
Viscoelasticity
• Fluid and solid character are relevant at long times

• Apply a constant stress:
• if the material, after some deformation, eventually resists further deformation, it is considered a solid
• if, by contrast, the material flows indefinitely, it is considered a fluid

• By contrast, elastic and viscous (viscoelastic) behavior is relevant at short times (transient behavior):
• Apply a constant stress:
• if the material deformation strain increases linearly with increasing applied stress, then the material is linear elastic within 

the range it shows recoverable strains. Elasticity is essentially a time independent processes, as the strains appear the 
moment the stress is applied, without any time delay.

• if the material deformation strain rate increases linearly with increasing applied stress, then the material is viscous in the 
Newtonian sense. These materials are characterized due to the time delay between the applied constant stress and the 
maximum strain.

• if the materials behaves as a combination of viscous and elastic components, then the material is viscoelastic. 
Theoretically such materials can show both instantaneous deformation as elastic material and a delayed time dependent 
deformation as in fluids.









Primary creep (transient creep)
• strain rate is relatively high, but decreases 

with increasing time and strain
• à due to strain hardening at lower 

temperatures. 
• ex. the dislocation density increases and, in 

many materials, a dislocation subgrain
structure is formed and the cell size 
decreases with strain.

Secondary creep (steady-state creep)
• strain rate diminishes to a minimum and 

becomes near constant (*most understood)
• à due to the balance between strain 

hardening and annealing (thermal softening). 
• no material strength is lost during these first 

two stages of creep.
• stress dependence of this rate depends on 

the creep mechanism (diffusion, dislocation, 
etc.)

Tertiary creep
• strain rate exponentially increases with stress because 

of necking phenomena
• à internal cracks or voids decreases the effective area of 

the specimen. 
• strength is quickly lost in this stage while the material's 

shape is permanently changed. 
• acceleration of creep deformation this stage eventually 

leads to material fracture.

Strain as a function of time due to constant stress over an 
extended period for a viscoelastic material.
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AN INTEGRATED TOOL FOR DESCRIBING THE RHEOLOGY OF LITHO-
TECTONIC
BLOCKS AND FAULT ZONES
Laurent Montesi

• Complicated	to	import	
rheology	into	models	

•Goal:	Build	RHEL_GUI	for	SCEC	
community	models

•Matlab code

•Can	easily	explore	model	
parameters	and	export	
visualizations	and	tables

•Exports	figures	as	PDF	file	and	a	
rheology	table	with	integrated	
strength	and	strain	rate

• Uses	2	prepopulated	databases	
planet.mat and	rock.mat for	
global	parameters	and	structural	
parameters	

• Was	able	to	compute	the	
effective	rheology	and	strength	
profiles	for	a	specific	strain	using	
the	default	stratigraphy	with	
some	slight	changes	and	a	
custom	temperature	profile	
provided	by	Wayne	Thatcher		


