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El modelo cable 0 — ¢

Oa

J
RS
\
N
N

Ty = Kcosasina

Copyleft ©Vazquez Espi, 2007. < o> msyse: Sdlido deformable (I11) 9 / 173



Plano inclinado
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Plano inclinado
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Plano inclinado

N =Pcosa

T =Psino
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Plano inclinado

L.

N =Pcosa

\ T =Psin«
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Plano inclinado

N =Pcosa

T =Psino

e=—tan«o
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Plano inclinado

N = Pcos o

T =Psin«

h
e=—tan«o
2

a
d=—-—e
2

area A = 2d-b
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Plano inclinado

d=—-—e
2

area A = 2d-b
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Adherencia hormigén—acero
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Adherencia hormigén—acero
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Adherencia hormigén—acero
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Adherencia hormigén—acero
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Adherencia hormigén—acero
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Adherencia hormigén—acero

/2 diametro d

A.- - / F

)

N, = ndz X 7,

Copyleft ©Vazquez Espi, 2007. <K< o> msyse: Sélido deformable (111) 26 / 173



Adherencia hormigén—acero
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Ensayo de cizalladura
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Ensayo de cizalladura
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Ensayo de cizalladura
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Ensayo de cizalladura

¢

—
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Ensayo de cizalladura

¢

—

Ley de Hooke:

/3 o9

=

Material: ~ Acero Hormigén  Fabrica  Madera

Tensiones seguras laminado de ladrillo

normal f (N/mm?) 180 9 1 10
tangencial f, (N/mm?) 100 0,4 0,1 1
f./f 0,56 0,04 0,r 0,1

* Se obtiene m3s resistencia considerando el rozamiento.
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Tensiones en cortes
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Tensiones en cortes
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Tensiones en cortes
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Tensiones en cortes
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Ecuaciones diferenciales de equilibrio

dx
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Ecuaciones diferenciales de equilibrio

ody P

Toydy da
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Ecuaciones diferenciales de equilibrio

~ 0Ty
ol Y . (T =F (%Uy dz)dy
dy > .
Ox
Taydy dz (00 + — ~dz)dy
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Ecuaciones diferenciales de equilibrio

~ 0Ty
ol Y . (T =F (%Uy dz)dy
dy > .
Ox
Taydy dz (00 + — ~dz)dy
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Ecuaciones diferenciales de equilibrio
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Ecuaciones diferenciales de equilibrio
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Ecuaciones diferenciales de equilibrio

(Uy +

oxdy

Tmydy
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Ecuaciones diferenciales de equilibrio

Oo

(Uy + 8—;dy)dm (Tyﬂc + By dy)dz
Y Txy
O'xdy T (Txy_{_ 8$ d )dy
dy S
pdrdy 0oy
Trydy di (0 + %dx)dy
TyedT
Oo, O oydx
FJ,’ p— O i z yr =z = 0
Z ox * oy i
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Ecuaciones diferenciales de equilibrio

do 0Ty
(oy + 8—yydy)da: (Tyx + 3; dy)dz
Y Txy
oady 2 ||| (v 9
dy S 3
pdzdy .
Trydy di (0 + a;gdx)dy

TyedT .
oyda

do, OT, oT. do
F,=0= i =0 F,=0=>"2+—¢ =0
Z v 6w+ oy tha Z v ox +6y oy

> M) =0= 7oy = Tyo
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Tensiones en una direccion cualquiera
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Tensiones en una direccion

cualquiera

dy dx
cos¥ = —— SImo = ——
dm dm
tmadm = o,dy + 7y da
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Tensiones en una direccion cualquiera

tmadm = o,dy + 7y da

tmz = 05 COSQ + Ty SIN €
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Tensiones en una direccion cualquiera

Y . dx
cosq = —— sinoe = —
dm dm

tme = Og SIN O + Ty COS O

tmydm = oydz + 74, dy
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Tensiones en una direccion cualquiera

Y . dx
cosq = —— sinoe = —
dm dm

tme = Og SIN O + Ty COS O

tmydm = oydz + 74, dy

tmy = Ty COSQ + 0y SIN
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Tensiones en una direccion cualquiera

Y . dx
cosq = —— sinoe = —
dm dm

tme = Og SIN O + Ty COS O

tmy = Ty COSQ + 0y SIN Qv

Copyleft ©Vazquez Espi, 2007. < | o>>> msyse: Sélido deformable (III) 51 / 173



Tensiones en una direccion cualquiera

_dy do

COS & sinoe = —
dm

~dm

tme = Og SIN O + Ty COS O

tmy = Ty COSQ + 0y SIN Qv

{tmz tmy} = {cosa sina} l O
Tyz
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Tensiones en una direccion cualquiera
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Tensiones en una direccion cualquiera

Om = tmg COS A + tryy SiD v g todm  m
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Tensiones en una direccion cualquiera

Om = tmg COS A + tryy SiD v

Tn = —bmg SID @ + try COS €
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Tensiones en una direccion cualquiera

Om = tmg COS A + tryy SiD v

Tn = —bmg SID @ + try COS €

Om = Oy COS> a+o, sin? Q+2T,, SIN (0 COS (¢

Oy — Oy .
T = _Ty sin 2 + T, cOS 2
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Direcciones principales de tensidon

Ox Ty
Dado v,
Tyz Oy
e | Om O . .l
iexistira 0 para alguna direccién mn?
On
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Direcciones principales de tensidon

(o} T,
Dado [ R
Tyz Oy
i @ U . ‘s
iexistira 0 o para alguna direccién mn?
n
Op — O .
Tmn = —% SIVGER s cosk (]
27,
tan28 = —2—
Oy — Oy
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Direcciones principales de tensidon

?

Dado [Ux Tay

Tyz Oy

... | O 0 . nz
iexistira [ 6” - 1 para alguna direccién mn?
n

21y

Oy — Oy
_ Opt 0y Or — Oy
S
0; + 0y Og — Oy
A
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Circunferencia de Mohr: direcciones principales

Oap = Tz + 0y :t\/(ax;(jy)z—l—TQ

2 ry
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W
Yy |7
X Oz
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Circunferencia de Mohr: direcciones principales

Oap = Tz + 0y :t\/(ax;(jy)z—l—TQ
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Circunferencia de Mohr: direcciones principales

Oap = Tz + 0y :t\/(ax;(jy)z—l—TQ
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Circunferencia de Mohr: direcciones principales
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Circunferencia de Mohr: direcciones principales
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Circunferencia de Mohr: direcciones principales

Oap = Tz + 0y :t\/(ax;(jy)z—l—TQ
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Circunferencia de Mohr: direcciones principales

Oy + 0 Oy — O = =
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Circunferencia de Mohr: direcciones principales

2

gy = 2 i\/(%;”y)%rrgy:o‘c*icix

/\7—
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Circunferencia de Mohr: direcciones principales

Ox + 0y
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Circunferencia de Mohr: direcciones principales

N
Txy Oy +Jy

tan 20 =
Og

2Ty
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Circunferencia de Mohr: direcciones principales

27,
tan 2ﬁ = ﬁ
z Y

N
Txy Jw_’_gy
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Circunferencia de Mohr: direcciones principales

N
T:cy O’w—|—0'y ‘

tan 20 =

2Ty

Oz — Oy

Oxr—0y
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0,45
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20,35
0,45 tan(26) = - = ~048 =

= [="T7712°
20 =154,24 28 = —205,76
jojo! 23 £ —2576

Copyleft ©Vazquez Espi, 2007. <K< o> msyse: Sélido deformable (IIl) 73 / 173



0,45
0,35
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0,45
0,35
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0,45
0,35
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= [="T77,12°
20 =154,24 28 = —205,76
jojo! 23 £ —25.76

0z + 0y

2

Oz =0y
—5 = 0,73

2
Oy — 0y
\/(72 ) + 72, = 0,81
04 = —0,28+0,81 = 0,53
o = —0,28 — 0,81 = —1,08

= —0,28
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0,45
0,35

0,53
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0,45
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0,45
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0,45 T Tay
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0,45 T Tay
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0,45 T Tay
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0,45 T Tay
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0,45 T Tay
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0,45
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0,45
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0,45
0,35
1
v

0,53

ST
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2% (—0,35)

tan(203) = GVE

= 0,48 =

= [ =167,12°
20 =334,24 20 = —25,76
jojo! 203 #£ 154,24
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2x(—0,35)

—0,45 _ 2
tan(20) 045 0,48 =
—0,35
' = §=167,12°
26 = 33424 28 = —25.76

jojo! 23 # 154,24
Oy + 0y Op — Oy

%

= 0,28 =0,73
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2x(—0,35)

—0,45 — - _
tan(20) 045 0,48 =
—0,35
' = §=167,12°
26 = 33424 28 = —25.76

jojo! 23 # 154,24
Oy + 0y Op — Oy

%

2
Op — Oy
\/(72 > +72,=0,81

= 0,28 =0,73
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2x(—0,35)

—0,45 — - _
tan(20) 045 0,48 =
—0,35
' = §=167,12°
26 = 33424 28 = —25.76

jojo! 23 # 154,24

Oy + 0y Op — Oy

%

2
Oy — O
\/<—2 y) +72,=0,81
o, = 0,28 + 0,81 = 1,08
o, = 0,28 — 0,81 = —0,53

= 0,28 =0,73
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2x(—0,35)

—0,45 — - _
tan(20) 045 0,48 =
—0,35
' = §=167,12°
26 = 33424 28 = —25.76

jojo! 23 # 154,24
Oy + 0y Op — Oy

%

2
Oy — O
1,08 \/(—2 y) +172, =081
0, = 0,28 + 0,81 = 1,08

op = 0,28 — 0,81 = —0,53

= 0,28 =0,73

—0,53
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-~ —0,53 -
Y

1,08
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- —0,53 —
Y

1,0 l 1,08
Kt.\

—0,53
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2x0,5
0—0

= (G =45°

tan(23) =
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2x0,5

tan(243) = e
= (G =45°
ax+ay_ ax—ay_o
2 2

Copyleft (©V4&zquez Espi, 2007. << | > msyse: Sdlido deformable (II) 108 / 173



tan(243) = e
= [ =45°
Oz + 0y Oz — Oy
= =1
2 2
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tan(243) = e
= (G =45°
Oz + 0y Oy — Oy
=0 =0
2 2

Oy — Oy \ 2

\/< 2 y) Ty =05
0a=0405=05
o,=0—-05=-0,5
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tan(23) = e
= (G =45°
Oz + 0y Oy — Oy
=0 =0
2 2

Oy — Oy \ 2

\/< 2 y) Ty =05
0a=0405=05
o,=0—-05=-0,5
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Circunferencia de Mohr: una direccidon cualquiera

N
Txy

N=P M’
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a=30 cosa=0,87 sina=0,5

1 20 =60 cos2a =005 sin2x = 0,87

g

Copyleft (©V4&zquez Espi, 2007. << | > msyse: Sdlido deformable (IIl) 125 / 173



=30 cosa=0_87 sina=0,5

20 = 60 cos2a=0,5 sin2«a = 0,87
Opm = 0y CO82 a0+ Oy sin® a + 2Ty SIin & cos &
= 1,82
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30°C7
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a=30 cosa=0_87 sina=0,5

20 = 60 cos2a=0,5 sin2«a = 0,87
Om = Oz cos? a + Oy sin? o 4+ 2Ty SIn a COS v
= 1,82

Op — Oy .
Toromn, = _Ty sin 2a0 + Ty COS &

= 0,41
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a=30 cosa=0_87 sina=0,5

20 = 60 cos2a=0,5 sin2«a = 0,87

Om = Oz cos? a + Oy sin? o 4+ 2Ty SIn a COS v

= 1,82
Or — Oy .
Toromn, = —% sin 2a0 + Ty COS &
= 0,41
0, = oysin®a + Oy cos® o — 2Ty COS asin &
= —0,02
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30

= cosa = 0,87 sina=0,5
20 = 60 cos2a=0,5 sin2«a = 0,87
Opm = 0y CO82 a0+ Oy sin® a + 2Ty SIin & cos &
= 1,82
Or — Oy .
Tonn = ————2 sin2a + 7,y cos @
=041
= o, sin’a + Oy cos® o — 27Ty COS asin o
= —0,02
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0,40 a =155 cosa=0,57 sina=0,82
0,50

20 =110 cos2a = —0,34 sin2a =0,94
—
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0,40 a=295> cosa=0,57 sina=0,82
0,50

20 = 110 cos2a = —0,34 sin2a = 0,94

p— | Opm = 0y COS2 a0+ Oy sin® a + 2Ty SIn & Cos &

~0,53
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0,40 a=295> cosa=0,57 sina=0,82

0,50 20 = 110 cos2a = —0,34 sin2a = 0,94
-1 O = 0 COS% o + Oy sin? o + 2Ty SIn a COS v
55& = —0,53
Toromn, = —% sin 2a0 + Ty COS &
= 0,83
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0,40 a=295> cosa=0,57 sina=0,82

559\ /

0,50 20 = 110 cos2a = —0,34 sin2a = 0,94
-1 Om = Oz cos? a + Oy sin? o 4+ 2Ty SIn a COS v
= —0,53
Tonn, = _Te %y ; % sin2a + Ty COS &t
= 0,83
0, = oysin®a + Oy cos® o — 2Ty COS asin &
= —0,07
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0,40 a=295> cosa=0,57 sina=0,82
0,50

20 = 110 cos2a = —0,34 sin2a = 0,94

p— | Opm = 0y COS2 a0+ Oy sin® a + 2Ty SIn & Cos &

= —0,53
Tonm = _ %2~ % noa + Tpy COS 0
= 0,83
Op = 04 sin? o + Oy cos® o — 27Ty COS asin o
0,83 0,93 — 0,07

-0
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i Tmax ! 0,40
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i Tmax ! 0,40
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i Tmax ! 0,40
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i Tmax ! 0,40
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i Tmax ! 0,40
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Oy + 0y

(._Tmax? 0,40 Centro = = _0,3
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Oy + 0y

B Tszersa ¥ 0,40 centro = 5

0,50
_ 2
1 radlio = \/<%> +72 =086

=03
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iTmax! 0,40
—0,50
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0z + 0Oy

tro = =-0,3
centro 5 :
dio = /(2= 472 — 0,86
radio = 5 + 75 =0,
Om = 0p = centro = —0,3

Tmax = radio = 0,86
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Oz + O
sz 0 0,40 centro= ——Y¥ = 0,3

2
—0,50

_ 2
1 radio = W%) +72, = 0,86

Om = 0p = centro = —0,3

Tmax = radio = 0,86
6 =107,77°
a = [ +45° = 62,77
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Oy + 0y

L Tmax ! 0,40 centro = ———* = 0,3
) 0p — 0y
radio = \/< 5 ) +72,=0,36
Om = 0p = centro = —0,3
Tmax = radio = 0,86
6 =107,77°

a=[+45° = 62,77
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