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judgement. Discussion on the effects of SGMs on asset deterioration is provided in Section 
2.4.5.3.  Assets with drainage are modelled to deteriorate faster and fail more, although the 
prevalence of drainage throughout the Strategic Road Network (SRN) makes it difficult to fully 
understand the impacts on deterioration.  

The deterioration modelling also considered the impacts of climate change and found it is 
expected to increase the rates of deterioration, although there is currently uncertainty regarding 
the degree to which changes will impact deterioration rates.  

The outputs of Work Package 3 is suitable for use in the development of a strategic level 
Decision Support Tool, as discussed in Section 2.5 of this report. Further work will be required 
to enable the development of a strategic level Decision Support Tool, as discussed in Section 
2.5 of this report. The development of deterioration models for other asset types to enable cross 
asset interactions to be considered will be required for the development of a strategic level 
Decision Support Tool. This is a significant challenge due to the complexity of cross asset 
interactions. Considerable work will be needed in this area to facilitate the development of a 
Decision Support Tool. Development of Decision Support Tools would help to inform strategy, 
budgets, future performance and the consequences of under investment for future Road 
Investment Strategy Periods. 
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Work Package Objective How has the objective been 
met? 

Other Support National Highways in the development of a 
Decision Support Tool.  

A framework, scope and objectives 
for a future DST has been 
developed. The DST itself has not 
been developed. Mott MacDonald is 
not aware of any other National 
Highways tasks developing a DST 
for geotechnical assets, although we 
have noted this as an activity on the 
Asset Management Transformation 
Programme in the coming years.  
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2 Methodology and Deliverables 

2.1 Work Package Quality Plan 

The Work Package Quality Plan (WPQP) was the initial project deliverable produced by Mott 
MacDonald. The document sets out the plans for the scope of works, project management and 
project quality. An initial version of the Work Package Quality Plan was supplied to National 
Highways on 6th August 2020. This Work Package Quality Plan can be found in Appendix A. 
The agreed task deliverables are listed in Table 2-1. 

Table 2-1: Key deliverable details from the WPQP  

Key Deliverables Deliverable 
Number 

Status Date Comments 

Work Package 
Quality Plan 

WP000a Complete August 2020 Included in Appendix A. 

Task Briefing Note N/A Complete August 2020  

Presentations from 
stakeholder web-
conferences and 
any other meetings 

N/A Complete Monthly Presentations have 
been issued as PDFs 
following meetings. 

Minutes of 
stakeholder 
interviews 

N/A Complete April 2021 Included in Appendix C: 
Work Package 2 
summary report. 

Interim summary 
report to conclude 
findings and 
recommendations 
from the completion 
of Work Package 1 
and 2 

WP001/WP002 Complete April 2021 Included in Appendix C: 
Work Package 2 
summary report. 

Minutes of 
Geotechnical Supply 
Chain Event 

N/A N/A  Minutes were taken for 
internal use and not 
issued. 

Update of Work 
Package Quality 
Plan (following 
stage-gate meeting) 

WP000b Not Completed  No revision was made 
to the Work Package 
Quality Plan following 
the Stagegate Review 
at the end of Work 
Package 1 and 2.3 

Deterioration 
model(s) as inputs 
to future DSTs 

WP003 Complete June 2022 Included in Work 
Package 3: 
Deterioration Model 
Development (Section 
2.4) 

Minutes of liaison 
meetings with other 
task teams in the 
resilience 
programme (where 
this task is the lead) 

N/A N/A  Minutes were taken for 
internal use and not 
issued. 

 
3 The Work Package Quality Plan (WP000b) was not revised during the Stage Gate Review. The scope of 

WP003 was discussed, minuted and agreed and an appropriate monthly progress meeting which was 
accepted as appropriate. 
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into more detailed modelling.  For that event, the initial modelling outputs were presented and 
discussed, and it was agreed that the modelling technique used was suitable and applicable to 
the National Highways requirements.  

2.4.2 Data 

2.4.2.1 Asset inventory 

Geotechnical asset data, in the format as held in the legacy HAGDMS on 28/12/2020, was used 
for the analysis for this task. This contained data for approximately 46,500 geotechnical assets 
on the Strategic Road Network (SRN). Details of asset type were included, with geotechnical 
assets classified as At Grade, Cutting or Embankment. For the purposes of this analysis, assets 
classified as Bund Front and Bund Back were included as Embankments.  

The presence of SGMs or drainage is also recorded within the asset inventory data and was 
used in this analysis to assess their impacts on the rate of deterioration.  

2.4.2.2 Asset condition 

The geotechnical asset data extract also included approximately 550,000 historic and current 
observations which included asset condition recorded during inspections. This data has been 
collected over almost 20 years with 100% of the SRN inspected at least once. Many sections of 
the network have also undergone repeat inspection as shown in Figure 2-3. On average each 
asset on the network has been inspected 3 times. Figure 2-4 shows the distribution of annual 
inspections through time for all assets included within the dataset.  From about 2012/2013, the 
number of annual inspections has settled at approximately 8,000 assets per year.  This equates 
to about 16% of the assets on the network being inspected per year. This is not far from the 
20% figure that initial versions of the HD41 standard recommended, which was based on all the 
assets being inspected at least once in every 5 year period.  The slight drop below this figure is 
most likely the result of the risk-based approach to inspection frequency that is now carried out, 
where lower risk assets are inspected at frequencies greater than 5 years (up to a maximum of 
10 years). 

Figure 2-3: Number of repeat inspections per asset for the 28/12/2020 dataset 
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Table 2-3: Classification of features in CS 641 

Class Description of feature Examples of features 

Class 1 (Visible defects) 

1A Major defects. A slip greater than half the height of a major 
earthwork.  

A rock fall involving large boulder-size1 blocks of 
rock or greater than 1m3 volume of rock debris. 

1D Minor defects. Defects other than major defects. 

Class 2 (likely defects)2 

2 At risk areas. 

Assessment can be based on available 
information (maps, historical reports, behaviour 
of similar assets, etc.) and/or visual inspection. 

An asset overlying an area of mining activity 
where no mitigation measures were carried out 
during construction or where mitigation 
measures have deteriorated.  

An area of sidelong natural or made ground 
subject to historical slope movement. 

Animal burrows. 

Class 3 (areas of repair) 

3 At risk repaired areas.  

Sections of geotechnical assets where defects 
have been repaired or where preventative works 
have been undertaken to prevent deterioration of 
areas considered to be at risk. 

This class does not apply to areas that have 
been reinforced as part of the original design of 
a widening or improvement project. 

Granular slope replacement of a failed cutting. 

Areas of remedial slope drains. 

Areas of remedial mine infilling. 

Areas of remedial rock bolting. 

Areas of bio-engineering. 

Notes: 
1Large boulder is a particle of diameter greater than 630mm approx. 
2Class 2 features are those assessed as likely to deteriorate to a feature class 1 defect.  

Table 2-4: Location index of features in CS 641 

Location 
Index 

Assets affected Overseeing Organisation 
examples 

3rd Party examples 

A Assets that ensure the safety 
of users, workers or other 
parties, or safeguard the 
environment. 

The running lanes or hard 
shoulder used as a running 
lane. 

Emergency refuge areas. 

Vehicle restraint systems and 
motorway communications and 
structures.  

Adjacent safety-critical 
infrastructure or buildings.  

Reservoirs. 

Pylons. 

B Assets which are less critical to 
the safety to users, workers or 
other parties, or safeguard the 
environment but are required 
to ensure the reliable 
performance of the network.  

Hard shoulder or roadside 
structures. 

Communications. 

Adjacent non-safety-critical 
infrastructure or buildings. 

C Adjacent land not A or B. Land occupied by the 
Overseeing organisation and 
adjacent to the carriageway 
but not A or B. 

Not applicable. 

D Remote land not A or B. Land occupied by the 
Overseeing organisation and 
remote from the carriageway 
but not A or B. 

Adjacent soft estate. 
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Figure 2-6: Definition of geological material groups for cohesive shallow failure  

 

Figure 2-7: Definition of geological material groups for deep progressive failure  
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Condition Score will increase, which may then result in the asset falling into the next Asset 
Condition Rating band, if the score of the next highest boundary between bands is exceeded. 
The boundaries for each band were set using the most recent asset condition score for each 
sub-asset. Boundaries were calculated at asset type level to account for the overall better 
condition of at-grade assets and for any differences in behaviour between Cuttings and 
Embankments to be notable. The Asset Condition Score boundaries used to define the Asset 
Condition Ratings are shown in Table 2-9 below. 

Table 2-9 Asset Condition Rating details 

Asset type Asset Condition 
Rating band 

Lower limit Access 
Condition Score for 
band 

Upper limit Access 
Condition Score for 
band 

Number of sub-
assets based on 
latest inspection 

Cutting A 0 0 31389 

Cutting B >0 <=0.25 10138 

Cutting C >0.25 <=0.5 2508 

Cutting D >0.5 <=1.4 1516 

Cutting E >1.4 No upper limit 
(maximum score seen 
for the latest inspection 
is 16.25, maximum 
score ever seen is 
17.98) 

927 

Embankment A 0 0 29437 

Embankment B >0 <=0.25 9649 

Embankment C >0.25 <=0.5 2618 

Embankment D >0.5 <=1.63 1540 

Embankment E >1.63 No upper limit 
(maximum score seen 
for the latest inspection 
is 16, maximum score 
ever seen is 18.05) 

898 

At Grade A 0 0 52365 

At Grade B >0 <=0.25 8446 

At Grade C >0.25 <=0.5 1440 

At Grade D >0.5 <=1.95 599 

At Grade E >1.95 No upper limit  

(maximum score seen 
for the latest inspection 
is 8.3, maximum score 
ever seen is 32) 

238 

When this banding approach has been used in previous work (for other UK geotechnical asset 
owners such as Network Rail, but also in previous work for National Highways, such as the 
generation of ground-related hazards maps for use in GDMS) an idealised distribution of the 
number of assets in each band has been used.  The generally agreed method is to try and 
achieve a decreasing asset distribution from best to worse condition with approximately 50% of 
assets in band A and halving number of assets in each of the lower bands, such that about 3% 
of assets lie in band E21.  

It was not possible to use this decreasing distribution of sub-assets when assigning boundaries 
for each Asset Condition Rating band for this work due to the number of sub-assets with no 

 
21 The idealised distribution (to 2dp) in detail is 51.68% (band A), 25.84% (band B), 12.92% (band C), 6.46% 

(band D), 3.23% (band E) 
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period. CIRIA C784 provides further details on the Markov chain methodology, including its 
application to a number of UK infrastructure case studies.  

Figure 2-14: Visualisation of the Markov chain methodology (CIRIA C784) 

 

 

To model the influence of various asset characteristics on deterioration rates, the geotechnical 
asset inspection dataset has been sub divided into cohorts, to meet the requirements set out in 
the task scope (see Section 1.2). A full list of the cohorts modelled, the results of what are 
shown in Section 2.4.5 is provided in Table 2-10. 

Table 2-10: List of sub-asset cohorts modelled 

Asset Type Additional Cohort Details Climate Change 
Considered 

Scope requirement 
addressed 

Embankment None No Modelling the deterioration of 
each of the asset types as 
defined in CS641 

Cutting None No 

At Grade None No 

Embankment None Yes Modelling the potential impact 
of climate change on 
deterioration of geotechnical 
assets 

Cutting None Yes 

Embankment Cohesive Soils No 
Modelling the impact of 
geological materials on the 
deterioration of geotechnical 
assets, also taking account of 
the asset types as defined in 
CS641 

Cutting Cohesive Soils No 

Embankment Granular Soils No 

Cutting Granular Soils No 

Embankment Rock and Chalk No 

Cutting Rock and Chalk No 

Embankment SGM Present No 

Modelling the impact of SGMs 
on the deterioration of 
geotechnical assets, also taking 
account of the asset types as 
defined in CS641 

Cutting SGM Present No 

Embankment Slope Drainage SGM No 

Cutting Slope Drainage SGM No 

Embankment Gravity Wall SGM No 

Cutting Gravity Wall SGM No 



https://nationalhighways.co.uk/media/2mvhwhsi/asset-management-policy-v_final.pdf
https://nationalhighways.co.uk/media/2mvhwhsi/asset-management-policy-v_final.pdf
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 Table 2-11: Climate change uplift factors for 2020-2050 and 2050-2080, based on UKCP18 RCP8.530 scenario 

Cohort SGM Types in the 
cohort 

2050 Uplift 
factor 

2080 Uplift 
factor 

2050 Uplift factor range 2080 Uplift factor range 

Lower Upper Lower Upper 

Embankments Not applicable 1.8 2.8 0.9 3.6 1.4 5.6 

Cuttings Not applicable 1.8 2.8 0.9 3.6 1.4 5.6 

At Grade Not applicable 1.8 2.8 0.9 3.6 1.4 5.6 

Slope Drainage SGM Counterfort Drain 

Herringbone Drain 

1.9 3.0 0.95 3.8 1.5 6.0 

Gravity Walls SGM Block Wall 

Gabion Wall 

Mass Concrete Wall 

1.7 2.6 0.85 3.4 1.3 5.2 

Reprofiling and Material 
Replacement SGM 

Regrade 

Rockfall 

1.6 2.4 0.8 3.2 1.2 4.8 

Rock Cut Management SGM Rock Bolts 

Rock Netting/Mesh 

1.3 1.7 0.65 2.6 0.85 3.4 

Strengthened Earthworks 
Linear SGM 

Soil Nails 1.7 2.6 0.85 3.4 1.3 5.2 

Strengthened Earthworks 
Planar SGM 

Geogrid 

Geotextile 

1.5 2.2 0.75 3.0 1.1 4.4 

Embedded Walls SGM Sheet Pile Walls 1.1 1.3 0.55 2.2 0.65 2.6 

Other SGM Other 1.6 2.3 0.8 3.2 1.15 4.6 

Slope Drainage and 
Reprofiling/ Material 
Replacement (sub-assets 
with both slope drainage and 
reprofiling) SGM 

Counterfort Drain 

Herringbone Drain 

Regrade 

Rockfill 

1.6 2.4 0.8 3.2 1.2 4.8 

 

 
30 Representative Concentration Pathway 8.5, where 8.5 is indicative of a high emissions climate change scenario, with emissions modelled to continue rising throughout the 21st 

century 
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link road are the result of construction of Embankment during a particularly wet earthworks 
season, which left a legacy of increased deterioration rates. 

There are fewer stages in the construction of Cuttings and less vulnerability to the impact of 
adverse weather, and provided the Cutting is at an appropriately designed slope angle, there is 
less of a risk of defects being introduced during construction, which could impact on future 
deterioration rates. It is also likely that any defects that occurred during or shortly after 
construction will have been remediated prior to an asset inspection being captured in GDMS 
and hence do not feed into the modelling. 

At Grade assets deteriorate far slower than Cuttings and Embankments and fail far less 
frequently, matching engineering judgement.  It is worthy of note that the definition of At Grade 
for National Highways is any asset whose slopes are less than 2.5m high along their entire 
length. So minor Cuttings and Embankments are included in the definition, as well as true 
sections where the carriageway follows the natural lie of the land.  This 2.5m threshold was set 
due to the pioneering work in describing the early life performance of motorway earthworks 
undertaken by TRL in the 1980s31.  Below 2.5m height, the number of defects observed is 
minimal. 

 

  

 
31 Transport and Road Research Laboratory, 1989.  Research Report 199: A survey of slope condition of 

motorway earthworks in England and Wales. 
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 Figure 2-42 Analysis of geotechnical asset failures to determine their relationship to drainage37 

 
 

37 Figure taken from Lane, M., Halstead, K., Power, C., Spink, T., Bailey, A. and Patterson, D. 2020. Establishing and quantifying the causal link between drainage and earthworks 
performance for Highways England. Quarterly Journal of Engineering Geology and Hydrogeology. Vol 53. Issue 2. 
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Figure 2-52 Summary of required Decision Support Toom inputs (Task 122, Mott 
MacDonald 2017) 

 

 

As can be seen from Figure 2-52, deterioration models form an input to a strategic DST, in the 
Model parameters group. 

In the Task 122 report, a detailed assessment was carried out to provide a roadmap towards the 
development of a strategic geotechnical asset DST for National Highways.  This roadmap set 
out three Phases of DST development and provided detail on what work would be required to 
achieve the requirements of each phase.  The summary of this roadmap is provided in Table 
2-14 below.
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Table 2-14 Summary of strategic geotechnical DST recommendations from Task 122 report 

 
 

The work presented in this report has advanced National Highways on some elements of this roadmap, as summarised in Table 2-15.
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Work Required (from task 
specification, see Appendix A) 

Proposal 
Section 

Comments on 
methodology outlined in 
this WPQP (relative to 
task proposal) 

WPQP 
Section 

Peer review and liaison with other 
projects 

Section 3.8 Unchanged Section 1.5.6 

Support to DST development Section 3.9 Unchanged Section 1.5.7 

1.4.1 Summary of deliverables 

The deliverables for the task, as currently envisaged, are described in Table 2 below.   These 
deliverables are subject to change during the task period, in agreement with the Highways 
England Project Sponsor.   

Table 2: Task deliverables 

Key Deliverables Deliverable 
Number 

Work Package Quality Plan (Project Initiation Document) WP000a 

Task briefing note N/A 

Presentations from stakeholder web-conferences and any other meetings N/A 

Minutes of stakeholder interviews N/A 

Interim summary report to conclude findings and recommendations from 
the completion of work package 1 and 2 

WP001/WP002 

Minutes of geotechnical supply chain event N/A 

Update of Work Package Quality Plan (following stage-gate meeting) WP000b 

Deterioration model(s) as inputs to future DSTs WP003 

Minutes of liaison meetings with other task teams in the resilience 
programme (where this task is the lead) 

N/A 

Contractor Monthly Reports, including monthly updates on progress to be 
summarised and passed to Arup resilience task team 

N/A 

Technical Working papers on key project developments, as required N/A 

A3 Knowledge Transfer Sheet  N/A 

Updated Benefits Realisation Capture Form N/A 

Source: Mott MacDonald 

1.5 Work breakdown structure and timescales 

Details of the individual sub-task work items within the task are given below.  Where there has 
been no revision to a sub-task based on the task initiation meeting or subsequent discussions, 
these are copied directly from the task proposal (WSP/Mott MacDonald, May 2020). 

1.5.1 Project initiation 

Project initiation will commence on award of the Work Package. The Work Package Manager 
will have an inception meeting with the Client Work Package Order Manager to discuss and 
agree the detailed scope of work (and any associated prioritisation by MoSCoW) as initially 
envisaged and agree dates for key deliverables. 

The agreed initial scope of work will be documented in a brief Work Package Quality Plan 
(WPQP) (WP000), which will be produced within one month of the inception meeting. The 
WPQP will include review of the Draft Work Package Risk Register. 

The Project Sponsor has also requested the production of a Task Briefing Note to support the 
communication of the main aims of the task to the parallel tasks within the resilience project, 
and to provide wider exposure of the project within the broader Highways England business.  
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2 Project Management Plan 

 

This section of the Work Package Quality Plan sets out the means by which the task will be 
managed. This includes the detailed schedule of sub-tasks, details of resources, billing and 
monthly reporting procedures, risk management and the means by which information will be 
managed.  

2.1 Schedule 

The currently envisaged schedule for the task is given in Table 4 below.  Given the nature of 
this task, as part of a wider R&D resilience programme, the schedule is subject to modification, 
in agreement with the HE Project Sponsor.   

Following the task initiation meeting with Highways England the most significant change to the 
schedule than that which was set out in our proposal (WSP/Mott MacDonald, May 2020) is the 
request for the stage-gate meeting to be programmed to co-ordinate with the proposed 
Highways England geotechnical supply chain event in March 2021.   
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Table 4: High level task programme 

 

Source: Mott MacDonald 
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A. Work Package Scope 

Task specification provided in the tender information for Task 1-1061.  

  



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/860289/Asset_Management_Strategy_Low_Res.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/860289/Asset_Management_Strategy_Low_Res.pdf
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The Asset Management Plan, developed from this strategy, sets out our vision 
and programme for long term and tactical planning, asset knowledge, whole 
lifecycle delivery and monitoring and review. 

Through its programme of inspections, and its Geotechnical Data Management 
System (GDMS) Highways England currently has as a good knowledge of its 
earthworks assets however the current forward plan for geotechnical 
maintenance and interventions is generally based on a bottom up approach 
using GeoAMPs, combined with experience and expert judgement.   

A DST for geotechnical and drainage assets will therefore ultimately be needed 
to recognise the challenges and constraints in terms of (1) the inherent 
uncertainty related to geotechnical performance (2) the relatively limited 
historical evidence for deterioration of Highways England's geotechnical assets 
and SGMs (3) the fact that future deterioration is expected to happen at a faster 
rate, related to both age of assets and changing external demand (climate, 
loading), but we don't yet know details of this rate change.  To develop a robust 
DST approach for the geotechnical assets, these uncertainties need to be 
understood and implicitly accounted for.  This task is to develop the framework, 
scope and objectives required for that DST, but not the DST itself, which will be 
compiled as part of a later task. This scope and input should consider the 
interaction with other assets, particularly, but not exclusively drainage. 
Ultimately the DST will enable better decisions to be made concerning cost 
effective planning at both the tactical and strategic level. 

This task is part of a suite of R&D tasks within the Geotechnical portfolio which 
has the objective of enabling Highways England to provide a resilient network, 
both now and in the future, that is able to anticipate, withstand, absorb, respond 
to and adapt to unplanned events. Preliminary deterioration modelling in 
particular, has been undertaken over recent years as part of this resilience 
programme.  This was included in Task 197: development of the Slope Hazard 
Rating and subsequently updated in 1-062 Geotechnical Hazard Knowledge; 1-
532 Enhanced Hazard Products (PIN 565429); Task 651(666)ARPS Prediction 
of future performance of the geotechnical asset; 564296 Development of 
Geotechnical performance Indicators; 565430 Geotechnical Resilience - 
Planning and Embedment; 565406 Geotechnical Asset Performance: Whole 
Life Assessment etc.  These have considered both a top down and bottom up 
understanding of deterioration.   

There is a need for collaboration with ongoing complimentary tasks and sharing 
of findings and output. 
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B. Risk register 



Mott MacDonald | HE Geotechnical Asset Performance: Deterioration Modelling for Decision Support (SPaTs 1-1061) 
Work Package Quality Plan 
 

419467 | 001 | A | 06 August 2020 
 
 

31 

Ref Hazard Consequence Risk Mitigation Responsible Residual 
Risk 

1 Availability of 
resource to meet 
requirements of 
client 

Failure to deliver to 
programme and 
budget 

High 

Integrated project team provides 
resilience and redundancy in resource 

Work Package 
Manager 

Low 

2 Lack of clarity of 
scope 

Failure to meet client 
expectations or 
objectives.  Project 
outputs are 
incompatible with 
DSTs.   

High 

The broad scope, and certain 
specifics, will be defined in the project 
inception meeting and documented in 
the WPQP. Scope for work packages 1 
and 2 is well defined. The detailed 
scope for work package 3 will be 
determined at a key stage-gate 
meeting and through a MoSCoW 
process. Tasks will be prioritised and 
addressed in priority order, until either 
complete, or time or budget is 
exceeded. 

Work Package 
Manager 

Medium 

3 Lack of 
engagement from 
parts of Highways 
England business 

Not possible for 
project to define 
business needs to 
allow scope of work 
required to feed into 
DSTs. Project 
outputs are 
incompatible with 
DSTs.   

High 

Programme for phase has been 
extended to allow greater time to 
contact and liaise with the appropriate 
teams. Supply chain event will provide 
guidance if inadequate engagement 
from Highways England during work 
package 2.   

Work Package 
Manager 

Medium 
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B. Work Package 1: Literature review 
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Table 1  Summary of the literature review undertaken  
Theme Reference Year(s) of 

publication 
Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK practice 1-456 2020 Atkins/ Jacobs Highways 
England 

Geotechnical 
Asset 
Performance - 
Whole Life 
Assessment 

Earthworks / 
SGMs 

Strategic / 
Tactical / 
Operational 

Stability model >> Update to 594 SGM 
location, purpose, inventory 
and condition from 
unstructured data 
>> Preview of Task 1-266 
earthwork condition indicators 
>> Input for defining HE 
earthwork asset cohorts and 
condition states 
>> Trial development of 
"bottom-up" Monte-Carlo-
based slope stability models 
for genericised assets 
>> "Top-down" investigation of 
Inspectors' defect prediction 
accuracy 

>> Acknowledged that no 
comprehensive, reliable 
source of data for "bottom-
up" stability model 
parameters exists (past, 
present or future) 
>> No explicit consideration 
of rainfall 
>> Quality of GAD 
observations (visually-
assessed defects and 
judgement-based 
predictions of future defects) 
questioned 

High (SGM data 
incorporated into 
1-532)  

UK practice SR2010 2008-10 SEAMS/ 
Atkins 

Highways 
England 

Drainage 
Investment 
Strategy (Quick 
Wins / Quick 
Wins Plus) 

Drainage Strategic / 
Tactical (asset 
cohorts) 

Deterministic, 
regression-
based 

>> HE drainage asset cohort 
and condition state definitions 
>> Univariate regression 
(time) based deterioration 
models for specified drainage 
condition state parameters 
(water industry-based for 
pipes; expert based for other 
assets) 
>> Approach for cross-asset 
consequence (flood) modelling 
>> Approach for Expert 
Opinion integration 

>> Available reports do not 
contain sufficient detail to 
fully define/replicate 
previous modelling; many 
aspects proprietary to 
SEAMS (now ArcadisGen) 
>> Content demonstrably 
superseded by work in Ref. 
197(D) 

Moderate (as DST 
benchmark) 
 
Moderate (parts of 
technical 
approach) 
 
Low (deterioration 
models) 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK practice 651 (666) 2010 Arup Highways 
England 

Prediction of 
Future 
Performance of 
the Geotechnical 
Asset - Phase 2 
Report 

Earthworks Strategic Stochastic, 
state-based 

>> Early example of stochastic 
state-based deterioration 
model (i.e. two-state 
exponential failure rate model) 
>> Earthwork discretisation / 
"chunking" for data 
aggregation considered 
>> Results benchmarking 
against literature of historical 
failures 

>> Superseded model form 
>> Key influences on failure 
rates (e.g. rainfall, drainage, 
geology, geometry 
human/animal/vegetation 
action, etc.) noted but not 
fully quantified and 
incorporated 

High (collated 
historical data, 
deterioration model 
benchmark) 

UK practice 122 2017 Mott 
MacDonald 

Highways 
England 

Geotechnical 
Proof of Concept 
Decision 
Support Tools 

Earthworks Strategic / 
Tactical 

Stochastic, 
state-based 

>> Detailed roadmap for HE 
Decision Support Tool(s) for 
earthworks (including 
deterioration models) 
>> Confirmed that "Phase 1" 
models are readily achievable 
with current data and 
technology 

>> Cohort-based approach 
necessitates loss of 
resolution (due to 
summarisation/categorisatio
n of low-level observations) 
>> State-based condition 
necessitates state-based 
intervention/decision 
modelling 
>> Cross-asset interactions 
identified but not 
quantitatively 
defined/modelled 

Very high (detailed 
roadmap for HE 
earthworks 
deterioration 
modelling and 
DSTs) 

UK practice 197(D) 2017 Mott 
MacDonald 

Highways 
England 

Drainage Proof 
of Concept 
Decision 
Support Tools - 
Deterioration 
Desk Study / 
Modelling - Final 
Reports 

Drainage Strategic / 
Tactical 
(catchment / 
asset cohorts) 

Stochastic, 
state-based 

>> Demonstrated 
homogeneous Markov chain 
based deterioration models for 
HE drainage assets 
>> Demonstrated data-driven 
parameter assessment 
>> Drainage Panel of Experts 
verified analysis approach and 
results (incl. comparison to 
SR2010 work) 
>> Demonstrated approach for 
later Decision Support Tool 
integration / use cases 

>> Cohort-based approach 
necessitates loss of 
resolution (due to 
summarisation/categorisatio
n of low-level observations) 
>> State-based condition 
necessitates state-based 
intervention/decision 
modelling 
>> Cross-asset interactions 
identified but not 
quantitatively 
defined/modelled 

Very high (detailed 
roadmap for HE 
drainage 
deterioration 
modelling and 
DSTs) 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK practice 434 2016 Arup / URS / 
Mott 
MacDonald 

Highways 
England 

Sustainable 
drainage Phase 
3 - Activity 2 - 
Drainage Cross 
Asset Risk 

Drainage / 
Earthworks 

Strategic / 
Tactical 

Earthwork-
drainage 
interaction 

>> First quantification of 
relationship between drainage 
asset condition and 
earthworks defects and 
flooding 
>> Bow-tie diagram of 
drainage impacts on 
earthworks as a basis for 
cross-asset modelling 
>> Definitions and derivations 
for quantitative measures of 
earthworks safety risk, delay 
risk, environment risk, 
reputation risk and 
infrastructure risk provided (for 
later decision modelling) 

>> Acknowledged that bow-
tie diagrams of drainage-
earthwork interactions 
require further development 
>> Methods for cross-asset 
deterioration/consequence 
modelling not established 
>> Limitations in available 
data for this purpose 
identified 

High (earthwork-
drainage 
interaction) 

UK practice 1-147 2018 Mott 
MacDonald 

Highways 
England 

Innovative 
Geotechnical 
Repair 
Techniques - 
Effectiveness of 
Fibre Reinforced 
Soil 

Temporary 
works 

Operational n/a (not used for 
permanent 
works) 

>> Fibre reinforced soil should 
not be considered for 
permanent works applications 
for UK highways earthworks 

n/a Low 

UK practice 652 (666) 2010 Mott 
MacDonald 

Highways 
England 

Rock Slope 
Hazard 
Assessment 
Report 

Rock cuttings Strategic / 
Tactical 

Stochastic, 
state-based 

>> Review of rock slope 
condition / stability 
assessment methods 
>> Potentially relevant for 
defining HE rock slope asset 
cohorts and condition states 

>> RSHI system 
recommended in this report 
subsequently found to be 
poorly correlated with failure 
likelihood in NR Earthworks 
CP5-6 work 
>> NR seeking RSHI 
replacement 

Low 

UK practice NR 
Earthworks 
CP5-6 

2014 Mott 
MacDonald 

Network 
Rail 

Condition and 
failure data 
analysis for 
earthworks 
deterioration 
modelling 

Earthworks Strategic / 
Tactical 
(asset 
cohorts) 

Stochastic, 
state-based 

>> Homogeneous Markov 
chain based deterioration 
models for UK rail network 
earthwork cohorts 
>> Used to allocate >£1bn in 
asset management funding 
from 2014 to date 
>> ORR scrutinised and 
accepted 

>> State-based / cohorting 
inevitably reduces resolution 
>> Associated DST and 
management policy must 
align to asset states/cohorts 
>> No explicit consideration 
of cross-asset interactions 
>> Homogeneous model 
reasonable for aged rail 
earthworks asset portfolio; 
suitability for newer 
highways earthworks asset 
portfolio uncertain 

High (deterioration 
model and DST 
integration) 
 
Moderate (state 
definitions and 
data analysis) 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK practice SC060078 2013 Environment 
Agency 

Environmen
t Agency 

Flood control 
and risk 
management 
assets: 
deterioration 
modelling and 
whole life cost 
analysis 

Embankments 
/ bunds 

Strategic / 
Tactical (asset 
cohorts) 

Deterministic, 
regression-
based 

>> Deterministic univariate 
regression (time) based 
deterioration models for 
specified assets and condition 
metrics 
>> Expert judgement based 
>> Input for 
benchmarking/validation of 
other models 

>> Uncertain applicability to 
highway earthworks 

Moderate 
(benchmarking/vali
dation) 

UK industry 
research 

C784 2019 Mott 
MacDonald 

CIRIA Deterioration 
modelling of civil 
engineering 
infrastructure 
assets 

Infrastructure 
assets 

Strategic / 
Tactical / 
Operational 

General 
applicability 

>> Comprehensive set of 
considerations for successful 
deterioration modelling 

>> Not intended to be a 
guide for how to define and 
calibrate models 
>> Guidance already used 
to set out 197(D) and 122 

High (as basis for 
more detailed 
approaches in 
197(D) and 122) 

International 
applied 
research 

IN2SMART 2019 Network 
Rail/CEM/ 
SNCF 

EU 
Shift2Rail 

Predictive 
Models of 
Decaying 
Infrastructures: 
approaches and 
use cases 

Earthworks 
(rail) 

Strategic / 
Tactical (asset 
cohorts) 

Stochastic, 
state-based 

>> Apparent confirmation that 
no national rail network 
operator has more advanced 
earthworks deterioration 
modelling capability than UK's 
Network Rail 

>> Report details asset 
owners' desired future 
modelling capability ("use 
cases") only, not proposed 
approaches / technology 
solutions 

Moderate (as 
international 
benchmark) 
 
Low (technical 
content) 

International 
practice 

GeoTechTo
ols.org 

2012 - 
present 

Federal 
Highway 
Administration 
/ ASCE Geo-
Institute / 
Transportation 
Research 
Board 

Federal 
Highway 
Administrati
on / ASCE 
Geo-
Institute / 
Transportati
on 
Research 
Board 

Geotechnology 
selection 
guidance and 
engineering 
tools for 
embankment, 
ground 
improvement, 
and pavement 
support 
applications 

Earthworks / 
pavements 

Operational n/a >> Web-based information / 
guidance system 
>> Contains information on 46 
ground improvement and 
geoconstruction technologies 
to assist in deciding which are 
applicable to site-specific 
conditions 
>> Includes technology fact 
sheets, photographs, case 
histories, design procedures, 
quality control/quality 
assurance procedures, cost 
estimating tools, specification 
guidance and a bibliography 
for each technology 

>> Information all USA-
based 
>> Applicability to UK 
highways earthworks 
practices uncertain 

Moderate (as 
operational DST 
example) 
 
Low (for 
deterioration 
modelling 
specifically) 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK practice 580 2010 Arup Highways 
England 

A risk-based 
framework for 
geotechnical 
asset 
management 

Highways 
England 
geotechnical 
assets 

Strategic Covered in 
related report for 
Task 651 (666) 

>> Useful benchmark as a 
Highways England-specific 
risk-based decision framework 

>> Now over a decade old; 
while framework still has 
relevance, views on 
acceptability of risk has 
changed (e.g. report does 
not mention "climate 
change") 

Moderate (as an 
HE decision 
framework 
benchmark) 

UK practice 634 2016 Arup Highways 
England 

Resilience of 
geotechnical 
assets on the 
Strategic Road 
Network to 
severe weather 
events 

Highways 
England 
geotechnical 
assets 

Operational/T
actical 

General 
relevance 

>> Useful framework for 
determining resilience to 
extreme weather based on 
weather hazard identification; 
vulnerability as a function of 
exposure, fragility and 
redundancy;  

>> Report highlights that 
existing efforts to rigorously 
associate specific weather 
events to a contribution to or 
trigger of specific ground-
related responses, have (at 
date of the report) been 
inconclusive 
>> Network or route-level 
resilience noted as not 
tractable (at date of the 
report) 
>> The majority of 
knowledge gaps reported as 
blockers to implementation 
remain as of 2021 

Moderate (as an 
HE decision 
framework 
benchmark) 

UK practice 1-086 2017 Arup/ AECOM Highways 
England 

Application of 
Remote Survey 
Data for 
Geotechnical 
Asset Condition 
& Performance 

Highways 
England 
geotechnical 
assets 

General 
relevance 
(input data 
acquisition) 

General 
relevance (input 
data acquisition) 

>> Information on available 
remote survey technologies 
and their relevance to 
monitoring high-risk slopes, 
slopes with SGMs, ground 
hazards and reduction of 
physical inspections 

>> Pilot study only; datasets 
reviewed do not have 
national coverage or 
repeated capture over time 
>> Current technologies 
tend to have issues related 
to scalability of acquisition 
rate (e.g. drone surveys) or 
of data processing/feature 
extraction (e.g. piloted 
aircraft/satellite LiDAR / 
InSAR). 
>> Report does not consider 
monitoring requirements to 
confirm "low risk" sites 
actually remain "low risk" 

Moderate (where 
repeat remote 
survey data is 
available and 
derived outputs 
can be produced) 
 
Low (where 
unavailable) 

UK practice 1-194 (1) 2018 Arup/ AECOM Highways 
England 

Improved use of 
information in 
geotechnics - 
Part 1 

Highways 
England 
geotechnical 
assets 

General 
relevance 

General 
relevance 

>> Recommendations for 
improvements to HE systems 
to support future data-driven 
development, including 
improving quality and 
consistency of capture of 
AGS-based geological data 

>> Does not address how 
existing data can be used to 
maximum advantage for 
deterioration modelling or 
decision support tools 

Low 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK 
academia 

Reid & 
Clark 2000 

2000 Reid & Clark 
2000 

TRL A whole life cost 
model for 
earthworks 
slopes 

Clay cuttings Strategic Deterministic, 
regression-
based 

>> Simple whole life cost 
models based on data in Perry 
(1989) 
>> Evidence of failure rates 
>> Inputs for model validation 
/ benchmarking 

>> Deterministic 
>> Based on limited data for 
areas of known high failure 
rate 
>> Focused on "delayed 
failure" risk 
>> Applicable only to 
geologies considered 
>> Nonstandard regression 
analysis techniques applied 

Moderate 
(benchmarking/vali
dation) 
 
Low (technical 
implementation) 

UK practice 1-266 tbc AECOM/Arup/ 
Amageo 

Highways 
England 

Geotechnical 
Condition 
Indicators 

Earthworks Unknown Unknown >> input for defining HE 
earthwork asset cohorts and 
condition states (previewed in 
1-456) 

>> Work not yet completed Currently unknown 

UK practice Perry 
(1989); 
Perry & 
O'Reilly 
(1990) 

1989-90 Perry (1989); 
Perry & 
O'Reilly 
(1990) 

Transport 
Research 
Laboratory 

A survey of 
slope condition 
on motorway 
earthworks in 
England and 
Wales 

Earthworks Strategic Deterministic, 
regression-
based 

>> Failed length (as %age of 
total length) for different clays 
as a function of age and 
geometry  
>> Input for model validation / 
benchmarking 

>> Based on limited data for 
areas of known high failure 
rate 
>> Condition/failure 
definition used not derivable 
from defect data available in 
HA GDMS 

Moderate 
(benchmarking/vali
dation) 

UK practice Andrews 
(1990) 

1990 Andrews 
(1990) 

Transport 
Research 
Laboratory 

Determining the 
age of failure of 
motorway 
earthworks from 
aerial survey 
photographs 

Earthworks General 
relevance 

General 
relevance 

>> Evidence of failure rates of 
cuttings and embankments; 
possibly supports time-
homogeneity; strong 
correlation with geology type 
>> Inputs for model validation 
/ benchmarking 

>> Insufficient data to 
establish correlation 
between delayed failures 
and rainfall 

Moderate 
(benchmarking/vali
dation) 

UK practice SEAMS 
(2008) 

2008 SEAMS/ 
Atkins 

Highways 
England 

HA Geotechnics 
WiLCO model 

Earthworks Strategic / 
Tactical (asset 
cohorts) 

Deterministic, 
regression-
based 

????? >> Subsequent HE 
Drainage Panel of Experts 
review (as part of Task 197) 
of deterioration models 
employed  in WiLCO 
considered to be inferior to 
more recent probabilistic, 
state-based alternatives 

Low 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

International 
practice 

NASEM 
(2019) 

2019 National 
Academy of 
Sciences, 
Engineering 
and Medicine 
(NASEM) 
National 
Cooperative 
Highway 
Research 
Program 
(NCHRP) 

American 
Association 
of State 
Highway 
Transportati
on Officials 
(AASHTO) 

Geotechnical 
Asset 
Management 
(GAM) for 
Transportation 
Agencies & 
GAM Planner 
software 

Earthworks Strategic Stochastic, 
state-based 

>> International benchmark a 
geotechnical decision support 
tool (a Markov Decision 
Process or MDP) 
>> Linear programming-based 
optimiser capable of 
automatically minimising cost 
over a planning horizon (10 
years) 

>> Condition state 
definitions and influence of 
stabilisation, drainage and 
climate change not explicitly 
considered 
>> Based on UK 
geotechnical asset 
management experience 
(particularly Network Rail 
SCAnNeR) plus US 
experience with MDPs for 
bridges (FHWA NBIAS 
decision support tool) 
>> Optimiser currently only 
configured to compute 
"minimum cost", not other 
scenarios, e.g. "maximise 
condition against budget 
cap", "sustain current 
condition", "improve 
condition to target", etc. 
available in NBIAS. 
>> Optimisation method 
does not readily provide any 
information beyond a single 
long-run intervention policy 
(unlike grid-search-based 
optimisation used in 
SCAnNeR). 
>> Cost-based optimal 
solutions sensitive to 
difficult-to-assess cost 
inputs, e.g. costs of NOT 
intervening 

High (as a 
comparator 
international 
strategic-level 
deterioration model 
and DST 
benchmark) 
 
Low (for parameter 
estimation or 
incorporation of 
cross-asset 
modelling / climate 
change) 

International 
academia 

Melchiorre 
&  Frattini 
(2012)  

2012 Uppsala 
University & 
University of 
Milano 

Norwegian 
Geological 
Survey / 
International 
Centre for 
Geohazards 

Modelling 
probability of 
rainfall-induced 
shallow 
landslides in a 
changing 
climate, Otta, 
Central Norway 

Natural slopes 
Earthworks 

Strategic/Tacti
cal 

Simplified 
physical stability 
model 

>> Local infinite slope stability 
model with intensity-duration-
frequency rainfall model under 
11 climate change scenarios 
>> Main finding: "uncertainties 
in the predicted extreme 
precipitation events, 
hydrologic and slope stability 
modelling parameters, and 
antecedent precipitation 
conditions do not allow any 
accurate estimation of 
changes in stability conditions 
for shallow landslides" 

>> Demonstration that 
holistic consideration of 
uncertainty can cause it to 
dominate analysis results, 
particularly "optimal" 
solutions 
>> Implications of 
approaches such as 
Martinovic et al (2016) and 
recommendations arising 
from Stonehaven 

High (limitations of 
simplified stability-
based models,  
automatic 
optimisation under 
uncertainty) 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

International 
academia 

Inamura 
(2006) 

2006 Bank of Japan Bank of 
Japan 

Estimating 
Continuous Time 
Transition 
Matrices From 
Discretely 
Observed Data 

General 
relevance 

Strategic State-based 
(Markov) models 

>> Techniques for back-
calculation of generator 
matrices from transition 
matrices 
>> Potentially useful for expert 
opinion elicitation 

>> Homogeneous Markov 
framework, hence no 
explicit consideration of 
dynamical processes 
>> e.g. climate change 
(would have to be 
incorporated separately). 

High 

UK practice Gunn et al 
(2018) 

2018 BGS / 
Loughborough 
University / 
University 
College Dublin 

Great 
Central 
Railway  
(Nottingham
) Heritage 
Railway 

Deterioration 
model and 
condition 
monitoring of 
aged railway 
embankment 
using non-
invasive 
geophysics 

Embankments Operational Operational >> Techniques for geophysical 
condition assessment 
>> Suggestions for use of 
geophysical measures in 
deterioration analysis 

>> Individual slope scale 
>> Emergent techniques, 
not yet widely applied 

Low 

UK 
academia 

Smith & 
Loveridge 
(tbc) 

tbc University of 
Leeds 

Network 
Rail 

Improved 
Earthworks 
Drainage for 
Safer Reliable 
Railways 

Drainage Strategic/Tacti
cal/Operationa
l 

Drainage 
interaction 

Proposed to deliver: 
>> Models for interaction 
between climate, slopes, 
drainage and vegetation 
>> Models for positive and 
negative impacts of vegetation 
on slope stability/resilience 
and serviceability 
>> Models of impact of 
improved earthwork drainage 
capacity on downstream 
drainage system capacity 

>> Project currently 
indefinitely paused due to 
health of lead researcher; 
resumption date currently 
unknown. 

High 

UK 
academia 

Fowler et al. 
(tbc) 

tbc Newcastle 
University 

Met Office & 
UK Water 
Utility 
companies 

FUTURE-
DRAINAGE: 
Ensemble 
climate change 
rainfall estimates 
for sustainable 
drainage 

General 
relevance 

Strategic/Tacti
cal/Operationa
l 

Climate change 
impacts 

>> Aim to provide revised 
design guidance and design 
storm event uplift factors 
under climate change 
scenarios 

>> Ongoing project 
>> Outputs to date may be 
of tangential relevance (e.g. 
UKGrsHP or CONVEX high-
resolution rainfall datasets, 
Alexander et al,2019, etc.) 
but require further derived 
outputs for practical 
application 

Moderate (now) 
 
High (in future 
when futher 
derived outputs 
available) 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK 
academia 

Briggs, 
Dijkstra & 
Glendinning 
(2019) 

2019 Bath / 
Loughborough 
/ Newcastle 
Universities 

CSIC / ICE Evaluating the 
deterioration of 
geotechnical 
infrastructure 
assets using 
performance 
curves 

Embankments General 
relevance 

General 
relevance 

>> Discussion of factors 
affecting embankment 
deterioration 

>> General, non-
quantitative discussion only 
>> Performance curve 
framework presented does 
not detail how to define 
performance or construct 
valid curves 

Low 

UK practice Power at al 
(2016) 

2016 Mott 
MacDonald / 
Arup 

Network 
Rail 

Development of 
an Evidence-
based 
Geotechnical 
Asset 
Management 
Policy for 
Network Rail, 
Great Britain 

General 
relevance 

Strategic/tacti
cal 

Benchmark 
deterioration 
model for UK 
geotechnical 
assets 

>> Benchmark for policy, 
asset categorisation, 
deterioration model and 
decision support tool 
development for a leading UK 
geotechnical asset owner 

>> Technical content 
covered in other refs (e.g. 
Network Rail CP5-6) 

Low 

UK practice Daly et al 
(2020) 

2020 Amageo Ltd / 
Mott 
MacDonald / 
Arup / 
Highways 
England 

International 
Conference 
on 
Information 
technology 
in Geo-
Engineering 

Use of 
Geotechnical 
Asset Data 
Within Highways 
England: The 
Journey so Far 
and the Future 

Highways 
England 
geotechnical 
assets 

General 
relevance 

General 
relevance 

>> Contribute to "timely 
informed decisions" goal 

>> Not a technical article; 
focuses on high-level vision 
and goals for use of data. 

Low (in terms of 
technical content) 

International 
applied 
research 

Martinovic 
et al (2017) 

2017 University 
College Dublin 
/ GDG Ltd. / 
TU Delft 

EU 
DESTinatio
n RAIL 

Fragility curves 
for rainfall-
induced shallow 
landslides on 
transport 
networks 

Legacy rail 
earthworks 

Strategic Simplified 
physical stability 
model (static) 

>> Exemplifies one approach 
suggested in Network Rail 
(2021) 
>>  Modelling uses standard 
GeoStudio suite 

>> Similar limitations to 
Martinovic, Gavin  & Reale 
(2016) and Jafari & Puppala 
(2018) 
>> Physical model simpler 
than in Jafari & Puppala 
(2018) hence more tractable 
but neglects further 
phenomena (e.g. rainfall 
dynamics; only quantum 
considered) 
>> Approach has no explicit 
consideration of time 

Moderate 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK 
academia 

Jackson 
(2019) 

2019 Cambridge 
University 

Cambridge 
University 

Multi-state 
modelling with 
R: the msm 
package 

General 
relevance 

General 
relevance 

State-based 
(Markov) models 

>> Updated manual for MSM 
(see Jackson, 2011) 

>> Updated manual for 
MSM (see Jackson, 2011) 

High 

UK 
academia 

Jackson 
(2011) 

2011 Cambridge 
University 

Cambridge 
University 

Multi-State 
Models for Panel 
Data: The msm 
Package for R 

General 
relevance 

General 
relevance 

State-based 
(Markov) models 

>> Widely-used, mature 
software library for the R 
language for estimating 
Markov models from 
observation data 
>> Applied to NR Assets by 
Smith Institute (2018) 

>> Homogeneous Markov 
framework, hence no 
explicit consideration of 
dynamical processes 
>> e.g. climate change 
would have to be 
incorporated separately 

High 

International 
academia 

Hubbard, 
Inoue & 
Fann (2008) 

2008 University of 
Washington, 
Seattle 

National 
Cancer 
Institute 

Modelling 
nonhomogeneou
s Markov 
processes via 
time 
transformation 

General 
relevance 

General 
relevance 

State-based 
(Markov) models 

>> Method for incorporating 
time-dependent deterioration 
rate effects (nonhomogeneity) 
into a homogeneous 
framework 
>> Relevance for 
incorporating climate change 
effects into a state-based 
model 

>> No known precedent in 
asset management 
applications 

High 

International 
academia 

Lange et al 
(2015) 

2015 University of 
Washington, 
Seattle 

National 
Institutes of 
Health 
(USA) 

A joint model for 
multistate 
disease 
processes and 
random 
observation 
times with 
applications to 
electronic 
medical records 
data 

General 
relevance 

General 
relevance 

State-based 
(Markov) models 

>> Methods to account for 
condition deterioration 
information implicit in (non-
routine) examination timing via 
a latent (hidden) Markov 
model 

>> Applicability to 
earthworks deterioration 
unknown (this is a medical 
application, albeit in a state-
based framework) 

Moderate 

UK 
academia 

Titman 
(2011) 

2011 Lancaster 
University 

Lancaster 
University 

Flexible 
Nonhomogeneo
us Markov 
Models for Panel 
Observed Data 

General 
relevance 

General 
relevance 

State-based 
(Markov) models 

>> Methods to estimate 
nonhomogeneous Markov 
chains from observation data 
>> Technical basis of NHM 
package for R (see Titman, 
2019) 

>> Applicability to 
earthworks deterioration 
unknown (examples mainly 
in medical applications, e.g. 
Lange et al, 2015) 

Moderate 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK 
academia 

Titman 
(2019) 

2019 Lancaster 
University 

Lancaster 
University 

Non-
homogeneous 
Markov and 
misclassification 
hidden Markov 
multi-state 
modelling in R 

General 
relevance 

General 
relevance 

State-based 
(Markov) models 

>> Manual for NHM package 
for R 

>> Non-homogeneous 
models often noted to be 
intractable due to 
complexity of analysis and 
data requirements 
(prompting development of 
hybrid methods such as 
Hubbard, Inoue & Fann 
2008) 

Moderate 

UK 
academia 

Mehrabani 
2018 

2018 University of 
Greenwich 

UK 
Environmen
t Agency 

Probabilistic 
deterioration 
modelling and 
time-dependent 
reliability 
analysis of 
coastal defences 

Infrastructure 
assets 

Strategic Strategic >> Study into modelling 
approaches for UK 
Environment Agency coastal 
defences 
>> Explicit consideration of 
climate change via 
heterogeneous, state-based 
modelling 
>> Explicit consideration of 
how to incorporate information 
from expert-judgement-
derived deterioration curves 
as presented in SC060078 

>> Focus is coastal defence 
assets (though within a 
state-based framework) 
>> Climate change impacts 
considered concern 
worsening sea state 
conditions (not 
rainfall/drought) 

High 

International 
academia 

Jafari & 
Puppala 
(2018) 

2018 Louisiana 
State 
University / 
University of 
Texas at 
Arlington 

Transportati
on 
consortium 
of South-
Central 
States 

Prediction and 
Rehabilitation of 
Highway 
Embankment 
Slope Failures 
in Changing 
Climate 

Clay 
embankments 

Operational / 
Tactical 

Simplified 
physical model 

>> Exemplifies one approach 
suggested in Network Rail 
(2021) 
>>  Modelling uses standard 
GeoStudio suite 

>> Limit equilibrium model 
can only consider stability, 
not performance 
>> Data requirements still 
onerous, even though no 
constitutive modelling is 
involved 
>> Not readily scalable to 
~10k - ~100k member asset 
base 

Moderate 

UK 
academia 

Dijkstra et al 
(2014) 

2014 Loughborough 
University / 
British 
Geological 
Survey 

EPSRC 
(FUTUREN
ET project) 

Forecasting 
infrastructure 
resilience to 
climate change 

Infrastructure 
networks 

Strategic General 
relevance 

>> Demonstrates concepts for 
multi-process / multi-asset 
interaction and impact for 
system resilience / availability 

>> The paper notes: "Slope 
stability assessment is still 
an area where local 
conditions determining time 
and place of failure are only 
possible to model in 
exceptional circumstances." 
>> Reinforces limitations of 
any physics-based 
modelling approach in terms 
of data requirements and 
scalability 

Moderate 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK 
academia 

Wilks 
(2015) 

2015 Loughborough 
University 

EPSRC 
(FUTUREN
ET project) 

Transport 
infrastructure 
slope failures in 
a 
changing climate 

Infrastructure 
slopes 

General 
relevance 

General 
relevance 

>> Derives relationships 
between precipitation and 
slope failures based on case 
study data from UK 
infrastructure owners, 
geological data from BGS and 
weather data from BADC 

>> Study area limited to 
FUTURENET corridor 
(London to Glasgow) 
>> Based on superseded 
UKCP09 climate change 
projections (UKCP18 now 
available) 

High (derived 
thresholds relating 
slope failures to 
antecedent 
weather) 

International 
academia 

Ferlisi et al 
(2020) 

2020 University of 
Salerno 

University of 
Salerno 

Quantitative 
analysis of the 
risk to road 
networks 
exposed to slow-
moving 
landslides: a 
case study in the 
Campania 
region (southern 
Italy) 

Road 
networks / 
natural slopes 

Strategic Fragility curves 
and time-
dependent 
vulnerability 
curves 

>> Demonstrates approach to 
relate slope movement with 
pavement damage 

>> Based on InSAR 
monitoring 
>> Derived for large, well-
known, slow-moving, natural 
landslides, not smaller 
failures on built slopes 

Low 

UK 
academia 

Alexander 
et al (2019) 

2019 (International 
collaboration 
between 
multiple 
national 
climate 
research 
centres, incl 
UK Met Office) 

(Internation
al 
collaboratio
n between 
multiple 
national 
climate 
research 
centres, incl 
UK Met 
Office) 

On the use of 
indices to study 
extreme 
precipitation on 
sub-daily and 
daily timescales 

General 
relevance 

General 
relevance 

General 
relevance 

>> See Fowler et al (tbc) >> See Fowler et al (tbc) Moderate 

International 
academia 

McKenna et 
al (2020) 

2020 Byrne Looby / 
University of 
Surrey / 
University of 
Thesseloniki 

Journal of 
Reliability 
Engineering 
and System 
Safety 

Fragility of 
transport assets 
exposed to 
multiple hazards: 
State-of-the-art 
review toward 
infrastructural 
resilience 

Infrastructure 
assets 

Operational/T
actical 

Fragility curves 
(deterioration not 
explicitly 
considered) 

>> Conceptually addresses 
how intensity/demand and 
performance/capability 
measures can be derived for 
highway embankments 

>> Reliant on 2D finite 
element modelling to derive 
fragility curves, hence 
reliant on suitable 
constitutive model and 
parameters from in-situ data 
>> Inherent difficulties in 
scalability 

Low 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

UK 
academia 

Milne et al 
(2016) 

2016 University of 
Dundee 

Transport 
Research 
Laboratory / 
Transport 
Scotland 

Assessing the 
Risks to 
Infrastructure 
from Coastal 
Storms in a 
Changing 
Climate 

Infrastructure 
assets 

Strategic General 
relevance 

>> Demonstrates concepts for 
infrastructure risk assessment 
under climate change 
scenarios 

>> Focus is coastal storms, 
not ground-related risks 
>> Concepts would require 
adaptation for ground-
related risks 
>> Application to 
deterioration modelling not 
discussed 

Moderate 

UK industry 
research 

Reeves et 
al (2013) 

2013 Transport 
Research 
Laboratory 

Network 
Rail 

PPR672: The 
costs and 
benefits of 
increasing the 
resilience of rail 
geotechnical 
assets to climate 
change 

Rail 
geotechnical 
assets 

Strategic Performance 
model based on 
soil moisture 
deficit forecasts 

>> Demonstrated concepts for 
deterioration modelling based 
on a high-level, but still 
physical, quantity (soil 
moisture deficit) 

>> Approach is site-specific, 
supported by in-situ 
monitoring data 
>> Only 3 sites considered 
>> Cost of intervention 
works for climate change 
adaptation/resilience 
enhancement found to be 
unjustified versus increased 
operational costs (e.g. due 
to disruption) under 
UKCP09-based climate 
change scenarios 
>> This runs contrary to 
tone and recommendations 
of more recent works, e.g. 
Reeves (2019a, 2019b), 
Network Rail (2021). 

Low 

UK industry 
research 

Reeves et 
al (2019a) 

2019 Transport 
Research 
Laboratory 

Transport 
Research 
Laboratory 

Rail: An industry 
guide to 
enhancing 
resilience 

Rail 
infrastructure 
assets 

General 
relevance 

General 
relevance 

>> Demonstrates growing 
drive to ensure increased 
infrastructure in future 

>> Specifics for 
deterioration modelling not 
covered 
>> Wider issue of how the 
reality of high, immediate, 
capital costs of enhancing 
assets for resilience versus 
lower, longer-term, 
operational/intangible costs 
of increased disruption (as 
identified by Reeves, 2013) 
will be addressed in practice 

Moderate 

UK industry 
research 

Reeves et 
al (2019b) 

2019 Transport 
Research 
Laboratory 

Transport 
Research 
Laboratory 

Road: An 
industry guide to 
enhancing 
resilience 

Road 
infrastructure 
assets 

General 
relevance 

General 
relevance 

>> see Reeves (2019a) >> see Reeves (2019a) Moderate 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

International 
academia 

Yuan et al 
(2019) 

2019 University of 
Surrey 

Society for 
Earthquake 
and Civil 
Engineering 
Dynamics 
Conference 
2019 

Fragility of 
bridges exposed 
to multiple 
hazards and 
impact on 
transport 
network 
resilience 

Infrastructure 
assets 

Strategic Fragility curves 
(deterioration not 
explicitly 
considered) 

>> See Argyroudis et al (2019) 
to which this conference paper 
is derived 

>> See Argyroudis et al 
(2019) to which this 
conference paper is derived 

Moderate 

UK 
academia 

Winter et al 
(2014b) 

2014 Transport 
Research 
Laboratory 

Transport 
Research 
Laboratory 

A Strategic 
Approach to 
Landslide Risk 
Reduction 

Natural slopes 
Road 
networks 

Strategic (not explicitly 
considered) 

>> Presents a classification 
scheme (as associated 
lexicon) landslide risk 
reduction strategies 

>> Does not address how 
the classification scheme 
can be applied to 
deterioration modelling or 
data-driven decision support 
tools 

Low 

UK 
academia 

Winter et al 
(2016) 

2016 Transport 
Research 
Laboratory 

Transport 
Research 
Laboratory 

A Strategic 
Approach to 
Debris Flow Risk 
Reduction on the 
Road Network  

Natural slopes 
Road 
networks 

Strategic (not explicitly 
considered) 

>> See Winter (2014b) from 
which this conference paper is 
derived 

>> See Winter (2014b) from 
which this conference paper 
is derived 

Low 

UK practice Smith 
Institute 
(2019) 

2019 Smith Institute Network 
Rail 

Evaluation of 
earthworks 
degradation 
modelling 
methodology 

UK rail 
earthworks 

Strategic/tacti
cal 

State-based 
(homogeneous 
Markov) model 

>> Independent review and 
evolutionary development of 
methodology applied in NR 
Earthworks CP5-6 

>> Remains fundamentally 
based on a homogeneous 
model 

Moderate 

UK 
academia 

Winter & 
Wong 
(2020) 

2020 Winter 
Associates / 
University of 
Portsmouth 

Transport 
Research 
Laboratory / 
Transport 
Scotland 

The assessment 
of quantitative 
risk to road 
users from 
debris flow 

Natural slopes 
/ road 
networks 

General 
relevance 

Exponential 
hazard model 

>> Demonstrates usefulness 
of high-level, physically 
abstracted models for 
strategic assessment 
>> Concepts for consequence 
modelling for DSTs 

>> Applied to a short 
section of a single road 

Moderate 

UK industry 
research 

Wu et al 
(2019) 

2019 University of 
Sheffield 

Network 
Rail 

Degradation 
model for UK 
railway drainage 
system 

UK rail 
drainage 
assets 

Strategic State-based 
(homogeneous 
Markov) model 

>> Demonstrates a bootstrap 
approach for determining 
minimum sample size to 
convergence of generator 
matrix elements 

>> No consideration of 
cross-asset dependency 
>> Homogeneous model 

Moderate 
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Theme Reference Year(s) of 
publication 

Originator 
org 

Client org Title Asset type 
relevance 

Decision 
support level 
relevance 

Deterioration 
model 
relevance 

Key benefits/ opportunities 
for Task 1-1061 

Key limitations/ risks for 
Task 1-1061 

Subjective 
relevance rating 
for Task 1-1061 

International 
applied 
research 

Martinovic, 
Gavin & 
Reale 
(2016) 

2016 University 
College Dublin 
/ GDG Ltd. / 
TU Delft 

EU 
DESTinatio
n RAIL 

Quantitative 
Landslide 
Susceptibility 
and Hazard 
Analysis for 
Earthworks on 
Transport 
Networks 

Legacy rail 
earthworks 

Strategic Simplified 
physical stability 
model + 
statistical model 
(both static) 

>> Example of combining 
physical and statistical 
assessment methods 
>> Comparitor derived 
weightings for observable 
defects 

>> Does not consider time; 
all assessment is static 
>> e.g. derived "probability 
of failure" of a slope does 
not increase with time 

Moderate (as a 
comparitor DST) 
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Figure 3  Summary pie chart of the level of decision support tool to which the  
reviewed documents relate (if applicable) 

A majority of the documents relate to consideration of deterioration (or DSTs) at a strategical 
level (i.e. across whole portfolios of assets).  This perhaps is a reflection on the inherent 
variability of geotechnical assets, which are so varied and complex that a high degree of 
abstraction is required to consider their deterioration behaviour.  Or it may be a reflection of the 
required usage of the deterioration models and DSTs. 

2.2 Summary slides on literature review 

Slides on the Work Package 1 literature review were presented in progress meetings for this 
task and a useful figure was created to summarise how the reviewed documents relate to the 
strategic/tactical/operational levels.  Example figures from some of the documents reviewed 
were presented.  Copies of these slides are enclosed in Appendix A. 

2.3 Future use of literature reviewed 

It is envisaged that as Work Package 3 of the task progresses, the key literature that has been 
reviewed and found to be relevant will be revisited as required, to inform the ongoing work being 
undertaken. 
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A. Summary presentation slides 
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Figure 2.1: The relationship between Highways England documentation relating to 
asset management 

The following sections include a brief description of each document, highlighting any elements 
that are particularly relevant to the focus of this project, i.e. relating to the development of 
deterioration models or decision support capabilities or tools. 
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Document Location Pertinent Statement Relevant to 
deterioration 
modelling? 

Relevant to 
Decision Support 
Tool development? 

Asset Class Strategy 
(Geotechnical 
assets) 

Executive summary The information in these documents is designed to help prioritise our work so that we achieve 
our imperatives, as well as the outcomes and the performance requirements we are committed 
to deliver during Road Period 2. 

 * 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.2 We will address geotechnical defects and renewals in a planned and efficient way that reduces 
risk to all road users, neighbouring communities and other infrastructure providers, reducing the 
time that our people need to spend on the live carriageway. 

 *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.2 We will plan our geotechnical maintenance and renewals activities to minimise disruption to 
road users and mitigate traffic management impacts on journey times and reliability. Making this a 
key focus and doing the right work at the right time will support improving customer satisfaction. 

** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.2 We will improve our ability to predict the performance of our geotechnical assets to support the 
delivery of the RIS. Our programmes will deliver a safe and serviceable network in line with our 
agreed business case, achieving positive outcomes and contributing to meeting our performance 
measures. 

*** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.3 Deterioration of geotechnical assets may impact on the condition of pavement assets above 
or adjacent to them.  

*** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.3 Better understanding of whole life costs will enhance our renewals planning process and helps 
us to plan works that minimise the impact on our customers. Where interventions are required, we 
will keep the impact on the customer at a minimum with smarter intervention planning. 

 ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.3 Greater clarity of spend, better asset management understanding, and greater utilisation of 
decision support tools will all support us to provide good value for money. 

 ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.4 Accounts for challenges brought about by climate change ** ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.4 Introduce a performance management framework for geotechnical assets that will provide clarity 
on how their condition, performance, maintenance and renewal can affect business 
performance and imperatives. 

 *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.4 Better understand the linkage between the characteristics of our assets, their condition and 
that of drainage systems, and extreme weather events to improve determination of asset needs 
that form the basis of our renewals programmes 

** ** 
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Document Location Pertinent Statement Relevant to 
deterioration 
modelling? 

Relevant to 
Decision Support 
Tool development? 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.4 Improve our approach to renewals programme prioritisation, and implement this consistently 
across the regions to support operations teams to make decisions consistent with overall business 
needs 

 * 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.4 In managing the geotechnical asset we will continue to assess whole life cost interventions at all 
stages of the asset lifecycle, rather than focusing on short-term or project-driven choices. We will 
balance affordability with long term planning, recognising the challenges of delivering 
sustainable service now and in the future 

 *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 1.4 Through our whole life cost approach, balance the scale and cost of short and long remediation 
works 

 ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 2.3 The materials used for geotechnical asset construction can be affected by: Severe weather events, 
such as intense or prolonged heavy rainfall, are a significant trigger for geotechnical defects, and 
are likely to become more frequent due to climate change 

*** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 2.3 The materials used for geotechnical asset construction can be affected by: Under capacity or 
absent drainage 

** ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 2.3 SLS failures may not present a danger to life but may be an indication of the potential for 
deterioration leading to eventual collapse. 

** ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 2.6 The Asset Management Development Plan (AMDP) programme will develop our strategic and 
tactical decision-making capability, considering our needs across RP2 and beyond. The 
programme will deliver a roadmap for our analytical capabilities in terms of the skills and 
competencies of our staff, and the technological requirements of the decision support tools 
(DST) we need to support our investment choices. The project will also aim to deliver changes 
to DST capability so that our teams are better supported by technology to make the right choices 
at the right time. 

 ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 2.6 The deterioration of natural and manmade geotechnical assets is mostly dependent on 
environmental factors such as extended dry periods, rainfall and the effectiveness of drainage 
systems. Therefore, the development of models to predict failure requires assumptions to be 
made based on the sensitivity of assets to environmental conditions. During RP2 we will place an 
emphasis on identifying those assets most vulnerable to changes in climate. 

*** *** 



Mott MacDonald | Task 1-1061 Geotechnical Asset Performance - Deterioration Modelling for Decision Support 
Work Package 2 - Business Requirements Capture 
 

419467 | 001 | B | WP002 | April 2021 
 
 

13 

Document Location Pertinent Statement Relevant to 
deterioration 
modelling? 

Relevant to 
Decision Support 
Tool development? 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 3.2 The OMM sets out details of the single PI directly relating to how effectively Highways England 
is maintaining its geotechnical assets, which is defined below: 

PI3.5 - The percentage length of the Highways England geotechnical asset that is in good 
condition based on the ability of the asset to perform its function at the time of inspection (that is, to 
support other highways assets). 

 *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 6.2 A productivity efficiency challenge of 5.5% has been set for geotechnical assets for RP2. The 
following generic efficiencies below have been identified: Efficiencies in asset management; by 
adopting an end-to-end asset management approach, starting by providing the right information at 
the right place and at the right time. This will feed into improved decision support tools and 
upskilled staff including culture, skills, competencies and ultimately capability. 

 *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 7 To achieve this longer-term vision, looking as far ahead as 2050, we have identified key drivers for 
change in our Asset Management Strategy: Ageing assets, Climate change 

** ** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 7 We recognise the need to be able to anticipate the impact, reduce vulnerability and speed up 
recovery from geotechnical asset failures particularly during severe weather events, which are 
likely to increase in frequency due to climate change 

*** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 7.1.1 The likely increase in severe weather events due to climate change will fundamentally affect 
performance of geotechnical assets moving forward 

*** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 7.1.1 Climate change projections suggest a likely increased rate of asset deterioration due to heavy 
rainfall and other weather-related effects 

*** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 7.1.1 We believe that existing drainage for some of our earthworks is likely to be inadequate to 
deal with future storm events, which will have a direct impact on the stability of those earthworks 

*** *** 

Asset Class Strategy 
(Geotechnical 
assets) 

Section 7.1.1 Climate change impacts on the deterioration and performance of geotechnical assets over 
the long-term is however still an emerging area of research; Highways England is active in 
providing input into research programmes focused on this question, which has been both through 
technical advice as well as providing geotechnical asset data. 

*** *** 
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In summary, the review of available documentation and consultations carried out showed that 
there is no perceived immediate need for deterioration modelling or the development of specific 
Decision Support Tools for Highways England geotechnical assets, to underpin the RIS3 
submission.  But there is widespread recognition of the growing importance of whole life, 
proactive approaches to managing all assets, particularly in the face of a changing climate.  To 
that end, the current task, to develop initial deterioration models and a roadmap for DST 
development is valid and useful, to keep the geotechnical asset management function within 
Highways England ahead of the curve of required future developments. 

This conclusion will guide Work Package 3 of this task. 
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Ref Recommendation Proposed action 

8 Application of geological cohorts to assets to 
align with other major asset owners and allow 
improvement in analysis using current BGS 
codification.   

Work in this area was carried out as part the Hazards 
task (Tasks 1-062 and 1-532) and shall be utilised 
where available.   

9 Future direction of the deterioration modelling to 
be determined on completion of the proof of 
concept modelling and review of the results. 

Complete initial proof of concept modelling and review 
results in a stage gate meeting. 

Review initial results in Highways England suppliers 
day in April 2021 (subject to review and checking 
procedures) 

 

The summary and recommendations detailed in this report were presented to Highways 
England during the regular monthly team meeting held on 27th January 2021.  It was agreed, 
that at this stage of the programme a trial of the Markov Model method should be applied as a 
proof of concept.  It is intended that the results of the initial trial are presented at the Highways 
England supplier event in April 2021 to gain feedback and understand potential benefits and 
limitations of the proposed methodology and outputs.  This revised task methodology is shown 
schematically in Figure 2 below.     

 

Figure 2  Revised task methodology agreed with Highways England with the proof of 
concept modelling highlighted 
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A. Task Briefing Note 
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B. Stakeholder Interview Script 

Draft script for interviews, v 1.2/LDM 19-10-2020 

Introduction: Need to introduce ourselves make sure that the consultee understands the project, 
definitions and context of their role in our task. 

1 Your knowledge and involvement with geotechnical assets, asset 
management and DSTs 
a. What asset type(s) are the focus of your current work? 
b. Are you responsible for the management of assets? (+details) 
c. What kinds of AM decisions do you need to make and at what level? 
d. What interest/involvement do you have with decision support tools (DSTs)? 

(NO>3 ; YES>2 ) 
2 Details of the DSTs you use or are aware of within the business (current 

usage) 
a. What are the DSTs that you use, or are aware of, called and what are they 

used for? 
b. Who uses them and for what purpose? 
c. What operational and management decisions do they support? 

 
d. How are they hosted and accessed by users? 
e. At what level do they function? (e.g. individual assets > tactical > strategic) 
f. Do they allow users to model a wide range of different user-defined scenarios? 
g. Over what future period are they required to provide results?  
h. How easy are they to run and use? 
i. What are their inputs and do they include deterioration? 
j. What are their outputs and where are they held?  
k. Are they common resources shared across different parts of the business or 

used locally? 
l. Are they trusted and used by managers in the business?  
m. Do you think they are useful? How could they be improved? Key limitations? 

3 Details of the deterioration models that you use or are aware of within the 
business (current usage) 
a. What deterioration models are you aware of/do you use? (if NONE>4) 
b. What are they called, who owns them and where do they sit in the business? 
c. What assets do they include? 
d. Where did they originate/who has developed them? 
e. Where do they reside and run from? (e.g. run on individual PCs, software 

platform, cloud-based, user access via web portal) 
f. What do they model, change in condition, performance, or both? 
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g. What are the outputs, what do they look like and where do they go? 
i. Level of granularity (e.g. individual asset predictions?) 
ii. Built up from individual assets or calculated at top level only? 
iii. Predictions over what period? 
iv. Are uncertainties/probabilities included in the outputs? 

h. What are the inputs and where are they from? 
i. Asset condition or performance measures? 
ii. Classification system? (e.g. asset condition ratings) 
iii. Detailed input parameters (e.g. asset characteristics) 
iv. Environmental parameters (e.g. location, rainfall) 
v. Usage/loading parameters (e.g. vehicles or gross tonnage per year) 
vi. Change over time (e.g. climate change) 

i. Can users run models based on different input parameters to review the impact 
of changes or are the results/outputs fixed? 

j. Do you know how the models work and what principles they are based on? 
i. Data, expert opinion or both? 
ii. Modelling approach (e.g. rules-based, physical, statistical, probabilistic) 

k. Who developed them? (internal/external, which part of the business) 
l. How long have they been in use? 
m. Do users in HE understand them at a detailed level, are they used by technical 

experts or non-technical people?   
n. Do the results feed directly into DSTs or maintenance/business planning 

processes? 
o. Are they trusted and used by managers in the business?  
p. Are they common resources shared across different parts of the business or 

held and used locally? 
q. Do you think they are useful? How could they be improved? Key limitations? 

4 Business needs, future aspirations and intentions 
a. Are there any external drivers (from ORR or DfT for example) that are 

influencing how HE needs to make decisions, understand deterioration and 
develop DSTs? 

b. Are you aware of the need or intention to develop a geotechnical decision 
support tool? 

c. If so, from what part of the business is this coming from?  Who is driving it, 
leading it and who is involved?  Who are the stakeholders? 

d. What would be the main driver for the development of a geotechnical decision 
support tool? 

e. What does your part of the business want from DSTs? 

 
f. How often/at what intervals would the DST be used? 
g. Who would be the main user groups of a geotechnical DST and what would 

they want from it? E.g. 
i. Decision support at strategic, tactical, operational levels 













































Mott MacDonald | Task 1-1061 Geotechnical Asset Performance - Deterioration Modelling for Decision Support 
Work Package 2 - Business Requirements Capture 
 

419467 | 001 | B | WP002 | April 2021 
 
 

47 

D. Asset Management Development Plan



Asset Management Development Plan

Version 1.3 - October 2019

Workstream Requirements Activities Milestones Owner

1 Change 
Management

Our people and 
stakeholders 

understand their role 
in delivering our asset 

management approach.

Transformation programme - consult stakeholders to agree asset management vision and objectives 
and establish a programme which delivers them.

 19/20 - Current position of asset management embedment baselined.
20/21 - To-be position of asset management embedment determined and gaps identi�ed. 
20/21 - Asset management transformation programme commenced.
20/21 - Whole life decision approach for Highways England clearly described to 

our people and suppliers.

Mike Wilson

Asset management capability & competence - de�ne roles and responsibilities, along with required 
skills and capabilities in alignment with Institute of Asset Management competency framework for key 
asset management roles; develop an asset management training programme.

20/21 - Key asset management roles and responsibilities de�ned.
20/21 - Asset management training needs de�ned and skills framework developed. HR

2
Long Term  
Investment
Planning

We understand our 
commitments and 

have con�dence that 
we will deliver them.

Publish asset management policy & strategy - update, communicate and embed our asset 
management policy, strategy and framework through our transformation programme.

19/20 - Updated asset management policy and strategy published.
20/21 - Asset management strategy embedded. Mike Wilson

Review business case development process

 

- develop and communicate an approach that enables

 

investment cases to be evidenced through network level long term planning based on cross-asset

 

lifecycle planning, collaborative procurement processes, asset group strategies, safety considerations 
and customer needs.

 
19/20 - RP2 planning lessons learnt reviewed.
20/21 - RP3 planning process developed and annual iterations commence.
20/21 - RP3 service risk framework developed to compare the impact on service of

different investment scenarios.
23/24 - Draft RP3 business case developed.

Mark Bottomley

Develop a national infrastructure renewals plan - enable regional teams to develop programmes

 

of work aligned with the Strategic Business and Delivery Plans. 
20/21 - National infrastructure renewals plan developed. Mike Wilson

Develop RP3 levels of service - de�ne levels of service for RP3 aligned to our strategic objectives that 
balance cost, risk and performance, and consider customer and asset needs.

�

22/23 -

 

Levels of service developed for RP3 and benchmarked against
current�performance. Mark Bottomley

Develop performance management framework

 

- develop and embed a performance management

 

framework to establish ownership and delivery of the RP2 Performance Speci�cation. Further develop this

 

framework to align RP3 levels of service with performance measures and targets.

20/21 - RP2 performance management framework developed.
20/21 - Options for linking asset investment to asset valuation developed.
23/24 - Performance management framework updated to align to RP3 levels of service.

Mark Bottomley

3 Tactical 
Planning

Our decisions are 
informed by our 

shared knowledge  
and experience.

Introduce asset class steward role - incorporate the asset class steward role to support current asset 
leads in ensuing major asset types are managed consistently across the network.

20/21 - Asset class steward role introduced.
20/21 - Asset class risk evaluation undertaken, and cross assets risk register developed. Lila Tachtsi

Develop asset group strategies - develop and embed asset group strategies for all major asset classes 
to support consistent development of works programmes. 19/20 - Asset group strategies published. Lila Tachtsi

Develop our decision support tool capability - develop our decision support tool capability throughout 
RP2 to inform our decision making.

20/21 - Asset decision support tool requirements developed.

 

21/22 - RP3 decision support tool planning capability provided. Lila Tachtsi

Embed our risk based approach - develop and embed our risk based approach during RP2 to support 
decision-making at both network and regional levels. This supports the consistent management of asset 
risk and provides assurance that identi�ed risks are being addressed.

20/21 - Risk based approach to asset renewals and maintenance planning developed.

 

21/22 - Risk based approach to asset renewals and maintenance planning embedded. Lila Tachtsi

Align risk management - align project and programme risk management across the company to 
support joined up risk mitigation and delivery.

�

 

20/21 -

 

Process for sharing delivery risk across directorates

 

developed and embedded. Lila Tachtsi

Refresh our renewals programme prioritisation process - provide an approach for ef�cient and 
effective scheme prioritisation. 20/21 - Renewals programme prioritisation process embedded. Nick Harris

Develop asset management plans - develop and embed asset management plans which set out how 
we deliver the asset management strategy across our network.   
Develop asset management plans - develop and embed asset management plans which set out how 
we deliver the asset management strategy across our network.   

20/21 - Asset management plan approach developed.

 

21/22 - Asset management plans produced. Lila Tachtsi



Asset Management Development Plan
Workstream Requirements Activities Milestones Owner

4 Asset 
Knowledge

We use trusted asset 
data and information 

to drive asset 
investment decisions.

Develop asset management systems strategy - develop an asset management systems strategy 
enabling governance and management of all asset related data and information. 20/21 - Asset management systems strategy published. Davin Crowley-Sweet

Develop data handover standards and strategies - improve ef�ciency of data handover from major 
projects and improvement schemes into operations and maintenance and embed its use within RP2. 

19/20 - Re-write of IAN184 issued - Highways England Data & CAD Standard.
20/21 - Standards and strategies for delivering data handover reviewed. Davin Crowley-Sweet

 
Business Information Framework (BIF) - implement the Smart Motorways Alliance�s business 
information framework as business as usual and develop our culture to drive a consistent integration 
of trusted asset data and information throughout the lifecycle.

�

�  
19/20 - Business information framework ready for Smart Motorways Alliance

contract�award.
20/21 - Business information framework for Smart Motorways Alliance released.

Peter Mumford

Develop asset inventory and condition capture tools - develop suite of tools to capture 
and store detailed information across key assets.

20/21 - Options for future development of asset inventory and condition capture tools 
developed. Davin Crowley-Sweet

5 Whole  
Lifecycle Delivery

We take whole-life 
decisions at all stages 
of the asset lifecycle.

 
Review governance processes to maximise whole life bene�ts from delivery -  improve whole 
lifecycle maintenance considerations through understanding the needs of all stakeholders. 20/21 - Establish connected process for effective whole life asset decisions. Nick Harris

Improve cost information
 

- identify, record and maintain accurate cost information enabling accurate
 whole life cost calculations. Reflect this information in tender specifications, clarifying how suppliers 

can support whole life decisions.

20/21 - Cost data requirements identi�ed.
21/22 - Methods of capturing and maintaining cost data developed. C&P

6 Monitoring 
& Review

We improve year on 
year by challenging 

and assuring  
our approach.

Develop an asset management maturity metric - develop an asset management maturity metric 
and assess our maturity.

19/20 - Asset management maturity metric developed. 
22/23 - Independent peer assessment of asset management maturity obtained. Mike Wilson

Develop an asset management governance and assurance framework - undertake annual senior 
management reviews of our Asset Management Framework including our end-to-end asset management 
process, our RACI and our Asset Management Development Plan.

19/20 - Asset management governance and assurance framework developed. 
20/21 - Annual senior management reviews commence.
21/22 - Asset steward review process embedded.

Mike Wilson

Develop processes to identify and embed changes required to asset management activities - 
implement improvements in a controlled way to manage risk.

Undertake a benchmarking exercise - compare our asset management approach against similar 
asset infrastructure owners.

21/22 - Asset management continuous improvement and change control process 
developed.

21/22 - Guidance for coordinating research and innovation developed.

Mike Wilson

Version 1.3 - October 2019

21/22 - Benchmark our end to end asset management approach. Mike Wilson
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E. Asset Class Strategy (Geotechnical 
assets) 



 

 

 

 

 

 

 

 

 

 

 

Asset Class Strategy  

Geotechnical assets 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date: June 2020         Version: 1.0 





mailto:chris.jackson@highwaysengland.co.uk
mailto:richard.shires@highwaysengland.co.uk








































Mott MacDonald | Task 1-1061 Geotechnical Asset Performance - Deterioration Modelling for Decision Support 
Work Package 2 - Business Requirements Capture 
 

419467 | 001 | B | WP002 | April 2021 
 
 

51 

       

 

 

 

 

 

 

 
mottmac.com 
 



Mott MacDonald | National Highways Geotechnical Asset Performance: Deterioration Modelling for Decision Support (SPaTS Task 1-
1061) 
GDMS Report ID: 37395 
 

100419467 | August 2022 
 
 

95 

D. Coffey/Winter Associates Failures Report 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 

 
  

 
 

Mott MacDonald 
Task 1-1061 Geotechnical Asset Performance: 
Deterioration Modelling Support 
Investigation of Failures on Highways England Network 
(Scope 001) 
 
August 2021 



Coffey Geotechnics Limited 02529AH-R-001A_MDT Geotechnical Events 1.8.docx 
Atlantic House Atlas Business Park Simonsway Manchester M22 5PR United Kingdom 
T (+44) (0) 161 6011 630 www.coffeygeotechnics.co.uk   
Registered Office: 1 Northfield Road Reading Berkshire RG1 8AH United Kingdom 
Registered in England No. 06328315  

 

 Document Verification 

Page 1 of 1  

 

 

Job title Task 1-1061 Geotechnical Asset Performance: Deterioration 
Modelling Support  
 

Job number 

02529AH 

Document title Task 1-1061 File reference 

 
Document ref 02529AH-R-001A-MDT Geotechnical Events 

Issue Date Filename 02529AH-R-001A-MDT Geotechnical Events 1.8 

  Description Investigation of Failures on Highways England Network (Scope 001) 

 Prepared by Checked by Approved by 

Name M. Duffy-Turner  M. Winter I. M. Nettleton 

Signature 

 

  

  Filename  

Description  

 Prepared by Checked by Approved by 

Name    

Signature    

  Filename  

Description  

 Prepared by Checked by Approved by 

Name 
   

Signature    

 

 

http://www.coffeygeotechnics.co.uk/


CONTENTS 

Coffey Geotechnics 
02529AH-R-001A_MDT Geotechnical Events 1.8.docx 
August 2021  

ii 

1 INTRODUCTION 1 

2 REVIEW OF GEOTECHNICAL EVENTS 2 

2.1 What is a G eotechnical Event?  2 

2.2 Review of Geotechnical Events in GDMS  2 

2.3 Analysis of Geotechnical Events  3 

3 IDENTIFICATION OF OTHER GROUND-RELATED NETWORK 
EVENTS 8 

3.1 Geotechnical Asset Management Plans  8 

3.2 Review of Feature Class  9 

3.3 Analysis of Class 1A Features  11 

4 CONCLUSIONS AND RECOMMENDATIONS 16 

4.1 Recommendations for the Definition of Failures  18 

5 REFERENCES 19 

 

Appendices 

Appendix A: Geotechnical Events Data 

Appendix B: Feature Class 1A Data 

 

 







Investigation of Failures on Highways England Network (Scope 001) 

Coffey Geotechnics 
02529AH-R-001A_MDT Geotechnical Events 1.8.docx 
August 2021 

3 

2.3 Analysis of Geotechnical Events  

The locations of the 34 Geotechnical Events recorded in GDMS are predominantly in the west of 
England within excess of half (62%) falling in the generally wetter Areas 1, 9, 10 and 13 (Figure 2). 
There is also a significant proportion (17%) of Geotechnical Events in Area 4 in the drier south-east. 
Figure 3 shows the Highways England operational areas referred to and the Met Office rainfall climate 
map reinforcing that the preponderance of Geotechnical Events occur in the wetter parts of England. 

 

Figure 2. Geotechnical Events by operational area, showing numbers and percentages 
occurring in each area. 

Figure 4 shows the numbers of Geotechnical Events divided by the length of geotechnical assets (per 
thousand km) in each operational area (length of geotechnical assets taken from the GDMS - 
Geotechnical Asset Information Monthly Report for May 2021); effectively normalising the data to show 
a rate of Geotechnical Event per kilometre. This presents a picture that supports the assertion that the 
majority of Geotechnical Events are recorded in the wetter west (Figure 3). Taking Areas 1, 9, 10 and 
13 to represent the west, as before, the proportional representation remains the same as for the un-
normalised data albeit that there are variations in this share between the operational areas. In addition, 
the proportional amount in the south (Area 3) and the east (Area 8) are smaller while that in the north 
east (Area 14) is greater when the numbers of Geotechnical Events is normalised for earthworks length 
compared to the raw numbers. The proportion of Geotechnical Events that occur in the much drier 
south east (Area 4) also remains the same and this seems to be something of an anomaly with no 
ready explanation.  
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Figure 3. Locations of the Highways England operational areas (L) and Met Office 
rainfall annual average climate data for 1981-2010 (R). 

 
Figure 4. Geotechnical Events divided by the length of geotechnical assets (per thousand km) 

by operational area, showing the rate in each area. 

The Earthwork Observation Classes and Event Location Indices, as specified in the DMRB (CS 641) 
are reported in Figure 5 and Figure 6Figure 6 respectively. As would be expected the majority of 
Geotechnical Events relate to Class 1A major defects (73%) with a further 18% relating to Class 1D, 
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minor defects, giving a total for all Class 1 defects of 91%. One (3%) Class 2, likely defect, relates to a 
Geotechnical Event and none relate to Class 3 (areas of repair) (Figure 5). For 6% of the Geotechnical 
Events the Observation Class was not recorded. The classification of a Class 2 (likely defect) 
observation as a Geotechnical Event seems inappropriate; considering that the subsidence related to 
the event caused a partial closure of Lane 2 it may be that Class 1A may have been a more appropriate 
classification. 

 
Figure 5. Event Observation Classes for Geotechnical Events, showing numbers and 

percentages associated with each Class. Class 1A: Major visible defects; Class 1D: Minor visible 
defects; Class 2: Likely defects; Class 3: Areas of repair. 

 
Figure 6. Event Location Indices for Geotechnical Events, showing numbers and percentages 

associated with event location. A: Assets that ensure the safety of people or safeguard the 
environment; B: Assets that are less critical to the safety of people or to safeguard the 
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environment but are required to ensure the reliable performance of the network; C: Adjacent 
land not A or B; D: Remote land not A or B. 

The Event Location Indices (Figure 6) follow a similar pattern to the Observation Classes with 41% of 
the Geotechnical Events relating to Location Index A (safety critical), 15% to Location Index B (less 
safety critical), 32% to Location Index C (adjacent land), and just 6% relating to Location Index D 
(remote land). Again, for 6% the Location Index was not recorded. 

While the Observation Classes and Location Indices assigned to Geotechnical Events follow the pattern 
that might be expected, the lack of both an Observation Class and a Location Index for two (6%) of the 
Geotechnical Events is perhaps something of a concern.  

The types of earthwork with which Geotechnical Events are associated (Figure 7) very much conform to 
the morphology of the Highways England network. Geotechnical Events associated with natural slopes 
and sidelong ground are relatively rare reflecting the paucity of such features on the network, while 
Geotechnical Events associated with embankments (35%) and cuttings (47%) form a very significant 
majority (82%). Given that the casual observation of embankments, as opposed to the formal Principal 
Inspection (PI), is more difficult it seems likely that the predominance of Geotechnical Events 
associated with cuttings is somewhat overemphasised. Geotechnical Events associated with an At-
grade morphology is slightly less than 10%. However, one of the three such Geotechnical Events 
(Event ID 47) was identified as having a non-geotechnical Primary Cause, the exclusion of which 
reduces the percentage of Geotechnical Events associated with At-grade to 6%. 

 
Figure 7. Earthwork types with which Geotechnical Events were associated, showing numbers 

and percentages associated with each earthwork type. 

The type of failure was interpreted from an inspection of the GDMS records, rather than any formal data 
entry within the system. A clear majority of Geotechnical Events is dominated by slope instability (74%) 
with a further 18% associated with subsidence, and 6% relating to wall collapse (Figure 8). This 
dominance of slope instability is broadly as might be expected, covering as it does a wide range of 
failure types and causes. One Geotechnical Event (3%, Event ID 47) relates to a non-geotechnical 
event. Judging from the narrative in GDMS this is likely to have initially been interpreted (and, of course, 
reported) as a geotechnical problem and the true nature of the event only discovered following 
investigation. 
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Figure 8. Interpreted failure type for Geotechnical Events, showing numbers and percentages 

associated with each failure type. 

The Primary Cause has been interpreted from an inspection of the GDMS records and is similarly 
polarised, albeit less so than the type of failure. Almost half (47%) are attributed to geology (Figure 
9Figure 9), while almost a third (29%) are attributed to drainage, 9% are attributed to each of 
construction and weather. One event (3%) was attributed to the actions of a third party, in this case the 
third party removed the toe of the embankment, and one Geotechnical Event was, of course, classified 
as non-geotechnical.  

 
Figure 9. Primary cause of failures associated with Geotechnical Events, showing numbers and 

percentages associated with each cause. 
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