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Executive Summary 
 

 

Within the SMARTeST project Flood Resilient Technologies were defined as “technologies with the ability 
to resist flooding and to enable protection to/from flooding” (SMARTeST Glossary, 2011). Based on this 
definition the report D2.1 identified the flood resilient products and classified them as follow: 

• Perimeter Technologies 

• Aperture Technologies  

• Building Technologies 

• Infrastructure Technologies  

One of the main aims of workpackage 2 is the development of an evaluation scheme of technology 
reliabilities. To complete this objective, various technologies had to be tested in special testing facilities to 
investigate their functionalities and their shortcomings. Task 2.2 of workpackage 2 covers this testing phase 
and the results are presented in this report D2.2. 

Within this report: 

• The flood resilient product market has been assessed. Surveys, carried out by members of the 
various NSG’s, show that the scope of the current market of FRe technology remains generally 
unknown although estimates made by some members suggest promising potential for FRe 
products. 

• National, international standards, protocols and guidance document related to the assessment of 
the flood resilient Technologies were reviewed. Limitations of these standards in the reliability 
assessment of the FRe Technologies were identified. The testing phase of the FRe products were 
mainly based on these documents. 

• Test results of 25 products including perimeter, building aperture, building and infrastructure 
technologies are presented. In cooperation with FRe producers1, the tests were carried out at five 
test facilities: 

o TUHH for perimeter and aperture technologies 

o CSTB for aperture technologies 

o UPM for water resistant materials 

o BRE for building technologies and infrastructure technologies 

o IOER for building technologies 

                                                   
1 Mobildeich GmbH, Karsten Daedler e.K., Optimal Planen-& Umwelttechnik GmbH, AQUA-STOP 
Hochwasserschutz GmbH, IBS Vertrieb GmbH, Aquafence, Tilt-Dam/Spring Dam limited, AquaBurg 
Hochwasserschutz, Collados/SARL, UK Flood Barriers, Dyson Energy sevice, Gairesa, Quimilock, Sika 
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• The test results enable to assess the functionalities of different Flood Resilient products and to 
improve their performance by detecting the product weaknesses, although these which are not 
noticeable in theory. Several products in the same resilient technology category were tested to 
assess if a comparison of performance is possible. Furthermore, these tests initiate the 
development of the objective 2.32 and gave hints that no fixed testing scheme can be defined for 
the performance assessment of the huge variety of perimeter technologies available, but a testing 
matrix must be developed for the set-up of appropriate testing procedures.  

• The cost of Perimeter Flood barriers was assessed. Not only the performance and function of FRe 
technologies are important criteria for the selection of the appropriate product but also costs play an 
important role in the decision process. 

 

                                                   
2 “to develop guidance as the basis of standards for testing and approval of FRE-products, harmonizing the 
different European standards on FRe-product and approval procedures.” 
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1 Introduction 

Many major floods have affected Europe in the past decade causing damage to the built environment.  In 
2010 flood events affected Germany, Poland, France and the UK, which has resulted in damage to property 
across wide areas.   

Drivers such as climate change and rapid urbanisation will increase the likelihood of further flood events 
affecting Europe in years to come. The Foresight Future Flooding project identified potential increases in 
flood risk by the 2080s of up to 20 times the current economic risk to the UK as a whole, unless current 
policies and investment levels are changed (Hall et al., 2005). According to EU policy (EC 2003, EC 
2007/60), flood risk management is the appropriate strategy to cope with this increasing flood risk. This 
concept is a move away from traditional flood defence strategies which try to reduce the flood risk through 
blocking the pathway using dikes and walls at the flood source. Flood risk management deals with the flood 
problem in a more holistic way and considers all elements that contribute to, and affect, a flood event.  

Evolving flood risk management will introduce resilience into the built environment ‘system’. The ‘system’ 
includes a number of elements (buildings, infrastructure, flood defence, etc) which will contribute to its 
inherent resilience. In this context the flood resilience strategy gains great importance as it seeks to reduce 
the exposure and vulnerability of the receptors which are the population, the built environment and the 
urban infrastructure. 

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 fully addressed. Consequently, 
flood resilient technology is not as yet seen as an integral part of flood management strategies across 
Europe 

Despite the paradigm shift of the EU water policy, the market for flood resilient technologies is not well 
developed. Barriers to their integration can be identified at a product level where stakeholders demonstrate 
a reluctance to accept FRe technologies without robust performance and test data.  

1.1 Background to SMARTeST 

The SMARTeST FP7 project has the overall aim to improve the Road to Market of innovative FRe 
technologies. This will be achieved by reducing deficiencies and obstacles in the implementation of Flood 
Resilience Measures. This, in turn, will facilitate the design of more holistic flood defence systems, and 
support the implementation of the new EU flood risk management policy of “Living with Floods”.   

The SMARTeST project has a series of objectives that relate to flood resilient technology, systems and 
tools.  The key project objectives with regard to these technologies are as follows: 

Development and enhancement of innovative technology for the protection of buildings and urban 
infrastructure from flood: 

• to evaluate the reliability and efficiency of FRe-measures 

• Development and testing of flood resilience solutions which progress technology and test methods 
beyond the current state of the art, including: 
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o Innovative products that can respond and react to flood incidents with minimal human 
intervention. 

o Products designed to increase the resilience of urban infrastructure, focussing on 
transportation, bridges and dams. 

o Technology to adapt streets, parks and corridors for conveyance of storm water. 

Systematically testing the performance of FRe-products with experimental facilities and deriving guidelines 
for the validation of FRe-technologies and systems.  

The SMARTeST project is set out in six main work packages (WP), as follows: 

• WP1 – Project management 

• WP2 – FRe Technology  

• WP3 – System design 

• WP4 – FRe implementation tools 

• WP5 – Integration and practice 

• WP6 – Dissemination. 

1.2 Work package 2: Flood resilient technologies 

Work Package 2 is composed of three main objectives in order to help the integration of FRe technologies 
in flood management, as follows: 

• O2.1 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. 

• O2.2 Test and assess the performance of FRe-technology (products and materials). 

• O2.3 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 the second deliverable of Work Package 2 (D2.2) and is relevant to the second objective 
(O2.2). Linked with the deliverable D2.1, this report explores the Flood Resilient Technologies in terms of 
their performance. According to the state of the art defined in objective O2.1, the WP2 partners have 
investigated the functionalities expected from the FRe products to develop testing with experimental 
facilities in hydraulic laboratories.  

This report describes the performances of existing and in development FRe products. The aims of the 
testing are identified as follows: 

• To compare product performance of FRe technologies tested to identical standards 

• To suggest performance improvement  

• To contribute to the work being undertaken in WP4 with performance data from the FRe products 
tested (leakage rate at hydrostatic condition, mounting time). 
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In addition to the functionality evaluation of the FRe Technologies, the testing phase has been used to 
identify appropriate test methods for FRe technologies. This is the first step towards the development of a 
Code of Practice guidance document for the FRe technologies industry and new industry standards for the 
testing and approval of FRe-products (O2.3). The testing of different types of FRe products has allowed the 
SMARTeST team to assess the feasibility of an industry standard for evaluation and approval of FRe 
products. 

This report also describes the result of a survey which was used to assess the size of the FRe market at a 
national and European level. Several companies were invited to respond to the survey in order to highlight 
the supply and demand of this market. 

The development and growth of the FRe market will not only depend on accurate performance data, but 
also detailed cost information. This report will investigate the cost of FRe products and focus on the direct 
and indirect costs associated with their use. 

1.3 Methodology 

1.3.1 D2.1 output and extension 
The definition and classifications of the Flood Resilient Technologies set in report D2.1, is extended in this 
report to include information on water-resistant material, anti-corrosive products and alarm systems.  

This report also uses the previous definitions of ‘innovative’ FRe to assess the performance and operation 
of technologies. These innovative parameters will be evaluated through performance criteria in the testing 
phase. 

A web based platform has been developed for use by communities, private stakeholders and companies in 
order to familiarise them with the diversity of flood resilient strategies technology and products. It gives an 
overview of the current market offer of FRe technologies. 

The project partners investigated the potential growth and the current market size of flood resilient 
technologies. This investigation has been carried out using a survey of companies who provide FRe 
technologies. The results of this survey are provided in this report.  

1.3.2 Basis for the testing procedures and review of standards 
Preliminary work to meet the objective 2.3 has been started. In order to test the functionality of the FRe 
products, test procedures were defined. For this purpose, a review of existing standards was undertaken. 
The tests within the project were carried out mainly based on these standards.  

1.3.3 Testing 
Five WP2 partners contributed to the testing phase (TUHH, CSTB, BRE, UPM and IOER). A total 27 
Products were tested: 

• 9 Perimeter Flood barriers 

• 6 Aperture Flood Barriers 

• 4 Water-resistant membranes 

• 1 anti-corrosive material 

• 1 Infrastructure protection  
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• 6 Building elements 

1.3.4 Test results 
The testing of FRe technology was carried out in order to achieve the following outputs:  

• To assess the performance of  FRe technologies/materials 

• To compare the performance of FRe technologies and materials using similar test conditions 

• To improve  the performances of tested products 

• To develop knowledge of testing procedures that will contribute to the delivery of Report D2.3 

• To provide information to WP4 with the performance of FRe products tested (leakage rate at 
hydrostatic condition, mounting time). 

1.3.5 Cost analysis 
The purchase cost of FRe products depend on several parameters. An initial study of these parameters has 
been undertaken based on the example of Perimeter flood barriers.  

The purchase costs of FRe products may be insufficient in order to make an informed judgement on the 
benefits of any investment under consideration. The parameters influencing the long term costs and 
possible benefits of investing in flood perimeter barriers have also been investigated in this report. 

1.3.6 Structure of Deliverable D2.2 
The report is set out in a series of sections that report work undertaken to address the performance 
assessment of flood resilient products. A number of appendices are used to provide details on the testing 
carried out within the project. 

 
WP2 partners contributions  

Partners Contribution to Task 2.2 Contribution to D2.2 

BRE Physical testing to evaluate the 
performance of an FRe building 
technology product 

Investigation of FRe technology 
market in the UK 

Preparation of parts of Report 
D2.2 

2.2 Market Analysis (UK survey, 
collation of other country results, 
conclusions) 

4.1.3 Test Facilities at BRE 

4.2.3 Contributions re insulation 
material 

4.2.4 Infrastructure Technologies 

5.4 Insulation material Product 
Performance (Test Results) 

5.5 Non-Return Road Gully 
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Product Performance (Test 
Results) 

TUHH Lead of the Work package 2  for 
the task 2.2 

Physical tests to evaluate the 
performance of 12 FRe Products: 

- 4 Temporary perimeter flood 
barriers 

- 3 Demountable perimeter flood 
barrier 

- 2 Pre-installed flood barrier 

- 3 building aperture flood barriers 

Review of the standards related 
to flood barriers (perimeter 
technologies and aperture 
technologies) 

Investigation of flood perimeter 
barriers market of in Germany 

Cost analysis study of perimeter 
flood barriers 

Elaboration and edition of the 
Flood Resilience Technologies 
Website 

 

Preparation of the Report D2.2 

Edition of parts: 

1.Introduction 

2.2.3 Market Analysis of Flood 
Technology in Germany 

4.1.1 Test facilities and 
procedures at TUHH 

5.1 Perimeter flood barriers 

6.1 Objectives of testing 
procedures 

6.2 Perimeter flood barriers 

7. Cost analysis 

Conclusions 

 

 

CSTB Physical tests to evaluate the 
performance of 3 FRe aperture 
flood barriers 

Review of the standards related 
to flood barriers (perimeter 
technologies and aperture 
technologies) 

Editing of part "Dry proofing" of 
the Flood Resilience Technologies 
Website 

Edition of parts  

3. Review of standards 

4.1.2 Test facilities and 
procedures at CSTB 

4.2.2 Scope of tested aperture 
flood barriers 

5.3 Test results on Aperture flood 
barriers 

 

UPM contributions to the WP2 website D2.1 Outputs and extension 
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testing templates: 

- Liquid membranes 

- Polimeric panels 

- Anticorrosive solutions 

- Local sealings 

review of standards 

writing 

Appendix 1 Water proofing 
membranes and anti-corrosive 
measures Appendix 4 Summary 
of testing of Building 
Technologies                                                                       
(Water resistant material and 
anti-corrosion material) 

Market Analysis of FRe 
Technology in Spain 

IOER Physical tests to evaluate the 
performance of building 
constructions 

- 4 external wall constructions 

- 2 floor constructions 

Contributions about flood proofing 
for the Flood Resilience 
Technologies Website 

Edition of parts: 

4.1.4 Test facilities and 
procedures at IOER 

4.2.5 Building elements 

5.6 Building construction 

TUDelft Analysis of Dutch flood barrier 
market 

Research on the state-of-art of 
standards in the Netherlands 

Elaboration and edition of the 
Flood Resilience Technologies 
Website 

Participation in discussion on 
early draft of report structure 

2.2.4. Market Analysis of FRe 
Technology in the Netherlands 
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2 Deliverable D2.1 Output and extension 

The report D2.1 based the research focus on flood resilient measures (see Figure 1) and technologies (see 
Figure 2):  

• Perimeter technologies for dry-floodproofing measures behave like a shield for the protected area. 

• Aperture technologies for dry-floodproofing measures seal the opening of the house  such as 
doors, windows, garage doors and pipes 

• Building technologies regroup different categories of products which may be necessary when the 
dry-floodproofing measures (building sealing) is chosen. It includes: 

o Building element that are not significantly affected by flood 

o Water resistant material to seal the building walls  

o Anti-corrosion products 

o Local warning system 

• Infrastructure technology which include perimeter technologies and product to reduce the risk of 
erosion. 

A current overview of the market of FRe Technologies including more than 100 companies is available on 
the Flood Resilient Technology website: www.tech.floodresilience.eu/. 
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Figure 1: Flood Resilient measures 
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Figure 2: FRe Technologies categories 

This first chapter will complete D2.1 with more detailed information on the water-resistant material, anti-
corrosive products and alarm systems. 

A study on the market analysis was carried out in all the countries participating to the project. The first 
results will be presented in this chapter. 

 

2.1 D2.1 extension 

 

2.1.1 Waterproofing and wetproofing products 
 
FRe waterproofing products as a category encloses a so wide and heterogeneous range of solutions that 
addressing them all exhaustively gets beyond SMARTeST’s scope. Waterproofing products include all 
products that, incorporated or applied to some building element produce the result to enhance its resistance 
to water. Those products are based either on thermoplastic and thermosetting polymers, or on reinforced 
polymeric composites like glass-fibre thermosetting polymers or rigid-thermoplastics. On the other side, 
wet-floodproofing is a strategy based on allowing water to come inside a property rather than preventing its 
ingress. Hence, the principle intention of wet-floodproofing is to change the design and/or the material of 
potentially affected building constructions in order to mitigate their flood vulnerability and to minimise the 
extent of necessary repair works. Basically wet-floodproofing comprises the application of improved 
materials for layers of flood-prone wall, ceiling and floor constructions, which are low susceptible to floods. 
According to the FLOODsite Glossary, susceptibility is “the propensity of the people, property or other 
receptors to experience harm”. Beside the building construction wet-floodproofing also addresses the 
building facilities as highly vulnerable to floods in case of flooding. Basically wet-floodproofing measures 
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comprise the relocation of susceptible services, like central heating, electrical installation, ventilation and air 
conditioning above the expected flood level to reduce the risk of future flooding.  

 

2.1.1.1 Membranes 
 
Membranes are usually obtained from polymeric materials. They are designed either for continuous 
applications, i.e. without joints (liquid membranes) or for discontinuous applications (solid membranes). All 
of them present a solid final aspect. Liquid membranes are in-situ superficial applications that few minutes 
after being applied to the support turn themselves into continuous (joint-less) membranes, joined to the 
substrate. Within the liquid membranes field, the innovative co-elastic technology supposes a step forward 
since this particular solution is based on the optimization of polymeric combination, seeking synergies 
between different polymers in order to improve conventional technologies. Asphaltic and bituminous 
emulsions are continuous membranes that can be obtained as impregnations or other treatments. Their 
main range of application addresses infrastructures and granular structures needed to enhance their 
cohesion. Emulsions can be modified by the addition of filler and polymers. Reactive pre-polymers and non 
reactive pre-polymers shall also be pointed out in this place. The reactive group involves products like 
epoxies, polyurethane, poliureas, hybrid polyurethane and others. Non reactive polymers include hybrid 
polymers, styrene-butadiene and acrylic.  

 

2.1.1.2 Hydrophobic surface protection 
 
There are two major alternatives to seal a building element. The first one, the waterproofing membranes 
technology, consists in applying a waterproofing coating over the element’s surface and has been 
described above. The second alternative 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. This is the here so-called hydrophobic 
surface protection, and main commercial application are silicones, epoxies and polyurethane varnishes. 

 

2.1.1.3 Local sealings 
 
Local sealings address localized applications of waterproofing product that seal water penetration channels: 
joints, anchors, cracks… At this regard, silicones and composites are suitable  

Additionally, some particular waterproofing solutions, particularly composites polymers, can also be used to 
shape authentic autonomous watertight structural panels for barriers. Indeed, building waterproofing 
products are thus highly versatile solutions performing as water barriers in all cases, sometimes as a 
waterproofing complement, and other times as an autonomous structure. In the latter case, they shall be 
tested as authentic barriers as described latter in this document.  
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2.1.1.4 Important note: 
 
Building sealing causes important hydrostatic load the building structures. It shouldn’t be applied without a 
preliminary stability analysis. According to the Defra publication (Department for environment Food and 
Rural Affairs) ”Improving the flood performance of new buildings Flood resilient construction” in 2007 : 

”This strategy is favoured when low flood water depths are involved (not more than 0.3m). […] Standard 
masonry buildings are at significant risk of structural damage if there is a water level difference between 
outside and inside of about 0.6m or more.” 

 

 

2.1.2 Anticorrosive products 
 

Waterproofing FRe solutions are not always enough to prevent the triggering of corrosion processes. 
Anticorrosive protective measures are usually used to simply improve the durability of the structure, and 
three main classes of anticorrosive technologies can be divided: preventive cathodic protection, corrosion 
inhibitors and armour coating.  

 

2.1.3 FRe equipments. Alarm systems 
 
Flood warning is on the responsibility of both public authorities and general public. Heavy rainfall can be 
extremely damaging for settlements and infrastructure. Huge economical damages are often due to the lack 
of warning in due time [see D2.1 “3.2 Early warning systems”], and the latter results from the complex 
structure of precipitations over a wide range of space-time scales hindering the reliability of deterministic 
forecasts. 

Flood Alarm systems can be structured according to three different parts even if they work together in one 
single consolidation systems. A flood alarm systems can be classified according to acquisition systems, 
hydrological data models and publication systems. 

2.1.3.1 Acquisition systems: sensors  
 

Sensors can be distinguished according to many criteria. From the flood type point of view, groundwater, 
river and meteorological sensors can be identified. Each one measures a different flood parameter, 
respectively, the water pressure, the water speed and water level or rainfalls. Radars are also considered to 
be sensors, and a few decades ago, the introduction of hydrometeorological radars had already huge 
impacts on rainfall forecast and water management. Various rainfall nowcasting methods based on 
statistical processing of radar images have been readily developed to fill up the short term forecast deficit. 
The rather recent technology of the X-band radars may unlock this scale bottleneck: due to their higher 
frequency, the X-band radars are not only offering a higher spatial resolution, but are more versatile (much 
smaller parabola and lighter mechanical systems) and affordable. Acquisition system also involves the 
previous storage of data before being processed by hydrological data models. 
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2.1.3.2 Hydrological data models 
As a consequence of the huge spatial and time variability of rainfalls, stochastic multiscale forecasting 
techniques shall be considered as privileged hydrological models since contrary to the methods previously 
mentioned, they have a physical basis and their predictability is therefore much higher.  

2.1.3.3 Output tools 
Output tools involve both publication and alarm systems.  

Publication systems are usually software aiming to the final display of the processed information. This 
information can be used for many regards. Alarm systems are publication systems aiming to trigger the 
warning to populations at risk or to the responsible authorities.  

After sensors provided rainfall data, and after having been processed by tools, the resulting information can 
be used for several applications.For example, water levels forecasting (TETIS, LISFLOOD), water 
management (AQUATOOL) or early warning to populations at risk.  

2.2 Market Analysis 

 

As the aim of the SMARTeST European project is to improve the road to market of FRe technologies and 
products it is preferable to understand the current market for such products.  Much of the understanding 
has been gained through discussions with National Support Group members in each country.  This has 
typically revealed that the penetration of FRe technology is at present limited, and confined almost 
exclusively to the UK, France and Germany, with some use in the Netherlands.  In Spain, Greece and 
Cyprus there was limited experience and a lack of an indigenous supplier market.   

The creation of the FRe technology products database (http://tech.floodresilience.eu/) has given an 
indication of the types of products and their proliferation in the market place of different countries.  The 
scale and nature of much of the flooding problem is set out for the UK, Germany and France in this section 
as an indication of the potential to grow this market. 

A survey of FRe technology providers was used to supplement the meeting discussions, but it resulted in 
few responses.  

 

2.2.1 Market Analysis – UK  
 
The market is currently of limited size in the UK, an overall industry turnover of £10 million was estimated 
by the UK NSG. However, there are no accurate figures on the market and thus this estimate should be 
taken with some caution.   

 

2.2.1.1 Risk of flooding in the UK 
 

The Environment Agency suggests that over 5.2 million homes in England are at risk of flooding from rivers, 
sea or surface water. This equates to 1 in 6 homes. (Defra & EA 2011a) The number of homes at risk is 
shown in Table 1.  
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Flood risk source 
River or coastal 2m* 
surface water 3.8m* 
failing reservoir 1.1m 

Table 1: Number of homes at risk (in millions) in England (Defra & EA 2011a,b; Houston et al. 2011) *1 
million homes are at risk of both river or coastal flooding and surface water flooding) 

 

Annual costs of flood damage are currently at least £1.1 billion and are expected to rise in coming years as 
the risk of flooding increases due to climate change. The EA (Environment Agency) estimates an annual 
flood defence increase of £20m will be required to combat rising flood risk, but in reality their budget is set 
to reduce in line with spending cuts. (Defra & EA 2011a) Pluvial flood risk accounts for one third of all flood 
risk in the UK (Houston et al. 2011) and controlling this risk alone could require investment of £150 million 
per year. (ABI 2010) Insurance claims from the 2007 surface water floods outnumbered claims for river and 
sea flooding by 6:1. (Defra & EA 2011a) 

Properties (both domestic and non-domestic) at risk of river or coastal flooding have been categorised as at 
low (<0.5%), moderate (0.5%-1.3%) or significant (>1.3%) risk by the EA (see Table 2). The region with 
most properties at risk is the Thames region (which has since been combined with Southern to create the 
South East region). (Defra & EA 2011a) 

 

England Properties (inc. non-domestic) 
Low risk 1,115,000 
Med risk 778,000 
High risk 486,000 

Table 2: Number of properties (including non-domestic) at risk of flooding in England (by risk category) 
(Defra & EA 2011) 

Currently 490,000 properties have a 1 in 75 or greater chance in any given year of flooding (from coastal 
waters or rivers) but by 2035 this will have increased by more than 350,000. (Defra & EA 2011b) 
Approximately 2 million people in urban areas (settlements with a population of more than 10,000) are 
exposed to an annual pluvial flood risk of 0.5%, or 1 in 200 years. Climate change may increase the UK 
population at risk from pluvial flooding by 16% by 2050. Pluvial floods are the type most likely to increase in 
severity as a result of climate change. (Houston et al. 2011) 

In Scotland, there are currently estimated to be 2.5 million properties. Those at risk of flooding are outlined 
in Table 3. Glasgow is the Scottish local authority with the most properties at risk of flooding. (ABI 2010)  
Northern Irish properties at risk of flooding are shown in Table 4. 

Type of flood risk 
Percentage of 
total homes 

Total 
number 

Number 
of 
dwellings 

Number of 
commercial 
properties 

Fluvial 2.90% 73,313 68,492 4,821 
Coastal 1% 26,181 23,952 2,229 
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Pluvial 0.60% 15,000 - - 

Table 3: Homes at risk of flooding in Scotland, by source of risk and property type (Houston et al. 2011) 

Type of flood risk 
Pluvial 2,300 
Fluvial 3,000 
Coastal 1,000 

Table 4: Homes at risk of flooding in Northern Ireland, by source of risk (Houston et al. 2011) 

Defra (the Department for Environment, Food and Rural Affairs) is the responsible government department 
(in England) for flood and coastal risk management. They spent £664 million in 2010-11, 95% of which 
went to the EA who are responsible for the operational responses to flooding. The EA improved protection 
(reduced risk) to 10% of households previously at risk between 2008/09 and 2010/11. This is broken down 
as shown in Error! Reference source not found.. 

Year No. of households 
2008/2009 37,150 
2009/2010 67,290 
2010/2011 77,762 

Table 5: No. of households at risk of flooding in England (Defra & EA 2011a) 

Areas with larger numbers of at risk homes are being prioritised over more sparsely populated areas. 
(Defra & EA 2011a) Infrastructure is also at risk from flooding. Over 55% of water and sewage pumping 
stations, 14% of electricity and 28% of gas infrastructure; 20% of railways and 10% of major roads are in 
areas at risk of flooding. (Defra & EA 2011b) The EA also suggests that 185,000 businesses are directly at 
risk from flooding. (ABI 2010) 

In the UK, there is a feeling amongst some individuals and organisations that flood protection should be the 
responsibility of the state, they believe that central or local government should be constructing suitable 
structural defences to protect them. FRe technologies must also be affordable to purchase as beyond 2013, 
the insurance industry’s ‘Statement of Principles’, an agreement to provide flood insurance to everyone, will 
not be renewed, stressing that the onus for flood protection on the individual. 

The UK Government has estimated that for England that about 20,000 homes have been protected by flood 
defences that have built in the past few years.  No indication however was given of the number that are 
protected by FRe technology and whether or not the extensive floods during 2012 had ‘tested’ these 
measures under real flood conditions. 

 

2.2.2 Market Analysis – Spain  
 
The market analysis in Spain has addressed the simultaneous implementation of structural and non-
structural FRe measures. While structural measures aim to impact directly on the flood hazards, non-
structural measures rather aim to mitigate flood damages. Traditionally, in Spain, structural measures have 
been successfully adopted; the country especially relied on dams. There is still a need however, to 
supplement these measures with the implementation of non-structural FRe measures.  
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2.2.2.1 Risk of flooding in Spain 
Flooding is the most significant natural risk in Spain, and over the last 10 years, flood events have 
represented 29% of all incidents by natural catastrophe in Spain. Table 6 quantifies flood damages since 
1950. 

 
 
Time 
Period 

Damages 
[fatalities] 

Damages/year 
[fatalities/year] 

1950-1970 1359 68 

1970-1990 416 21 

1990-2010 109 6 

Table 6: Flooding damages in Spain 

 

 
Figure 3: Evolution of fatalities and cost damages in Spain (1980-2010) 

 

Annual costs of flood damage are currently in the range of 800M€3/ year (0.7% PIB) (Figure 3). The main 
causes aregreat population growth in urban areas;migration of population and concentration of buildings in 
flood risk zones close to rivers;low quality of buildings and, in many cases, lack of safety measures in case 
of flood andchanges in land uses preventing natural drainage. 

In Spain there are many individuals and organisations active in flood protection. However, the final 
responsibility lies with the State.  The Ministries of Environment, Interior and Defence share responsibility at 
a National level for flood risk management, flood prevention and assistance post-flood. At a regional level, 
                                                   
3 800M€: 800 million Euros 
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local authorities also have some responsibilities relating to local flood management and providing 
assistance to victims of flooding.  

 

2.2.3 Market Analysis – Germany  
 
There are no specific figures available describing the current and expected market of FRe technology in 
Germany. The main parameters influencing the market are: 

• Number and extent of flooding events in Germany today and future expectations 

• Status and popularity of current flood protection measures, both structural (permanent and FRe 
technologies  

• Costs of FRe technologies 

• Distribution channels of flood protection technology 

These parameters are discussed in the following sections.  

 

2.2.3.1 Flooding events in Germany 
 
Natural disasters in Germany are most often linked to storm events followed by flood events (Figure 4). In 
the period 1970 to 1998, storm events accounted for 65% of the overall number of natural disasters, 75% of 
the economic losses and 86% of the insured losses. 

The Western and Southern parts of Germany are affected more often than the Northern and especially 
Eastern part of Germany. Nevertheless, storm surges with immense damage potentials play an important 
role in the Northern part of Germany. 

The number of flood events with damages of more than €1 million in Germany, in the period 1982 to 2006, 
is shown in Figure 5. The red trend line indicates a rising number of severe flood events over the reviewed 
period. Looking at the overall damages of flood events Germany in the same period (Figure 6), the highest 
damage amount was reached in 2002 with the flooding at the rivers Elbe and Donau, and in general large 
damages occurred in the period 1993 to 2005. The available data gives grounds for assuming a rising trend 
of flood damages in the future. 

Two flooding events at the river Rhein in 1993 and 1995, resulted in similar flooding discharges and 
flooding heights at gauges at the river Rhein, Mosel, Main, and Neckar However, the event in 1995 caused 
only half the damages of the flooding event in 1993 (Figure 6). The damage reduction can be explained by 
structural modifications (e.g. raising of electrical installations and heating systems), neighbourly assistance 
and reduction of damage potential (e.g. vacating cellars, underground car parks and low lying floors, which 
are likely to be flooded)4. This example demonstrates that comparatively simple and low-priced means can 
lead to a significant damage reduction in case of a flood event. 

                                                   
4 Source: http://undine.bafg.de/servlet/is/13880/  
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Figure 4: Natural disasters in Germany in the period 1970 to 1998 - Number of natural disasters due to 
earthquake, storm, flooding, and others (left), economic damages (middle) and insured damages (right) 
(MUNICH RE, 1999) 

 

 
Figure 5: Number of flooding events in Germany with damages of more than 1 million Euro in the period 
1982 to 2006 (MUNICH RE, 2007) 
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Figure 6: Damages from flooding events in Germany in the period 1982 to 2006 in millions US-Dollar 
(inflation corrected) (MUNICH RE, 2007) 

 

2.2.3.2 FRe Technology in Gemany 
In Germany flood protection mainly includes dykes and flood protection walls, plus permanent installations 
drainage system (backflow valves and sewage lifting units).  Sandbags are used in emergencies. FRe 
technologies are rarely employed in public flood protection works. These technologies are more often used 
in private flood protection where no public flood protection measures are available. The use of FRe 
technology for flood protection is limited to demountable perimeter barriers in urban areas with limited 
space, or tourist areas where visual links onto the river, lake or sea must be maintained. Examples of these 
locations are as follows: 

• Cologne, a city with 1 million inhabitants. Perimeter protection measures account for 15% (approx. 
10 km) of the overall protection length at the river Rhein, started after the flood of 1995, completed 
in 20085 

• Frankfurt / Oder, a city of 60,000 inhabitants, is protected by a 300 m long perimeter flood 
protection system made of aluminium beams on a concrete apron with perimeter system height of 
2.0 m, completed in 20046  

 

The reason that FRe products are not more frequently utilised lies in the higher costs for these perimeter 
barriers than for permanent structural flood protection measures (with comparable safety standard) and in 
the larger number of personnel needed for maintenance and deployment. Most of the existing perimeter 
flood protection systems in Germany, both public and private, have been completed during the last decade. 

                                                   
5 http://www.hkc-koeln.de/de/ueber-das-hkc/entstehung-entwicklung/index.html  
6 http://www.ptw-dresden.de/fachbereiche/flussbau/daemme/ref_2004_01_mhws_ffo.shtml?navid=20  
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As most of the perimeter flood protection technique in Germany is manually deployed; a sufficient early 
warning time is required. Therefore, the use of perimeter technologies is very rare at coasts, as well as in 
upper catchment regions, where warning times of less than one hour up to one or (at the maximum) two 
days are available. Only in the middle and lower catchment areas of larger river systems is the available 
early warning time sufficiently long for the deployment of manually deployed perimeter technologies. The 
German city with the largest length of perimeter flood protection measures is Cologne with 
9.5 km perimeter barriers (HKC, 2012). The overall flood protection length in Cologne is 65 km (StEB, 
2009). 

In Germany, public flood protection management belongs to the individual federal state. The federal 
governments are the decision-makers of programmes for technical flood protection and for measures of 
preparation and relief in the case of endangering by flooding. Nevertheless, no individual legal entitlement 
exists for the protection against flooding and there are rural and urban areas with low flood protection 
levels. 

It is hard to get comprehensive information on flood protection measures at state level, as in most cases 
this information is only available for single river catchments or even parts of these.  

The use of FRe technology systems in the private sector is mainly limited to the use of building aperture 
products and dry proofing. However, especially for larger housing projects in waterfront locations, it can be 
expected that flood perimeter systems will have an increasing deployment. Here, automatic systems are of 
special interest, reducing the personnel demands during the flood event. 

For emergency use, most public responsibilities rely on personnel and time demanding sandbag 
constructions. In future, it can be expected that more sophisticated emergency systems will be in use. This 
will be increasingly necessary as the number of available disaster control personnel decreases as a result 
of the military reform in Germany (AG, 2011). Therefore, there is a strong need for an increased 
deployment of innovative emergency systems for flood control. 

 

2.2.3.3 Costs of perimeter flood protection techniques 
The costs of FRe technologies are generally higher than these for permanent flood protection measures 
(with comparable safety standards) due to: 

• Higher purchase costs of the construction itself 

• Additional requirements to train personnel and provide information to the public 

• Additional allocation costs for storage area for equipment 

• Additional maintenance costs including control and repair of the system 

• Additional deployment costs including personnel, transports, loss of components and equipment 

All these costs will be site specific, depending on these numerous factors. The only cost group that may be 
lower for FRe technologies compared to permanent structural protection systems are the costs for land 
acquisition.  
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2.2.3.4 Distribution channels 
 

FRe technologies may be purchased by the public and private sectors. Supreme and Lower Authorities 
(public sector) have authority over flood protection on 1st, 2nd and 3rd order water bodies. Emergency flood 
protection is also the responsibility of the public sector, namely the Federal Ministries of Interior, state 
administration and district and city authorities. The military, fire brigades and the German Rescue 
organisation DLRG may also use FRe technologies.  

In the private sector, companies, businesses and homeowners may turn to FRe technologies to protect 
their assets.  

 

2.2.4 Market Analysis – the Netherlands 
 

The market analysis in the Netherlands has identified the extent of previous flood damage in the country 
and has made an attempt to relate this to the potential market of FRe technology. In the Netherlands the 
central and regional governments traditionally play an important role in providing flood protection. This has 
resulted in high protection levels for most types of flooding, which has its influence on the market potential 
FRe technology and potential adopters of the technology. In Table 7 an overview of flood management 
responsibilities is presented.  

 

Water related damages Examples of causes Responsible for flood 
management 

Damage around or in 
building 

• Breach of a water pipe inside a building 
• Rainfall leaking through a roof 
• Water flowing from garden into a building 

Homeowner 

Damage due to sewer 
flooding 

• Sewer surcharge inside a building 
• Water on the street flowing into a building 

Municipality (local 
government) 

Damage due to flooding 
from regional watercourses 

• Overflowing of watercourses causing 
water to enter a building 

Water board (regional 
water authority) 

Damage due to flooding 
from rivers or sea 

• Failure of river or sea dikes and other 
protection structures 

National government 

Table 7: Responsibilities for flood protection in the Netherlands 

 

2.2.4.1 Risk of flooding in the Netherlands 
 

An overview of expected flood damage at a national level is not available.  Several regional estimates have 
been made in separate studies, as well as an estimate of claimed damage from insurance companies. 
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Some figures are presented here to provide an impression of potential damage and the potential market 
size for FRe Technology. (Adviescommissie Water 2005) 

The responsibility for protection from surface water flooding (from heavy rainfall and overloaded drainage 
systems) lies with private homeowners. In most cases homeowners and tenants seek insurance for 
damage to property and property contents. Damage related to this type of flooding can be derived from 
reports from insurance companies. A database covering about 30% of damage claims from insurance 
companies has been made available by the Dutch Association of Insurers, for research within the 
SMARTeST project. Some relevant results of this research are presented here; the main characteristics of 
the database are summarised in Table 8 (Spekkers et al. 2011).  The average claim for building contents 
(not related to water pipe leakage) is €799. The average property claim is €1098, with half of the claims 
smaller than €582. The average damage per year is €7.5 million for content damage (excluding water pipe 
leakage) and €17.8 million for property damage (including water pipe leakage). 

 

Record 

type 

Period Total number of 
policies in 
millions per year 

Total 
number 

of claims 

Total 
damage 

[million euro] 

Damage per year 

[million euro/year] 

Mean [euro] 

 

Content 1992-
2009 

1.8 174324a 

160406b 

137a 

128b 

8.1a 

7.5b 

785a 

799b 

Property 1986-
2009 

0.8 372959 409 17.8 1098 

Table 8: Key characteristics of water damage in database of Dutch Association of Insurers   

a)Categorized as ‘water pipe leakage’ b)Categorized as ‘rainfall, snow or meltwater’, ‘rest group’ or ‘cause 
unknown’ 
 
The risk from fluvial flooding from regional water courses amounts to an estimated €22 million annually (Kok 
and Lammers 2000). This amount includes damage to private homes and industries. 

 

Polder areas in the Netherlands are protected by a total length of 14,000 km of levees. Regional water 
authorities are responsible for the management of these levees In Table 9, the risk estimates for several 
polder areas are shown (Kolen and van der Braak 2005). 

Polder 
area 

Damage 
(million €) 

Probability of 
levee failure 

Number of 
houses 

Risk per house per 
year (€/year) 

AGV19 0.02 1/50 25 16 

AGV10 3.4 1/150 55 350 

AGV15 8.8 1/500 200 70 

AGV1 34 1/1500 2500 6 
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AGV14 90 1/5000 3000 4 

Table 9: Risk estimates of flooding by levee failure for several polder areas in the Netherlands 

 
Failure probabilities of primary protection structures (e.g. dikes) in the Netherlands are low compared to 
most other countries, because the potential damage after failure of a primary structure is large. The total 
flood risk at national level is being investigated under a national project called “Mapping of safety in the 
Netherlands” (Veiligheid Nederland in Kaart, VNK). Final results are expected by 2015. At present, figures 
are only available for some individual polder areas; three of which are presented here for illustration: Noord 
Oost polder, Zuid Holland and Betuwe en Culemborgerwaarden (Table 10).  

Name of polder area Damage 
(million €) 

Probability of 
levee failure 

Number of 
houses 

Risk per house per 
year (€/year) 

Noord Oost polder 2 1/4000 26,000 20 

Zuid Holland 18 1/10,000 1,500,000 1 

Betuwe en 
Culemborgerwaarden 

11 1/1,250 130,000 70 

Table 10: Risk estimates of flooding by dike failure for several polder areas in the Netherlands 

Less than 1% of the population lives in areas unprotected by structural defences. The expected damage 
from this type of flooding is therefore limited.  

 

 

2.2.5 Survey on Market Analysis 
A market survey was undertaken with NSG members in the UK and Spain. NSG members are a mix of 
industry, public sector and consultants. The response to the survey was largely disappointing, with few 
responses.  

The survey asked the NSG members to estimate, for their own country and for Europe as a whole: 

• the value of the current FRe market 

• the number of properties and infrastructure at risk of flooding. (For some countries (e.g. the UK) this 
data is publicly available.)  

• the average cost of damage from flood events  

• the potential market for FRe technologies  

As few responses were received, and many returned questionnaires were incomplete; it is difficult to draw 
any conclusions from this survey.  
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2.2.6 Conclusions 
 

Across Europe millions of homes and businesses are at risk of flooding; coastal, riverine or pluvial. The cost 
of damage runs to hundreds of million Euros each year. The risk of flooding in Europe is likely to increase 
further due to climate change and increased urbanisation.  Funding for flood defences is unlikely to rise in 
line; in fact often budgets are being cut as overall government spending is reduced.  

In the UK, the ‘Statement of Principles’ agreement from insurers to provide flood insurance to everyone will 
end in 2013, this means the onus will be on the individual to protect their homes and FRe technologies will 
be a large part of that.  The public however still largely considers that flood risk should be alleviated by 
government and that properties should be protected by large scale defences. In Spain, the final 
responsibility for flooding lies with the State although, as in the UK, many departments are responsible for 
different areas of flood management.  

Germany has a history of natural disasters caused by storms leading to flood events. Available data gives 
ground for rising trend of flood damages in the future. Permanent flood barriers are mainly used to manage 
flooding with demountable perimeter barriers used only in some urban areas where permanent barriers 
would be obstructive. It is suggested that in Germany the costs of maintaining demountable barrier means 
they are more expensive than permanent barriers. There are also concerns regarding the large number of 
personnel required to deploy non-automatic systems and the early warning required to ensure this happens 
in sufficient time to be effective. Flood protection management here lies within the jurisdiction of individual 
federal states. Building level technologies are rare in public buildings and are only used in private homes 
where no public flood management is available.  

In the Netherlands, central and regional governments are responsible for flood risk management from 
sewer, river or coastal flooding. In the result of pluvial flooding from heavy rainfall, the responsibility for 
protection lies with the house owner. Tenants and homeowners usually take out insurance for damage to 
their property and contents.  

In the Netherlands less than 1% of the population of the Netherlands live in areas unprotected by primary or 
secondary defences. An important conclusion from the market survey here was that NSG members found 
that there was little potential market for small scale FRe products in the Netherlands as primary flood 
defences are intended to protect much of the population.  

The research has shown that there is a large potential market for FRE technology in Europe.  However, its 
implementation will depend on a number of factors, some of which are local and others that apply generally.  
Research in Work Package 5 of the project has shown the need for appropriate testing, standards and 
guidance and these are essential components of improving the road to market.  However, the national 
(legislation, finances, etc) and more relevantly the local context (flood type, risk, availability of FRe 
technology, etc) will dictate the extent to which the FRe market can grow in the future.   
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3 Review of reference documents 

3.1 Introduction 

A critical review of existing FRe technology testing protocols is a first step in the development of guidance 
for FRe technology testing. This section reports on a description and an analysis of these protocols. 

According to report D2.1 and update in section Error! Reference source not found. of the present report, 
four main categories of FRe technologies are considered:  

• Building aperture technology,  

• Perimeter technology,  

• Building technology,  

• Infrastructure technology. 

This review will be completed in the report D2.3 especially for the products of the category Building 
Technologies. 

As far as testing is concerned, we will not directly address the “infrastructure technology” category because 
we consider that testing methods associated to the three first categories also cover the needs for this fourth 
category.  

The testing methods/protocols we are looking for can be described in many different documents, i.e. in 
standards as well as in other documents. We then introduce this variety of document in this sub-chapter. 

Then the reviewed standards and other relevant documents are classified, in following sub-parts, in relation 
with their aim: to define testing method, to describe a product or to give specifications about installation. For 
each of these three categories, we are looking for information about testing protocol which could be 
included in these documents. 

 

As a large range of related information currently exists, the initial review will focus on defining documents 
that are under consideration.  

"Standard" is defined as "an official rule, unit of measurement, or way of operating that is used in a 
particular area of manufacturing or services" in the Cambridge Business English dictionary. Pursuant to 
the Council Directive laying down a procedure for the provision of information in the field of technical 
standards and regulations, of 28 March 1983 (83/189/EEC), “standard” is a technical specification approved 
by a recognized standardizing body for repeated or continuous application, with which compliance is not 
compulsory in general.  

In existing documents, specifications validated by a national or international standardization body are 
generally considered at the highest level of recognition. Therefore, in order to develop this report, the two 
following types of official documents were reviewed:  
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• National or international standards 

• Protocols or guidance documents. 

Moreover, as written above, standards and other relevant documents can deal either with method of testing 
or with products assessment, or installation/implementation. Among the documents linked with FRe 
technology we have listed, we choose to define three types:  

• Material or compound testing 

• Products testing and/or assessing 

• Installation guidance. 

As specified in definition above, standards have to be written "in a particular area of manufacturing or 
services". FRe technologies are almost exclusively applied in circumstances for which they were designed 
and manufactured. The same may not be true for products and materials that may have several 
applications out of the flood domain. Therefore, in relation to this report, we consider reference documents 
directly linked with flood protection.  

It can be noted too that FRe Building technologies that are included in a permanent manner in the 
construction, are particular cases of FRe Technologies. In this sense, they can be considered as building 
products, and may fall within the scope of the “Construction Products Directive” (Directive 89/106/EEC), ), 
which will be replaced by the “Construction Products Regulation” (305/2011/EU - CPR) from 1 July 2013. 

 

 

In the following paragraphs, documents that have been reviewed will be presented following the three 
categories defined earlier: material or compound testing, products testing and/or assessing, installation 
guidance. For each of these categories, the information reviewed will include the type of existing 
documents, their contents, their scope and limits in relation with SMARTeST WP2 objectives. Links with 
Smartest FRe technologies categories will be made.  

 

3.2 Material or compound testing 

3.2.1 Type and context of documents 
There is a wide range of materials used in FRe technologies and products and a review of all related 
standards would be a difficult task. The list presented in Table 11 is not exhaustive but gives examples of 
the various types of existing documents.  
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Table 11: Various types of material or compound testing reference documents 

Existing document Type 

 

FRe Category Organism 

ASTM C1549  

ASTM D570  

ASTM D638  

ASTM D2846  

ASTM D3359  

ASTM F2298  

ASTM F2769  

ASTM G109  

National 
standard 

 

Building technology ASTM 
International 

Approval 2510  Other protocol 
document 

Building aperture technology 

Perimeter technology 

FM Global 

EN ISO 62:2008  

EN ISO 527  

EN ISO 15148:2003  

International 
standard 

 

Building technology ISO 

EN 1931  

EN 1062-3  

 

International 
standard 

Building technology CEN 

EOTA TR-003  

EOTA TR-004  

EOTA TR-012  

Other protocol 
document 
(Technical 
Reports) 

Building technology EOTA 

 

In summary, there are a number of organisations who deal in product standardisation. Some of these 
organisations offer standards against a wide range of products and others operate in more niche markets, 
providing detailed information on a specific range and application of technology 

FM Global is a company which offers insurance products but also certification and testing services for 
industrial and commercial loss prevention. Certification is based either on national or international 
standards, or on Approval Standards developed by FM Global. Approval Standard n°2510 relates to flood 



37 SMARTeST D2.2  
 

 
SMARTeST Deliverable D2.2 
Commercial in confidence 

© SMARTeST 2012  
 

 

abatement equipment and the first part of the performance requirements concerns the characterization of 
materials. 

ASTM International, formerly known as the American Society for Testing and Materials (ASTM), has a 
dominant role among standards developers in the USA and deals with diverse industries ranging from 
metals to construction, and petroleum to consumer products. Using a consensus process, its standards are 
collectively developed by technical committees, with members from all around the world.  

The international organization for standardization, widely known as ISO is composed of a network of the 
national standards institutes of 163 countries. 

CEN is the acronym for Comité Européen de Normalisation or European Committee for Standardization. 
This organisation, with its thirty national members, develops European Standards (ENs) in various sectors. 
CEN is officially recognized as a European standards body by the European Union. To avoid duplication 
between standardization at international and European levels, CEN and ISO signed an agreement which 
means they are approved by both organisations. 

European Organisation for Technical Approvals (EOTA) is an international non-profit association. It was 
established under the provisions of the European Community Council Directive of December 21, 1988 
relating to construction products (Construction Products Directive 89/106/EC or CPD). EOTA is composed 
of organizations nominated by the European Union (EU), European Free Trade Association (EFTA), and 
the European Economic Area (EEA). EOTA works in close co-operation with these organisations and with 
CEN, European trade associations and industrial organizations. The role of EOTA is primarily to monitor 
and progress the drafting of ETA Guidelines (ETAGs) and to co-ordinate all activities relating to the issuing 
of ETA's (European Technical Agreement). EOTA Technical Reports (EOTA TR) are guidance documents 
which go in details in some specific aspects. They are used as reference documents to ETAG.  

 

3.2.2 Content of the documents 
In general terms, any flood protection technology would be expected to provide information on performance 
relating to the following aspects: 

• Installation (rapid deployment and installation) 

• Water-tightness  

• Stability (to remain stable mechanically, even in specific environment) 

• Durability (to ensure performances during a long period, or/and after several uses and idle periods) 
. 

Some characteristics, which are intrinsic to materials or compounds, match each of these four aspects of 
performance. For example, water-tightness is linked with water vapour diffusion resistance, or stability with 
tensile strength. Using the list of standards presented in Table 12, the characteristic(s) of FRe technology, 
as described in standardisation documents, are proposed in the following 
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Table 12. 
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Table 12: Content of material or compound testing reference documents 

Existing 
document 

Type FRe category Characteristic(s) for which 
test specifications are 
given 

Associated 
function 

FM global 
Approval 2510 

Other 
protocol 
document 

Building aperture 
technology 
Perimeter 
technology 

• Examination 
• Extreme temperatures 
• Cap/valve locking ability 
• Hydrostatic and leakage 

test  
• Tensile/compression tests 
• Impact and Wear 

resistance 
• Abrasion resistance 
• Vibration resistance 
• Tear and puncture 

resistance tests 
• Cycling 
• Salt spray corrosion 
• Environmental corrosion 
• Hail resistance 
• UV light test 
• Air oven aging tests 
• Accelerated aging tests 

• Installation 
 
 
• Watertightness 
 
• Stability 

 

 
 
 
 
 
• Durability 
 

ASTM C1549 National 
standard 

Building technology 
(waterproofing 
membrane) 

Solar reflection Durability 

ASTM D570 National 
standard 

Building technology 
(waterproofing 
membrane + local 
sealing) 

• Mechanical properties 
• Immersion of specimens 

until saturation in water at 
two different 
temperatures 

• Stability 
• Durability 

ASTM D638 National 
standard 

Building technology 
(local sealing) 

Mechanical properties Stability 

ASTM D2846 National 
standard 

Building technology 
(waterproofing 
membrane) 

Hot water resistant 
 

Durability 

ASTM D3359 
 

National 
standard 

Building technology 
(waterproofing 
membrane) 

Adhesion Installation 
Stability 

ASTM F2298 
 

National 
standard 

Building technology 
(waterproofing 
membrane) 

Water vapour diffusion 
resistant 

Watertightness 

ASTM F2769 
 

National 
standard 

Building technology 
(waterproofing 
membrane) 

Hot water resistant 
 

Durability 
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ASTM G109 
 

National 
standard 

Building technology 
(Anticorrosive 
coatings) 

Corrosion Durability 

EN ISO 62 International 
standard 

Building technology 
(local sealing) 

Immersion of specimens 
until saturation in water at 
two different temperatures 

Durability  

EN ISO 527 International 
standard 

Building technology 
(waterproofing 
membrane + local 
sealing) 

Mechanical properties 
 

Stability 
Durability 

EN ISO 15148 
 

International 
standard 

Building technology 
(local sealing) 

Immersion of specimens 
until saturation in water at 
two different temperatures 

Durability  

EN 1931 
 

International 
standard 

Building technology 
(waterproofing 
membrane) 

Water vapour diffusion 
resistant 
 

Watertightness 

EN 10623 
 

International 
standard 

Building technology 
(waterproofing 
membranes) 

Capillary water absorption 
 

Watertightness  

EOTA TR-003 Other 
protocol 
document 

Building technology 
(waterproofing 
membrane) 

Watertightness testing Watertightness 

EOTA TR-004 
 

Other 
protocol 
document 

Building technology 
(waterproofing 
membrane) 

Adhesion Installation 
Stability 

EOTA TR-012 Other 
protocol 
document 

Building technology 
(waterproofing 
membrane) 

Hot water resistant 
 

Durability 

 
 

3.2.3 Limits of the documents 
Concerning Building aperture and Perimeter technology, FM global protocol has put together numerous 
characterizations of products and how they perform under various test parameters. There is a costly knock-
on effect of having multiple tests for a single product. SMARTeST reference testing could be based on FM 
Global protocol and others, but should propose second option if characterization is possible by expert 
analysis or by comparison with other characteristic already known. 

Concerning building technology, standards listed in the following tables are not specific to flood conditions. 
Therefore, this list is not exhaustive and contains references to other related documents. In main cases, 
International or European standard are preferred, except in cases for which other standards are more 
complete. In conclusion, the standards for consideration and in relation to building technology are 
presented in Table 13. 
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Table 13: Considered material testing reference documents for building technology 

Existing 
document 

Type Building technology 
category 

Characteristic(s) for which 
test specifications are 
given 

Associated 
function 

ASTM C1549 
 

National 
standard 

Waterproofing 
membrane 

Solar reflection Durability 

EN ISO 527 International 
standard 

Waterproofing 
membrane 

Mechanical properties 
 

Stability 
Durability 

EN 10623 
 

International 
standard 

Waterproofing 
membrane 

Capillary water absorption 
 

Watertightness  

ASTM D570 National 
standard 

Local sealing • Mechanical properties 
• Immersion of specimens 

until saturation in water at 
two different 
temperatures 

• Stability 
• Durability 

ASTM D638 National 
standard 

Local sealing Mechanical properties Stability 

ASTM G109 
 

National 
standard 

Anticorrosive 
coating 

Corrosion Durability 

EN 1931 
 

International 
standard 

Waterproofing 
membrane 

Water vapour diffusion 
resistant 
 

Watertightness 

EOTA TR-003 Other 
protocol 
document 

Waterproofing 
membrane 

Watertightness testing Watertightness 

EOTA TR-004 
 

Other 
protocol 
document 

Waterproofing 
membrane 

Adhesion Installation 
Stability 

EOTA TR-012 Other 
protocol 
document 

Waterproofing 
membrane 

Hot water resistant 
 

Durability 

 

3.3 Testing and assessing products 

3.3.1 Type and context of documents 
Reference documents relating to flood protection products, concern building aperture and perimeter 
technologies. Table 14 presents the documents reviewed and which provide the greatest level of 
information to characterize FRe products and their performances. 
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Table 14: Types of products testing reference documents 

Existing document Type FRe category Organism 

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 
standard 

Building aperture technology 

Perimeter technology 

 

BSI 

CSTB protocol  Other protocol 
document 

 

Building aperture technology 

 

CSTB 

DIN 19569-4  National 
standard 

Building aperture technology 

 

DIN 

 

The FM Global's protocol presents the compounds and material testing, test protocol for temporary 
Perimeter Flood Barriers and Opening 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 for representing UK interests in international and European standards organizations such as 
ISO or CEN for example. 

BSI PAS (publically Available Specification) 1188 (2009) ‘Flood protect products’ has four defined sections 
which categorise flood protection products and their associated test procedures. The four sections of this 
document are as follows: 

• PAS 1188-1: Building aperture products, in relation with SMARTeST category "Building aperture 
technology", 

• PAS 1188-2: Temporary products, in relation with SMARTeST category "Perimeter technology", 

• PAS 1188-3: Building skirts systems, in relation with SMARTeST category "Perimeter technology", 

• PAS 1188-4: Demountable products, in relation with SMARTeST category "Perimeter technology". 

Centre Scientifique et Technique du Bâtiment (Scientific and Technical Centre for Building, CSTB) is the 
French national organization providing research and innovation, consultancy, testing, training and 
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certification services in the construction industry. CSTB is a member of EOTA, it is an approval body 
nominated to issue ETA (European Technical Agreement). The protocol developed in 2004 to assess 
aperture barriers, was required by the French Department of Infrastructure to give to users a better 
understanding of the performances of the products they could use. 

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). Its original aim was not to categorise products used in flood protection. 
However, some German companies (i.e. company HWS-System GmbH7, IBS GmbH8) assessed the 
watertightness functionality of their products according to the Part 4 of this standard: "Specific principles for 
shutoff devices as penstocks, sluice gates, stoplogs etc". This standard also defines structural design- and 
technical equipment-specifications. 

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

The main observations in relation to these reference documents are listed below: 

• Flood perimeter barrier layout testing is described in terms of means (geometrical description of the 
test rig) in FM Global whereas it is written in terms of 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:  

o Sequential fill: the rate, or stages, of water level depth described in the tests may affect 
products differently. Permanent products may perform differently in relation to temporary 
barriers. 

o Test duration is specified between 22 to 48 hours, this parameter could be significant in case of 
creep. 

o Type of surface of the support for aperture technologies: masonry for PAS 1188-1, concrete for 
FM Global Protocol, concrete/steel for CSTB protocol. 

o Leakage rate acceptable is : 

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

Ø For aperture barriers: 1l/h/m for both 

• Hydrodynamic load tests : 

o Incidental wave is not tested in PAS 1188. 

o Characteristics of wave-induced tests and currents tests differ slightly in PAS 1188 and in FM 
Global protocol. 

                                                   
7 http://www.hochwasserschutz.de/de/produktbereiche/hochwasserschutz-fensterklappen-platten.php 
8 http://hwssystem.de/produkte/ 
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o Overflow test is only required by FM Global protocol 

o Concerning 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 CSTB protocol whereas it is indirectly determined by 
deformability for FM Global protocol and PAS 1188. 

• Impact tests are not specified in PAS 1188. 

In DIN 19569-4 watertightness classes are defined with respect to leakage rates (Table 15). The measuring 
conditions are described as follows: 

• The leakage rate measurement refers to the watertightness line, which is defined as the contact 
area of the sealant between frame and plate.  

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

• The tests have to be carried out with distilled water 

• The measurement time is 10 minutes. 

 

Table 15: Watertightness classes according to DIN 19569-4 

Class Maximal acceptable leakage rate per meter of the watertightness 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 

 

The duration of exposure tests for wastewater treatment products differ from similar products used primarily 
for flood protection. Leakage rates for wastewater products are also less onerous than those described in 
FM Global or PAS 1188. 

 

3.3.3 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 marks9. This association published a test standard for quality label in December 2011. This 

                                                   
9 http://www.europaverband-hochwasserschutz.eu/Pressemitteilung-FINAL-Englisch.pdf 
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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 mounting 

• Water tightness 

• Control of static proof 

• Manufacturer's expertise. 

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

The testing centre for construction elements10 (Prüfzentrum für Bauelement, PfB) developed a guide for 
testing and classification of the watertightness functionality of flood aperture barriers defining the terms 
'water proofed' and 'flood resistant' as follows: 

• Water proofed: leakage rate through the structure less or equal 20 ml/h after a water load of 24 h 

• Flood resistant: leakage rate through the structure less or equal 10 l/h after a water load of 24 h 

• The PfB guideline was applied e.g. to the product "Flood Protection Door Teckentrup"11.  

3.3.4 Limits of the documents 
In relation to flood barriers, the wide technical range of products available means that it is difficult to work 
out any fixed standard evaluation procedure. A comprehensive testing matrix for perimeter flood barriers 
will be developed. This will serve as a basis for the definition of a specific testing procedure for a specific 
perimeter flood barrier technique. Therefore, the user will have to pay attention not only to the certification 
mark but to the underlying testing conditions to select the appropriate technology for any specific 
application. 

Moreover, the added-value of the SMARTeST guidelines should be to provide clear and precise information 
about the reasons for undertaking each test and the conditions of use. This will also provide information on 
which procedures are obligatory and which are not. 

3.4 Installation guidelines 

3.4.1 Types of documents 
The installation guidelines are not directly concerned with the testing procedure of products. Indeed, even if 
there are some assessments by in situ tests of barriers, for example, no reference documents with in situ 
test protocol have been reviewed. 

In Germany different technical inspection organisations like TÜV (Technischer Überwachungsverein) or 
DEKRA (Deutscher Kraftfahrzeug-Überwachungs-Verein) validate the safety of products of all kinds to 

                                                   
10 http://www.pfb-rosenheim.de 
11 http://www.teckentrup.biz/produkte/tueren/hochwasserschutztueren.html 
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protect people and the environment against hazards. Many companies (i.e. HOP Logistik12, Aquastop13) 
producing flood barriers asked these associations to evaluate the product stability in flood event. 

Standards relating to installation of products have also been reviewed. A selected number of these 
standards have been listed below: (cf. Table 16).  

Table 16: Types of installation reference documents 

Existing document Type FRe category Organism 

DTU 14-1 National standard 

 

Building technology 

 

AFNOR 

BS 8533 

 

National standard All categories 

 

BSI 

EPTB Saône et Doubs 
Guidance  

Other guidelines 
document 

 

All categories 

 

EPTB 

BWK Guidance  Other guidelines 
document 

 

Perimeter technology 

 

BWK 

DWA Guideline Other guidelines 
document 

 

All categories 

 

DWA 

 

3.4.2 Content of the documents 
In France, AFNOR, the French national organization for standardization, published the standard named 
"DTU 14-1:Travaux de cuvelage – Partie 1: Cahier des clauses techniques, NF P 11-221-1", for tanking 
works in buildings. Three types of "waterproofing" applications are described in this document: 

• Tanking with waterproofing coating, which is applied to the internal surface(s) of a structure.  

• Tanking for relatively watertight structure, without any coating, for which acceptable leakage rate is 
defined as: 

o For the whole structure :  

o annual average : 0,5 l/m2/day ; 

o weekly average : 1,0 l/m²/day 

                                                   
12 http://hop-logistik.de/ 
13 http://www.aquastop.de/service/glassysteme/ 
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• For part (10 m² with side ratio is between 0,4 to 2.5) of the resisting structure 

o weekly average : 2,0 l/m²/day 

Tanking with watertight coating, which is plastic, elasto-plastic, or elastic, and applied on external 
surface of the structure. These materials are able to resist to water forces even if the adhesive properties 
are not continuous.  

For each of these levels, DTU 14.1 gives specifications about design, materials choice, installation and 
treatment of joints and interfaces. 

Watertight coatings are mainly described by referencing the "Avis Technique" or other technical 
assessments. These products are not widely applied and their use or application cannot be standardized at 
this stage, At the present time there are approximately ten products which can provide watertight tanking 
and reference an "Avis Technique". 

In UK, BS 8533 is the national standard relating to flood risk and assists users in selecting appropriate flood 
risk management solutions. It's not strictly a guideline for installation of products but more a code of 
practice of flood risks management. 

In France, EPTB Saône et Doubs is a public organization which works in collaboration with local 
authorities to manage and develop river basins. It has published a guidance document to give technical 
specifications to adapt housing in case of flood. Building aperture technologies are proposed but without 
any quantitative information about leakage rate. Height of protection is limited to 90 cm and the document 
indicates that installation of barriers should not be the only solution, and should be combined with others 
measures (closure of all the building apertures, for example) to be efficient. A more recent guide based on 
a coherent approach was published in July 201214 

In Germany, the BWK (Association of Engineers for Water Management, Waste Management and 
Land Improvement) published guidance in December 2009 for demountable, temporary and pre-installed 
flood barriers. The document identifies different types of flood barriers and relevant design parameters. 
Flood actions and geotechnical limitations are qualitatively described and formulas for the quantification of 
loads as well as the geotechnical safety concepts are presented. Furthermore, logistic and risk aspects are 
discussed and field examples are given with respect to urban planning as well as alarm and application 
planning. Due to the constant development of new products on the market, an update of this document is 
planned. Moreover, an additional guideline on testing and certification of flood barriers will be provided by 
the BWK. This guideline will be developed in cooperation with the German SMARTeST project partners. 
The publication date is not expected before 2013. 

The Deutsche Vereinigung für Wasserwirtschaft, Abwasser und Abfall (DWA) is currently working on 
guidance for dry-proofing and wet-proofing techniques. No information on the planned date of publication is 
available. 

3.4.3 Limits of the documents 
In Germany, no comprehensive testing and certification guideline for Flood Resilient Technologies currently 
exists. Product tests and certifications have been completed, but without the establishment of an accepted 
testing scheme. It is expected that the projected guidelines on testing and certification of flood barriers by 
the BWK and on dry-proofing and wet-proofing techniques by the DWA will close this gap. 

                                                   
14 http://www.developpement-durable.gouv.fr/Referentiel-de-travaux-de.html  
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Finally, there are various types of documents about installation of products but just a few refer to FRe 
specific characteristics. The FRe users are various and it may be difficult to propose documents that are 
suitable for all potential users. SMARTeST guidance documents should define the end user of any 
guidance that is produced, and ensure that the content is relevant to their background and discipline. 
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4 Testing of FRe technology 

Within the SMARTeST project various FRe Technologies have been tested at different testing facilities. The 
types of FRe technologies that have been assessed include: 

• Perimeter flood barriers 

• Building aperture flood barriers 

• Building technologies  

• Infrastructure technologies 

In the following sections of this report, the different test facilities and procedures will be described, as well 
as the range of products tested and the associated results. More detailed information are available in 
appendix 1 to 7. 

All tests were performed using clean tap water. Latent damages due to polluted water were not addressed 

4.1 .Test facilities 

4.1.1 Test facilities and procedures at TUHH 
The test laboratory at the TUHH consists of a basin made of watertight concrete with the dimensions 20m 
long, 15m wide and 2m high (Figure 7). The base of the testing facility is finished in smooth and even 
concrete. The basin is enclosed by even rectangular concrete walls with an opening of 3m on one elevation 
to enable easy transportation of the testing material into the basin. The opening can be closed by 
demountable aperture flood barriers made of aluminium. Furthermore, two water storage tanks are located 
in the testing facility, which are also enclosed at two sides by demountable flood barriers. For dynamic 
impact load tests, the right hand segment wall can be dismantled to provide an acceleration area for debris 
load testing. 

For static load tests, fresh water is pumped out of the storage tanks into the testing tank. The total leakage 
rate, i.e. leakage rate underneath the structure, between single elements of the structure, between structure 
and basin walls as well through the structure itself, can be measured by a dimensioned pump sump with a 
size of 50x50x50 cm³ (Figure 8). 

The tests carried out at the TUHH, assessed the performance of perimeter flood barriers i.e. perimeter flood 
barriers with and without permanently installed elements as well as building aperture flood barriers. The 
latter can be included in a wall segment that can be erected in the test basin. 

When using perimeter flood barriers, specific safety related aspects have to be accounted for. These 
include: 

• mode of operation 

• construction and the usable materials 

• available early warning time 
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• static and dynamic loads from water level 

• waves 

• ice pressure 

• flotsam impact 

• physical stresses due to weathering effects and required protection height. 

 

  
Figure 7: Testing facility of the TUHH in Hamburg 

Wilhelmsburg 

 

Figure 8: Pump sump for leakage 
measurement 

Beside the general stability, the risk of failure of the perimeter flood barrier is mainly dependent on the safe 
assembly of the system. Important parameters are: 

• available early warning time 

• number of skilled helpers mobilized in a short time 

• manageability of protective components even under bad weather conditions 

A strict assembly schedule should be implemented, based on locally defined threshold values of forecasted 
water levels.  

A low risk of failure for perimeter flood barriers can only be guaranteed, if technical components as well as 
administrative conditions are suitable designed. The procedure in the testing facility of the TUHH aims to 
assess the technical functionalities of perimeter flood barriers. Main aspects of the test procedures are the 
following: 

• Readiness Assessment 

• Mounting and dismounting of the system, with or without time measurement 

• Assessment of watertightness 
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• Hydrostatic load tests including leakage rate measurements for different system and/or product 
configurations as well as different water levels 

• Stability Assessment 

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

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

• Dynamic impact load / current load executed by a heavy water outfall at one side of the structure 

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

• Overflow test / observation of the product stability for situation of  overflow  

• Assessment of the effect of wear 

• Durability test: 100 cycles of mounting/dismounting of the product with check of the movable parts 
every cycles. 

 

 

4.1.2 Test facilities and procedures at CSTB 
The tests carried out at the CSTB focussed on building aperture barriers. The purposes of these tests are 
as follows:  

• to determine the behaviour of the barrier under hydraulic load of a defined water height of hw meter 
of water and the evolution of the performance of this technology after a mechanical impact 

• to determine the behaviour of the barrier under the action of a distributed load. This test conducted 
on the largest item in the range of the technology is used to define the failure load of the barrier 
and, therefore, the safety factor of the product. 

4.1.2.1 Test facility 

a) Watertightness and impact tests 
Test facility is built with a horizontal element (the slab) and two vertical elements (walls) to simulate a 
building aperture (door, French windows, garage door …) and will be capable to accommodate two 
barriers, one in front of the other. 

The wall coating can be: 

• concrete,  

• masonry, 

• steel. 
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The slab can be in manufactured in concrete or in steel. No perpendicular deviation of walls or slope 
deviation of opening threshold is taken into account in this test. The length of the tested specimen is the 
maximum length claimed by manufacturer, and up to 3m. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9: CSTB hydrostatic test facility 

 
The height hw is equal to the height hb claimed by the manufacturer, up to 1 m: hw = min (hb; 1m). Water 
load is statically applied with htest height. htest is equal to hw plus 5cm to take into account dynamic pressure 
created by a 1m/s current, perpendicular to the barrier surface.  

htest = hw + 0,05m. 

b) Bending tests 
Test facility consists of: 

• the frame (threshold and walls), used for hydrostatic test, on which one barrier remains mounted 

• a carriage supporting a horizontal hydraulic jack to transmit the load to the test body. 

Figure 10 shows the principle of this test, with ‘a’ and ‘L', the dimensions to adapt in accordance with the 
geometry of the barrier and its constitution (one or more elements, vertical or horizontal elements). 

4.1.2.2 Test procedures 

a) Watertightness and impact tests 
The barriers are installed according to supplier instructions. Water is filled up to htest height. 

htest = hw + 0,05m 

90° 

Ltest = Min( Lb ; 3m) 

90° 

Slab 

Wall Wall 
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Verification of the leakage rate is made over a 24 hour period, together with displacement measurements at 
the top and bottom of the barrier (location of measurement points is chosen according to geometry of the 
tested barrier). Water level remains constant throughout the duration of the test. In case of creep of the 
panel, tests can be extended to 24 hours more. 

 
Figure 10: CSTB bending test facility 

 
The impact test aims to simulate the shock resulting from the docking of a rescue boat along the barrier. 
This impact is called "safety" impact because of the danger for people inside the building in case of failure.  

After the hydrostatic test, the tank is emptied and a 600J impact test is conducted. Possible damage to the 
barrier is observed and recorded. After this shock test, the water tightness of the barrier is tested again over 
a 24 hour period, according to the described hydrostatic test protocol. Leakage rate during second 
hydrostatic test is measured. 

b) Bending tests 
The test barrier is instrumented with a maximum of 10 displacement transducers, located in accordance 
with the geometry of the tested barrier. The measurements are made at the base of the specimen and at 
the top (same locations than hydrostatic measure points). 

Bending load is increased at a constant rate and until failure occurs. 
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4.1.3 Test facilities at BRE 

4.1.3.1 Test rig 
 

A test facility at BRE was constructed to test insulation material injected within masonry cavity walls. The 
test facility was designed to create four test bays as shown in Figure 11. 

The bays were divided by double leaf solid block-work walls and the base was made from concrete paving 
slabs.  The blockwork surfaces were treated with a tanking material.  The existing wall at the back and 
sides was covered in polythene to prevent water leaking through, and a damp proof membrane (DPM) was 
installed below the base of the test walls, and below the paving slabs to prevent water seeping out into the 
ground.   

 

 
 
 
 
 

 

Figure 11: Plan view of the test tanks 

 
 
 
 
 
 

1 2 3 4 

Block-work 
walls 

Existing wall, 
covered in 
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Test cavity 
walls 

Paving slabs 
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4.1.3.2 Test procedure 
 

Table 17 shows the formation of each test wall with details of the brick type and the cavity width in each 
tank.  The test walls were formed from two leafs of the same type of brick. 

The insulation material is injected into the cavity as a liquid which then expands and sets.  The insulation 
material is commercially available and has full third party certification.  The insulation is a technology that 
can be applied to any building with masonry cavity walls. 

 

Table 17:Test wall details 

Test tank Brick type Cavity Width (mm)  

1 Medium absorption 
standard brick 

25 

2 Medium absorption 
standard brick 

50 

3 Low absorption engineering 
brick 

25 

4 Low absorption engineering 
brick 

50 

 

The test procedure was as follows: 

1. The masonry cavity walls were constructed using two types of brick, an engineering brick of low 
absorption and a standard clay facing brick of medium absorption value.  Two cavity walls were 
built of each type, with 25 mm and 50 mm cavities, the quality of construction was deliberately not 
to a high standard.  A section of plastic pipe was placed through both leafs of the cavity wall just 
about the first course.  The height of each wall was 900 mm and the width as shown in figure 24.  
The mortar was allowed to set for more than 28 days before further work was undertaken.  

2. A hydrostatic test was carried out by filling the tanks using a hose pipe connected to the mains 
water supply.  Leakage from the test rigs was assessed by visual observation and measuring water 
lost from the tank over time against the rate of filling carried out.  The test was continued for 5.5 
hours.   

3. The tank was drained fully and the wall allowed to dry under covers for a period of seven days. 

4. The insulation material was then injected into the cavity walls in the test rigs by a manufacturer 
approved contractor.   

5. A second hydrostatic test was then carried out by filling the tanks using a hose pipe connected to 
the mains water supply.  Leakage from the test rigs was assessed by visual observation and 
measuring water lost from the tank over time against the rate of filling carried out. 
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To supplement the hydrostatic tests moisture absorption tests were undertaken, see Table 18.  Samples 
were either partially or fully immersed in water.  Each sample contained varying amounts of cut or moulded 
surfaces.  The sample was formed in a perspex mould and cut into the 12 sections. In practice, the material 
installed in a cavity has its surfaces moulded by the brickwork.  The sample moulded surfaces would be 
considerably smoother than the moulded surfaces that would be found in practice in a brick cavity wall, 
which would impact on the absorption characteristics. 

After the hydrostatic tests, two tanks demonstrating different brick type and cavity width, were filled again to 
approximately 500mm and then left to drain overnight. Samples of the insulation material were then 
removed from the cavity walls from above and below the level of the water. These samples were weighed 
and then dried in an oven at 50°C for 7 days. A difference in weight after drying would show the weight (and 
volume) of water that was originally present in the insulation.  

 

Test 
sample 

Number of 
cut surfaces 

Number of 
moulded 
surfaces 

Immersed 
/Submerged 

Immersed 
surface area 
(mm2) 

1 3 3 

Im
m

er
se

d 

13701 

2 4 2 13305 

3 3 3 13115 

4 4 2 12924 

5 3 3 13212 

6 4 2 13309 

7 3 3 

Fu
lly

 s
ub

m
er

ge
d 

42576 

8 4 2 46364 

9 3 3 43740 

10 4 2 48606 

11 3 3 40324 

12 4 2 45202 

Table 18: Absorption samples 

 

4.1.4 Test facilities at IOER 
The water-tight tank used for the tests is made 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 can be seen in the schematic 
diagram in Figure 12.  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 
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panel of the water tank can be removed for the in-situ construction and deconstruction of the test 
arrangements. 

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 (cf. Figure 13).  Then, the construction 
joints between the built test specimen and the steel plates are sealed with mortar.  This task needs to be 
carried 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.  Then, the silicone sealant is peeled off 
from the acrylic glass tank and the steel plates are thoroughly cleaned before use in the next test run. 

 

 

Figure 12: Top: Schematic plan of the water tank used for testing. Bottom: Oblique view of the water tank 
with two test specimen. 

Test specimen 
(here: wall arrangements) 

Test rig 

Floodwater 
(here: external wetting) 
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Figure 13: Steel plates for lateral connections. 

4.1.4.1 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 to what extent 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 temperature15.  The air temperature and relative humidity in the laboratory was measured and 
recorded in regular intervals using a digital data-logger.  The test runs were daily captured using a digital 
camera.  The pictures document water levels in the tank as well as the system behaviour over the entire 
test period of seven days. 

                                                   
15 The oven temperature is 105° C (WTA 2002). 
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Figure 14: Digital data-
logger to record air 
temperature and relative 
humidity in the laboratory 
at regular intervals. 
Picture: www.conrad.de 

 
 

 
 

4.1.4.2 Test procedures 
Building envelopes, as well as floor constructions, need to be adequately designed and constructed to cope 
with floodwater.  To analyse their system behaviour, four common wall and two typical floor arrangements 
were tested in a water engineering laboratory at the Dresden University of Technology.  The testing 
program was designed to simultaneously analyse two wall arrangements in each test run.  Therefore, the 
front and the back panel of the water tank were removed to allow access for in-situ construction of the test 
specimens.   

The experimental work requires a number of model assumptions as follows:  

(1), The cracking behaviour observed during the tests is not the same as for real structures – this is caused 
by the small dimension of the tested wall panels and the lateral restraint at the edges of the water tank  

(2) Because of a tight schedule of the testing program, the wall arrangements were left to cure only for 
14 days.  It is clear, that mortar (the same applies also for the plaster) reaches his strength value very close 
to its ultimate value at the end of 28 days, but after 14 days curing period the mortar achieved sufficient 
strength and bonding characteristics.   

(3) The testing protocol was not designed to observe long term drying shrinkage, which can also lead to 
cracking.  The test specimens were flooded on their external face with clean tap water to exclude the broad 
variety of damage processes that can be caused by contaminated water.  Every day the water levels on 
both the internal and the external face of the wall constructions were measured and documented.  To 
indicate the water seepage particularly through the structural layers of the exterior walls, a moisture 
sensitive probe was inserted through boreholes from the top.  After the simulated flood duration of seven 

Figure 15: Precision 
balance with readout 
down to 1 mg. 
Picture: www.kern-
sohn.com 
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days, material samples were taken to obtain information about moisture content16.  To quantify the moisture 
content and to determine the degree of saturation, the gravimetrical DARR-method17 is used.  Moisture 
profiles illustrate the moisture distribution over the wall thickness.  Testing results are the rate of leakage 
through the whole wall construction and the seepage through wall materials (represents by the degree of 
saturation). 

 

 

 

 

 

Test specimens were selected to cover two commonly used floor constructions simulating the floor 
arrangement of the basement.  These tests were also performed in the test rig described in Figure 12 and 
Figure 13.  During the testing program both the timber floor construction as well as the concrete floor 
construction was precast in the laboratory, before they were horizontally installed in the water tank.  The 
test specimens were fixed at the bottom plate of the water tank to prevent floating due to buoyancy forces.  
The wetting phase lasts four days for each construction, before material samples are taken and analysed.  

The wall samples were subjected to 40 cm depth of water.  Due to the selected water level, structural 
failures of the test specimen were avoided.  In addition, it was intended to simulate a flood situation in 
which object-related barriers18 could be reliably implemented at the building envelope.  It is assumed, that 
the depth of flood water should not be more than 1 m19 to prevent structural damage to the wall 
constructions induced by considerable horizontal hydrostatic forces, because of unequal floodwater levels 
on different sides of the exterior wall.  Also, vertical buoyancy forces can cause severe structural damage to 
the entire building.  Prior to the implementation of flood barriers, which prevent the ingress of water into the 

                                                   
16 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. 
17 The DARR-method is a highly accurate procedure to quantify the moisture content of building materials by 
gravimetric analysis. 
18 Object-related barriers are for example building aperture technologies, which prevent water ingress through 
windows and doors. These include amongst other door boards, flood guards, and flood shields. 
19 There is evidence (e.g. Garvin et al. 2005, Escarameia et al. 2009) that structural failure can occur even below the 
limit of 1 m, depending on a number of factors, such as the length of the wall panel between vertical supports or 
joints and the materials used. 

Figure 16: Water tank with two wall test 
arrangements that are under construction in-situ.  
In front: the double shell masonry of sand-lime 
bricks with heat insulation and air gap.  In the 
background: the single shell masonry of hollow 
bricks with external heat insulation and ventilated 
curtain façade. 


