Ingenieria Geologica. Curso 2006-07

LABORATORIO DE MECANICA DE MEDIOS CONTINUO¢S
Cuarta Sesion. Plasticidad

™ Problema 3

Suponiendo un modelo de plasticidad de Von Mises, obtener la condicion d
plasticidad para los siguientes estados de carga:

. 1. tension uniaxial de traccion y de compresion

[>restart;
[ > wi th(Li near Al gebra):
> contract := proc(A B)
local c, i, j;
c := 0

for i froml to 3 do
for j froml to 3 do
c:=c + Ali,j]*Bli,]];
end do;

end do;

end proc;

contract := proc(A, B)
local ¢, i, j;
c:=0;for ito 3do for jto 3do c :=c+AJi, j][B]i, j] end doend do

| end proc
> mses := proc(sigmm)
| ocal S;
S .= sigma-1/3*Trace(sigm) *ldentityMatri x(3);
sqrt(3/2*contract(S,9S));
sinmplify(% assune=positive)
end proc;
mises := proc(o)
local S
S:=o0 -1/ 3[LinearAlgebra-Tracg o) Linear Algebra:-IdentityMatrix(3);
sqri(3/ 2Ltontrac(S ,S));
simplify(%, assume = positive)

| end proc
> sigmal := <<signsg, 0, 0>| <0, 0, 0>| <0, 0, 0>>;
0 O
ol:=H0 0
L 0 0
[ > condicion := mses(signal)=sigm[f0];

condicion:=0 = (o

- 2. corte purot




> sigma2 := <<0,tau, 0> <tau, 0, 0>| <0, 0, 0>>;
T 0

og2=—t O 0

L 0
[ > condicion := mses(signma2)=sigm[f0];

condicion := \/g 1=0,,

3. tension uniaxialo mas corte purot
> condicion := mses(sigml+si gm?2)=signg[f0];

condicion :=4/c” +31° =0,

= Problema 4

Para el criterio de Mohr-Coulomb,obtener el corte de la superficie de fluenc
el plano de tension biaxial.
[>restart;
[ > wi t h(Li near Al gebr a) :
> nohr _coul onb : =
(si gma[ 1] - si gma[ 3] ) +( si gma[ 1] +si gma[ 3] ) *si n(phi ) - 2*c*cos(phi)
:0,
mohr_coulomb := g, — 0, +(0, +0,) sin(g) —2 ccog) =0
sol ve(subs(si gma[ 3] =0, nohr _coul onb), sigm[1]);
. 2 ccog0)
i " 1+sin(o)
: = sol ve(subs(si gma[ 1] =0, nohr _coul onb), sigm[ 3]);
__2ccog9)
=1 +sin(o)
> hexagono := [[st,st],[st,0],[0,sc],[sc,sc],[sc,0],[0,st]];

B ccogy) 2ccogoy) c cogo) 2ccogQ)
hexagono := % +sin(@)’ 1 + sin(®) % g +sin(e)’ % EJ -1 +sin()

2ccog@) 2ccogy) c cog0) 2 c cogQ)
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> pl ot s[ pol ygonpl ot ] (hexagono, t hi ckness=2) ;

> st
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™ Problema 5

Ver enunciado entregado.

. Modelo de Mohr-Coulomb
[>restart;

[ > w th(Li near Al gebra):

| Meridiano de traccion

[> sigma = <sigma_msigma_msigma_nm> + <2*s/3,-s/3,-s/ 3>
2s

: L 28
igma_m +—

- s
sigma_m-~

- s
sigma_m -

"> u_oct := Nor mal i ze( <1, 1, 1>, Eucl i dean) ;
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043 [
0 3 O
:E:
u_oct =[] o
| 43 H
S 43 ¢
L 0 3 0O
> ecl := xi=sinplify(u_oct.signa);
L aﬂ:E:JgsgmLm
> vr = sinplify(sigma-(u_oct.signm)*u_oct);
1 2s [
13 ¢
B s H
TTHTs
H_s
L O 3 0O
> ec2 :=rho=sinplify(sqrt(vr.vr),assunme=positive);
L. _Y6s
ec2:=p= 3

> sol ve({ecl, ec2},{sigma_ms});

{6p

2

3¢

(s= S}

, Sigma_m=

[> assign(y;
> nmohr _coul onb : =
(sigma[ 1] -si gma[ 3]) +(si gma[ 1] +si gma[ 3] ) *si n( phi ) -2*c*cos(phi)

=0;
mohr_coulomb ;= \/E P + E\E : + \/i P Esin(cp) —-2ccogp)=0
"> rho ;= sol ve( nohr _coul onb, r ho) ;
_ 2 (sin(cp)\/5 §-3c co:w))\/E
I P="3 3 +sin(@)

> rho_enunci ado : =
sqrt(2/3)*(2*c*cos(phi)-(2/sqgrt(3))*xi*sin(phi))/(1+(1/3)*sin

(phi));
1ﬁ%ccosicp)—§sin(cp)ﬁzﬁ

rho_enunciado := 5

1
1+§§m®
> eval b(sinmplify(rho-rho_enunci ado) =0);
true

| *Resolverlo para el meridiano de compresion
[ >

i I *Modelo de Rankine




B Interpretacién geometrica de las superficies de fluencia

[ > restart:

[ > w th(Li near Al gebra):

r>with(plots): with(plottools):

Warni ng, the nanme changecoords has been redefined

Warni ng, the nanme arrow has been redefined

[ Direccién de la trisectriz del triedro de tensiones principales
> uh := Normalize(<1,1, 1>, Eucl i dean);
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[ Direccion de la proyeccion del eje <1,0,0> en el plano octaédrico

> upl : =
sinplify(Normalize(<1, 0, 0>- Dot Product (<1, 0, 0>, uh) *uh, Eucl i dea
n));

c
<
H
|
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[ Direccién normal a la anterior contenida en el plana octaédrico
> upla:=sinplify(uh & upl);

0
{2
2

0

[ Vector a partir de las coordenadas locales del plan_o octaédrico
> vs := xi*uh+rho*cos(theta)*upl+rho*sin(theta)*upla;

B

1
S~ +50cot8)\6

upla =

[MTTTTTTTTTTT]
[MTTTTTTTTIIT]

1 1
S 5 Pco8) |6 +2 psin@)y2

B

1 1
3 —Epcoie)\/g —Epsm(e)\/z

f Componentes globales de un cilindro de radio 1 de eje la trisectric del triedro de tensic
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| principales

r> vml : = subs(rho=1,vs[1]);
vn2 : = subs(rho=1,vs[2]);
viB : = subs(rho=1,vs[3]);

6

33 +§cos{9)x/€
vm2 :=E—‘3E —écoie)\/g +%sin(e)\/5
vm3:=E—‘3E —écoie)\/g —%sin(e)\/z

[ Centro de la base del cilindro a distancia 3 del plano octaédrico
[ > basea : = eval n{subs({rho=0, t het a=0, xi =3}, vs));

basea:= [y3,3,1/3]

vml =

[ CiIin_dr(_) de von I\_/Iises
(> cilindro_mses :=

pl ot 3d([ vril, vn2, vnB] , xi =-3.. 3, t het a=0. . 2*Pi , axes=nor mal , scal
ng=const r ai ned, col or=gol d),

spacecurve( [ xi, xi, xi],xi=0..3,col or=bl ack, i nestyl e=DASH, t hi c
kness=3),

pl ot s[ arrow] (basea, uh, col or=red, w dt h=[ 0. 15, rel ati ve]),
pl ot s[ arrow] (basea, upl, col or =bl ue, wi dt h=[ 0. 15, rel ati ve]),
textplot3d({[3,0,0,‘sigml'],[0,3,0, ‘sigm2‘],[0,0,3,"sigm3

L ]}, color=black):
> display([cilindro_m ses]);




sigma3

| Distintas trayectorias de tensiones (uniaxial, biaxial, tracciébn compuesta y compresién

L compuesta)

> uni ax : = spacecurve([s,0,0],s=0..3,col or=green,thickness=3):
bi ax : = spacecurve([s,s, 0], s=0..3, col or=bl ue, thickness=3):
strac := x ->
spacecurve([s/4,s/2,2*s/3],s=0..x,color=red, thi ckness=3):
sconp := X ->

spacecurve([-s/3,-2*s/3,-s/2],s=0..x,col or=brown, thi ckness=3)

> dispIay(strac(S),sconp(3),axes:nornal);




1 05 A1 o5 1

sols := fsolve({s/4=vni, s/ 2=vnR, 2*s/ 3=vnB}, {s=100, theta=Pi,
xi =3});

sols:={s=3.3717089220 = 3.550230509¢ = 2.757764158
inter_strac := sphere(subs(sols, [s/4,s/2,2*s/3]),0.2):
sols := fsolve({-s/3=vni, - 2*s/ 3=vnR, -s/ 3=vnB}, {s=100,
t het a=0, xi =-30});

sols:={s=3.6742346130 =-1.047197551¢ =-2.828427128
i nter_sconp := sphere(subs(sols, [-s/3,-2*s/3,-s/2]),0.2):
di splay(cilindro_m ses, uni ax, bi ax, strac(5), sconp(5),inter_str
ac, i nter_sconp);



[ >

[ Otra forma: construccion del cilindro de von Mises en componentes de las tensiones p

si gmam =1/ 3*(si gnmal+si gna2+si gma3) ;
ec_Xxi := xi=sqrt(3)*si gnam
ec_rho : =
rho=sqgrt ((si gml-sigmam *2+(si gm2-si gmam *2+(si gm3- si gmam "
2);
ol 02 a3

=3 t3 t3
sigmam: 3

1 02 o3
ec xi:=¢= J_-EZ‘+'—'+'—'

«/601 -60102-60103+602° -602 03 +6 03°

3
i mplicitplot3d(rhs(ec_rho)”2=1, si gmal=0.. 3, si gna2=0. . 3, si gnma3
=0.. 3, grid=[ 20, 20, 20], scal i ng=constr ai ned, axes=nor mal ) ;

ec rho:=p=
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de x

:O1

# val or

0

# val or de signal en

X, ncl), X);

),

—ZOCO%E:O

i
si gnma3
=104 3

0,ntl));

1 eh:

X

sigmam
sol ve(subs(si gm3
sigmal u:

0l - 03+ (0l + o3)sin(g) —2 c cogy)
, Si gma

Pi / 6, nohr coul onb

0l-03+(ol+ag3)sin

10, phi

mcl:

mohr_coulomb :
=sol ve(subs(si gmal

subs(c
u:=

coul onb :

m eh:

(si gmal- si gnma3) +( si gmal+si gma3) *si n( phi) - 2*c* cos( phi )

en | a superficie de fluencia
| a superficie de fluencia

> sigma
> sigmal

> ncl

L Superficie de fluencia de Mohr-Coulomb

> nohr

, Si gmam eh] :

m _eh

u,0,0],[sigmal_u, sigmal u,0]],

m eh

[ signa
pol ygonpl ot 3d( [

[vertice,[sigml

[vertice,[O0,sigmal u,0],[O,signmal _u,signal u]],

[vertice,[sigml u,sigml u,0],[0,sigml u,0]],

[ > vertice :
> gncl .




[vertice,[O,sigmal_u,sigml u],[0,0,sigml u]],
[vertice,[0,0,sigmal u],[sigml u,O0,sigml u]],
[vertice,[sigml u,0,signmal u],[sigmal _u,0,0]]
], axes=normal ) :

di spl ay(gntl, strac(30), sconp(10));
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" Representacion de la pirAmide de Mohr-Coulomb con base normal a la trisectriz del tri
L tensiones principales

> st := solve(subs(sigml=smt2*s/ 3, si gma3=sm s/ 3, sm=-10, ntl));
sc : = sol ve(subs(si gmal=smts/ 3, si gna3=sm 2*s/ 3, sm=- 10, ntl));
St::§9+60\_j3
7 7
L sc:=12+ 12y 3
[>sm:= -10;
sigmtl := [sm+2*st/ 3, smst/3,smst/3];
sigmacl : = [smtsc/ 3, smtsc/ 3, sm 2*sc/ 3] ;
sigmat2 := [smst/3,sm2*st/3,smst/3];
signmac2 := [sm 2*sc/ 3, smtsc/ 3, smtsc/ 3] ;
sigmat3 = [smst/3,smst/3, sm2*st/ 3];
sigmac3 = [smtsc/ 3, sm 2*sc/ 3, smtsc/ 3] ;




sm:=-10

Sigmatl:—é 30 i 90 i 90 ié
Sigm;l‘['f‘“‘f ‘6+4J_ 3,-18- 8(] _
§gﬁn&::§ 20 3915 30+£Ql§’ 90 ggiéé
Sigmac_z_[ls 8‘/_ -6+4\/_ —6+4\/_] :
Slgmts_ggo 203 90 &E’ 370+2Eé

sgmmB—L6+4J_-48 8{_—6+4{]

~> baseb := [-10,-10,-10];

uhb := [-10,-10,-10];

uppl : = convert(sinplify(10*sqrt(3)*upl),list);
baseb:=[-10 -1Q -10
uhb :=[-10Q -1Q -1Q

i uppl = [1042, 542, -52]

> spacecurve([ x, x, x], x=-10..10*sqgrt (3), col or=bl ack, t hi ckness=3)

pl ot s[ arr ow] (baseb, uhb, col or=red, wi dt h=[ 0. 15, rel ative]),
pl ot s[ arrow] (baseb, uppl, col or =bl ue, wi dt h=[ 0. 15, rel ati ve]),
pol ygonpl ot 3d( [

[vertice,sigmatl, signacl],

[vertice, sigmacl, si gmat 2],

[vertice, signmat 2, si gmac2],

[vertice, signac2, si gmat 3],

[vertice, sigmat 3, si gnac3],

[vertice, signmac3, si gmat 1]

], axes=nor nal ),

strac(30), sconp(30):

di splay(%;







