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Assignment 5.1

The 1soperimetric definition of the straight-node bar element in its local system x 1s
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Here & is the isoparametric coordinate that takes the values -1, 1 and 0 at the nodes 1, 2 and 3

respectively, while NY, N5 and N§ are the shape functions for a bar element. For simplicity, take
Xx1=0, %,=L and X3 = 1/2 L+ aL. Here L 1s the bar length and a a parameter that
characterizes how far node 3 1s away from the midpoint location X = 1/2L.

Show that the minimum a (minimal in absolute value sense) for which | = df/df vanishes at a

point in the element are +1/4 (the quarter points). Interpret this result as a singularity by showing
that the axial strain becomes infinity at an end point.
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Assignment 5.2

Extend the results obtained from the previous Exercise for a 9-node plane stress element.
The element is initially a perfect square, nodes 5, 6, 7 and 8 are at the midpoint of the
sides 1-2, 2-3, 3-4 and 4-1 respectively and 9 at the center of the square.

Move node 5 tangentially towards 2 until the Jacobian determinant at 2 vanishes. This
result is important in the construction of “singular elements” for fracture mechanics.



“low, e A-nada quodilatercl efausand & guug Fo e shadiad,
otdr o daccle ek odnacn pauk  Hue Daccbran  Sdver smank
VNSNS R pank S - Ghsged  Aoavards rede 2.

TRt oF al|, e clesead an ds dusausiens are dafned

K\:Q
5‘ =E
et

- Twe KQ&%\N\ R Mg scpare 1S e,c;\L@\ o oo and Moo G\\f’j;\i\
R o cartesian cocrduvcdes S “\%\'mé N {X‘s‘\ﬁt =8

- v Mas ed R etawan ;) Yo Sacalasan S Qotred o
i 2% 9% |
131 = 57 B
8y N

aﬁ‘ 2

<o Yol , rauel coes Qvodes  are Woducad |, Ruuy Yoo

SR oy pod 9, whare ?:C‘_, , VL:Q, and  Wrowing
ok any R e (=1, 4} and anyy \(Lé [——!,&]
1

= F]Y\O\(\J:ﬁ , o orAar o calolots He Dacolaian Acdercnivantl %, Y
and  Mao SMS(lQ fAundRons S\l\Qu\d ho d&_‘%\“&&

q
e b

o % N\(?V\)}é‘\

e Tha shape Binaians - N, L q AN for Sue. q -rnoda
ka&v\\cz\\erd& Souwwaud con o doveuined WG o
o d aretrads.




A Matob fo solie e prdiem (cads aadrad balows) |
; Shape Panchens and ltcgbwd\\ are.
pont & e 4-2 Oc‘cu“o.&‘\g

= U\SMB e help
all 4ue useded stawoads (4,9
defined  w ordar T dnadde ok whieh
B\LB noda S, P 1J) wuushes.

- As Yl Auterminant S colunloled of @nt 2, Hhao vodud
Ceordiolas % L Folke e voluas % e

o

- Foc oda S, Mo o hall coocrAunoas (’)(15} - (O'S/OB R s g

Qwvota ronges %s.k\\r\\ﬁ claser o “ 4.

» Lag el
- Rung e Hotlob csda, e Relerradnons: 10 nles vase

whan pc:mb S coordinolils arc (ij\ =(0as ,Q\ ¢ Yoo
Qfm&‘uﬁu p.QmL B sada o U I 4 ] 3
At (’Xg,gs‘\: (Q":FS,C)» — 13| =0 13 o £
5
p A 5
',‘,,_,—————l———‘l
3fq L

o) e\ e tod for 2D Wighas orar

elovusouls Hae propes (ocabon of Mua coc fec Aoy Kiq‘%( B;L\>
oS f‘OC\QS, Snould e

- The cbunad msalls , (131=

15 neh ercugh. Tho 00 -coraar fodas,
Pacad 8)00\39\/\ ot Yo Mumr foluml coordinakes W oador o

avord  locao  disessons, A\W@Ug\“) s cases Mowe appleanas
Yo constiuudRons of  spocial ermck elausasds Xor  Lnear

Pracfure  mechanies




MATIAB CODE

syms e
syms n

$Shape functions

Nl = 0.25*(e-1)*(n-1)*e*n;
N2 = 0.25*(1l+e)*(n-1)*e*n;
N3 = 0.25*(1l+e)*(1l+n)*e*n;
N4 = 0.25*(e-1)*(1l+n)*e*n;
N5 = 0.5%(1-e"2)*(n"2-n);
N6 = 0.5%(e”2+e)*(1-n"2);
N7 = 0.5%(1-e"2)*(n"2+n);
N8 = 0.5*%(e"2-e)*(1-n"2);
N9 (1-e72)*(1-n"2);

% X & y coordinates

& x5 = 0.75

X = 0*N1+1#*N2+1*N3+0*N4+0.75*N5+1*N6+0.5*N7+0*N8+0.5*N9;
y

0*N1+0*N2+1*N3+1*N4+0*N5+0.5*N6+1*N7+0.5*N8+0.5*N9;

$Jacobian
J = [diff(x,e) diff(y,e)
diff(x,n) diff(y,n)];

$Determinant
subs (det(J), [e, n], [1 , -1])



