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Interfaces research
Environment Agency funded project

Help risk management authorities to:
• consider the presence of transitions during flood 

defence condition assessment;
• quantify the effects of transitions on defence 

performance (fragility) and flood risk;
• manage the risk of transition with improved design 

and retrofitted solutions for existing defences
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Interfaces research
Interface types in England

Stakeholder feedback
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Between soft and hard embankment
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Interfaces research
Interfaces types in England

• 167,500 transitions 
• 12% involving embankments

• (3/4 of hard structures are walls)
• ~1/3 are between hard and soft revetments

Spatial analysis
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Interfaces research
Types considered by the project
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Longitudinal change 
from flood wall to earth embankment

Additional issues
 External erosion

 Flow velocity increases and 
focussing of flow on vulnerable areas

 Existing limit state equations could 
be used if we can estimate change in 
shear stress via increase in velocity

Examples of failures
 New Orleans – Katrina
 UK failures

Soil-structure transitions



© HR Wallingford 2013June 6th, 2018 Page 8

Longitudinal change 
in external structure/protection of levee

Additional Issues
 External erosion due to weakened soil (as 

previous slide)
 Plus increased turbulence

Soil-structure transitions
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Transverse change at interface 
between levee and flood wall

Additional Issues

 Internal erosion and deep sliding is 
sometimes missed when the levee is raised 
by a flood wall

Soil-structure transitions
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New Orleans – IPET report Vol V on 
performance of levees and floodwalls

A common problem … was the scour and 
washout found at the transition between 
structural features and earthen levees. 
 In many cases, the structural features were 

at higher elevations than the adjacent 
earthen levee, resulting in scour and 
washout at the end of the structural 
feature. … the dissimilar geometry 
concentrates the flow of water at the 
intersection of the levee with the structure, 
causing high flow velocities and 
turbulence.

 In some cases, the structures were lower
than the connecting earthen levees. At 
these sites, the flow of the water is 
channelled over the structural feature, 
causing erosion of soil on the protected 
side of the structure.

Scour and Erosion on the Protected Side of 
the IHNC Adjacent to the 9th Ward in the 
Vicinity of the South Breach

Soil-structure transitions
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New Orleans – IPET report Vol V on 
performance of levees and floodwalls

The performance at transitions could be improved by:
 fully embedding the structural walls within the levee fill, and using the levee to 

transition the difference in elevation from the structure to the levee. 
 providing erosion protection on the protected side of the structures and along 

the transition section.
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Non-linear partially embedded structure

Additional Issues
 External erosion due to weakened 

soil alongside structure (see 
discussions above)

 Internal erosion due to enhanced 
hydraulic gradients

 Failure of the structure itself (e.g. 
exploding) and thereby damaging 
the levee

Examples
 Many examples (e.g. house built into 

a levee on the River Loire)

Soil-structure transitions



© HR Wallingford 2013

Interfaces research
Products

PRODUCT 4

Contents list for new guidance 
supporting design, 

maintenance and repair

PRODUCT 1

Improved guidance for the 
inspection of interface zones

PRODUCT 2

New methods and tools for 
the reliability analysis of flood 

defences with interfaces

Standard of protection 
provided by defence

Difference relates to 
factor of safety in design

Severity of load event

Probability of 
defence failure

0
0

1.0

‘True’ fragilityTypically 
assumed fragility 

curve

PRODUCT 3

New methods to account for 
interfaces in flood risk 

systems analysis
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Products in relation to 
Asset Performance Propeller
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Product 1 Product 2

Product 3

Product 4

Soil-structure transitions
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Interfaces research
Fault/event trees – focus on failure initiation

Continuous 
cohesionless
seepage 
pathway?

Seepage pathway 
exits unfiltered 
downstream?

Conditions are 
such that 
backward 
erosion piping 
can advance to 
the reservoir?

Backward 
erosion piping 
initiates at the 
unfiltered exit? 

Overlying 
material supports 
a roof as erosion 
progresses 
through the pipe?

Pool 
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Erosion is
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Intervention is
unsuccessful?
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7

7
Breach by gross 
enlargement?

FLAW

UNFILTERED EXIT

INITIATION

PROGRESSION - 1

PROGRESSION - 2

PROGRESSION - 3

INTERVENTION - 1

INTERVENTION - 2

BREACH

From draft USACE Engineering Manual (EM) 1110-2-2902 
Conduits, Pipes and Culverts associated with Levees and Dams
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Interfaces research
Failure mechanisms

Mechanism Description
External erosion Surface erosion as a result of shear 

stresses or turbulence
Instabilities Including sliding, collapsing, settlement
Internal erosion Related to the detachment and transport of 

particles by seepage

Backward erosion Concentrated leak 
erosion

Suffusion

Contact 
erosion
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Interfaces research
Mapping of failure mechanisms
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FLOODsite report – One source of inspiration 
for failure modes and limit state equations
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Interfaces research
Limit State Equations (LSEs)

To evaluate the ability of a defence to resist a certain 
failure mechanism under a certain type of loading 

Z = R - S

Strength LoadReliability

< 0  - Failure

Transitions
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S, Loads
Water levels
Waves
Longitudinal flow
Overtopping
Overflowing
Turbulence
Hydraulic gradient
Pipeline vibration

Weakness = 1/R (R, Strength)
Uneven crest elevation
Geometric irregularities at the contact surface
Steep slopes
Poor material condition at the transition
Leakage from/into pipelines
Poor grass cover
Toe erosion
Crack/fissures
Debris accumulation
Rainfall softening

Z = R - S
Transitions

Interfaces research
Changes to LSEs
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Product 1: Guidance on identification and 
inspection

Tiered approach:
Tier User Techniqu

es
Output Format of 

guidance
Nr of types

1. CAM-type 
basic 
inspection

Field team Visual Condition 
Grade

CAM-style 4

2. 
Intermediate 
Non-
intrusive

Watershed 
Engineer 
or 
equivalent

Visual 
plus desk 
study

Condition 
Grade

Note with specific 
recommendations 
per type, typically 
2-3 pages, see 
Appendix 14-25 in 
SC110008/R2

Up to 10 
(subs of 4 

Main types)

3. Detailed Specialist Surveys, 
modelling

Condition 
Grade + 
paramete
r values

Transition-specific 
comments on 
Appendix 26-29 in 
SC110008/R2 

4 types of 
investigation
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Interfaces research
Product 2 - Fragility curves
 Express varying probability of 

failure with load
 Can be generalised for broad 

scale or bespoke for local system 
or individual asset 
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Interfaces research
Fragility curves – example UK generic curves
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Interfaces research
Product 2 - Fragility curves
 Express varying probability of 

failure with load
 Can be generalised for broad 

scale or bespoke for local system 
or individual asset 

 Generated by evaluation of 
Limit State Equations, but expert 
judgement can also be used to 
adjust them
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Product 2: reliability analysis/fragility curves

Process for generating fragility curves:
 Identification and analysis of all relevant failure modes

 Identification of Limit State Equations (LSE’s) or models for all failure modes 
(recast into reliability format: I.e. Z (reliability) = R (strength) – S (loading))

 Preparation of a schedule of engineering parameters (and their uncertainties)

 Preparation of fault trees specifying the logical sequence of all possible 
mechanisms leading to defence failure

 Performance of many reliability analyses, for a single hydraulic loading across 
a range of parameter uncertainties (i.e. Monte-Carlo sampling). For each 
loading analysed, the probability of failure is the proportion of times that Z<1. 
(Repeated for other hydraulic loadings and the resulting fragility curve plotted)
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Product 2 – implications of transition type 
for fragility curves

 Longitudinal transitions
 separate element in 

system risk analysis
 separate Frag. Curve

 Changes within a cross 
section
 affects component 

fragility curves within 
a segment

 Embedments or 
encroachments 
 cf. USACE EM 1110-

2-2902 Conduits 
Culverts and Pipes

 affects segment 
fragility curve

Soil-structure transitions
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Product 2: combining fragility curves for 
different mechanisms

 If failure modes are independent of each other then fragility curves can be 
combined to provide an overall probability of failure by using De Morgan’s 
Law:

 If they are dependent then it is better to use appropriate tools such as 
‘RELIABLE’ which can deal with this complex issue. (This tool was developed by 
researchers under the FLOODsite and FRMRC projects for this purpose)
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Interfaces research
Product 2 - Fragility curves
 Express varying probability of 

failure with load
 Can be generalised for broad 

scale or bespoke for local system 
or individual asset 

 Generated by evaluation of failure 
Limit State Equations, but expert 
judgement can also be used to 
adjust them.

 Create understanding of the 
performance of a defence, 
especially when including 
defence performance in flood 
systems analysis
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Fragility curve

Product 3: Incorporation of transitions in 
flood risk systems analysis
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Product 3: Incorporation of transitions in
flood risk systems analysis
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Product 4: Design & management guide

Users: 
 Specialist designers and asset managers
Approach: 
 Build on conceptual understanding & classification (Task 2)
 Tiered approach: 
 Standard details 
 Suggested approaches for special cases
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Product maturity
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Product maturity 

Business as 
usual

• Application 
adopted by 
all relevant 
areas of 
business

• Full benefits 
start to be 
realised and 
monitored

Piloting

• Critical 
functionality of 
application 
tested in 
relevant 
environment

• Typical and 
critical 
functionality 
demonstrated

Prototyping

• Application 
validated 
against 
known end 
user needs

• Application 
verified 
against 
sample data

Concept 
validation

• Proof of 
concept 
applications 
developed

• Analytical 
studies

Introduction 
to business

• Full 
application 
demonstration 
in operational 
environment

• Application 
rolled out to 
representative 
range of 
location

Invention

• Basic 
principles 
first 
observed

• Concepts 
developed

Soil-structure transitions
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PRODUCTS

June 6th, 2018 Page 33

Product Description Product maturity Possible next steps
1 Improved guidance for the 

identification and inspection of 
transition zones

Piloting • Continued use
• Embed in post 

inspection process
2 New methods and tools for the 

reliability analysis of flood 
defences with transitions

Piloting • Dissemination: 
standard R&D route 
plus take to Operations 
Managers’ assets 
portfolio

3 New methods to account for 
transitions in flood risk systems 
analysis (e.g. NaFRA)

Concept 
validation/
Prototyping

• Dissemination: 
standard R&D route 
plus discussion with 
CAMC programme 
about piloting and 
further development

4 a) Contents list for a new guidance 
supporting the design, 
maintenance and repair of 
transitions

b) Development of the new
guidance

Invention

Piloting

• Commission the 
development of the 
guide

• Continued use
• Embed in post 

inspection process
Soil-structure transitions
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Assessing and managing risks with soil/structure 
transitions in flood defence structures
Contact: Jonathan Simm j.simm@hrwallingford.com
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