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Assignment 3.1

Suppose that the structural material is 1sotropic, with elastic modulus E and Poisson’s ratio v. The

in-plane stress-strain relations for plane stress and plane strain as given in any textbook on elasticity

are
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Show that the constitutive matrix of plane strain can be formally obtained by replacing E by a
fictitous modulus E* and v by a fictiious Poisson’s ratio v* in the plane stress constitutive
matrix. Find the expression of E* and v* in terms of E and v.

Do also the inverse process: go from plane strain to plain stress by replacing a fictitious modulus
and Poisson’s ratio in the plane strain constitutive matrix.

To be able to find this two new expression for E and v, in each case the same stress component
of the stresses from plane stress and strain is going to be used, in this case gy,. From them, the
members that multiply &y, and &y, will be contrasted in order to obtain the new expressions.
Then it will be checked that using the new variables E* and v*, plain strain can be obtained
from plain stress and the opposite in each case.

(Solutions attached in next pages)



W SNk c(4-v) R '
uw\(« 2»3 (A (A-210)
WWW

Foness 0 - Suas o Svagy
%@!/ \Z g _/( ot \72— 1)3

- S_x_\s‘ﬁ%u%;\*\g = UG R P Stress

LG B
WAt | AP
€V L 6\7
ol eoe) o N \$2)
@ e = el ls 2”’3 ) . San e ehwwel
i : ( A= \P\ ( 4"\,)¥z> e;g‘\\gk\d\

® FuiurH v =
/g(i\m;%ﬁ (4esT (4-29) M

A2

ORI S , T \7*(4 - \7\1

o NELO / \“G,p\C\Q\\&cB Moo ‘\NLQ QM‘_P\‘QSSQ\Q{\ QZ‘T \7 S0\ @

e = (o) leey o _é;*uw‘mfzo\ \ X
(A=Y 4 an?) L-\> A~ K%»’l

As (A-a)(Ar @) = A-a

e* (4+\>\[/{*“2_\>x | 4 _

A > ; VY
& o fd- i -
e* [Ae2) M\ : (4—) (4,,_\/5\ "
(e (A7)




w (4 \/332
A—>
e e (VY (o) | exup?
RS T P ~\>>
o r BR8N A= (A-V)E l

=12

=

ST R )
(A-1D%)

- N we prve ot wsang 2% avd s F 4y BSres MO %

we. can achere Yaae P Soan o\,

— Tala &\9 oS exowapla CxX,
% .

y ok .
Oxx = = > e, il SN
A —\Vad St A—\3¢ -
A
&) e " é/(r1~\,>2}7 = ///{/923 i (e 2
e 2V » i
: ( 1=\ (T:_C; (4[,,\;> (’{’\PQ‘)('( )
L= g - Yr L)
(AN (4-20) [ A3) (A~ 205)
@ et c/(mﬂﬁ Vv ) _ el S 0 WER
B (42__.2 =2 (4¢\>§“ 2\)> )/@)j (r(ﬁ(\))uﬁ'?_\)\
= ,, e > A PLATN
é-xx = ___,(_____\;D.—-—————- &30( o s S = e _55 —_— %\RP;\N

LA e1=20) (AR A=2D)



= S*\S\“m&“\ﬁ W P 3\‘\’0&(\ &zt ana \7*

= L _,\/>-'15)
HEBE T e
(4+0*) (4—20%)

= - sl
A (o) (4-2%)

X (U (=02 o susrhuging N W

e |
(’4*\)*5 (4»2\)"“% PPNy 'eg\&éf\?m

B B Tt O L B
(4Tx) (A=207) Geedl Lo

or T VL oB R B

Vv = \'>:>k+(\>\>%>

e refaciag 0 QD e v volue
L

& —(;—?; ’) i é*“"”)g\ifyf\._\;:)fi)
[ A+V* ) - 2 %)

e =

(4 +\;¥\ [ = Z—\/y—)‘)

. sk (4~'Zu>"§
e gl o
(40 (A1) (A%l

(A -+ (1-25)

| @*= < (41-v*2)




- Than "\t“ o\ ba prove Soed \k&M\\C} Q* (ﬁ\& ”\?*. A0S P S\(’C\S(\ i

P Shess can e odhieved.

Oxx = 6%(4“\)*}____, Espe + = Ec
(A+V*) (4-20%) SO PP T
@ ré"“ ('1'“ \)*\\ s = (,l__\‘sa('z.) (4'—\)%) N
(1+0%)(4—20%) (A-+0*) (A~ 2>%)
= € (Ao0F) (4t [1-0%) | & (4-v*) 2
(ALT*) (41— 20%) A =2
; A \2
e s b g 2L PE T
& : ‘VH)’: é(“&?;’)
= e e 2D
A “ (/{—rp) gl oy
e - <

(o+)2 () A-VY*

@ ety I R N P < oo | GET I el AVl
I R R PRV R i e
i e , B2l e i s
C {(A-VEY p* € (14— l+\>) bl e e HV\ 4y o
=i St ~N .2\,> . =
(4—20%) qAn e a5
(—V
o) _ ev
e : Vi A>2
(4+V) 21—V H
S = - Exx + A é&)ﬂ oy EFIN
= D2 [ — 2 STRESS




Assignment 3.2

In the finite element formulation of near incompressible isotropic materials, it is convenient to use

the so-called Lamé constants A and p instead of E and v in the constitutive equations. Both 4 and

1= Ev
S (1+v)(1-2v)

=G = —
K 2L+ v)

U have the physical dimension of stress and are related to E and v by

a) Find the mverse relations for E and v in terms of A and p.

Using the expressions above, new expression for I£ and v will be obtained in terms of A and p.

b) Express the elastic matrix for plane stress and plane strain cases in terms of 4 and y.

Substituting the expressions obtained in point a for E and v in the elastic matrix (see assignment
3.1), new expressions in terms of A and p are obtained.

For the plane strain matrix, it will be obtained a simpler expression due to the fact that A/v is
equal to the value multiplying outside the hole matrix.

¢) Split the stress-strain matrix E of plane strain as E=EA+Ep in which EA and Ep contain only 4
and p respectively. This 1s the Lamé splitting of the plane strain constitutive equations, which

leads to the so-called B.bar formulation of near-incompressible finite elements.

From the obtained elastic matrix for plane strain it is not difficult to divide the matrix in two
matrices according with the requests of the exercise.
This new E matrix definition can be seen as a deviatoric + volumetric splitting.
d) Express Ej and E, also in terms of I and v.
Using the given expressions at the beginning of the exercise, an replacing A and u with them,

the new way to expres Ej and E,; is obtained.

(Solutions attached in next pages)
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Assignment 3.3

Consider a plane triangular domain of thickness /A, with horizontal and vertical edges have length a.
Let’s consider for simplicity 2 = 4= 1. The material parameters are E,v. Initially v _is set to zero.
Two structural models are considered for this problem as depicted in the figure:

- A plane linear Turner triangle with the same dimension.

- A set of three bar elements placed over the edges of the triangular domain. The cross
sections for the bars are A1 = A2 and A3.

3

a) Calculate the stiffness matrix Ke for both models.
The Turner triangle is a three-node triangle with linear shape functions in which the degrees of
freedom are located at the corners. The element stiffness matrix is calculated using the plane
stress problem general formula, so that
K¢ =BTEB | hdQ
Qe
where h, the thickness 1s uniform over all the element.
For the second case, the stiffness matrix calculation introduced in the Assignment 1, will be use

in order to obtain K¢ for linear elements, in these case three bars.

b) Is there any set of values for cross sections A1=A2=A and A3=A’ to make both stiffness matrix
equivalent: Kbar = Ktriangle? 1f not, which are these values to make them as similar as possible?

c¢)  Why these two stiffness matrix are not equivalent? Find a physical explanation.

d) Solve question a) considering v+=0 and extract some conclusions.

(Solutions attached in next pages)
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c¢)  Why these two stiflness matrix are not equivalent? Find a physical explanation.
As it 1s known, in both cases the K stiffness matrix establish a relationship between the forces
and the displacements at the nodes of the elements (Ku = f) that as it had been shown, it is
not equal in both cases.
First of all talking about the bar structure in 2D, the bar is the 2-node simplest finite element
that can be characterized by two properties: one preferred dimension, much more larger than
the other two (in this case the longitudinal dimension); and the fact that it resist an internal axial

force along its longitudinal dimension. So that, each member of the truss, whose properties are
) . . . . AE .
uniform along the length, can be interpreted as a linear spring of stiffness k = - The stiffness

matrix 1s computed for each bar element to later being assembled following the way they are
joined in the total structure.

Now, the Turner triangle 1s introduced in order to obtain the main differences between the
cases. The Turner triangle is a 3-node element with linear shape functions that represent the
simplest triangular element for the plane stress problem, that will no longer support just axial
forces along its length, but two directional loads. To be able to introduce this new condition to
the problem, new elements as the shape function or the strain-displacement matrices have to
be added to the problem, as the constitutive matrix E in order to interpreted the behavior of
the material over the element.

Now, it 1s easily to understand that, such a different elements, 2-node with just axial loads and
3-node material triangle in which the element support loads in both direction of the space can’t

be interpreted as the same problem.
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