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Physical basis of the Composite Dilatancy Model (CDM)


Modeling CDM description


transient creep strain-dependent evolution of deformation microstructure (w, r),


dislocation motion within subgrains,


dislocation interaction with salt mineral particles (obstacles)


steady-state creep steady-state microstructure wss, rss


depends on T and seq
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Modeling of creep with the CDM


1.  Modeling of the temperature and stress dependence of transient and steady-state creep


2.  Determination of unique salt-type-specific parameter values for transient and steady-state creep
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here: salt type “Speisesalz” from the Asse mine in Germany
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Physical basis of the Composite Dilatancy Model (CDM)


Modeling above the CDM description


dilatancy boundary:


damage & dilatancy linked to transient & steady-state creep:


creep hardening (e.g. dislocation pile up) => stress concentrations => microcracks


humidity influence in dilatant salt (open pathways): humidity-dependent increase of creep rate


creep failure & deformation energy above the dilatancy boundary reaches a limit


short-term strength 


post-failure behavior increased damage softening and dilatancy after failure in the crack zone


residual strength ~ dilatancy boundary







Modeling of damage, dilatancy, creep failure, short-term strength, post-failure behavior


and residual strength with the CDM


1. Modeling of the temperature and confining stress dependences,    2. Determination of unique parameter values
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T = 300 K


s3 = 0.2 ... 20 MPa


strain rate:


1E-5 1/s


salt type: 


“Speisesalz” 


from the 


Asse mine


T = 333 K


s3 = 0.2 ... 20 MPa


T = 373 K


s3 = 0.2 ... 20 MPa
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Modeling damage & dilatancy reduction and healing with the CDM


reduction rate is dependent on the stress state and the current level of dilatancy:
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measured dilatancy results from competition between generation and reduction:


generation rate of damage and dilatancy ~ creep rate:
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Back-Calculations of Laboratory Healing Tests with Asse-Speisesalz


1. Check the ability of the models to describe damage & dilatancy reduction and healing of rock salt.


2. Determine unique salt-type-specific parameter values


applied stresses
dilatancy calculated with


the unique set of parameter values        individual parameter values
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Simulation of the “Dammjoch” (bulkhead) in a drift at 700 m depth in the Asse Mine


1911: drift excavated,  1914: 25 m long section lined


drift size: hmax = 2.75 m, wmax = 3.80 m 


cast-steel tube: Øin = 2.30 m, wall thickness = 10 cm


residual gap: concrete


Photo by Janosch Gruschczyk,


“Asse Einblicke” Nr. 25 (07/2014) BfS, Remlingen, DUMMY Verlag GmbH


Simulation 1: 


88 a: open drift 


Simulation 2:


3 a:   open drift 


85 a: drift with bulkhead
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model section


rock salt
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Volumetric Strains


(Dilatancy)


Simulation 2:


3 a: open drift 


85 a: with bulkhead


model section model section model section
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Conclusion


The Composite Dilatancy Model (CDM)


 is an approved tool for microstructure-based modeling of dominant deformation 


phenomena in rock salt:


creep, damage, dilatancy, creep failure, short-term strength,


post-failure behavior, residual strength, influence of humidity


in a wide range of boundary conditions (T, Ds, s3, d/dt)


with a unique salt-type-specific set of parameter values


 is currently implemented in FLAC and FLAC3D (finite difference codes) 


and JIFE (BGR finite element code).


Recent extension:


 modeling of the damage & dilatancy reduction and healing of rock salt
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Salt Structure Information System (InSpEE) as a Supporting 
Tool for Evaluation of Storage Capacity of Caverns for 


Renewable Energies  
 
Rock Mechanical Design for CAES and H2 Storage Caverns  
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Different models for CAES storage calculation 
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• Due to the high rates of withdrawal and injection,  
the assumption of the cavern volume in these 
calculations play a minor role. 


Storage of compressed air 


• Pressure range has a significant influence on the 
thermodynamical behavior of the compressed air 
and therefore 
 


• a different influence on the cavern surrounding 
stress state. 







Different models for hydrogen storage calculation 
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• Every cavern project is unique and it is necessary to 
carry out location specific laboratory tests as well as 
thermodynamical and rock mechanical calculations 
for future storage projects for renewable energies.    


• In combination with geometrical aspects these 
calculations are the basis to evaluate the storage 
potential of renewable energies in salt caverns. 


• It is necessary to assume a suitable loading scenario 
for the different demands of operation. 
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