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Description

CycLiq is a unified constitutive model for large post-liquefaction shear deformation
of sand (Wang et al, 2014; Wang 2014/2016). The model provides a unified
description of sand of different conditions from pre- to post-liquefaction under
monotonic and cyclic loading, based on mechanisms proposed by Zhang and Wang
(2012).

During undrained/partially drained cyclic shearing of sand, accumulation of shear
strain has been observed at the zero effective stress state of liquefaction. This
accumulation increases with loading cycle numbers but is bounded to a limited value.
The CycLiq model provides physically based computation of the generation and
accumulation of shear strain at zero effective stress.

Through the appropriate formulation of two dilatancy components, namely reversible
and irreversible, the model explicitly links the phenomenon of cyclic mobility to soil
dilatancy, providing excellent modelling capabilities for both monotonic and cyclic
response of sand.

The state parameter ¥ was incorporated into the model for compatibility with the
critical state soil mechanics concept. The model was unified to allow the simulation of
sand at different relative densities and confining pressures with a same set of
parameters.

Using a cutting-plane algorithm with substepping as the stress integration scheme, and
the Pegasus procedure to locate the projection of current stress state on the maximum
stress ratio surface, the model is implemented in FLAC3D (Version 5.0) (Zou et al,
2018), making it openly available to the technical community.

The constitutive model and its numerical implementation have been validated against
drained and undrained triaxial experiments, undrained cyclic torsional experiments
and centrifuge experiments, and used to analysis on structures in liquefiable ground
(Wang, 2014; Wang et al, 2016, 2017; Chen et al, 2018; Zou et al, 2019), showing the
great capabilities of the model in simulating sand response of a wide range of
densities and confining pressure, and highlighting its advantage in simulating large
post-liquefaction shear deformations.
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Input parameters

Table 1 Model parameters and Description

Parameter . . FLAC3D
Type Physical meaning
Name property name
Elastic modulus G, Shear modulus index G01
constants -
K Rebound modulus index kappal
Plastic modulus . .
h Plastic modulus index hl
parameter
M Critical state stress ratio Mcl
A, lamdacl
Critical . . .
Critical state line parameters in the
state parameters €, e01
e-p space
5 ksil
n° Plastic modulus state constant nbl
State parameter
constants . .
n¢ Reversible dilatancy state constant ndl
d Reversible dilatancy generate rate drell
Reversible dilatancy red ye
aramters . .
P de., Reversible dilatancy release rate dre21




Parameter . . FLAC3D
Type Physical meaning
Name property name
d, Irreversible dilatancy rate dirl
Irreversible o parameter controlling the decrease etal
dilatancy paramters rate of irreversible dilatancy
Vdr reference shear strain length rdrl
Table 2 Material parameters and Description
Parameter . . FLAC3D
Type Physical meaning
Name property name
Material parameter e \oid ratio einl

Practical hints

1. Controlling variables

® mElastFlagl — controlling variable for Elastic or plastic calculation
; plasticity model (CycLiq)
; nonlinear elastic calculation
for initial stress and balance
® initializeStatel — controlling variable for initializing CycLiq internal parameters

<> prop mElastFlag1=1
<> prop mElastFlagl=2

<~ prop initializeStatel = 0

<> prop initializeStatel = 1

; initialize internal parameters of CycLiq

model in the first calculation step

; skip initialization

2. If calculation breaks, recovery calculation should reinitialize internal parameters.
3. The default value of variable ‘pmin_’ is assigned as 0.2 kpa.
** The unit for stresses and pore pressure is kpa.

Documents/files

Name

Type

Description

modelPost_sandlig005_64 v190122_.dll DLL file

DLL file of CycLigCP model for
FLAC®P 5.0

Undrained_cyclic_torsional_test.rar programs | Example for unit test
VELACS No 01 test.rar programs | Example for Centrifuge dynamic test
articles for reference.rar pdf Detailed description and applications
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