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INTRODUCTION

LABORATORY APPARATUS
• Specimen dimensions: 70mm diameter and 20mm height. 

• Monotonic and cyclic simple shear of  specimen in two directions  using two orthogonally 
positioned actuators in the X and Y axis. 

PROJECT OVERVIEW
• The research is carried out on Cowden till, a heavily overconsolidated stiff glacial till found 

in the North east of the UK. 

CONCLU S ION S AND FUTURE WORK
• The VDDCSS demonstrates adequate multidirectional control.

• Selected constitutive models (e.g. SANICLAY-B, PIMS, HARM) are calibrated from VDDCSS 
outputs and readily implemented in Python.
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SELECTED CONSTITUTIVE SOIL MODELS

RESULTS

CYCLIC TESTING

• Standard unidirectional partial 1-way loading test performed in the VDDCSS under 
constant volume conditions, simulating undrained behaviour. 

• Ratchetting behaviour observed in partial 1-way loading test.

MULTIDIRECTIONAL LOADING

• Sample wave load histories fed into VDDCSS with a magnitude based on a reference shear 
stress (i.e. τref = su) .

• The multidirectional test shows the load input and the corresponding strain output from 
the device and calibrated constitutive model for t = 40-100s.

• Offshore wind turbines (OWT) are mainly supported on monopile foundations, which are 
subjected to wind and wave loads throughout their lifetime.[1]

• In current design practice, constitutive models are used to predict the soil behaviour under these 
complex loading conditions but are mainly calibrated for constant unidirectional loading.

• To better understand the soil response to more complex loading conditions, high-quality 
laboratory element tests are carried out using a variable direction dynamic cyclic simple shear 
(VDDCSS) device manufactured by GDS Instruments Ltd.

• The apparatus is used to generate a database of tests to both calibrate and validate selected 
constitutive soil models.

Multidirectional cyclic loading caused by wind 
and wave loads

Research Objective: To understand the 
behaviour of Cowden till under complex 

cyclic loading conditions

Soil response:
Increase in accumulated shear strain

Changes in soil stiffness
Changes in pore pressure
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Multidirectional loading on OWT

Variable direction dynamic cyclic 
simple shear (VDDCSS)      Sample orientation inside VDDCSS

Wave load history input: t = 40-100s
Strain path (output) from VDDCSS
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Parameter Value

τav 43 kPa

τcy 21.5 kPa

τref (su) 107.5 kPa

Frequency, f 0.1Hz

Ncycles 3000

Cyclic stress-strain plot Cyclic effective stress path

Overview of workflow using the VDDCSS apparatus
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Cowden till

Database

Multi-surface kinematic 
hardening model- Hyperplasticity

(Houlsby, 2017)
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Bounding surface SANICLAY-B model
(Seidalinov, 2014)
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