRe Building Technological Products a further problem 
exists in selecting the appropriate norms for its characterization. Depending on the level (manufacturer, 
national or European), many different provisions for a single product coexist, and this circumstance is a 
major cause of uncertainty and confusion. For the purposes of this document, existing provisions related to 
each product family will be picked up according to their binding force, and for this reason, European Norms 
(Harmonized Standards) will be preferred to whatever other kind of documents. In their absence, ETAs or 
ETAGs will be preferred to national standards13. Finally, national standards will be preferred to 
manufacturers’ characteristics. 

 

 

                                                   
12 By “provisions”, here, “laws, regulations, administrative measures or case-law, established either at Union or Member 
State level, concerning construction works may have an impact on the requirements of construction products ” are 
referred [CPR, Finding Section (4)]. 

13 Despite the presence in CEN database of one unique existing ETA addressing solid membranes (ETA-03/0049 - 
Composite waterproofing "WILOTEKT-PLUS" – Renewal), in this document solid membranes has been analyzed 
resorting to another ETA (DITE-04/0097), awarding another existing FRe product - TEIMLAM - but not present in CEN 
web database. 
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Solid membranes 

So far, the contribution of solid membranes for FRe intended uses14 have not been characterized under any 
European standard (EN). For this reason, this category will be addressed through one particular existing 
FRe Building Technological Products, TEIMLAM, according to its description given by the manufacturer. 
The reliability of this private characterization is given by its endorsement by an EOTA member (“Instituto 
Eduardo Torroja”, in this case) in the document DITE-04/0097, that has the nature of a European Technical 
Approval (ETA).  

Liquid membranes 

Even if at the European level, “liquid membranes” have not been yet regulated as a category, it is possible 
to find specifications for liquid applied roof waterproofing kit products. To date (2012), those requirements 
stand at the level of European Technical Approval Guidelines (see Appendix 3 for the description of the 
nature of such documents). 

Local Sealing 

Local sealings arose as a FRe Building Technological Products category from the state-of-the market, and 
in accordance with the methodology followed, many different European provisions addressing this category 
were found across CEN database (Appendix 3), ranging from European standards15(EN) to ETAs16. For its 
stronger binding effects, “EN 15275:2007 - Structural adhesives” has been selected.  

Anticorrosives 

Anticorrosives as a category involves itself a heterogeneous range a solutions. So far, even if cathodic 
protection has been standardized in several documents, as reflected below, corrosion inhibitors have not 
been paid the same attention. For the purposes of this document, this last anticorrosive family will be 
tackled resorting to existing national provisions (ASTM G 109-92, EEUU), in the absence of EU documents.  

After delving into CEN’s database (see Appendix 3), and selecting relevant standards, resulting provisions 
that will be taken into account here are shown in figure 20.  

 
 

                                                   

14 Intended use: for the purposes of this document, the intended use of considered products will be the flood resilient 
contribution they provide to the works there are applied to. As will be deduced later from the market analysis, such 
intended use “FRe contribution” may be fulfilled improving either the water resistance of the work, or its serviceability 
and durability when flooded. This understanding is compatible with official definitions (“intended use means the 
intended use of the construction product as defined in the applicable harmonised specification” [Art 2.14 Reg. EU 
305/2011)]; “the intended use of a product refers to the role(s) that product is intended to play in the fulfilment of the 
Essential Requirements” [Art. 1.3.4. Co. 94/C 62/01].) 

15 For example, “EN 15275:2007 - Structural adhesives - Characterization of anaerobic adhesives for co-axial metallic 
assembly in building and civil engineering structures” 
16 For example, “ETA-05/0017 - PROXAN joint sealing compound PK 25 ST (gun-grade)” 
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Figure 20: FRe Building Technological Products natural classification CEN database review and selection 
of FRe provisions. 

4.2  Standards review: FRe characterization 

In this section a review of existing standards and test methods for sealing materials is given.  The approach 
in this section is different to that for flood barriers as sealing materials are typically well covered by existing 
construction product standards. 

4.2.1 Functional review according to existing standards 
The intended use of sealing products will be the flood resilient (FRe) contribution they provide.  The FRe 
contribution can be fulfilled improving either the water resistance of the work, or its serviceability and 
durability under flood conditions. 

4.2.1.1 Solid membranes 
According to the manufacturer’s description in DITE 04/0097, TEIMLAM primary use is the waterproofing of 
covers against rainwater. Waterproofing is “the act of preventing or controlling the passage of water from 
one plane to another” (EOTA-005, 3.1.26). According to ETA-03/0049 for WILOTEKT-PLUS, the primary 
use of this other solid membrane consist in the self-healing structural waterproofing for roofs, podium 
decks, car parks, green roofs and civil engineering applications. Thus, the primary use of solid membranes 
is the waterproofing of superficial elements17.  In short, solid membranes characteristics for the intended 
use FRe contribution are as follows: 

• watertightness 

• state of application 

                                                   

17 Note: TEIMLAM can also be applied as an autonomous panel as a barrier compound, if properly pre-manufactured. 
The analysis of this intended use “creation of autonomous panels” is similar to that of opening barriers (see above). 
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Figure 21: Solid membranes functional review. 

4.2.1.2  Liquid Membranes 
Liquid membranes are in-situ liquid applications that set to form continuous (joint-less) membranes fitting 
closely to the substrate. Liquid materials, pursuant to EOTA 005, are “materials or a combination of 
materials that can be poured, spread or sprayed”. 

Waterproofing is “the act of preventing or controlling the passage of water from one plane to another” 
(EOTA-005, 3.1.26). Regarding durability and serviceability, two properties appear to be relevant to the 
intended use FRe contribution: artificial weathering and resistance to water ageing. The determination of 
resistance to water ageing is the object of EOTA – TR 012, and briefly, this procedure aims to assess the 
effects of the direct contact between hot water and the membranes.  Artificial weathering is also relevant as 
this property assesses the durability of membranes to weathering in conditions of adverse light sources, 
elevated temperature, humidity and wetting conditions. These conditions are typical of a post-flood 
scenario, and thus this property is relevant for flood resilient purposes.  

In conclusion, for flood resilience purposes, the following three characteristics are relevant: 

• watertightness (and water vapour resistance) 

• state of application 

• wet weathering 

 
Figure 22: Liquid membranes functional review 
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4.2.1.3 Local Sealing 
Adhesives are used to assemble elements in building and civil engineering structures. After curing 
reactions, a polymeric material is formed, which fills narrow gaps or micro-imperfections of the substrate, 
thus sealing and bonding its joints and preventing leakage. Consequently, the main characteristic related to 
flood resilience of local sealings is to provide or restore the structural watertightness of deteriorated or 
uncoupled elements by bounding or sealing them.  

There is one mechanical property that is inherent to local sealings and relevant for the intended use FRe 
contribution: its chemical-mechanical inertia in presence of water. The mechanical inertia in the presence of 
water focuses on the influence of a watery environment on the intrinsic mechanical properties of the 
Building Technological Product. It does not depend on the nature of the substrate. 

In short, the intended use FRe contribution of local sealings is characterized by the following: 

• local waterproofing 

• chemical-mechanical inertia in presence of water. 

 

 
Figure 23: Local sealings membranes functional review 

4.2.1.4  Anticorrosives - corrosion inhibitors 
Floods and their consequent dampness induce construction material degradation, including corrosion. For 
this reason, corrosion preventive measures are to be taken into account as a feature of importance for the 
flood resilience of buildings. Corrosion is the gradual destruction of materials, usually metals, by chemical 
reaction with their environment. Anticorrosives play one clear function in FRe, i.e. the prevention of 
corrosion. 

 

Figure 24: Anticorrosive functional review 
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4.2.2 Description of identified FRe characteristics 
This part of the guidance sets out the flood relevant characteristics of the materials set out above. Existing 
test procedures for the assessment of performances are gathered in Appendix 3 about “Existing tests for 
FRe properties”. 

4.2.2.1  Watertightness and water vapour diffusion 
Watertightness 

According to EOTA 005, waterproofing is the act of preventing or controlling the passage of water from one 
plane to another. The watertightness of liquid applied roof waterproofing kits tested as a free film is 
determined by applying a specified water pressure to the exposed side of the installed product by means of 
a hydrostatic head of water for a fixed period of time and detecting any water leakage. The determination of 
the watertightness of a given product is the object of EOTA-TR003. 

Water vapour diffusion 

Simultaneously to the watertightness assessment, water vapour diffusion must be considered. This 
accessory assessment shall not be neglected since water vapour has to be allowed to flow outwards in 
order to prevent moisture development. The determination of this property is the object of the European 
Standard EN 1931. 

4.2.2.2  Chemical and mechanical inertia with water 
Mechanical resistance and stability of construction products are usually described by manufacturers 
focusing on the following properties: {tensile strength; elastic modulus; lap shear strength; elongation at 
break}. These properties are not properly FRe and thus will not be considered under this document. What is 
relevant to the intended use FRe contribution is the evolution of these properties in the presence of water.  
This requires mechanical properties to remain functional in the presence of water.  

4.2.2.3  Corrosion 
Corrosion inhibitor solutions are assessed through their effect on the corrosion rate, also called 
“corrosivity”. This effect is addressed tracking the “time to failure”, that is, the time required for corrosion 
processes to provoke the first crack on the concrete surface.  

4.2.2.4  Wet weathering 
Wet weathering is assessed under EOTA – TR 010, on exposure procedure for artificial weathering. This 
EOTA Technical Report specifies exposure procedures for artificial weathering, exposing test specimens to 
laboratory light sources, elevated temperature, humidity and wetting conditions. 

4.2.2.5  State of application 
Even if all membranes present a final solid aspect, they can be applied under pure thermoplastic solutions 
or in emulsions. The problem of the maximum compatible slope of the superficial element is thus critical for 
membranes applied in the liquid state. Due to their liquid state when applied, the fall of the substrate is of 
paramount importance.  The fall is the slope of the substrate in the direction of the rainwater outlets. This 
property is assessed through the fitness of the product against different roof slopes categories.  Four 
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categories of roof slopes are defined, ranging from S1 to S4, each one being defined by its percentage 
slope, as follows: 

Category slope [%] 
S1 < 5 
S2 [5; 10] 
S3 [10; 30] 
S4 > 30 

Table 18: Test condition on the variables related to flood action 

4.2.3  Summary 
This previous review is now summarised in the framework below: 

 

Figure 25: FRe Building Technological Products functional review 
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construction materials for “ordinary” buildings (e.g. housing, offices). If a frequent contact of liquid water 
with construction materials and construction works is anticipated (collective showers, industrial plants), then 
specific requirements are defined (specific tests of materials, design rules).  

4.3.1  Flood resilient building technology and CPR 305/2011 
Annex IV of the Construction Product Regulation 305/2011 introduces 35 “products areas” that are 
especially prone to standardization processes. Within this list of products areas, it is possible to identify 
several product families of relevance for FRe technologies. These product families are as follows: 

area code product area 

3 membranes, including liquid applied and kits (for water and/or water vapour control). 

4 thermal insulation products. composite insulating kits/systems. 

8 geotextiles, geo-membranes, and related products. 

18 waste water engineering products 

32 sealants for joints. 

 

Figure 26: Constructions products from C.P. Reg. 305/2011 and FRe Building Products.  
Aperture barrier technologies could fit the area code nº 2 (doors, windows, shutters, gates and related 
building hardware).  
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construction works for an economically reasonable working life that are described Interpretative Documents 
of the Council Directive 89/106/EEC (94/C 62/01). The seven Basic Requirements: mechanical resistance 
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in use (B.R. nº4), protection against noise (B.R. nº5), energy economy and heat retention (B.R. nº6) and 
sustainable use of natural resources (B.R. nº7). 

Even if none of the Basic Requirements previously referred addresses floods as a specific hazard, in their 
development in Interpretative Documents, it is possible to observe that for some products family, there are 
some specific requirements that do provide FRe to the works these products are applied to. 

B.R. nº1: mechanical resistance and stability 

According to B.R. nº1, construction works must be designed and built in such a way that the loadings that 
are liable to act on it during its construction and use will not lead to collapse, major deformations or 
damages. The Interpretative Document (I.D.) related to B.R. nº1, encloses a list of products presented 
according to their “relevant characteristics” for the fulfilment of such mechanical requirements. From this 
list, the following Essential Characteristics are accessorily relevant to flood resilience.  

 

 

 

 

 

 
B.R. nº2: safety in case of fire 

According to B.R. nº2, construction works must be designed and built in such a way that in the event of an 
outbreak of fire the load bearing capacity is ensured, the spread of fire and smoke is controlled and 
occupants can be rescued. None of the aspects mentioned in the related I.D. appeared to be relevant for 
FRe characterization.  

B.R. nº3: hygiene, health and environment 

According to B.R. nº3, construction work must be designed in such a way that it will not be a threat to the 
hygiene or health of the occupants or neighbours, in particular as a result of toxic gases, dangerous 
radiations, pollution and damp.  

The related I.D. identifies aspects of works where hygiene, health and the environment may be concerned, 
and identifies products and product families, as well as characteristics relating to their satisfactory 
performance where harmonized standards are required. As a particular requirement, it is established that 
“the construction work must be designed in such a way that it will not be a threat to the hygiene or health of 
the occupants or neighbours, in particular as a result of […] the presence of damp in parts of the work or on 
its surfaces”. As a result, some characteristics of interest for FRe can be found in B.R. nº3: 

Relevant FRe characteristics taken from B.R. nº2 
vapour permeability 
watertightness / imperviousness to water 
resistance to water 

relevant FRe Characteristics taken from B.R. nº1 

water suction properties 
moisture 
corrosion agents and oxidation 
watertightness 
resistance to water penetration – water suction 
durability in presence of water  
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moisture resistance 
capacity of absorption/desorption 
water diffusivity 

B.R. nº4: safety in use 

According to B.R. nº4, construction work must be designed and built in such a way that it does not present 
unacceptable risks of accidents in service or in operations such as slipping, falling, collision, burns, 
electrocution, and injury from explosion. Within this B.R., one particular essential characteristic relevant to 
flood resilience is slipperiness. The related I.D. considers the prevention of “falling after slipping” as a 
required performance of works and states that Harmonized Standards should be established to define the 
method and conditions of the quantification of the slipperiness taking into account the following parameters: 

• for a floor o other relevant surface: barefoot, of shod 

• the conditions of the surface: dry or wet 

Relevant FRe characteristics taken from B.R. nº4 
product slipperiness 
 

This last FRe characteristic, despite having not been identified during the market review, is relevant to the 
safety of emergency measures under flood events.  

B.R. nº5: protection against noise 

According to B.R. nº5, construction works must be designed and built in such a way that noise perceived by 
the occupants or people is kept down to a level that will not threaten their health and will allow them to 
sleep, rest and work in satisfactory conditions. None of the aspects mentioned in the related I.D. appeared 
to be relevant for FRe characterization.  

B.R. nº6: energy economy and heat retention 

According to B.R. nº6, construction works and its heating, cooling and ventilation installations must be 
designed and built in such a way that the amount of energy required in use shall be low, having regard to 
the climatic conditions of the location and the occupants. The only new characteristic considered in the 
related I.D. that holds some relevance for Flood Resilience characterization is “driving rain” resistance 
required to fabric component. “moisture transfer” is also considered.  

 

Relevant FRe characteristics taken from B.R. nº6 
driving rain resistance 
moisture transfer 

B.R. nº 7: sustainable use of natural resources 

Communication o94/C 62/01 does not include any Interpretative Document related to this B.R. 
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4.3.3 Summary 

 

Figure 27: FRe characteristics in the 7 Basic Requirements (C.P. Reg. 305/2011) 
 

Figure 27 is a summary of the previous investigations concerning flood resilient related characteristics of 
construction products. It clearly shows that characteristics that are addressed within the CPR context 
concern well known (and essential) functions of construction products and works. This is for instance the 
case for water-tightness systems. The CPR framework could then probably host products listed in a “Flood 
resilience products area”. Nevertheless, investigations during the SMARTeST project showed that the 
market for such products is still emerging, so that CE marking of flood resilient product will have to be 
based on the compliance of these products with characteristics concerning water-tightness, moisture 
transfer, and vapour permeability as well as corrosion protection systems. Fortunately, standardised 
methods to assess these characteristics are fully available and can benefit the evaluation of performances 
of concerned flood resilient products. For instance, methods to characterise solid membranes; local sealing 
as well as corrosion prevention measures are available (Appendix 2). 

4.4  Market review vs. CPR 305/2011: discussion and conclusions 

To date, flood resilience is not considered as a Basic Requirement to be satisfied by construction works 
during their working life. Indeed, none of the Basic Requirements pay direct attention to floods. 
Nevertheless, throughout the Essential Characteristics related to each of those Basic Requirements, many 
particular aspects relevant for flood resilience can be found. It is thus possible to state that Flood Resilience 
is not absolutely disregarded by the Basic Requirements, even if the consideration given is only diffuse, 
indirect and partial.  

4.4.1  FRe technologies under the CPR 305/2011 
The comparison of FRe products as obtained from the market review and from Reg. 305/2011 highlights 
that FRe Products are incompletely considered by the Construction Products Regulation.  

Only two FRe categories appear to be properly addressed: liquid membranes (area code 4) and local 
sealings (through the area codes 25 and 32). Many other FRe categories are also but only partially covered 
by Reg. 305/2011: opening barriers, solid membranes and hydrophobic protections. Solid membranes are 
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addressed by Reg. 305/2011 through “geotextiles, geo-membranes, and related products” (area code 8), 
but this product family includes bituminous and composite membranes which are not present in Reg. 
305/2011. The same statement can be made regarding hydrophobic protections: despite the presence of 
composite insulating kits (area code 4), other relevant types are overlooked (epoxies, polyurethane 
varnishes). Finally, there are also some whole FRe categories that are absolutely not covered by Reg. 
305/2011, like anti-corrosives and perimeter barriers.  

In short, FRe Products can be sorted out in three wide groups according to the consideration they are 
offered in Regulation 305/2011: FRe products considered, FRe products partially considered and FRe 
products not considered at all. 

4.4.2  FRe characteristics under CPR 305/2011 
A comparison of FRe characteristics obtained from the review of the Basic Requirements as described in 
their respective Interpretative Documents, against FRe characteristics resulting from the market review 
leads to the following conclusion: FRe characteristics are widely but not totally covered in existing Basic 
Requirements.  

On the first hand, there is indeed one FRe characteristic addressed by the Basic Requirements that has not 
been identified from the market review: slipperiness. This property is especially relevant for superficial 
waterproofing treatments (liquid and solid membranes) and under flood emergency situations. 

On the other hand, there are some FRe characteristics declared by manufacturers that are not considered 
in the Basic Requirements. The referred characteristics are the chemical and mechanical inertia of products 
in presence of water, the state of application and the UV resistance in the presence of moisture. Chemical-
mechanical inertia in the presence of water has been defined as the evolution of the mechanical properties 
of construction products in the presence of water. During the market review, it was observed that local 
sealings manufacturers described their FRe products stressing their mechanical inertia in presence of 
water, as well as their ability to perform anaerobic curing. As regards durability, one particular FRe 
characteristic is also only partially considered under the Basic Requirements, the UV resistance in 
presence of moisture.  Essential Characteristics related to UV light resistance (B.R. nº1) and others related 
to moisture resistance (B.R. 1 and B.R. 3), the FRe characteristic resulting from the concomitance of these 
two effects is not considered. Once again, membranes are particularly vulnerable to this flood effect. 
Finally, there is one last FRe characteristic identified during the market review that is not considered under 
the Basic Requirements, the product state of application. This characteristic is relevant to assess the range 
of application of particular FRe products, since kits and liquid applied solutions may result not applicable to 
vertical elements.  

4.4.3  Guidelines for improving FRe standardisation 
The “FRe contribution” intended use 

By merging FRe characteristics obtained on the one hand from the market review, and on the other hand 
from the Basic Requirements, an enhanced characterization of the FRe contribution intended use can be 
obtained:  
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Figure 28: Characterization of the intended use “FRe contribution” 
 

The importance of FRe contributions provided by the previous characteristics is uneven. The most 
important FRe characteristics are the resistant ones, watertightness and mechanical inertia. Corrosion and 
moisture resistance, as well as slipperiness are also of high relevance and thus repeatedly considered in 
the Basic Requirements.  

In conclusion, Flood Resilience is quite extensively covered by existing Basic Requirements, even if only in 
an indirect and diffuse way. In order to reach a full assessment of Flood Resilience, the following actions 
are required: 

a.  Introduction of chemical-mechanical inertia in the B.R. nº1 (Mechanical Resistance) 
A reference to chemical-mechanical inertia18 shall be introduced in the B.R. nº1 in order to assess the 
influence of a watery environment on the mechanical resistance of construction products.  

b.  Broadening of the scope of 2 Products Areas (Area Codes 2 and 4) 
Products Areas 2 and 4 could be enhanced so as to make whole FRe Technologies categories fit in their 
scope. Area 2 could potentially involve opening barriers. Area 4, if broadened, could include epoxies and 
                                                   
18 Mechanical resistance and stability of construction products are usually described by manufacturers focusing on the 
following properties: {tensile strength; elastic modulus; lap shear strength; elongation at break}. These properties are 
not properly FRe and thus will not be considered under this document. What is relevant to the intended use FRe 
contribution is the evolution of these properties in presence of water. For this reason, the relevant FRe property here is 
the chemical and mechanical inertia in watery environment. This implies making sure basic mechanical properties 
remain functional in presence of water. 
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silicones, in addition to existing polyurethanes insulating kits, so as to give entrance to the whole FRe 
category here termed “hydrophobic protections”.  

c.  Need for some new Product Areas 
Finally, there are other relevant FRe technologies that do not fit any of the existing Product Areas, among 
them anti-corrosives and perimeter barriers.  The Flood Resilience definition, characterization and 
standardization of such product families is thus not covered at all by current Basic Requirements to 
construction works. Guidelines for the standardization of such product families have been drawn up within 
SMARTeST. 
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5 Performance assessment of flood resilient building technology (construction 
materials) 

5.1 Why is a standard needed 

5.1.1 Scope and intended users of the guidance  
The scope of this document is to provide guidance on how to explore the physical behaviour (e.g. water 
saturation, capillary rise) of building assemblies due to the presence of flood water. Based on an analysis of 
the systems behaviour; the flood performance of building assemblies can be evaluated. Generally, the flood 
performance of buildings and their components can be assessed either through laboratory testing or 
numerical modelling. It is important to note that there is no reliable alternative to these assessment 
approaches. 

Therefore, the key aim of this guidance is to propose a method for testing the flood performance of different 
building assemblies, as there is a scarcity of information about the flood resilience properties of typical wall 
and floor constructions. The analyses of the behaviour of various composite building assemblies in a 
hydraulic engineering laboratory have deepened the knowledge about the impacts of floods on building 
constructions.  

Although there are a broad range of flood resilience technologies available on the market such as flood 
barriers and flood guards, which should prevent floodwater from entering a building; there can be 
nevertheless a significant risk that buildings in flood-prone areas will have to cope with floodwater. In this 
case the design of flood resilient construction is an appropriate approach to mitigate flood damage. Neither 
recent publications, national standards, specifications nor any guidelines provide a consistent, harmonised 
approach to the experimental analysis of the flood performance of building assemblies up to the present 
date. However, some research has already been undertaken in this field (Bowker et al, 2007). 

It should be noted that this guidance does not cover a methodology for flood vulnerability analysis of 
building assemblies due to high hydrostatic or hydrodynamic pressure loadings that can have severe 
impacts to their structural integrity. Nor does it consider a methodology for the estimation of damage to 
building assemblies caused by contaminated flood water19. Other deleterious effects of floods which are 
outside the scope of this guide include: debris impact, flow velocity, wave action, scour, and erosion. 

5.1.2 Survey of standards for wet proofing of buildings  
A literature review has found a range of documents, studies and guides concerning flood proofing of 
buildings related to: 

• the damaging effects of floods on buildings and the description of physical impacts of flood water 
on different building materials (e.g. USACE 1998, Kelmann 2002, Roos 2003); 

• the provision of general advice and overall approaches for flood proofing (e.g. CIRIA 2001, DKKV 
2003, Bowker et al. 2007, Garvin 2012); 

                                                   
19 Flood water may be contaminated e.g. with sewage, heating oil, petrol or other biological and 
chemical substances. 
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• the repair of buildings to incorporate resilience measures (e.g. BRE 1997, FEMA 1998, Proverbs & 
Soetanto 2004, Garvin 2005, BSI 2005, BRE 2006); 

• an indication of the flood performance of various materials (e.g. Scottish Office 1996, Phillipson 
1996, Bowker et al. 2007, FEMA 2008); 

• improvement of flood protection of buildings temporary barrier systems that prevent water ingress 
up to a certain level (e.g. CIRIA 2001, Bramley & Bowker 2002); 

• the assessment of economic feasibility of flood proofing (e.g. MURL 1999, Zevenbergen 2007, 
Bowker 2007). 

Few publications cover explicitly the issue of improving the resilience of the building fabric or provide 
specific recommendations for construction details of new and existing buildings (Some examples which do 
cover these issues are: Bowker et al. 2007, Escarameia et al. 2007, Gamerith & Hoefler 2006). It is always 
important to consider the whole design of a construction, not only applied surface materials.  

The estimation of physical flood vulnerability of buildings usually does not rely on results of laboratory 
findings, which in fact provides an evidence base for the assessment of their flood performance. However, 
for this purpose there is currently no approved testing protocol or test standard available at European level. 
Moreover, to the present date only limited testing has been carried out on building materials and building 
assemblies (Escarameia et al. 2012). To achieve a better understanding of the susceptibility of assembly 
constructions and connections of various components (e.g. windows, façades) more testing needs to be 
undertaken. It is obvious that the behaviour of a composite wall or floor construction cannot be analysed 
solely from the behaviour of its constituent parts. In addition, damage processes induced by flooding such 
as change in strength properties, change in modulus of elasticity, volume expansion due to freeze-thaw 
cycles, or higher thermal conductivity are often not analysed in detail. 

A joint research project in the UK between Communities and Local Government, the Environment Agency 
and DEFRA analysed the resilience properties of selected wall and floor arrangements, particularly for 
traditional English building constructions (Escarameia et al. 2006, Bowker 2007, Escarameia et al. 2007). A 
report of Gamerith and Hoefler (2006) describes planning principles for new buildings in flood-prone areas 
and provides guidance on adapting existing buildings to mitigate their flood vulnerability. 

Building Engineer (2012), reports a proposed new ASTM International standard which will provide a 
comprehensive way to evaluate building materials and assemblies for use in below-base flood elevation 
construction. The proposed new standard will establish methods for determining flood damage resistance 
ratings (either acceptable or unacceptable) of materials and assemblies for use below the lowest floor of 
new and substantially damaged structures. It is intended to apply to construction materials, assemblies, and 
components that are elements of the building including but not limited to, sheathing, structural elements, 
insulations, finishes, windows, doors and vents. It will address the effects of flooding on materials and 
assemblies, such as floor and wall systems; however, this standard is currently under development and not 
published. 

This section of the report provides an example of how to develop an appropriate test standard. It should be 
noted again that the described test procedure does not serve as a test standard for analysing the flood 
performance of building assemblies. However, this guidance provides the description of an exemplary 
method for laboratory testing taking into account general assumptions, test parameters, test specimen as 
well as the test conditions. Testing on building assemblies carried out as part of the SMARTeST project, 
has led towards this guidance. Results from these tests can be seen in the Appendix 4.  
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5.2 Guidance for testing 

5.2.1 Potential damage processes due to flooding 
A building assembly, for example an external wall construction, is usually composed of several functional 
layers of different materials in cross section; which depend on the expected construction requirements such 
as load bearing, thermal efficiency or water tightness. Both the types of material adopted and the sequence 
of layers affect the system behaviour when exposed to flood water. The use of water resistant materials on 
the external surface of building constructions makes sense only if it ensures that the entire building 
component or structure is water resistant as well. 

The identification and classification of relevant flood-induced damage processes is a fundamental 
requirement for an understanding of material behaviour, and to enhance the resilience properties of building 
constructions. Hence, it is necessary to explore failure mechanisms in traditional building materials.  

When building materials are exposed to flood water, they often take on moisture due to their capillary 
porous structure. Moisture can migrate by various modes of moisture transport; such as vapour transport, 
liquid transport, and phase changes. In principal, any moisture transport process depends on a 
mass/temperature gradient as a driving force. Depending on the building material, the resulting moisture 
content can cause damage and can have a considerable negative influence on material parameters, 
influencing durability and/or performance. Exposure to moisture can also lead to stress cracking and 
increased susceptibility to water penetration. 

5.2.2 Test specimen design 
The impacts of flooding can be tested on almost every type of wall and floor assembly. Information on 
detailed specifications of common construction solutions can be obtained from relevant professional 
literature and from current national building standards. Arrangements usually consist of individual materials 
combined in composite wall and floor constructions. The following aspects of test specimen design should 
be considered before testing. 

Wall assemblies 

The building envelope usually consists of external walls, roof, basement, windows and doors. A priority of 
the guidance is to provide a testing method to analyse the behaviour of external walls, in particular common 
cross-sections. That means that all kind of connections (e.g. wall to wall, wall to window connections, etc.) 
are not covered by this testing method. 

The geometry of the wall assemblies is variable, except the thickness of the constructions.  

Floor assemblies 

All categories of floor construction can be tested; solid floors and suspended floors. The test specimens 
consist of all relevant layers: finish, subfloor (screed, membranes and insulation), floor construction 
(reinforced concrete slabs, wooden beams etc.) and ceiling where necessary. 
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5.2.3 Procedure of laboratory testing 

5.2.3.1 General assumptions for analysing the physical flood performance 
To analyse and compare the physical behaviour of building envelopes and floor constructions in detail; 
examples of typical constructions need to be tested in an engineering laboratory. However, this 
experimental work requires a number of model assumptions that are as follows. 

Wall assemblies 

• The cracking behaviour of masonry walls observed during the tests is usually not the same as for 
real structures – this is caused by the smaller dimensions of the tested wall panels and the lateral 
restraint at the edges of the water tank. 

• Most test specimens need to be left to cure before testing. The curing period depends on the 
applied materials and can be determined by the manufacturer’s instructions. For instance, mortar 
(and also plaster) does not reach the ultimate strength until the end of a curing period of 28 days. 

• Long term drying shrinkage, which can also lead to cracking, is not part of the presented laboratory 
testing procedure. 

• All wall samples are flooded with potable water, therefore excluding the broad variety of damage 
processes that can be caused by contaminated water. 

• The selected water level in the test rig depends on the geometry of the construction, particularly on 
the height of the wall samples. However, the head of water should range between a minimum of 
40 cm and a maximum of 100 cm. This range of water level aims, first, to ensure that at least one 
complete course of bricks/blocks of masonry walls and the bed joint above is subjected to water 
and, second, to avoid structural failures of the test specimen. 

Floor assemblies 

As floor arrangements are likely to be flooded completely; it is necessary to fix them at the bottom of the 
test rig to prevent buoyancy, particularly of light timber constructions. (The determination of buoyancy 
forces are not within the scope of this test procedure.) 

Slabs of concrete and layers of screed need to be left to cure. The curing period depends on the applied 
materials and can be determined from manufacturer’s instructions. 

5.2.3.2 Test duration 
 
Wall assemblies 

The testing program simulates a flood event which lasts about seven days for each test run and comprises 
two phases. In the first phase, the selected wall constructions are exposed to floodwater on the external 
face for approximately 96 hours. Following that, in the second phase, the internal face is flooded for a 
further three days to analyse the impacts to building construction when floodwater enters a building. 
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Figure 29: Cylindrical drill core 
sample for brickwork. Source: 

Floor assemblies 

The selected floor arrangements should be flooded completely in order to simulate a flood event in which 
the head of water rises above ground floor level. Depending on the scope of testing (e.g. analysing the 
impacts of short-term or long-term flooding), the test duration may range from one day up to one week. 

5.2.3.3 Sampling 
The gravimetrical method for moisture determination requires taking core samples of solid, porous building 
materials. These material samples are obtained in most cases by using diamond-head core drills with a 
diameter larger than 60 mm. With regard to the requirements from WTA (2002), the weight of each 
collected sample must be greater than 50 g. 

Both the selected core diameter and the minimum weight of the samples minimise the impact of heat, 
generated by drilling without cooling water, on the moisture content of the core samples. The cylindrical drill 
core sample should be subdivided into several sections (length 
approximately 5 cm) in order to gain information about the moisture 
content in various depths of the analysed cross section (see Figure 30). 
It should be noted, that different materials need to be separated exactly 
(e.g. removing plaster from bricks).  The samples are then vacuum-
packed and labelled before their wet weight is determined in a 
materials testing laboratory. 

5.2.3.4 Test parameters 
The test parameters and specified equipment in the following sections 
are specified for a wall assembly construction. The testing parameters 
and equipment detailed are also suitable for testing floor constructions, 
following the test procedure and specimen design in sections 5.2.2 and 
5.2.3. The water levels on both the internal and the external face of the 
wall construction need to be measured and documented regularly, at 
least once per day. To indicate the water seepage, particularly through 
the structural layers of the exterior wall assemblies, it is advisable to 
insert a moisture sensitive probe through boreholes from the top of the 
test specimen. After the simulated flood duration of seven days, 
samples of all porous materials are taken to obtain information about 
the present moisture content20. The gravimetrical DARR-method21 is suitable to quantify the moisture 
content and then to determine the degree of saturation. For the purpose of illustrating the moisture 
distribution over the wall thickness, moisture profiles can be generated. Testing results are the rate of 
leakage through the whole wall construction and the seepage through wall materials (represented by the 
degree of saturation). 

                                                   
20 The moisture content can be defined as either the mass of moisture per unit volume of the dry material, or the 
mass of moisture per unit mass of the dry material, or the volume of condensed moisture per unit volume of the dry 
material (Trechsel 2001). That means the moisture content can be defined as the ratio, expressed as a percentage, of 
the mass of the pore water to the mass of the dry material. 
21 The DARR-method is a highly accurate procedure to quantify the moisture content of building materials by 
gravimetric analysis. 
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Figure 30: Building material test samples 

 

 
Figure 31: Building material test samples in the 
drying oven to determine their oven-dry mass. 

 

Most construction materials have a porous structure. Water can undergo several physical and chemical 
processes when it interacts with materials (Trechsel 2001). Most of the constituents of the analysed wall 
and floor samples absorb water by capillary forces22. In laboratory studies the DARR-method (WTA 2002) 
is usually used, which is a highly accurate procedure to quantify the moisture content of building materials. 
The moisture content in a homogeneous sample is measured gravimetrically by determining the weight loss 
due to evaporation of water after it has been placed in an appropriate oven23 and dried to constant mass24 
at 105° C25. 

A building material is dry when it contains either no vapour or only chemically bounded water. Based on the 
weight of the wet sample [mwet] and the dry sample [mdry], the mass related content of moisture [um] can be 
calculated using the following equation: 

 

The degree of saturation specifies how much of the pore volume of a certain building material was filled 
with water when taking the samples. That means, the degree of saturation [Sw] indicates the ratio between 
the material moisture content [um] and the maximum moisture content [umax] that can be attained by the 
material and is determined using the following equation: 

 

A detailed analysis of the degree of saturation is the basis for the following: 

• assessing the susceptibility of applied building materials to moisture seepage; 
                                                   
22 Building materials which absorb water by capillary forces are called capillary active. 
23 The oven should be capable to maintain a temperature of 105° ± 2° C. 

24 Constant mass has been achieved when less than 0.1% of the test sample wet mass is lost during an 
additional exposure to the drying process. 
25 The drying temperature for gypsum and calcium sulphate containing building materials is only 40° C to retain 
chemically bounded water. 
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• providing an effective redevelopment concept for enhancing the resilience properties. 

5.2.4 Test Set-up 

5.2.4.1 General requirements 
Generally, the test rig used for testing should provide the following features: 

• Clearly the test tank (water tank) should be water-tight. This is a basic requirement. 

• Moreover, the water tank should provide easy access so the constructions can be built inside it. 

• The test facility should be designed so that both external as well as internal flooding of test 
specimens can be considered. 

• Transparent walls of the test rig permit better observations during the testing phases. 

• Special attention need to be paid to the lateral connections. They have to be absolutely watertight, 
to prevent falsification of the tests. 

5.2.4.2 Exemplary test facility design 
The water-tight tank used for the tests can be made, for instance, of transparent acrylic glass. This allows 
processes such as seepage flow to be closely observed during the test runs. The specific geometry of the 
water tank enables the simultaneous examination of two constructions per test run. Its design is presented 
in Figure 32. The inside of the water tank has a length of approximately 200 cm, a height of 50 cm, and a 
width of 50 cm. Two frames increase the rigidity of the tank construction. The front and back panel of the 
water tank can be removed for the in-situ construction and deconstruction of the test arrangements. 

 

Figure 32: Facility used for flood performance tests of building assemblies. 

 

The lateral connections between the edges of the tested wall arrangements and the water tank have to be 
carefully sealed to avoid lateral water penetration into the construction and, in consequence, the 
falsification of the test results. In order to ensure a sufficient lateral bonding, steel plates (thickness 3 mm) 
are adhered to the sidewalls of the water tank with silicon sealant (see Figure 33).  The construction joints 
between the built test specimen and the steel plates are sealed with mortar. This task needs to be carried 
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out with care to eliminate any leakage through the joints. After completing a test run, the test specimens 
and the steel plates are removed from the water tank.  The silicone sealant is then peeled off from the 
acrylic glass tank and the steel plates are thoroughly cleaned before use in the next test run. 

 

Figure 33: Steel plates for lateral connections. 

5.2.4.3 Measuring equipment 
The objective of the test runs is to determine the water seepage through the wall and floor constituents. To 
quantify this effect, the laboratory tests clarify the extent to which liquid water penetrates the materials of 
each building construction. The material samples used for this purpose are obtained by using diamond-
head core drills with a diameter of 68 mm. The samples are weighted on a precision balance with an 
accuracy of 1 mg. For the determination of their dry-mass, the samples are dried in a laboratory oven to 
constant mass at a specified temperature26. The air temperature and relative humidity in the laboratory 
should be measured and recorded at regular intervals using a digital data-logger. Test runs are ideally 
captured daily using a digital camera. The pictures will document water levels in the tank as well as the 
system behaviour over the entire test period of seven days. 

   

   

 

                                                   
26 The oven temperature is 105 C (WTA 2002). 

Figure 34: Digital data-logger to record 
air temperature and relative humidity in 
the laboratory at regular intervals. 

Figure 35: Precision balance with 
readout down to 1 mg. 
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6 Discussion and conclusions 

6.1 Discussion 

The European market has seen the emergence of flood resilience technology in recent years, which 
includes adaptation of buildings through resilient measures, barriers for buildings and infrastructure and 
other flood defence products.  

Barrier technology is typically flexible and temporary in nature or at most semi-permanent and it is used 
when there is a flood warning or forecast of heavy rainfall. Flood resilience technology usually requires 
human intervention which may involve a house owner or, in the case of more sophisticated flood 
technologies, the use of a specialised team for installation of flood resilience structures. Although some 
technologies can be classified as automatic and therefore require little if any human intervention.  

There are relatively few current applications of flood resilient adaptation and the potential market 
opportunity is not yet being realised. However, the opening up of the market requires the flood resilient 
system to be organised differently from traditional flood protection based on ‘centralized’ flood defence. 
One of the obstacles previously identified for the implementation of flood resilient technologies is a lack of 
clarity about performance requirements and testing procedures for this novel type of technologies. 

 

6.1.1 European Committee for Standardization, CEN 
The key player in regulation and standardisation of technologies at EU level is CEN. CEN comprises a 
system of technical committees and national mirror committees in member states. CEN oversees 
development of standards at EU level through the national mirror committees and decision making at EU 
level. The product standards developed at CEN have an evident relation with CE-marking of construction 
products. 

An important part of CEN for flood resilience technology is the CEN Construction Sector Network (CSN). 
The construction sector forum aims to achieve the following: 

• clarify and resolve issues between Directives and standardization; 

• facilitate the implementation of the Construction Products Directive (86/106/EEC); 

• deal with issues related to other activities (environment impact standardisation, ISO 
standardisation); 

• clarify horizontal issues needed to finalize standards (fire safety, eurocodes, pre-normative 
research, durability of products and works, execution standards); 

• resolve Technical Committees problems and provide guidance to them;  

• coordinate with the other sectors to secure standards' compatibility, completion and homogeneity; 

• identify new standardisation areas. 
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The standardisation activities related to building and civil engineering are coordinated by the construction 
sector rapporteur in cooperation with the construction sector core group. One of the CSN activities is the 
Construction Sector Network Project Environment (CSNPE)27. The objective of CSNPE is to provide a 
forum for discussion and development of environmental topics prior to their possible implementation by the 
CEN TCs in the construction sector. Its role is essentially advisory and it has a flexible membership. 

CE-marking under the Construction Products Directive/Regulation (CPD/CPR) is directed by the wish of EU 
member states to harmonise the test methods for requirements from national regulations, to prevent 
unnecessary barriers to trade. If there are no requirements in the (notified) national regulations concerning 
a particular building product or 'kit', CE-marking under the CPD/CPR is a non-issue. 

In the CPR the following definition is contained: Article 2, Definitions 

For the purposes of this Regulation the following definitions shall apply: 

1. ‘construction product’ means any product or kit which is produced and placed on the market for 
incorporation in a permanent manner in construction works or parts thereof and the performance of 
which has an effect on the performance of the construction works with respect to the basic 
requirements for construction works; (..) 

 

The implication is that for some products, for example road signs this implies that mobile signs do not have 
to be and cannot be CE-marked. 

Therefore aperture and perimeter technologies which need to be installed prior the flood event cannot, from 
this evidence, be CE-marked under the CPD/CPR. 

Other flood resilient products such as building technologies however could be considered building products 
in the sense of the CPR.  

 

6.1.2 Towards harmonisation of flood resilient technology 
The question has been raised by SMARTeST as to whether or not it is possible to develop a harmonised 
guide on performance assessment, design and construction of FRe technology. The guidance proposed in 
this report sets out two options. In the first option the approach would be based upon introducing a new 
standard for FRe technology. In the second the approach would be to disperse appropriate performance 
assessment standards amongst the existing technical committees. In this second option there would still be 
the need for a code of practice document as a cross cutting standards measure. 

6.1.2.1 Option 1: A single FRe technology standard 
The advantage of a single FRe technology standard is that it brings together into one place, the 
performance assessments and code of practice. A series of standards can be developed based upon the 
following: 

• Part 1: Code of Practice – good practice in design, construction, installation and maintenance. 

• Part 2: Aperture Barriers – performance assessment 

                                                   
27 http://www.cen.eu/cen/Sectors/Sectors/Construction/Network/Pages/CSNPE.aspx 

http://www.cen.eu/cen/Sectors/Sectors/Construction/Network/Pages/CSNPE.aspx
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• Part 3: Perimeter Barriers – performance assessment 

• Part 4: Building technology – performance assessment. 

Part 4 of the standard covers a range of building technologies that are most likely already covered by 
existing technical committees and standards. Therefore, there is a need to link with other technical 
committees, for example, TC125 on masonry and TC250 on structural design and performance. A specific 
TC on FRe technology would need to operate primarily as a horizontal standards committee under the 
Construction Products Regulations.  

The main issue with operation under the Construction Products Regulations would then concern flood 
perimeter barriers. At present there is no Flood Resilience Technical Committee that could readily adopt the 
flood resilience standard. Although national standards bodies, e.g. BSI, have developed the PAS and a 
national standard for flood risk assessment there is no equivalent CEN committee. 

The single flood risk assessment standard may therefore be made more difficult from the potential 
disengagement of the ‘vertical’ TCs from the process. Such disengagement could potentially be overcome, 
but would require substantial communication between the horizontal and vertical committees. 

6.1.2.2 Option 2: Dispersal of performance assessment for FRe technology 
In this approach the performance standards would be dispersed amongst a range of existing TCs and 
would in time be added to relevant existing harmonised standards.  

 

Aperture barriers  

For aperture barriers there is no one TC that covers the full range of technologies available. However, the 
doors and windows committee (TC33) could adopt the aperture barriers related to door and window 
technologies. For flood resilient doors and windows they can be readily incorporated in the existing 
standards by the addition of appropriate requirements and tests. The flood resilient products are not 
intended to function differently from others doors and windows except in having defined flood 
characteristics.  

For door and window aperture barriers that are separate they fall outside the current scope of TC33 and 
their inclusion would require some additional work. The lack of familiarity of the TC with such FRe 
technologies may however be a hindrance. 

Other aperture barriers, such as ventilation grill guards in walls may be better placed within the TC125 
masonry committee scope. The technology could be viewed as an ancillary component in a similar manner 
to a wall tie or bed joint reinforcement.  

Aperture technologies include a mix of permanently installed (automatic air bricks, flood door, etc.) and part 
permanent / part temporary. The latter group would typically have a permanent frame or support to which 
the demountable component is installed. There would be a need for CEN to consider whether or not such 
technologies fall within the remit of the CPR. 
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Perimeter barriers 

Perimeter barriers are understood not to fit within the current CPR and the work of any committees.   At 
present the flood resilience aspects of this range of technologies is not addressed. The existing standards 
and the guidance for testing described in chapter provide relevant information to elaborate performance 
assessment test. 

 

Flood resilient building technologies 

These technologies have the advantage in that they typically have existing TCs and standards. There 
would need to be a task to revise standards to include any specific tests related to flood resilience. 

Consideration should be given to taking the ‘suitability for flood resilience purposes (working title)’ into the 
existing product standards. At the present time this would be a question to be raised in every relevant 
product TC.28  At the TC level then an assessment, on whether or not this characteristic ‘suitability for flood 
resilience purposes’ is part of the scope of the mandate given to the TC, should be made. An option might 
be to first introduce the subject to the Construction Sector Network for advice. 

In case the conclusion would be that the mandate does not cover ‘suitability for flood defences purposes 
(working title)’, this characteristic could be made part of the ‘voluntary’ (non-CE-relevant) clauses of the 
standard. European marking could then be achieved by the Keymark (see link: 
http://www.cen.eu/cen/Services/ConformityAssessment/Certification/Keymark/Pages/default.aspx. 

 

For technologies such as membranes (for example those intended for use as damp proof membranes in 
building) it may sufficient to take the existing data related to watertight characteristics in association with 
vapour permeability to assess performance. There are others where additional testing would inevitably be 
required, for example the performance assessment of insulation material to demonstrate characteristics of 
dry-proofing and wet-proofing. The responsible TC would need to adopt an appropriate method of 
performance assessment. 

One area of difficulty is likely to arise with the assessment of walls and floors. In this case performance 
assessment of, for example, individual masonry units for flood resilience might be considered meaningless. 
As such testing wall and floor designs will give valuable information to a designer, but may be considered to 
be outside the realms of performance assessment through the harmonised standards scope. 

6.1.2.3 Summary 
This section covers the advantages and disadvantages of the two options set out for FRe technology. Table 
19 summarises the different aspects. 

 
 
 

                                                   
28 Another option might be to make a horizontal TC on ‘the ‘suitability-for-flood-defences-purposes’- characteristic(s) for 
construction products’. But the hard experiences learned with a horizontal subject like ‘slipperiness’ should certainly be 
considered. 

http://www.cen.eu/cen/Services/ConformityAssessment/Certification/Keymark/Pages/default.aspx
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Issue Option 1 – Single FRe 
technology standard* 

Option 2 – Dispersal of 
standards 

Requires a new mandate for 
FRe technology 

Yes – requirement for a new 
mandate, which is likely to be 
time consuming. 
However, a European 
Assessment Document (EAD) 
may be a route to shortcut the 
need for a mandate and reduce 
the timeline. 

No – can use the current 
standards and TC framework; 
but a revision to a set of existing 
mandates may be required, the 
number of TCs involved would 
give a significant lead in time. 

Requires one or more a new  
TC 

Yes – although one committee 
could address the four parts set 
out above 

No – existing TCs would be 
used for the purposes of drafting 
the revisions and additional 
requirements 

National standards exist 
throughout (most of) Europe 

No – only limited standards and 
national test methods exist, 
currently related to barriers and 
for certification purposes 

No – although some building 
technologies have existing 
characteristics relevant to 
performance assessment 

Would a current TC necessarily 
be able to adopt all products 
within a technology category 

Not relevant - as a new TC is 
required for this option, but the 
scope of the work programme of 
the TC would be designed to 
include as much technology as 
possible 

No – for example aperture 
barriers might need to be split 
between at least two TCs 

Would the option help to 
communicate (to manufacturers, 
clients, etc.) the need for FRe 
technology 

Yes – defining a specific 
standard would be beneficial to 
communication 

In part – it would raise 
awareness amongst 
manufacturers using the 
standards and the standards 
bodies, but the characteristics 
may be viewed as marginal 
amongst others 

Does the availability of test 
facilities impact on the option 

Yes – there is a lack of facilities 
for barriers, with few available. 
There is a substantial task 
required to harmonise even 
amongst those laboratories that 
do exist  

Yes – much the same as option 
1, but some Building 
technologies may not require 
substantially greater amounts of 
testing 

Does the approach help the 
Code of Practice to be adopted 
by industry 

Yes – the focus on a new 
standards set with the CP will 
undoubtedly assist in the 
dissemination and ultimately the 
uptake of the CP 

No – it is difficult to see where 
the CP might sit easily within 
this option. It may become part 
of TC350’s scope or a similar 
cross sector TC, which would 
have some advantages 

Does the approach help the 
performance assessment 

Yes – the focus on a new 
standards set with the CP will 

Yes – it will raise awareness of 
manufacturers, many of whom 
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standards to be adopted by 
industry 

undoubtedly assist in the 
dissemination and ultimately the 
uptake of the performance 
assessment 

will view the market potential as 
beneficial and seek to develop 
new products. 

Table 19: Summary of advantages and disadvantages of two Options for FRe technology standardisation 
-* As set out with code of practice and performance assessment 
 

6.1.3 The route forward 
 

The CEN Construction Sector Network might be of help when considering the way forward to explore the 
possibility of developing Option 1, which could give a unified basis performance assessment for flood 
resilient technologies.  

The Eurocodes provide rules for basis of design, action on structures as well as structural design rules for 
the use of all major construction materials such as concrete, steel, timber, masonry and aluminium. 
Consideration of flood actions within the Eurocodes could therefore initiate the uptake of flood resilience 
technology. 

6.2 Conclusions 
 
This report intends to initiate the process of recognition of flood resilient technologies to a harmonised 
European level to facilitate and improve the market. It provides guidance documents for the good practice 
of flood resilient technologies. This should help for the elaboration of quality standards for flood resilient 
technologies which could improve the market. This report is mainly addressed to the European 
standardisation committee. It is centred on a code of practice and guidance documents for performance 
assessment of FRe Technologies. 

A Code of Practice aims to encourage good practice in an area as opposed to product specifications or test 
standards that are used to achieve minimum performance standards from products. It shall help to ensure 
that clients and users receive the best service from surveyors, designers, manufacturers and installers of 
FRe technologies. 

The guidance provided in this report does not constitute a draft of a Code of Practice by itself, but instead it 
addresses the key issues required and discusses the content requirements. 

The guidance follows a logical sequence for the ‘journey’ of FRe technology and is structured into a number 
of sections covering the following items: 

• Scope  
• Flood risk 
• Site surveys 
• Design  
• Construction  
• Operation 
• Maintenance  
• End of life.  
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To complete the code of practice guidance to assess the performance of aperture-, perimeter - and building 
-Technologies are elaborated. These guidance documents are mainly based on existing standards and 
experiences from testing phase undertook within the SMARTeST project.  

Performance assessment of flood barriers is covered by few standards like the Approval 2510 or the PAS 
1188. Experience from testing showed the limit of these standards in the performance interpretation. 
Therefore a back to the basics for these technologies has been followed to identify the functions expected, 
the characteristics of these functions and the variables influencing the performances. The resulting 
guidance document enables to elaborate testing based on intended use and product. 

Building technologies are mainly addressed in Construction Product Regulation (CPR 305/2011). This 
report explores how some elements related to flood resilience are addressed and what should be extended. 
In order to not only focus on construction material but arrangement of construction assemblies, a guidance 
on how to explore the physical behaviour (e.g. water saturation, capillary rise) of building assemblies due to 
the presence of flood water has been developed. 

The use and implementation of these guidance documents in a European regulation process is discussed 
in this report with two approaches: 

• The elaboration of a single FRe technology standard which brings together into one place, the 
performance assessments and code of practice. 

• A dispersal of performance assessment for FRe technology in which the performance standards 
would be dispersed amongst a range of existing TCs and would in time be added to relevant 
existing harmonised standards.  
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Appendix 1: Scope of flood resilient technologies (perimeter and aperture barriers) 

 Perimeter Flood barrier 

Three main categories can be identified in perimeter technologies: 

• Temporary perimeter flood barriers 

• Demountable perimeter flood barriers 

• Pre-installed perimeter flood barriers 

 
Temporary perimeter flood barriers 

Temporary perimeter flood barriers consist of complete removable components, which are installed 
following a flood warning and dismounted after the end of a flood warning. These barriers are designed to 
remain stable without any additional foundation. The stability is ensured 

• either by the internal weight of the product caused by its own product weight or by additional weight 
by filling material like water or sand,  

• or by external forces like hydrostatic pressure of flood water levels. 

In the category “stability ensured by internal forces” the following types of products (Figure 36) can be 
distinguished: 

• Weighty products are the barriers, which ensure the stability by their own weight, e.g. concrete 
components like the jersey barriers combined with sealed membranes.  

• Tube products are generally made of synthetic flexible material, which is filled with water or sand. 

• Bag products including the traditional flood defence measure sand bag.  

• Tank products consisting of containers, which are filled with weighty material. Different designs 
exist on the market, such as rigid structures or frames (wood or steel) supporting a flexible 
impermeable or permeable membrane. 
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In the category “stability ensured by external forces” the following types of products (Figure 37) can be 
distinguished: 

• Trestle products forming a low angle with the ground benefitting from the vertical component of the 
hydrostatic force of flood water levels. 

• The set-square product works the same way as the trestle product but is composed of a vertical 
fence to stop the water and a horizontal fence to stabilize the product. This is formed in such a way 
that the floodwater pressure transfer consolidates the structure and strengthens the fencing rather 
than weakening it.  

• Tube products may be filled with air or water. The former implies the need of a component to 
ensure the stability. Often, a sealed membrane covers the product and lies on the ground in the wet 
area to fix the product using the hydrostatic forces. 

 
The BWK guideline on moveable flood barriers (BWK, 2005) recommends the following deployment heights 
for perimeter flood barriers: 

• For geotechnical reason, temporary flood barriers used on unknown grounds should not be applied 
in case flood water levels may increase to more than 0.6 m above ground level. 

• On a known site the protection height of the flood barrier should not exceed 1.2 m above ground 
level. 

• Flood barriers are not appropriate protection measures for high dynamic load resulting from wave 
impacts, flow velocities and/or debris load. 

 
 
 
 

Figure 36 Temporary Perimeter Flood Barriers stabilized by internal weight. Top right bag product; 
top left tube product; down left weighty product; down, right tank product (sketches Gabalda) 

Figure 37: Temporary Perimeter Flood Barriers stablised by external forces. Left Trestle 
products; Right, Set–square product (sketches Gabalda) 
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Demountable perimeter flood barriers 

Demountable perimeter flood barriers consist of a combination of removable and pre-installed permanent 
components. The system is planned to be erected following a flood warning and dismounted after the end 
of a flood warning. Contrary to the temporary flood barriers, the site of use is constrained by the location of 
the pre-installed components (foundation). 

Generally, the demountable components are composed of pillars, which are fixed after the warning alert to 
the pre-installed ground components. Between the pillars the protection line is inserted, which may consists 
of beams (Figure 38) or plates. 

The stability of this type of barrier relies on the barrier itself as well as on the foundation designed to avoid 
geotechnical failures such as sliding, bearing, collapsing, internal erosion and piping.  

 
 
Pre-installed perimeter flood barriers 

Pre-installed perimeter flood barriers consist of pre-installed moveable components. They are characterized 
by the following: 

• Between flood events the product is in a passive state without any flood protection functionality. At 
this state, the product is stored hidden away in an underground compartment or at an adjacent 
structure. 

• During the flood event the product is in the functional state and the barrier is automatically or 
manually activated. 

Two categories can be distinguished (Figure 39): automatically erected product using flood buoyancy, 
mechanically erected system using hydraulic cylinder, and manually erected products. 

 
 
 
 

 
Figure 38: Demountable flood barrier, beam system 
(sketch Gabalda) 

 Figure 39: Pre-installed Flood barriers. Left 
automatically operated using buoyancy forces; 
right mechanically or manually erected products 
(sketches Gabalda) 
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Aperture Flood Barrier 

Aperture flood barrier can be classified in three categories too, depending on their way of installation: 

• Temporary building aperture flood barriers 

• Demountable building aperture flood barriers 

• Pre-installed building aperture flood barriers 

 
Temporary building aperture flood barriers 

The temporary opening flood barriers do not require any preinstalled part, which doesn’t impair the 
appearance of the house. The products remain stable by different fixation methods depending on the 
products. Rigid plates for doors (Figure 40), inflatable products for windows, flexible covers for air bricks are 
examples of this type of barriers. The traditional sand bags could be included in this category too and it is 
the same for other products based on this principle (bags filled with water absorbent material for example – 
Figure 40).  

 

  
Figure 40: Temporary building aperture Flood barriers. Left rigid plate door barrier; right bag barrier. 

 
Demountable building aperture flood barriers 

These barriers consist on a permanent part and some elements which have to be installed in case of flood. 
These elements are generally beams or plates which are inserted between the permanent vertical parts 
fixed on the aperture (Figure 41).  

However some of these technologies do not require linking rail but are directly fixed into the wall or into 
windows or doors frames (punctual fixed barrier – Figure 41).  

These products can be adapted to different opening such as doorways, windows, garage doors and air-
bricks. 
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Permanent parts on the building can affect the aesthetics of the house. 

 

  
Figure 41: Demountable building aperture flood barriers. Left barrier with linear fixation; right punctual fixed 
barrier. 

Pre-installed building aperture flood barriers 

Preinstalled opening flood barriers are part of the building. After a flood warning, the protection product 
releases automatically or manually. The rest of the time the product is generally passive, but some of the 
products have their flood protection function combined with another building functionality (a door for 
example – Figure 41). 

 

 
Figure 42: Pre-installed building aperture Flood barriers. Left non return valve (Floodsense website); right 
door barrier. 

 
Building Technologies for sealing measures  

Within the large range of items included in the category building technologies, two categories were focused: 
Water-tight material and anti-corrosion material. 
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Water-tight technologies 

Water-tight technologies are associated to the dry- floodproofing sealing measure. They aim to limit water 
entry through the following routes into a house (CIRIA, 2003): 

• Through masonry and mortar joints where the natural permeability of both these materials, 
particularly the mortar, can be high. 

• Through the brickwork/blockwork. 

• Through cracks in external walls. 

• Through gaps around wall outlets and voids for services such as pipes for water and gas, 
ventilation for heating systems, cables for electricity and telephone lines. 

• Through party walls of terraced or semi-detached buildings in situations where the property next 
door is flooded. 

• Through the damp proof course, where the lap between the wall damp proof course and floor 
membrane is inadequate. 

 
The water-tight materials investigated are as set out in Figure 43.   
 

Constituting the first category, membranes are usually obtained from polymeric materials. They are 
designed either for continuous (joint-less) or discontinuous applications, but all of them present a solid final 
aspect. Solid membranes need expansion joints, and this is why they are also known as discontinuous 
membranes. On the contrary, liquid membranes enable continuous (joint-less) applications.  

While membranes are indeed kinds of coating, other Building Technologies aims to modify the external 
superficial structure of the building element through a shallow penetration of its matrix. This penetration can 
be obtained either by an impregnated or by a special coating in case of granular elements. Here are the so-
called “hydrophobic surface protection”. Its most widespread modality are silicones, but other kinds of 
solutions based on epoxy resin or polyurethane varnishes should also be taken into account.  

Thirdly, local sealing address localised applications of water-tight product that seal water penetration 
channels, e.g. joints, anchors and cracks… Local sealing are mainly structural adhesives that due to their 
curing properties are well suited for easy assembling elements in building and civil engineering structures. 
By the curing reaction a polymeric material is formed, which fills narrow gaps or micro-imperfections of the 
substrate thus sealing and bonding the joint. Silicones and composites are suitable (C/Si based 
macromolecules), among other, are encompassed here. 
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Anti-corrosion technologies 

Water and building contact might lead to building degradation caused by dissolution and/or the red-ox 
corrosion of some materials. Reinforced concrete, widely used in urban areas, is particularly vulnerable to 
red-ox corrosion. Therefore, preventive anticorrosive measures might be necessary.  

Three anti-corrosive solutions were identified, as follows (Figure 45): 

• preventive cathodic protection is based on applying a small electrical current to the armour leading 
them to a more negative potential. 

• armour coating aims to form a barrier between the attackers and the armour  

• and the corrosion inhibitors can be either added during mixing or applied later to the cured surface. 
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Figure 45: Anti-corrosion protection classification 
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Figure 44: Watertight material 
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Appendix 2: Existing tests for FRe properties of sealing materials 

Relevant properties identified have already been characterized in existing European standards. No explicit 
references were found for the description of flood resilient mechanical properties. This is why the following 
assessment of mechanical inertia and curing in presence of water hereunder are taken from manufacturers. 

Corrosion prevention (corrosion inhibitors) 

Products fitting the intended use “prevention of corrosion”, after being characterized according to the 
technological area they belong to, can be presented according to their effects on corrosive processes. 
Focusing on corrosion inhibitors– and thus avoiding cathodic protection and anticorrosive coatings (see 
above) - this document resorts the north American ASTM G 109-92 in order to introduce the properties 
describing the effect on corrosion of such FRe products. 

Note: corrosion inhibitors are liquid concrete admixtures that protect steel reinforcing, carbon steel, galvanized steel 
and other metals embedded in concrete from corrosion induced by carbonation, chloride and atmospheric attack. They 
protect concrete by means of a migratory corrosion inhibitor function (mitigation ionic transfers). Corrosion inhibitors can 
provide solutions both to new structures (may be used for application in mass and on surface, depending on the 
geometry, and its use), and to deteriorated structures. In this last case, improvements are usually achieved through 
application to the whole surface in order to stop existing corrosion processes that, excepting the removal of the coating 
structure, can hardly be stopped otherwise. When incorporated into the concrete mix, the product forms a corrosion 
inhibiting protective layer on metals. When used with repair mortars and grouts, the corrosion inhibitor will migrate to 
undisturbed concrete providing effective corrosion protection to steel reinforcement already in place.  

Test method 

This test method describes a procedure for determining the effects of chemical admixtures on the corrosion 
of metals in concrete. It can be used to evaluate materials intended to inhibit chloride-induced corrosion of 
steel in concrete. It can also be used to evaluate corrosivity of admixtures in a chloride environment. This 
property, according to ASTM G109 is determined through the so-called “time to failure”, that, in turn, is 
obtained through the following two parameters: 

• the crack width [mm] 

• the corrosion current [micro amps] 

 

List of conditions which have an effect on the performance 

The following conditions determine the “Effect of Chemical Admixtures on the Corrosion of Embedded Steel 
Reinforcement in Concrete Flood action”: 

• the contribution of moisture and electrolyte (salt solution) 

• the presence of oxygen 
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• the alternation of sub aerial and sub aquatic cycles 

• the type of cement 

• the width of the concrete coating 

 
Test description 

The test addressing “time to failure” requires a specimen reinforced concrete beam and an apparatus. 

The apparatus 

The apparatus required for the evaluation of corrosion inhibitors includes a high impedance voltmeter 
capable of measuring to 0.01 mV, a 100 Ω resistor and ground clamps. 

The specimen 

The tested specimen shall be a steel bar intended for concrete reinforcement. Its diameter shall be 12.5 
mm wide, and its length 375 mm long. The concrete specimen shall be prepared using particular protocol 
(provisions about cement type, coarse aggregates, water-cement ratio...) (see, if needed, Practice ASTM 
C192). The sample size shall be 275 x 150 x 112.5 mm. Two bars shall be placed 25 mm from the bottom 
(cathode bar) and one bar 19 mm from the top (anode bar). Place the bars in the moulds so that 39 mm 
lengths of the bar are protected within each exit end from the concrete (eliminate edge effects). This will 
expose 200 mm of steel. Place the bars with the longitudinal rib horizontal. Furthermore, protect the 
protruding section of the bars with electroplater's tape to prevent rusting during curing.  

Seal the four vertical sides with a concrete epoxy sealer. Attach ground clamps to each bar and connect the 
two bottom bars with a grounding wire. Place a 100-ohm resistor between the bottom and the top bars 
through the ground connectors. Connect the voltmeter between the reference electrode (ground or common 
terminal) and the bars. 

 

Figure 45: Test specimen and apparatus for corrosion inhibitors 
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The procedure 

Briefly, the procedure starts by ponding the specimens for two weeks at 23°C with a determined salt 
solution at a depth of 38 mm. The voltage across the resistor at the beginning of the second week shall be 
measured with the voltmeter. The current flowing shall be calculated pursuant to the voltmeter displays:   =   100 
Additionally, the corrosion potential of the bars against a reference electrode that is placed in the superior 
dam containing the salt solution shall be measured. Monitor the current as a function of time once every 
four weeks, until the average current of the control specimens is 10 µA or greater. Continue the tests until 
the presence of sufficient corrosion for visual evaluation. At the conclusion of testing, break the beams and 
measure and record the corroded area. 

Test report 

The test report shall include the following information: 

• concrete description 

• a plot of corrosion current versus time 

• a plot of the average integrated current versus time, 

• time to failure: the time for the average macro cell current to reach 10 µA 

• results of the visual inspection of each bar 

• photographs of the bars at the end 

 
 

 

Waterproofing and water vapour resistance 

According to the described methodology, this flood resilient characteristic will be described following the 
EOTA 005 Technical Report that specifies the method for determining the watertightness of liquid applied 
roof waterproofing kits, tested as a free film.  

Note: a waterproofing kit is a particular combination of a defined set of components, to be installed in the 
works by application and/or incorporation and/or assembly of its components in conformity with particular 
design methods and/or particular execution procedures.  

 

Water vapour resistance 

To establish the resistance to the passage of water vapour through the assembled system, the water 
vapour permeability of the assembled system shall be determined in accordance with EN 1931, using a free 
sample according to Annex III.4.  
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Property tested 

Leakage rate is the property that characterizes the FRe product waterproofing function.  

Test description 

The watertightness of liquid applied roof waterproofing kits tested as a free film, is determined by applying a 
specified water pressure to the exposed side of the installed product by means of a hydrostatic head of 
water for a fixed period of time and detecting any water leakage. 

The apparatus (flanged box) 

To provide the requested hydrostatic pressure a metal circular flanged box is used with an aperture of 
150mm connected to an open ended pipe or vessel which rises to a specified height or a pressure vessel. 
The flanged box includes a manometer as well as inlet and exhaust valves. The flanged box is connected 
to a tap water with the addition of surfactants. 

The specimen 

The test specimen is a circular portion of the product having a diameter of (200 ± 2) mm.  

 

Figure 46: Test specimen and apparatus for waterproofing 
 

Test procedure 

The test shall be carried out at (23 ± 2) °C unless otherwise specified. Place the test assembly consisting of 
sealing gasket, test specimen (exposed side to water), filter paper, moisture indicating mixture, filter paper, 
circular window glass sheet and sealing gasket respectively in the clamping unit. Fix the test assembly by 
means of the wing nuts and the steel clamping ring to the aperture of the metal flanged box. Open the 
water inlet valve and the air exhaust valve simultaneously. Close the air exhaust valve once water passes 
through, indicating the apparatus is filled with water. Apply and maintain a water pressure of (1000 ± 5) mm 
hydrostatic head of water on the test specimen.  
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After (24 ± 0.5) hours examine visually through the window glass if any coloration occurred in the upper 
filter paper. Perform the test on the remaining test specimens. The expression of the results shall determine 
for each test specimen if there is a leakage. 

 

 

Wet weathering 

According to the described methodology, this flood resilient characteristic will be described following the 
EOTA Technical Report TR 010 that specifies the method for determining the exposure procedure for 
artificial weathering.  

Property tested 

This EOTA Technical Report assesses the property “wet weathering” that describes the behaviour of the 
FRe Building Technological Products under conditions characterized by their humidity and insulation.  

Principle 

Test specimens, being a cured assembled “system” of a liquid applied roof waterproofing kit, are exposed 
in a Xenon arc or fluorescent UV artificial weathering apparatus at a specified irradiance, Black and White 
Standard Temperature, relative humidity and spray cycles. 

Note: distinction is made between two different sets of conditions for exposure, defined as “conditions M” 
and “conditions S“, based on the different climatic zones of use in Europe, for either apparatuses with 
Xenon arc light source or fluorescent UV light source.  

Test specimen 

The test specimen is the assembled “system” of a liquid membrane.  

Procedure 

Expose the test specimens for the weathering tests with the upper surface towards the light source in the 
artificial weathering apparatus. The exposure is completed when the specified amount of radiant exposure 
is reached. Take the test specimens holder from the test chamber and the specimens from the holders and 
condition them for a period of at least 16 hours at a temperature of (23 ± 2) °C and at a relative humidity of 
(50 ± 5) %. Examine the test specimens visually and note any visible exposure effects.  

Results are obtained by a visual examination of unexposed and exposed test specimens and record any 
exposure effects.   

Substrate slope 

Many FRe products are presented in liquid state when being applied; thus the fall of the substrate is of 
paramount importance. Pursuant to EOTA 005, the fall is the slope of the substrate in the direction of the 
rainwater outlets. This property is assessed through the fitness of the product against different roof slopes 
categories. EOTA 005 defines four categories of roof slopes, ranging from S1 to S4, each one being 
defined by its percentage slope. This norm also points out the effects related to each slope that shall also 
be considered.  
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A detailed review of each of these effects is not relevant for flood resilience purposes.  

 
category slope [%] related effects 

S1 < 5 

- frost (thickness of ice layer) 
- UV/standing water 
- user loads (accessibility) 
- effects of standing water 
- fire behaviour 
- plant roots (roof gardens and green roofs) 

S2 [5; 10] 

- frost (thickness of ice layer) 
- UV 
- user loads (accessibility) 
- fire behaviour 
- plant roots (green roofs only) 

S3 [10; 30] 

- sliding 
- frost (freezing snow) 
- UV 
- user loads (accessibility) 
- fire behaviour 
- plant roots (green roofs only) 

S4 > 30 

- sliding 
- UV 
- user loads (accessibility) 
- fire behaviour 

 
Table 20: substrate slopes categories and related effects 
 
 
 
Chemical and mechanical inertia in presence of water 

Construction products mechanical properties are currently being characterized taking into account many 
different kinds of environments and stresses, but these properties do not usually take account of flood 
actions. There is nevertheless one flood resilient aspect specific to FRe Building Technological Products, 
regardless to the substrate they are applied to29. This aspect is the chemical and mechanical inertia in 
presence of water of such FRe Building Technological Products.  

Mechanical resistance and stability of construction products are usually described by manufacturers 
focusing on the following properties: {tensile strength; elastic modulus; lap shear strength; elongation at 
break}.  What is relevant to the intended use FRe contribution is the evolution of these properties in the 
presence of water. For this reason, the relevant FRe property here is the chemical and mechanical inertia in 
                                                   

29 Note: as explained in the introduction, Building Technological Products (BTP) in not autonomously flood resilient29; 
these products, indeed, merely complement the intrinsic mechanical properties of the original substrate. Furthermore, 
the mechanical resistance and stability of FRe Building Technological Products cannot be characterized independently 
but necessarily jointly with that of the substrate. Moreover, when subjected to flood actions, the new (reinforced) 
element resulting from the joining of a substrate and FRe Building Technological Products is expected to work as a 
barrier. Thus, the flood resilient mechanical properties of the resulting complex element shall be characterized following 
protocols designed for barrier (see above)  



Flood Resilience Technologies 

© SMARTeST 2013   118 
 

watery environment. This implies making sure basic mechanical properties remain functional in the 
presence of water. The mechanical inertia in presence of water focuses on the influence of a watery 
environment on the intrinsic mechanical properties of the BTP. It does not depend on the nature of the 
substrate.  

Evolution of mechanical properties in the presence of water 

For the characterization of the mechanical inertia in presence of water, manufacturers usually use the same 
set of tests addressing standard mechanical properties, but under different degree of water presence during 
the testing conditions.  

Anaerobic curing 

Mechanical inertia in the presence of water is of high relevance at the time of the product application. 

Example: anaerobic curing properties are currently being one of the commercial aspects highlighted by 
manufacturers when offering local sealings solutions (v.gr.: GAIRECOM). These property turn out to be of 
high relevance in flash floods prone areas of for enhancing the FRe of complex buildings.  
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Appendix 3: CEN Database Review 

According to the Findings Section of the “Construction Products Regulation” (CPR) (Regulation (EU) No 
305/2011 of 9 march 2011), the removal of technical barriers within the common market requires to 
substantiate technical provisions for products on common essential requirements on safety and other 
aspects which are important for the general well-being.  

Harmonized standards are technical specifications adopted by CEN giving binding form to those essential 
requirements at the European level. In the absence of harmonized standards, national technical 
specifications may be recognized as providing a suitable basis for a presumption that the essential 
requirements are met. A special procedure should be provided as an interim measure for products where 
standards or technical approvals recognized at European level do not yet exist; this procedure should 
facilitate recognition of the results of tests performed in another Member State according to the technical 
requirements of the Member State of destination30. European Technical Approvals (E.T.A.) are technical 
specifications which mean that Member States shall presume the approved products fit for their intended 
use. European Technical Approvals Guidelines (E.T.A.G.) are simply binding basis for ETAs expressing the 
common understanding of the Approval Bodies about the C.P. Reg. 305/2011 provisions. An ETAG is not in 
itself a technical specification since the fitness for use of a product has to be assessed in a case-by-case 
evaluation by an authorised Approval Body. The figure below illustrates those elements.  

 

Figure 46: The C.P. Reg. context (Regulation (EU) No 305/2011) 

The following review includes references to existing provisions at the European level concerning products 
related to the Flood Resilient market. All these references have been obtained from the CEN database31. 

 
                                                   
30 Note: products presumed fit for use that conform to these common specification recognized at Community level 
could be made easily recognizable by the EC mark. For that purpose, the European Committee for Standardization 
(CEN) is recognized as the competent body. CEN is also in charge of the publication of existing provisions, and a list of 
the product standards can be found in http://ec.europa.eu/enterprise/newapproach/nando/ and then select 'Legislation', 
'89/106/EEC Construction products', 'Harmonized Standards'. 

31 Available on the web at http://ec.europa.eu/enterprise/newapproach/nando/, then select 'Legislation', '89/106/EEC 
Construction products', 'Harmonized Standards'. 
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European technical approvals without guideline (ETAs) 

BARRIERS (CEMENT PANELS) 

• ETA-07/0173 - AQUAPANEL Cement Board 

SOLID MEMBRANES 

• ETA-03/0049 - Composite waterproofing "WILOTEKT-PLUS" – Renewal 

LOCAL SEALINGS 

• ETA-04/0044 - WESTEC Joint Sealing Bands PE 

• ETA-05/0016 - PROXAN Joint sealing compound PK 25G (pouring grade) 

• ETA-05/0017 - PROXAN joint sealing compound PK 25 ST (gun-grade) 

• ETA-05/0058 - Joint sealing tape "illbruck illmod 600" 

• ETA-08/0268 - Sika Tank FB 25  

• ETA-10/0150 - Sika Joint Sealing System Sika Tank PK 26 G (pouring grade) 

• ETA-10/0151 - Sika Joint Sealing System Sika Tank PK 25 ST (gun grade) 

European technical approvals guidelines (ETAGs) 

BARRIERS (FLEXIBLE SHEETS) 

• ETAG 016 - 1 - Self Supporting Composite Lightweight Panels - Part one: General 

• ETAG 016 - 2 - Self Supporting Composite Lightweight Panels - Part two: Specific aspects relating 
to self-supporting Composite Lightweight Panels for use in roofs 

• ETAG 016 - 3 - Self Supporting Composite Lightweight Panels - Part three: Specific aspects 
relating to self-supporting composite lightweight panels for use in external walls and claddings 

• ETAG 016 - 4 - Self Supporting Composite Lightweight Panels - Part four: Specific aspects relating 
to self-supporting composite lightweight panels for use in internal walls and ceilings 

LIQUID MEMBRANES 

• ETAG 005 - Liquid Applied Roof waterproofing Kits 

• ETAG 006 - Systems of mechanically fastened flexible roof waterproofing membranes 

• ETAG 022 - 1 - Watertight covering kits for wet room floors and/or walls Part 1 - Liquid applied 
coverings with or without wearing surface 

• ETAG 022 - 2 - Watertight covering kits for wet room floors and/or walls Part 2 - Kits based on 
flexible sheets 
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• ETAG 022 - 3 - Watertight covering kits for wet room floors and/or walls Part 3 - Kits based on 
inherently watertight boards 

• ETAG 033 - Liquid applied bridge deck waterproofing kits 

 

Harmonized standards (EN) 

BARRIERS (GEO-SYNTHETIC) 

• EN 13361:2004 - Geo-synthetic barriers - Characteristics required for use in the construction of 
reservoirs and dams 

• EN 13361:2004/A1:2006 - EN 13361:2004/A1:2006 Geo-synthetic barriers - Characteristics 
required for use in the construction of reservoirs and dams 

• EN 13362:2005 - Geo-synthetic Barriers - Characteristics required for use in the construction of 
canal 

• EN 13491:2004 - Geo-synthetic barriers - Characteristics required for use as a fluid barrier in the 
construction of tunnels and underground structures 

• EN 13491:2004/A1:2006 - EN 13491:2004/A1:2006 Geo-synthetic barriers - Characteristics 
required for use as a fluid barrier in the construction of tunnels and underground structures 

• EN 13492:2004 - Geo-synthetic barriers - Characteristics required for use in the construction of 
liquid waste disposal sites, transfer stations or secondary containment  

• EN 13492:2004/A1:2006 - EN 13492:2004/A1:2006 Geo-synthetic barriers - Characteristics 
required for use in the construction of liquid waste disposal sites, transfer stations or secondary 
containment 01/06/2007 

• EN 13493:2005 - Geo-synthetic barriers - Characteristics required for use in the construction of 
solid waste storage and disposal sites 

• EN 15382:2008 - Geo-synthetic barriers - Characteristics required for use in transportation 
infrastructure 

BARRIERS (FLEXIBLE SHEETS) 

• EN 13707:2004+A2:2009 Flexible sheets for waterproofing - Reinforced bitumen sheets for roof 
waterproofing - Definitions and characteristics 

• EN 13956:2005 - Flexible sheet for waterproofing - Plastic and rubber sheets for roof waterproofing 
- Definitions and characteristics 

• EN 13956:2005/AC:2006 - EN 13956:2005/AC:2006 Flexible sheet for waterproofing - Plastic and 
rubber sheets for roof waterproofing - Definitions and characteristics 

• EN 13967:2004 - Flexible sheets for waterproofing - Plastic and rubber damp proof sheets including 
plastic and rubber basement tanking sheet - Definitions and characteristics 
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• EN 13967:2004/A1:2006 - EN 13967:2004/A1:2006 Flexible sheets for waterproofing - Plastic and 
rubber damp proof sheets including plastic and rubber basement tanking sheet - Definitions and 
characteristics 

• EN 13969:2004 - Flexible sheets for waterproofing - Bitumen damp proof sheets including bitumen 
basement tanking sheets - Definitions and characteristics 

• EN 13969:2004/A1:2006 - EN 13969:2004/A1:2006 Flexible sheets for waterproofing - Bitumen 
damp proof sheets including bitumen basement tanking sheets - Definitions and characteristics 

• EN 13970:2004 - Flexible sheets for waterproofing - Bitumen water vapour control layers - 
Definitions and characteristic 

• EN 13970:2004/A1:2006 - EN 13970:2004/A1:2006 Flexible sheets for waterproofing - Bitumen 
water vapour control layers - Definitions and characteristics 

• EN 13984:2004 - Flexible sheets for waterproofing - Plastic and rubber vapour control layers - 
Definitions and characteristics 

• EN 13984:2004/A1:2006 - EN 13984:2004/A1:2006 Flexible sheets for waterproofing - Plastic and 
rubber vapour control layers - Definitions and characteristics 

• EN 14909:2006 - Flexible sheets for waterproofing - Plastic and rubber damp proof courses - 
Definitions and characteristics 

• EN 14967:2006 - Flexible sheets for waterproofing - Bitumen damp proof courses - Definitions and 
characteristics 

LOCAL SEALINGS 

• EN 681-1:1996 - EN 681-1:1996 Elastomeric seals - Material requirements for pipe joint seal used 
in water and drainage applications - Part 1 : Vulcanized rubber 

• EN 681-1:1996/A1:1998 - EN 681-1:1996/A1:1998 Elastomeric seals - Material requirements for 
pipe joint seal used in water and drainage applications - Part 1 : Vulcanized rubber 

• EN 681-1:1996/A2:2002 - Elastomeric seals - Material requirements for pipe joint seal used in 
water and drainage applications - Part 1 : Vulcanized rubber 

• EN 681-1:1996/A3:2005 - EN 681-1:1996/A3:2005 

• EN 681-2:2000 - EN 681-2:2000 Elastomeric seals - Material requirements for pipe joint seals used 
in water and drainage applications - Part 2: Thermoplastic elastomers 

• EN 681-2:2000/A1:2002 - Elastomeric seals - Material requirements for pipe joint seals used in 
water and drainage applications - Part 2: Thermoplastic elastomers 

• EN 681-2:2000/A2:2005 - EN 681-2:2000/A2:2005 Elastomeric seals - Materials requirements for 
pipe joint seals used in water and drainage applications - Part 2: Thermoplastic elastomers 

• EN 681-3:2000 - EN 681-3:2000 Elastomeric seals - Material requirements for joint seals used in 
water and drainage applications - Part 3: Cellular materials of vulcanized rubber 
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• EN 681-3:2000/A1:2002 - Elastomeric seals - Material requirements for joint seals used in water 
and drainage applications - Part 3: Cellular materials of vulcanized rubber 

• EN 681-3:2000/A2:2005 - EN 681-3:2000/A2:2005 Elastomeric seals - Materials requirements for 
pipe joint seals used in water and drainage applications - Part 3: Cellular materials of vulcanized 
rubber 

• EN 681-4:2000 - EN 681-4:2000 Elastomeric seals - Material requirements for pipe joint seals used 
in water and drainage applications - Part 4: Cast polyurethane sealing elements 

• EN 681-4:2000/A1:2002 - Elastomeric seals - Material requirements for pipe joint seals used in 
water and drainage applications - Part 4: Cast polyurethane sealing elements 

• EN 681-4:2000/A2:2005 - EN 681-4:2000/A2:2005 Elastomeric seals - Material requirements for 
pipe joint seals used in water and drainage applications - Part 4: Cast polyurethane sealing 
elements 

• EN 682:2002 - Elastomeric Seals - Materials requirements for seals used in pipes and fittings 
carrying gas and hydrocarbon fluids 

• EN 682:2002/A1:2005 - EN 682:2002/A1:2005 Elastomeric Seals - Materials requirements for seals 
used in pipes and fittings carrying gas and hydrocarbon fluids 

Structural adhesives 
• EN 15275:2007 - Structural adhesives - Characterization of anaerobic adhesives for co-axial 

metallic assembly in building and civil engineering structures 

• EN 15275:2007/AC:2010 Structural adhesives - Characterization of anaerobic adhesives for co-
axial metallic assembly in building and civil engineering structures 
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Appendix 4:  Testing phase within the SMARTeST project 

The three objectives of the test work on flood resilient construction materials were as follows: 

• to develop a test protocol for analysing the susceptibility of building constructions; 

• to run several tests with selected wall and floor assemblies in a hydraulic engineering lab; 

• to assess the test results. 
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Test protocol 

The behaviour of composite wall and floor arrangements cannot be predicted solely from the behaviour of 
their single components. Hence, the whole construction always needs to be analysed to consider significant 
interactions between the component parts.  

 

 
Figure 47: Example of an external wall assembly that was tested in a hydraulic engineering 
laboratory concerning its flood resilience properties. 
(Here: single shell masonry made of hollow bricks with external 
heat insulation and ventilated curtain façade)  
a) Moisture profile after 72 hours of external flooding. 
b) Moisture profile after 5 days of external and 2 days of internal flooding. 
Visualisation: Sebastian Golz 
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Test runs 

During the testing phase, several sets of data were recorded which provided information about the seepage 
through the construction and the moisture distribution within the building assemblies resulting from external 
and/or internal flooding Figure 47 depicts an exemplary external wall construction (single shell masonry 
made of hollow bricks with external thermal insulation and a ventilated curtain façade). This wall assembly 
was exposed to external and internal flooding for a specific duration. The resulting moisture profiles (Figure 
47) visualise the specific degree of moisture saturation for seven measuring points within the cross-section 
of the tested wall. 

Assessing test results 

Based on the laboratory findings, the susceptibility of each test specimen was assessed. In the single 
assembly outlined in the following conclusions were derived: 

• The test clearly proved that masonry walls using hollow brick blocks are susceptible to flooding, 
firstly as the butt joints are not filled with mortar. The brick blocks are joined together using only a 
tongue and groove formation. Water seeps easily through the construction passing the brick blocks 
at these butt joints. This results in a significant rate of leakage. 

• Secondly, if the wall assembly is not-rendered at its external face, as was the case in this 
arrangement, it offers less resistance against water penetration. In this case, the water uptake, 
caused by capillary action in the porous material structure, is high. The cavities of the bricks were 
quickly and completely filled with water. The degree of saturation reached approximately 80%.  

• There are also considerable difficulties associated with drying the brickwork, as the cavities are not 
connected. The capillary porous structure of the brick blocks causes fast water absorption. 
Capillary ascending moisture was observed several centimetres above the flood level. Depending 
on the mortar mixture the bed joints between brick blocks can temporarily act as a horizontal barrier 
layer.  

• The applied panels of a curtain façade element can be removed after flooding, so that the 
insulating material underneath can be replaced, particularly if mineral fibre insulation is used. Wall 
assemblies with a curtain façade have a good ability even to dry out from its external face. The 
mineral fibre insulation had absorbed water, became saturated and fragile to handle. It had lost its 
strength and dimensionally stability. 

• The weak parts of the building assemblies were identified; these decrease the resilience properties 
of the construction. 

• Additionally, it became apparent that even small changes in the structural design may have 
considerable impacts on behaviour32.  

Based on the moisture distribution, the efforts for monitored drying and refurbishment can be reliably 
estimated.  

 
  
                                                   
32 In the presented example, mortared butt joints between the bricks could prevent water seeping through the 
construction avoiding significant leakage. 
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