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The Influence of Ground Conditions on the 
Choice of Instrumentation and Monitoring 
Regimes

Date: 5th Dec 2015

AGS (HK) One Day Seminar on Ground Investigation and  
Ground Characterization for Civil Engineering Projects

Affect of Ground on Methods

- Settlement
- Piezometers
- Inclinometers
- Extensometers
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Settlement

- Type 1, 2, 3
- Settlement Plates
- Deep Datums
- Prisms
- Hydraulic Profile Gauges
- Settlement Cells
- SAAs
- Utterberries
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Piezometers

- Casagrande
- Diver
- Vibrating wire
- Pneumatic
- Partial Saturations (suctions) –

flushable
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Water flow in materials?

• Permeability 	� � ���
��

�	

• Porosity

• The link between permeability, porosity and pressure for 
materials

- Soils -Rocks

K = 1e-7 K = 1e-7

Porosity = 25% Porosity = <2%

• Flow in fractures and discontinuities

Water Flow in Soils?

• Body flow

• Orders of magnitude governed by D10 particle size
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Piezometers

Casagrande Diver Vibrating Wire
Response Zone

Vibrating Wire 
Fully Grouted

Sandy clays, fine 
sands and 
coarser eg
CDG/CDV

Tidal If rapid response
is required

In fine grained 
soils for optimum 
response

Clays if response 
time is not so 
important 

Remote

Storm/Slope

When to fully grout?

Piezometers

When Kpiezo to Ksoil > 
1000:1

Conteras, Grosser & Ver Strate
2008
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Piezometers

Suctions

- Up to 150kPa
- Generated between dry and wet 

season
- Prevalent in residual soils
- Can produce artesian conditions 

near surface
- Significant seepage forces 
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Flushable piezo for suction measurement

Inclinometers

- Standard manual types 
- IPI
- SAA
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Inclinometers

- Governed by hole shape
- Hole shape governed by:

- ground 
- grout,
- ground movement
- installation method 

Shape Accel Array (SAA)

Continuous string of MEMS tilt
sensors.

Joints can move in any 
direction but do not twist.

Rigid segments (200mm,
305mm or 500mm long).

25mm diameter

Delivered on a drum for easy
installation.

Each SAA is pressure tested to 100m
of water.

Inclinometers
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ShapeAccelArray (SAA) being installed vertically into piles and slopes

Each SAA is placed inside a 27mm ID PVC 
casing, which requires no grooves. 

Downward force snugs joints to inside of
casing. 

Inclinometers

Inclinometers – Data comparison
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Extensometers

- Magnetic
- Spiders must be able 

to anchor in ground
- For stiff soils use 

insertion tool 
- Rod, Borros

Inclinometer/Extensometers

- Sondex
- Sysgeo DEX
- SAA
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Different Application Requirements

- Slopes
- Reclamations
- Retained Excavations
- Tunnels

- Drill and Blast and Mined
- TBM Tunnels
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Slopes

- Movements
- Shear zone development
- Groundwater
- Saturation/Seepage Pressure

- GEO REPORT No. 142 (2002)

Slopes

- Movements
- Long term creep
- Identification of incipient failures
- Drainage and damming
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Res Soils: Long term creep - PSinsar

Slopes

- Shear zone
- TDR
- Inclinometers
- SAA



16/1/2016

14

Slopes

- Groundwater pressures
- Piezometers
- Halcrow

buckets/Divers/Potentiometer 
Piezometer

- Saturation
- TDR
- Wenner Resistivity
- Potentiometers

Reclamations

- Pore Pressure Dissipation
- Settlement in layers
- Lateral movement
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Pore Pressure

Lateral Movement

Total Settlement 
By Month

Dark blue 500mm

Monthly progress shown

Coloured by inflow

Colours 0->1 litre/minute
White > 1 litre/minute 
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Reclamations

- Settlement plates
- HPGs
- Piezos
- Inclinometers
- Prisms, dGPS

Stability Ratio Analysis

Ratios: Dynamic Calculation
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Retained Excavations

- Pore Pressure behind the wall
- Pore Pressure beneath the base
- Settlement behind the wall
- Heave of the base
- Lateral movement of the walls 

including shape
- Load distribution

Design Feedback
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Drill and Blast and Mined Tunnels

- Ground Vibration
- Piezometric pressure and 

consolidation settlement
- Convergence

Vibration

- Damping effects of different soil types
- Effect of saturation on attenuation
- What wave are we measuring?

For slope 
monitoring, pipes 
and structures with 
foundations below 
Z0 – geophones in 
shallow holes
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Vibration

- Frequency FFT  

TBM Tunnels

- Settlement
- Settlement with depth (bridging 

effect)
- Deep settlement points
- Extensometers

- Pore pressure
- Important for face pressure calcs
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Forensic investigations prior to construction

- Stagnant pore pressures
- Creep
- Susceptibility to vibration induced 

settlement

Forensic investigations prior to construction

- Early piezo investigations
- InSAR
- Seismic tests 

- CPTs (Piezocone, seismic cone will 
give a lot of info)
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Can’t view in isolation

• The MissionOS is the most flexible project data 
management system available. Powerful yet 
simple to use

LAMP platform

•Linux

•Apache

•MySQL

•PhP

Multi-tiered

Future Proofed

Thankyou


