	Milestone (ID#): Develop and demonstrate a predictive computational capability for polymers in confined geometries that connects changes in polymer mechanical performance to slow chemical reactions of aging. (SNL-C)

	Level: 2

	Fiscal Year: FY06

	DOE Area/Campaign: ASC

	Completion Date: September 30,  2006

	ASC nWBS Subprogram: 1.5.2.2  Model Implementation

	Description: Polymeric encapsulants and rubber seals are pervasive in the stockpile.  These materials undergo slow chemical reactions that change the topology of the polymer network over the service life.  These small chemical changes can have a large effect on the mechanical properties of the component.  In the particular case of o-rings, these changes lead to a reduction in sealing force.  The currently available analysis tools for polymer aging are limited in their ability to describe the effect of these chemical reactions.  

This milestone uses a sequential multiscale approach involving length scales ranging from the molecular to the continuum.  A novel approach of using molecular level simulations to guide the form of the constitutive model will be taken.  This approach allows for the physically relevant effect of the strain state of the sample during simultaneous cross-linking and scission to be incorporated in the constitutive model.  The LAMMPS molecular dynamics (MD) code will be used for coarse-grained simulations.  The resulting constitutive model will be implemented into ADAGIO in SIERRA to allow a continuum description of o-rings subject to arbitrary, long duration (years to decades) loadings.  New features and predictive capabilities of the resulting new model will be demonstrated by comparing calculated results with those provided by the current model and available experimental data.

	Completion Criteria: The new model will be implemented into ADAGIO and its capabilities will be demonstrated by comparing calculated results with those provided by the current model and available experimental data.

	Customer: Weapon designers and analysts, as well as manufacturing engineers at Kansas City Plant.

	Milestone Certification Method (2 of 3):

1 – Professional documentation, such as a report or a set of viewgraphs with a written summary, is prepared as a record of milestone completion.
2 – A program review is conducted to ensure meaningful physics content in the model and the completion of the model implementation in SIERRA/ADAGIO.  Results of the review are documented.

	Supporting Resources: One FTE, one full-time post doc, and 1000 processor-hours on ASC computers are needed in FY06.

	Codes/Simulation Tools Employed: The LAMMPS molecular dynamics (MD) code will be used to guide the form of the constitutive model and the resulting model will be implemented into ADAGIO.

	Contribution to the ASC Program:

The resulting model will enable finite element analyses to relate acceptance test measurements on butyl rubber slab specimens to o-ring properties, determine sealing force from surveillance observations of permanent sets, and predict sealing force relaxation of stockpile o-rings.

	Contribution to Stockpile Stewardship: This model will provide an enhanced capability to evaluate the long-term reliability of o-ring seals.

	No.
	Risk Description
	Risk Assessment (low, medium, high)

	
	
	Consequence
	Likelihood
	Exposure

	1
	Major architectural changes in SIERRA software
	Medium
	Low
	Low

	2
	Availability of test data and relevant information on the chemical composition of the material
	Medium
	Low
	Low

	3
	Numerical issues with model implementation
	Medium
	Low
	Low


