“Using a self boring pressuremeter to obtain
the permeabillity of fine grained soils”

presented by
Robert Whittle of Cambridge Insitu



How we became Interested in measuring permeability

The development of the equipment

The development of the method
Improvements to the analysis
What we have done - field results

What happens next



“..Darcy’s law...contains within it one of the
most variable, unreliable and unmeasurable
‘constants’ ever imagined ...

Permeability covers the same range of
magnitudes of velocity as are covered in the
comparison between the sizes of an orange

and the solar system ...”

M.Bolton 1979



Why
Permeability?

Conventional Geotechnics :

» pore pressure build up and
dissipation
« engineering calculations

Environmental geotechnics :

 transport of contaminants

smea ‘!‘0?\,’ |
vweee 1107 M « effectiveness of remediation
and containment efforts

Effect of permeability magnitude Addenbrooke (1996)
(F.E.M study on ground response to tunneling)
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The Self Boring Pressuremeter







L ow disturbance
Insertion system




Typical SBP test curve In clay
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Mk 1 Self boring permeameter kit




Cambridge Model:
Mark | system

« Constant flow

» Used in Kennington Park
SBPM with overlay

« L=500mm, D=100mm, L/D~5

« Membrane not inflated - can be
if required

« Two diametrically opposite
transducers on membrane per
SBPM




Deriving the shape factors - configurations under test

Mark 2
L/D =0 L/D>0
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DARCY'’S LAW

k=Q_/FH where

Q Is rate of flow
F is a shape factor

H i1s head of water
&

k IS a constant,
the coefficient of
permeability



Constant flow permeameter test - Rectory Farm

355kPa for 4.5mL/hr flow

Gault Clay
10.45 mBGL
L/Dratio=0

I 266kPa for 3.5mL/hr flow = @
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Deriving permeability - an example in Gault clay

= 93.013x - 60.596
Gault Clay y ) OX9939
10.45 mBGL R™=0.
L/Dratio=0

Gradient of line is 1/Fk
where F is a shape factor and k is permeability

~
]
o
a4
N—r
]
LS
>
0
(%)
O}
S
o

Flow (mL/Hr)




Mk 2 permeameter at Bothkennar, 6.0 metres

y = 5.8385x - 3.8231

R2 = 0.9998 ¢ Test 4 -

B Test5-
O Test 6 -
y = 1.065x + 15.82 ATest7-
R% = 0.9987 y =0.648x + 18.9
R*=0.979
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Issues / Difficulties

Effect of smear zone due to installation and pull-back
Hydraulic short circuits - 1.e leaks in the casing joints

Hydraulic fracturing

Influence of unloading the cavity

Inappropriate shape factors

Temperature variation



ABAQUS Mesh - Mark 11 Probe




Shape factors

For Mark 1 -

0.5
E = O.5691[m*£} - 5.2428[m *L}
D D D

For Mark 2 —

= L L 0.5
—=1.1872l m*— |+ 2.4135 m*— | +3.1146
D D D

Where m is the transformation ratio for anisotropic soils [kx/k,]”



Constant Flow Test

ldentical to constant head test

Opposite measurement - maintain constant flow rate, measure
pressure response - appropriate for low permeability materials

Permeability from Darcy’s Law

Advantages

Head increase during a test is gradual and relatively small

Prolonged flow readings are not required (an issue with constant
head)

Real time transducer readings - steady state Is easily established



Permeameter Control Unit

1) RS232 output

2) Keypad to ‘dial-in’ flow
rate

3) LCD read-out of flow rate

3) Drive for flow pump

4) Input for pressure cell

5) Input for temperature
SENsors

4) Operates from 12v battery

CAMBRIDGE INSITU  Littie Eversden Camicidge CBI THE England

Tolophone 101223) 262351 Fax (05227 263947 ol Camirnaly @ 30LI0™ t




Permeameter Flow Pump




Self boring permeameter system diagram
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e Permeameter
testing -
Cut-off walls

2000



Bothkennar soft clay site - Collected results, ki,

Permeability, k, (m/sec)
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Bothkennar soft clay site - Collected results, k,

Permeability, k, (m/sec)
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The permeability of London clay - various methods

Coefficient of horizontal permeability kh: m/s
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Mk?2 permeameter tests in London clay - 2001

k (m/sec)

A Perry Oaks - L/D > 4
- Perry Oaks - L/D=0
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Mk2 permeameter tests in London clay - 2002

k (m/sec)
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ace cutter




Rectory Farm Mk2 permeability testing in Gault clay - 2002
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Rectory Farm
Grid and New Borehole
Locations

as of 29/06/99

RF—Map.DWG

Use washing line and BHS5 as refere
Crid is 5.0 metre triangles

TOwillpw Tree

(remains)

CPT1, 2 & 3 are Cone
BH15 & 16 are S&A 8"
BH14 & 18 are S&A 67

BH17 is Rotary Cored

CornerRs
".

Rectory Farm, Little Eversden, Cambridge - Plan




Cambridge Model: Mark 2

NOT a purpose built instrument - focus is on technique not equipment

Uses SBPM with constant flow delivery add-on at ground level

Self bore to test depth - carry out a conventional quick undrained test

Carry out a permeameter test in a ° zero length’ pocket - gives k |

Pull back to carry out permeameter tests in longer pockets to obtain k;



