
Foundations for High Rise 
Structures

Chris Raison BEng MSc CEng 
MICE MASCE

Raison Foster Associates



NCE January 2006



Projects: Design & On Site



Regional Development



Regional Development - NCE



Geology of Central England



Central England (& N. Ireland)

• Sherwood Sandstone

• Mercia Mudstone

– Birmingham

– Manchester

– Liverpool

– Belfast



Northern England

• Coal Measures

• Millstone Grit

– Leeds

– Sheffield

– Newcastle



Regional Development



Geology of Scotland/N. England



Scotland

• Coal Measures

• Millstone Grit

• Carboniferous Limestone

– Edinburgh

– Glasgow



Superficial Deposits

• Made Ground

• Alluvial Deposits

– Soft Clays & Peats

– Loose Sands

• Glacial Till/Boulder Clays

– Over large areas of Central & Northern 
England, Northern Ireland & Scotland



Foundation Requirements

• High Rise Structures
– High Loads

– Deep Basements

• Usually require piled foundations

• Often need to be founded in bedrock

• Design requirements:
– Pile diameter

– rock socket length



Pile Design - CIRIA

Report 181 Report C570



Pile Design - CIRIA

Report C504 Report PG5



Rock Socket Design

Qs = fs x As

Qb = fb x As

Weak rock

Overburden



Rock Socket Design

• Shaft Friction

– Sandstone/Siltstone/Limestone

fs = a UCSb

where a = 0.2 to 0.375

and b = 0.5 to 0.6

– Weak Mudstone/Shale

fs = a Cu

where Cu = 5N or UCS/2

a = 0.3



Rock Socket Design

• End Bearing

– Sandstone/Siltstone/Limestone

fb = factor x UCS

where factor = 1.5 to 4.5

– Weak Mudstone/Shale

fb = Nc Cu

where Cu = 5N or UCS/2

Nc = 9



Foundation Problems

• Sandstones/Siltstones/Limestones

– Cable tool boreholes only

– Poor rotary core recovery in GI

– Weathering – sandstone to sand

– But generally straightforward

– Pile problems

• How long do rock sockets need to be?

• Can piles be driven or bored to design level?



Sandstone – Short Borehole



Sandstone – Short Borehole



Sandstone - Loss of Core



Foundation Problems

• Mudstones

– Poor rotary core recovery in GI

– Weathering – mudstone to clay

– Identification of missing core

– Pile problems

• Smear of rock socket shaft

• Sedimentation of slurry/spoil at base

• How to deal with hard layers over soft?



Mudstone – Poor Recovery



Mudstone - Better Recovery



Mudstone – Comparison



Mudstone – Poor Description



Foundation Problems

• Coal Measures

– Mix of sandstone, siltstone & mudstone

– Usually highly variable

– Added problem of layers of coal, old 
workings or even voids



CIRIA Guidance

Report SP32



Mine Workings



Rotary Core – Poor Description



Foundation Problems

• Glacial Till & Boulder Clay

– GI sampling and testing very difficult

– Often only SPT data possible

– Conflict between insitu & laboratory

– How to determine shaft friction?



Glacial Till – SPT vs QUT



Pile Test – Load vs Settlement



Pile Test –Back AnalysisPile Test –Back Analysis



Foundations for High Rise

• London Development
– Pile loads usually large

– Good pile performance required

BUT

– Ground conditions relatively simple

– Site investigation has few difficulties

– Easy to establish soil & strength profile

– Pile foundations generally straightforward

– Effects on ground understood



Foundations for High Rise

• Regional Development

– Pile loads usually large

– Good pile performance required

BUT

– Ground conditions often more complex

– Often weak variable rock or Glacial Till

– Site investigation has major difficulties

– Require high quality core

– Establishing ground profile is difficult

– Establishing strength profile is difficult



Foundations for High Rise

• Regional Development

– Piling works are more complex

– Can piles be installed to required depth?

– Does piling affect interface properties?

– Design calculations are the simplest task




