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Introduction 

The Advanced Continuous Surface Wave (ACSW) testing system integrates 
advanced software with robust hardware to enable fast and accurate non-
intrusive stiffness profiling to be undertaken in the construction environment, 
including in challenging weather conditions. Testing is undertaken using a 
portable vibrating source (shaker) 
and a short (3 metre long) array of 
surface geophones to measure the 
speed at which surface Rayleigh 
waves travel over a range of 
frequencies. Testing is controlled 
by custom integrated software, C-
DAS, which carries out on-site data 
quality checks, analysis and 
reporting of the data, including 
providing easy-to-use and 
comparable on-site outputs.  

The speed at which surface waves travel through the ground has a simple and 
implicit relationship with small strain shear stiffness (G0), which in turn can be 
converted to Young’s modulus (E). The depth of influence of surface waves can 
be determined from their wavelength (which is a function of test frequency 
and seismic velocity). This means that, using the speed of surface waves 
measured over a range of frequencies, a profile of stiffness with depth can be 
determined to depths of typically 10 to 15 metres (depending on the stiffness 
of the ground). In addition to stiffness parameters ACSW provides shear wave 
(Vs) and Rayleigh wave (Vr) velocity values which have applications for seismic 
and high-speed rail design. 

Application for Control Testing 

ACSW testing is undertaken from a 4WD vehicle or a tracked testing rig using 
a single operator. An area of around 1m x 6m is required to set up next to the 
test vehicle and since tests take only around 20 minutes to complete, testing 
can easily be conducted around other site operations. Test results are not 
sensitive to most construction or infrastructure noise but, if necessary, the 
speed of data collection (around 6 minutes for each test) means that this can 
be timed to fit around suitable pauses in nearby very noisy activity. The speed 
of ACSW operation means that where there is good access up to 20 tests can 
be completed in a standard shift, allowing lateral stiffness changes to be 
characterised. The 3-metre test length provides a representative bulk stiffness, 
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averaging out any very small variations in the ground, whilst the profiling 
capability of ACSW allows stiffness changes at depth to be assessed. Data 
obtained does not require site correlation (unlike CPT data for example) and 
can be demonstrated to provide an accuracy equivalent to that of 
pressuremeter or large-scale load test data for about the cost of a plate load 
test (see Heymann, Rigby-Jones & Milne, 2017).  

ACSW provides a direct stiffness measurement, rather than requiring 
derivation from inferred parameters, meaning that accurate quantification of 
ground movements (and any improvement from ground treatment) can be 
determined. Importantly, in determining accurate in-situ small-strain 
stiffnesses (without the effect of disturbance caused by intrusive methods), 
ACSW data can be strain-softened to provide representative design stiffnesses, 
offering significant opportunities for design optimization and value 
engineering. 

ACSW applications include:  

• Accurate settlement analysis, confirming the need or otherwise for ground 
improvement  

• Ground improvement design optimisation  
• Quantifiable ground improvement validation through before and after 

testing  
• Progressive on-site earthworks control testing  
• Validation testing on completion of ground improvement works, such as 

identifying areas for further treatment  
• Determination of critical parameters for seismic, liquefaction and high-

speed rail design (shear wave velocity and Rayleigh wave velocity). 

ACSW Outputs 

ACSW outputs comprise:  

• Dispersion curve data – Rayleigh wave velocity against frequency, the raw 
data from which stiffness profiles are determined  

• Simple inversion average stiffness (G0 or Vs) with depth profiles generated 
on site during each test, enabling simple comparison between test results 
for rapid control testing  

• Advanced inversion layered stiffness (G & E or Vs) with depth profiles 
generated following completion of testing and provided in editable 
spreadsheet format with strain-softened values of E suitable for direct 
design application.  
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As necessary the rapid site coverage which ACSW can provide can be used to 
generate 3D ground stiffness models. C-DAS software is fully flexible in its 
reporting outputs. Standard reports are generated in PDF format with CSV or 
editable Excel outputs, but these can be tailored easily to client requirements 
using integral template and scripting functions. 
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Case Studies 
Soil Mixed Columns 

ACSW testing was 
commissioned to evaluate 
the stiffness of soil mixed 
columns formed in 
domestic waste. Testing 
was completed during 
construction works using 
a shortened array over the 
top of the 1.8-metre 
diameter columns. Whilst 
the results were 
necessarily quite variable 
due to the differing waste 
included in each column, a 
clear improvement was 
identified compared to 
the control areas.  

Geogrid Reinforcement 

Trial testing was completed to 
determine the impact of geogrid 
construction on ACSW data at a 
geogrid reinforced abutment. On-
site plots show a significant 
improvement in stiffness on the 
geogrid area compared to the 
section of fill where this was 
absent. Both sets of data show 
similar stiffness values for natural 
ground beneath the 7-metre-high 
abutment. 
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Dynamic Compaction 

ACSW testing was undertaken on areas of a former landfill where dynamic 
compaction was taking place. On site outputs were able both to quantify the 
improvement and the depth of treatment effects. 

 

Surcharging 

ACSW testing was undertaken at a 
site being subject to ground 
improvement through surcharging. 
Testing was undertaken both upon 
the 3-metre-high surcharge area 
(red profile) and on adjacent natural 
ground (blue data). Simple inversion 
(average stiffness with depth) 
profiles generated on site show the 
average increase in stiffness in the 
natural soils present below 4.5-
metre AOD effected by the 
surcharge (adjusted for level 
differences). The layered advanced 
inversion data identifies the marked 
change in stiffness below the 
surcharge load.  

Limitations 

This document is intended to indicate potential approaches for the use of 
ACSW data by suitably qualified geotechnical engineers as part of a general 
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design review. It may be subject to periodic review and change. No guarantees 
as to accuracy are made and where necessary original references and relevant 
design guidance should be reviewed. ACSW test data should be reviewed 
against all available information on ground conditions as part of an 
appropriately scoped ground investigation. 
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