
 

Mixed finite element for swelling of cartilaginous tissues, II

Citation for published version (APA):
Malakpoor, K., Kaasschieter, E. F., & Huyghe, J. M. R. J. (2007). Mixed finite element for swelling of
cartilaginous tissues, II. Poster session presented at Mate Poster Award 2007 : 12th Annual Poster Contest.

Document status and date:
Published: 01/01/2007

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 08. Feb. 2024

https://research.tue.nl/en/publications/0f781a57-5c7b-415f-a2c9-b9f712a9ad85


/centre for analysis, scientific computing and applications

Mixed Finite Element for Swelling of
Cartilaginous Tissues, II

K. Malakpoor1, E.F. Kaasschieter1, J.M. Huyghe2

Hybridization of the Mixed Method

☞ Fraijs de Veubeke (1965, 1977) introduced a hybrid method for the

mixed formulation in order to simplify the solution of the algebraic sys-

tem.

☞ The hybridization technique reduces the number of degrees of freedom.

Furthermore, in the computations we only need to compute inverses of

element-wise block diagonal matrices.

☞ The idea behind the hybridization is to relax the continuity of the normal

components of ql and q
β
tot across the inter-element boundaries.

☞ This will require to enlarge the Raviart-Thomas space in which q
l and

q
β
tot are sought and to introduce Lagrange multipliers to enforce the

continuity of the normal components of q
l and q

β
tot across the inter-

element boundaries.
☞ After applying the hybridization technique:
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☞ Finally the idea that flows are taken from RT −1(Ω) will reduces the

above system to a smaller system:�
Aũ
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☞ A1 and A3 are symmetric positive definite matrices.

Confined Consolidation and Free Swelling
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Two-dimensional Free Swelling

☞ We consider a swelling cylinder to test the two-dimensional hybridiza-

tion method.

☞ A cylinder of height 0.5 mm and radius 1 mm is in equilibrium with an

external salt concentration.

☞ The external salt concentration is reduced from 4.6 × 102 mol m−3 to

4 × 102 mol m−3.

☞ A change of salt concentration of this solution generates a change at the

boundary of ion concentration and electro-chemical potentials as well as

pressure and voltage.
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Opening Cracks in the Intervertebral Discs

☞ Low back pain is common today’s society. 75 % of all people will experi-

ence back pain at some time of their lives.

☞ The intervertebral disc serves as a shock absorber, load distributer.

☞ The disc loses its ability to hold wanter, resulting in decreased ability to

absorb shock and narrowing of the nerve openings in the sides of the

spine, which may pinch the nerves.

☞ We consider the a two-dimensional rectangular geometry 2 × 0.5 mm

with a 1 mm long crack in the center as it is described in:
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☞ The loss of proteoglycan in degenerate discs has a major effect on the

disc load-bearing behaviour. With loss of proteoglycans (and therefore

fixed charges), the osmotic pressure of the disc falls and the dis is less

able to maintain hydration under load.
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