
Finite element method � Nonlinear systemsFHL066 � 2013Division of Solid MehanisProjet 1 � General instrutionsA written report inluding results/onlusions should be returned to the Divisionof Solid Mehanis no later than 28/11 10.00.The assignment serves as part of the examination. A maximum of 10 points anbe obtained. The task should be solved in groups of two or individually. If twopersons work together they will obtain the same amount of points.The assignment onsiders the nonlinear behavior of a struture. The task isto analyze the nonlinear response of a simple struture. To solve the problemMatlab should be used. In the toolbox Calfem, ertain general FE-routines arealready established and the task is to establish the extra routines needed to solvethe nonlinear boundary value problem.For the grading of the assignment, a number of questions should be adressed.The number of points obtained will be determined by how these questions areanswered.
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A three-dimensional arh strutureThe �gure below shows a arh struture that has several singular points inludingfour bifuration points. The arh struture onsists of nine truss elements. Theross setion area times the E-modulus is given as AE = 104. The element de�nedby the ommands bar3ge, bar3gs, bar3gf should be used.
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The geometry and boundary onditions an be found in the �le data2013_1.mon the ourse home page. The boundary onditions for the trusses are appliedat z = 0. At the two end points at z = 5 two fores exist, points in negative
z-diretion.The assignment onists of implementing the following task.

• Write a sript �le newt.m ontaining the Newton-Raphson loop that is ableto alulate the fore-displaement response of the fundamental path.
• Write a sript �le risf.m ontaining the arh-length method by Cris�eld.The seond Piola Kirhho� stress should be taken as
S =

E

2

(ln (2ǫG + 1))

(2ǫG + 1)(1/2)
(1)where ǫG is the Lagrange strain. 2



For the report, the following questions should be adressed. In addition, the odeshould be inluded as an appendix.a) Write a short introdution about the problem, inluding the geometry andboundary onditions.b) Show in a plot F vs. the displaement in the z-diretion, for the normalNewton-Raphson solution. Explain the behavior.) Explain why the introdution the onstraint equation f = 0 is needed.d) In �gure 8.4 in [1℄ an interpretation of the onstraint equation, f , used in theCris�eld algorithm is shown for ψ = 1. Draw a similar �gure and interpret theonstraint equation for ψ = 0.e) In equation 8.10 in [1℄, the onstraint equation ∑
α(∆aα − cα)

2 is shown. Ifthe onstraint equation instead is ∑
α(∆aα − cα), would that still ensure aα ishanged by cα in every inrement?f) Explain the main point about the di�erenes between the algorithms presentin Box 8.1 and Box 8.2 in [1℄g) Plot the fore-displaement response of the fundamental path using the ar-length method by Cris�eld.h) Use the arh-length method and introdue di�erent types of imperfetions intothe system suh that the bifurated paths an be loated. At least two bifuratedpaths should be found. Use plots of fore vs. displaement in x-, y- and z-diretionfor illustration. Also the ommand eldisp3 is useful for visualizing.[1℄ The additional notes obtained during the letures. Chapter 8.
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