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Problematic Ground Conditions
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Stratigraphic - Lithological Legacy
Mining legacy
Periglacial Legacy

Problematic Geology
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- Soils

Case Studies
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UK Problematic Ground Conditions
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- Soluble

- Collapsible

- Swell / Shrink

-+ Compressible

*  Mined & Extracted
* Radon

- Sliding & Spreading
* Gas Hazard

*  Fault Reactivation

- Groundwater
Recovery
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NATURAL ENVIRONMENT RESEARCH COUNCIL

Kintail 1974
Magnitude 4.4

The largest in a swarm
of over 20 events.
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Magnitude 5.1
Considerable damage.
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Carlisle 1979
Magnitude 4.7

Damage in Glasgow over
100 km away.

Market rasen 2008

Magnitude 5.2
Damage to masonry (e.g.
chimneys) across a wide

area.
Dogger Bank 1931
Magnitude 6.1
The largest UK
earthquake.
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Colchester 1884
Magnitude 4.6

The most damaging
since 1580.
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UK Volcanicity

English parishes
experiencing
"Crisis Mortality"
in 1783
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Permian Magnesian Limestones Carboniferous Limestones
Cretaceous Chalk Permo-Triassic Evaporites
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Fontwell

Dissolution
widened Subsidence
discontinuities sinkhole
Surface Swallow Dissolution ) . Dissolution
water sinkhole Dissolution pipes
ow to nil i
o e Collapse  "h° Small
[ Significant Cave sinkhole cnllapse

Lulworth Cove

Low permeability soil or rock

Solution Potential

High permeability soil or rock
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M2 Widening
Channel Tunnel RalILlnk
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Evaporite Dissolution — The Zechstein
Sea Legacy
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1. Pre-Carboniferous
2. Permian
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Evaporite Dlssolutlon
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1970 81
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Ripon (UK)
Gypsum
Dissolution
Subsidence
Areas

Natural dissolution of
gypsum results in a

cave system which is
continually and rapidly
enlarging. Collapse into
the caves causes severe
catastrophic subsidence
at the surface.

The natural subsidence
is a major constraint to
development in the area..

Subsidence

@ rollows with
cates of
subsidence

Built
arlgasup

A. H. Cooper (2006) Gypsum Dissolution Geohazards At Ripon, North Yorkshire, UK. IAEG2006 Field Trip Guide Ripon.
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Jane Poole - Planning Response to Gypsum Related Subsidence, Engineering Group Forum, 2009
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Jane Poole - Planning Response to Gypsum Related Subsidence, Engineering Group Forum, 2009




University of
® 1. . Portsmouth

Smetres

Ure Bank

Stylised cave
with stylised
water flow

A. H. Cooper (2006) Gypsum Dissolution Geohazards At Ripon, North Yorkshire, UK. IAEG2006 Field Trip Guide Ripon.







Layers of high-tensile
reinforced plastic grid
material in road sub-
Sudden catastrophic base and embankments
collapse into to protect against
subsidence hollow sudden collapse
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Strengthened
bridge deck N\\

7 Extended bridge
Subsidence foundations to

hollow bridge
subsidence
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Coaal
- Chalk

- Limestone

- Salt

- Metalliferous

Northern Highlands

Grampian Highland

Highland Boundary Fault
‘___-__1ghan oundary Fau

Midland Valley

/Cenrral Scottish

" ~— Southern Uplands Fault
~T~— lapetus Suture
Midgeholme/Plenmeller & Stublick

Durham & Northumberland

Stainmore
Ingleton

Yorkshire=Derbyshire=Nottinghamshire

Lancashire

North Wales South Derbyshire & Leicestershire

North Staffordshire

Warwickshire

Oxfordshire

\ Variscan Front

Kent {concealed)

Midlands Microcraton 200 Km
|

Lizard Thrust
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Typical Plan Sections Through a Variety of Chalk Workings

Chalk Mining Subsidence -© <<= 197

Blackheath Hill , London




Chalk Mines

MIDDLE SERIES

stalaciites

QUTER

SERIES cavalisrs
possage

tupnet
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ENTRANCE
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l Chislehurst, Kent , , ;
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Coal Mining Subsidence




Coombe Down,
Bath




Westwood Mine, Bath
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Limestone
Mining
Coombe Down, Bath
Firs & Byfield Mine

Byfield Mine
Entrance

Upper Lawn
Q

‘1'

Mount Pleasant
Quarry

Approximate boundary of Firs and Byfield mines Aerial photograph of Combe Down
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North York
Moors

Uplands

g Isle of
.1 Man
Py “v Mourne :
- Mountains Forest of
Bowland
v
~, Maximum extent of

Late Devensian
Glaciation

English
Midlands

Probable
maximum
extent

of ice

- Upland Glaciated and Periglaciated

Lowland Glaciated and Periglaciated

Upland Periglaciated

Lowland Periglaciated

Valleys, Estuaries and Coastal
(major areas shown)

UK Quaternary Provinces from Forster et al (1999)
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Periglacial Processes & Products

Solifluction
Cambering
Valley Bulge

Anomalous Depressions
Ice Wedges

Pingos
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“Broadway’, Cotswolds
Thawed soil and rocks
slowly moving downhill

Waterlogged
thaw zone

X \Impermeable

frozen zone

@ﬁ R (I London Ciay

Q !:} Gault Clay

A Lias and Rhaetic
A\ 1 carboniferous

——] sandstones and
":_’ mudstones

Pleistocene

glacial

maximum ,+*
’

0 100 200 km
| — A J

Piezometer
Consolidation complete (+ some

desiccation) 1
Convexity rounded by erosion
+1,
++
Head + + +
=
t 4
Stiff head with mudslide
fabric m/c ~ 27%

Concavity lessened

Unfrozen London Clay by accumulation

Shear surfaces

Hutchinson, J.N. (1991) Periglacial & slope processes.
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Sevenoaks

il .5_.':&.',—-&21

T
AILWAY Seris




University of
l'. Portsmouth

e LN S
A21 Sevenoaks Bypass %gh e'vs AN 1Ky

iy 7/ VI A 2 Saise
(7 Landslide scar A A RPea _ . <7 1,{2 4
%, W S R st AT e e
f A) enoa =3 LRI g A==
PN AN NG fgt?(um@
Hollow, w bfr 5 otel- 2., m"“‘;‘% A S ang B A € (0 R
“ ; AN 214 212\ 080 Ty
| 207 EiE ubbagd's Hil SR ekl
’ 2 . Weald Place w TS 7z : .
45 L Bayley's Hill w2 R I ﬂiverhi(}l
AN W e N e B, /
,?\‘Q ) . = Faﬁ’fhurst R v‘?—" ',,,‘
- e w1200 m N
Wickhurst, ale Fm } c s
13?7, agor \ RS ‘/{ 109
i t Er N L NN > \Q
L .pass alignmen . Ry (3 Sevenoaks. Weald R, ;
origina! BYP Movements during :;fn v LS. e N
e - . ; ) | — N £ = e £ 3y
I construction Meu 3 [\a (.t. s tlFT:s\\ .
_____ - - - - A “Fm o . ! I P
B i ° 1 R e ‘
: 1= ; sty
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Al

Line of section

Landslide scar

Landslide blocks
Original alignment
Solifluction lobe

Weald clay

Lower Solifluction SOLIFLUCTION LOBE

sheet

SOLIFLUCTION SHEET

Symons and Booth 1971
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Moisture content [percent]

o Groand level 1507m above 00 w30 w0 S0
A21 Sevenoaks Bypass
P I R a
, o SO
e~ Water —{ -
) =0
) Morth B choat strimgth
_ Minor slip plane | oo T Blus greycloy %
Mincr slip planes Zone of multiple slip planes ; peaty clay f P
Sandy slony R
South clay 2
Grey plastie Mdisture ™
clay sl P et e
Red-brown du
siliceous band *
Grey and brown | _ ________ &
plastic clay or 3
Sli” blue Stiff blue clay 4:5
fissured clay o % #0 B0 o
0L \// Shear strength (kN/m2)

> r>r> Single

A Slip planes
g Multiple

Symons and Booth 1971
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Flint Hall Farm Cutting

M25 Periglacial Shears

Head Deposits

Idealized shear surface
170.00

160.00
150.00
140.00

130.00

,“

Lm Y 0.0
(s Gu:TdTn; /
sy / c
P A i o — 0
i S = =
S 5 g g
_ | Jo =
£ 400 - 23 =
E I
= i = S5 2 g
£ =
= x
x 20.09
i M2Z5 Anti Clockwise Carriageway 0.0
—_ g 1 R — — Aug-00 Oct-00 Dec-00 Feb-01 Apr-01 Jun-01 Aug-01 Oect-01

S Date

Davies, JP; Loveridge, FA; Perry, J; Patterson, D and Carder, D (2003)
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Superficial Valley
Disturbances

- Cambering
- Gulls
* Valley Bulging

Devensian
ice limit

Rotation Dip & Fault Structures

Pleistocene

glaci_al ¥

maximum -’
‘

Rotation of cap rock blocks
gives rise to dip & fault

S -
Viscous flow movements
structures

Hutchinson, J.N. (1991) Periglacial & slope processes.



Solsbury Hill
Greater Oolite

r200m
Upper Fuller's Earth
Fuller's Earth

150 morphological limit
of landsliding

Middle & Lower Lias

Deep seated landslide

LOo.D—— y - 1 1 1 = 1 1
0 100 200 300 400 500 600 700 800 900 m

Fuller's Earth " e
Rock om Fuller's Earth head

EID3 Inferior Qolite [ Lin
—-=-—Shear surface underlying
head deposits

tone-rich head

Parks, C.D. (1991) A review of the mechanisms of cambering & valley bulging.




@ University of
o/

Portsmouth




Westwood Mine
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Superficial Valley Disturbances

| PN //%

Alternations of Competent Rocks (R) & Shales (S) ' plane of décollement

arching, voids

S

plane of décollement

Capping of Competent Rock (R) Over Stiff Clay / Shale (S)

Valley-side response muted

m_‘%—\\//\\ — '
‘ R T T e T
==

Wrinkle (multiple folds)  Predominately Well — Bedded Ductile Stiff Clay, Little Capping Rock

Hutchinson, J.N. (1992)
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Anomalous
Depressions

-  Anomalies beneath river terraces

Berry, F.6. (1979)
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London Water Ring Main

wimbledon Fault

Narthemn Lines

Key to Ring Main map

. Adh

I:‘ Inspection shafts

W rome ot shats eorrale ) = A ln‘ ¥
[ Themes Water Ring Main B = A
OO0 vew Tunnels

ed wat eatment works

Stoke Newington

& g
i; Barrow Hill New River Head
Holland Park /|
Park Lone H::Ofolk
7 Underground Reservoir
— 7 ' -
/ F—
Ashford Baiges Battersea , Brixton

Common
Kempton _g@#® e Merton Streatham

/dn mm“\ '._./

Surbiton | Mogsmill Raynas Park

Woolwich and Reading Beds

Walton
Underground depth
20 metres (65ft) r

Ring Main depth I
40 metres (135 ft)

Total length
83km (51 miles)

S i LATE QUARTERNARY SCOURHOLLOWS IN CENTRAL LONDON 15

7784 le. Meux's Brewery, Battersea. (Whitaker 1912; Ed-
‘ munds 1930, 1952) Two tube-wells drilled into
| Chalk in 1892 and 1924 provide records of deep drift

\ which indicate parts of a single feature. The earlier
well passed through drift to ~23.5m OD where it
touched “sand, clay and shells’ about 6.1 m above the
expected level of the London Clay/Woolwich & Read-
ing Beds junction. The later record suggests drift to

-27.7mOD and possibly to 31.7m OD where it

may touch Woolwich & Reading Beds. The sedimen-

tary fill is largely of gravel, with subordinate strata of
sand. clay, and clay-bound pebbles. The Chalk surface
is at =59 10 —~60m OD and may be slightly higher
than other local levels. The anomalous rise of the

Woolwich & Reading Beds to which Edmunds (1952)

draws attention lies to one side of the apparent focus

of this feature.

1d Battersea gas works. Three tube-wells drilled close

together in_ 1906, 1910, and 1929 (Institute of

Geological Sciences (IGS) Borehole Records TQ 2

NE/154, a-c: TQ 29617737) recorded drift/London

Clay junctions at —18.3, —16.5, and —15.2 m OD. The

records relate to a single hollow. The London

Clay/Woolwich & Reading Beds junction is at about

el ~33m OD, a level consistent with other ncarby

saar 5291 records.
A better known feature, possibly linked to that

Fic. 5. Battersea Power Station {1a), Based on Edmunds
(1930 figure {based on 67 bolehole records and 80 obscrved
levels from_excavations) Contour at 3m interval, GB =
Grasvenor Rail Bridge. In this and succeeding plans of
‘anomalics, the scale is given by the 100m grid intersections
along the margins. of the figures.

above, lies some 183 m to the north-east, where trial
holes made in 1976 and 1977 (Property Services
Agency (PSA} Reports FGE/367 and FGE/610, 1977
isclosed a gravel and sand-filled hollow

7.6 m OD. In plan (Fig. 6) the feature
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Pegwell Bay, Kent
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radon gas {

233“

How radon
enters a house

\-".'mduwa_.\e\

: Crack
Bedrock . Fltlmgl
= | v

Drain

Fractured
bedrock Water tabld
Radon in
groundwater
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Quirang, Storr Holbeck Hall

Mam Tor Warden Point
Lyme Bay,
Black Venn South IOW, Ventnor

etal Folkestone Warren
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