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“Isoparametric representation”

Problem 5.1

Consider a three-node bar element referred to the natural coordinate &. The two end nodes and
the mid node are identified as 1, 2 and 3 respectively. The natural coordinates of nodes 1, 2 and

3are £ =-1,E=1and g =0, respectively. The variation of the shape functions N;(&), N,(&) and
N3(&) is sketched in the figure below. These functions must be quadratic polynomials in &:

Nf(E) = ag + a1& +azé?  N5(&) = bg + b1 + by&% N5 (&) = co + 1€ + €2

7 e N3(E)

NE(E NS (©) R
1——=3 52 lom—Bbe 2 P2
E=-1 &=0 =1 &I =0 =1 &=l o= =

Figure.- Isoparametric shape functions for 3-node bar element (sketch).
Node 3 has been drawn at the 1-2 midpoint but it may be moved away from it.

a) Determine the coefficients a,...,c, using the node value conditions depicted in figure. For

exemple N° =1 for &=1 and O for the rest of natural coordinates. The rest of the nodes follow
the same scheme.

b) Verify that their sum is identically one.

¢) Calculate their derivatives respect to the natural coordinates.

Problem 5.2

A five node quadrilateral element has the nodal configuration shown if the figure with two
perspective views of N° and N°%. Find five shape functions N%, i=1,...,5 that satisfy
compatibility and also verify that their sum is unity.

Hint: develop Ns(&,n) first for the 5-node quad using the line-product method. Then the corner
shape functions Ni(§,n), i=1,2,3,4, for the 4-node quad (already given in the notes). Finally
combine N; = N; + aNs determining o so that all N; vanish node 5. Check that N; + N, + N3 +
N4 + N5 = 1 identically.
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“Convergence rerquirements”

Problem 5.3

Which minimum integration rules of Gauss-product type gives a rank sufficient stiffness matrix
for these elements:

1. the 8-node hexahedron

2. the 20-node hexahedron
3. the 27-node hexahedron
4, the 64-node hexahedron

Date of Assignment:  5/03/2018
Date of Submission: 12/03/2018

The assignment must be submitted as a pdf file named As5-Surname.pdf to the
CIMNE virtual center.



> 1y
\f -:.,‘..\'\;L e

D Glals de los coelicienles Q. Cr: I \
b 4 RN L (. (;‘
¥ Pora NS = dor A B E @ 3 7

%’.:-l [

|

5 X 2. )
Pova modo 12 Na(8) 2 A= 0= d. 4 RS EZ 250 = du-0+02

J _ ok
F{u’[\ mz,:\q 1= l'\\j‘;b [t):()-—-} 0 - L, +0 ‘L.-_,).} cl)-to) - (,\(.

e . L /
P{%‘n’,\ »‘,\::,\\u L= ‘\fit‘:{\;o—-yo s 0, PO, Yan; (1) = Bt Ly 40\

- N I e
A“SL 'ttm\rﬂ'\‘n:;b: 1= Qe—-U,+0y [+0.0= 02 l Ao =2 , Cf\:"c'sf 0= &7
(8 Jis ao -‘a' - [IL r
& & e, #0805, ’
A
oo ) L 1 3 2
o P‘\r()\ N L‘CE) = \::)a + ‘m 6 + blé g\/{w ii*
== i

, a _
fﬁ‘-l‘i\ Nodo 4 = ‘\)h;, L\E) =00 = \30 + ":n Q) +b. (1) = ho-by +ba
Parsw  modo 3= NS (B)- 0—> 0= be v by ey +bha(0) = be

P wido? = NE(Ele 4=>4= bo + b () + bz ()= berbyaba
aym Mo 5 -

ﬁ\\ T;"_V\C\\'CYY‘OF) « 0= b‘:-lb' + b" be =0 Y, b: = 0‘51 El: 0.5
0= bo
A - ba“' bl*bﬂ-

A
¥ Pé'.\r!i\ N i (,E-) = Cq + G E. + Co él dé/s\"—

p
(‘L\%a (T\GLL.)I = Ne’i ({): o] 0= Co+ C.("“)‘*- CJ_.(."‘) - (,-C+Cy
- el
Pars nelo 3= WS(E)= 1 o €5 F Gt L)y = (.

L .
Pora  modo 2= N3 =0 0= G4 ¢4 (U) = Ce¥Give G

. ) S
h= Co Co 4 / C,2 0 , Co=
b= CorCitCa (

o

[lm "b:m\rcmo*f;; o- (.~Ci+ Gy

Scanned by CamScanner



lt) \1] ot IPU{‘UG N '.‘

‘r\. ’\'v\-‘\l-]ﬁ’;.w\alo L: ( L-“!\l.‘-‘il-",'.-l (1(_‘1 103 (_\’E\uu'nT‘r o T 0 2 lttr"i ‘#::-’t’-’u', NS 'L‘«
) - 9
e 'Y ,sl— i { _'L’ - ). 3 P .“‘_‘ ,‘L
Nie doaanZ 4028 = 0+ (0.9 (B) 4 (0.5)MEY - ~0BE +0.57
@ - A rl : A I S
Niz hodt BIELDIE = 6 4 )+ (09 )= s ¥+ 058
Vie cos G

A4 o ()4 )£ = 4-%

! ; e ‘ .-l P . 2 ' e
N’;* Mi -&f\\)t'; = L"U.‘JE-\- 0.5 & )-*-L(_\,J-%_F-;- 0.5, ?_.’) A - £
WY+ V2405 = A4

) Y . : e e o | _ e
Lid Da'm\u rdas r\c UWloe S 0€ Joerma r‘i"lﬂ'xr,} A worftengyMls noeAtpm
[

N

i
2
yq
M
&
=
-y
‘J
Q/
[

a . 1.2
L= 0S& + 0S5
e

N&

it
i
L4

Scanned by CamScanner

Voo
» B

~



‘ It Hgi’f A .l..’,.,_)

at

s -
A} Ul
N g PRSI -'ll Lt i gl RS 1\3_/\ ‘\’H,E'\:J D

o'® ‘ . [ / ! @ i }

Lu “4:-““:‘:’\«_ -.“l, ‘m'!\(c fifl*.-l‘..\ et} mllrr :',}i'\‘. \.'\.} s =0 porm o oue J
- : i .
< &
=4, Z=~1, M=1, 1= -1 Oouw ' ST ;',-~lf{ s cloplear :

Ne = ¢. (’E‘.H)(i-\) (netd) (n~1)
£ = G (£ ()

o : Y v ) P Q
Lu pAL I V] m\w\lm t‘u.'_ fmr:,\ N.’:‘: 43 E:o ry Nz=D S5 A=, (C—' J fC") -7 (o= A

Lwas . NZ = (E5~1) (nFai)

¥ Faviion de Formo de lu; noclos aud Y,
Uo‘ Ihimw*i’mo( tw \U Ccuc'cw{(\f r Niﬁ = ‘\1] 4+ o \\;
d_ovL.\Q.: Nz jq (4 "rc?iﬂ (14 n‘l)

UAs 90 porp ods 4 - Mg - —“"- (44 2(=) (44 M)
Ni - A 0-8) (4-n)

Parg o ceo 2 : Nz = ’_:l, (4+ EW A+ m 1)
Ny = & (14D 4=-m)

P v oo 3 - Na= % A+0) ( i‘r“('))
N3= 4+ 2) (1+™M)

Do e 'i\o&v“‘ . Ny = {; (4+ECD) 4+ ()
M(’ - é— (("‘%—) L’!‘\"ﬂ)

.l:l’- ~— -t]'h"

‘ .
Pbora veemplisamot enla ecreacn “’“““—‘Q §

, s

Vs iy e i A LBV wor €20 ()
1

‘\e l ¥ B} LY . . r
U mWinlire Quk © Dara ‘ = Ly E“-O A A=0
Qenerinsowlo:

0= -:; (1-2) (=0 + pe(o-1)(0-1) —» o =4

“

\_LUQ; (;,L)'rfr Voyo 't AL AT -»d,-T ML (Uml‘:{u‘g: (AVTA M(f ) NL‘B 1 i\"‘;'!i
. 3 €

Scanned by CamScanner



\
\

wLAS Y~y Pkt PRy { |
A el v e \.1". Mircio o S TURR Ry RoR

N = a U-8) (en) -4 (850 (v )
L.]

WY Ji = __1_{ ( 4 F&\U-- ny - 4 gf}.,\\ L\‘\l"'n
PR | 4

N 3= 1 L4+ ‘é’:) (Aan) - 1 (f—'l;’»i\ (A1)
- q

Ny = 4 (48 (14wl - {4— (20 (n™=0)
NSz (e2-0) (W"-4)

(.,L' WAl ti'ge \:' IR [,-\_f\..'

NS + NS+ W5+ s+ P
b (-6 - W)+ W]+ 4 (44 ) L () £ (44 )| - ), '\t

L -¢) 42 H+E)-____L+__'L+f_ -
A

"")-{L‘ ‘\t\\ \

Scanned by CamScanner



	CARATULA.pdf
	Assignment-5.pdf
	“
	Problem 5.1
	Problem 5.2

	“
	Problem 5.3


	NuevoDocumento 2018-03-12.pdf

