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Inputs — earthwork geology

» GSRA uses BGS DigiMap 1:50k
bedrock and soils mapping
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Inputs — earthwork geology
Embankments

Train load
ANNNAN

Ash /Ballast
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Inputs — Geological grouping

100% @ Barton Clay (Cripps and Taylor (1986)) ® London Clay (Cripps and Taylor (1986))
® London Clay (Culshaw & Crummy (1991)) @ Gault Clay (Cripps and Taylor (1987))
90% @ Atherfield Clay (Cripps and Taylor (1987)) @ Weald Clay (Cripps and Taylor (1987))
@ Fullers Earth (Cripps and Taylor (1987)) @ Upper Lias Clay (Cripps and Taylor (1987))
Lower Lias Clay (Cripps and Taylor (1987)) Lower Lias Clay (Coulthard & Bell (1993))
30% ® Mercia Mudstone (KM) (Cripps and Taylor (1987)) @ Mercia Mudstone (KM) (Chandler & Forster (2001))
® Mercia Mudstone (KM) (Atkinson et al. (2003)) @ Etruria Marl (Cripps & Taylor (1981))
® Coal Measures Mudstone (Cripps & Taylor (1981)) @ Coal Measures Shale (Cripps & Taylor (1981))
70% Coal Measures Seatearth (Cripps & Taylor (1981)) & Coal Measures Undivided
Culm Measures @ Millstone Grit and Coal Measures Mudstones (Lake et al. (1992))
Mudstone (N Wales) (Bell et al. (1997)) Devensian Till (Eyles & Sladen (1981))
gO% v L ® London Clay (Cripps and Taylor (1986)) © London Clay (Culshaw & Crummy (1991))
0o ® Claygate Beds (Culshaw & Crummy (1991)) ® Gault Clay (Cripps and Taylor (1987))
§O% Py ® Weald Clay (Cripps and Taylor (1987)) @® Ampthill Clay Formation (Cripps and Taylor (1987))
- H ® Kimmeridge Clay (Cripps and Taylor (1987)) @ Middle Oxford Clay (Cripps and Taylor (1987))
E @ Lower Oxford Clay (Cripps and Taylor (1987)) @ Fullers Earth (Cripps and Taylor (1987))
LZ‘I’.O% Upper Lias Clay (Cripps and Taylor (1987)) ® Lower Lias Clay (Coulthard & Bell (1993))
® Mercia Mudstone (KM) (Cripps and Taylor (1987)) Mercia Mudstone (KM) (Chandler & Forster (2001))
@ Etruria Marl (Cripps & Taylor (1981)) @ Coal Measures Mudstone (Cripps & Taylor (1981))
30% < ® Coal Measures Shale (Cripps & Taylor (1981)) @ Coal Measures Seatearth (Cripps & Taylor (1981))
ol @ Millstone Grit and Coal Measures Mudstones (Lake et al. (1992)) @ Ball Clays (Best & Fookes (1970))
’ ® London Clay (Forster (1997)) London Clay (Hight et al.(2002))
20% ® Gault Clay (Forster et al. (1995)) @ Speeton Clay (Bell (1994))
® Upper Oxford Clay (Forster (1991b)) @ Lower Oxford Clay (Forster (1991b))
10% @ Lias Group (Hobbs et al. (2005)) @ Blue Lias (Lower Lias) (Hobbs et al. (2005))
l @ Charmouth Mudstone (Lower Lias) (Hobbs et al. (2005)) @ Scunthorpe Mudstone (Lower Lias) (Hobbs et al. (2005))
__L ® Dyrham Formation (Middle Lias) (Hobbs et al. (2005)) @ Whitby Mudstone (Upper Lias) (Hobbs et al. (2005))
0% © Lambeth Group (Entwisle et al. (2005)) ® Lambeth Group (Entwisle et al. (2013))

Upnor Formation (Entwisle et al. (2013))
@ AYLESBEARE MUDSTONE GROUP (Forster (1998))
® Lower Keuper Saliferous Beds (Mercia Mudstone) (Hobbs et al. (2002))
® Twyning Mudstone Formation (Mercia Mudstone) (Hobbs et al. (2002))
Edwalton Formation (Mercia Mudstone) (Hobbs et al. (2002))
Radcliffe Formation (Mercia Mudstone) (Hobbs et al. (2002))

100%‘ Reading Formation (Entwisle et al. (2013))
® Woolwich Formation (Entwisle et al. (2013))
® Lower Keuper Marl (Mercia Mudstone) (Hobbs et al. (2002))
® Middle Keuper Marl (Mercia Mudstone) (Hobbs et al. (2002))
® Cropwell Bishop Formation (Mercia Mudstone) (Hobbs et al. (2002))
® Gunthorpe Formation (Mercia Mudstone) (Hobbs et al. (2002))
Sneinton Formation (Mercia Mudstone) (Hobbs et al. (2002))

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Liquid limit
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Inputs — pore pressure (cuttings)

Track / earthworks Drainage Decision Drainage network
drainage condition Support Tool performance

_______________________________________

Track, earthworks or other asset condition
(related to drainage)

Drainage performance category Serviceable Marginal
Serviceable Lowest risk Slight risk
Marginal Slight risk Moderate risk
Poor (including under capacity) Moderate risk

Absent Slight risk Moderate risk
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Inputs — pore pressure (embankments)

Openwork gravel (GP)
Clean gravels

Gravel

Karst and reef limestone
Permeable basalt

Uniform gravel (GP)

Well graded gravel (GW)
Uniform sand (SP)

Sand and gravel mixtures
Well graded sand (SW)
Fissured chalk

Medium sand

Fractured igneous and metamorphic rock
Fine sand

Very fine sands, silty sands
Coarse sand

Silty sand (SM)

Weathered granite

Silt, loess

Clayey sand (5C)
Limestone, dolominte
Sandstone

Weathered gabbro

Till

Silt (ML)

Structureless chalk

Silt and interlaminated silt/sand/clay
Basalt

Clay (CL)

Clay

Anhydrite

Siltstone

London Clay (horizontal k)
Unweathered marine clay
Shale

Intact clays

Unfractured igneous and metamorphic rocks
Salt '

1.00E-14 1.00E-13 1.00E-12 1.00E-11 1.00E-10 1.00E-09 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02 1.00E-01 1.00E+00

Permeability (m/s)




Inputs — pore pressure (vegetation)
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Analysis — derivation of parameters
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Analysis — progressive instability

100%
90%
80%
20% Low potential
S 60% Medium potential
c DO High/Medium potential
C 50%
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Analysis — Deep stability

Name: Clay
Unit Weight: 20 kN/m?

Cohesion” 1 kPa

Phi. 27.8° 5/
Piezometric Line: 1 /_
Mame: WBL

Unit Weight: 20 kN/m?
Cohesion’: 1 kPa
Phi.22.3°

Piezometric Line: 1

Unit Weight of Water: 7 kN/m?
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Analysis — Deep stability
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Analysis — Shallow stability

Slope height H (m
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Observation — Ravelling weak rock

i)  Short-term stable angle

Long-term stable angle in massive
chalk, but some spalling

- Actively eroding chalk cliffs

m Stable cut angle but some
spalling and loss of vegetation

Stable cut angle for
long-term maintenance
of vegetation

Geological stable
angle for chalk
escarpment
Stable cut angle in
weathered chalk

Figure 6.2 Performance of chalk slopes in southern England (after Williams, 1990)

Chalk cuttings

= | ower bound

= pper bound

Spalling
Slope height H (m)

3 2
Slope angle (cot B)
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Slope angles (degrees)

Inputs — earthwork geometry

50m wide section
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Results — combined
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Results - Visualisation

Deep-seated stability chart - Cuttings - D4
Low to Moderate Drainage Cross Asset Risk

Slope angle (Cot B)

All Assets * Failed Assets = Upper bound = ower bound

Deep-seated stability chart - Cuttings - D4
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Summary
Global Stability and Resilience Appraisal

 GSRA has for the first time quantified
the vulnerability of Network Rail’s legacy
earthwork assets;

« Based on soil engineering principals,
knowledge of the asset base and published
Information;

* Further work will be required to incorporate
GSRA into the existing processes for
management of the earthworks asset.
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