Flexura de placa elastica por
diferencas finitas



 Po

o N

h Espessura total do carregamento:
d? d*w

122 (D m) + (P — pr)gw = (Po — Pr)gh

’
h Espessura do carregamento acima da paleotopografia/paleobatimetria:

d? d*w ,
(D W) + (P — po)gw = (Po — pPr)gh

dx?
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 Po

o N

h Espessura total do carregamento:
d* d*w B L
(0 Gz +Gon = pdow = Go =09

’
h Espessura do carregamento acima da paleotopografia/paleobatimetria:

d? d*w ,
7 (2 Tz +Gon = pdow = 6o =g

Ap
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 Po

_p—f:‘.__\Comparagéo
o N

h Espessura total do carregamento:
d
de( de) W—(PU p)gh

’
h Espessura do carregamento acima da paleotopografia/paleobatimetria:

d?
—2 dxz QW—PU pr)gh
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 Po

_p—f:‘.__\Comparagéo
o N

h Espessura total do carregamento

dxz( ) W_w

’
h Espessura do carregamento acima da paleotopografia/paleobatimetria:

L) G -n

D constante
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 Po

_p—f:‘.__\Comparagéo
o N

h Espessura total do carregamento:

dxz( ) .’W_w

’
h Espessura do carregamento acima da paleotopografia/paleobatimetria:

L) G -n

D constante

d*w
DW + Apgw =p
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Wi

Wiio
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Wi_» Ax Wi_1 Wi Witq Wiy2
o o O o o
d*w
D——+ Apgw =p

dx?
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Wi_» Ax Wi_1 Wi Witq Wiy2
o o O o o
d*w
D——+ Apgw =p

dx?
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Wi_2 Ax Wi_q Wi Wit1 Wit2
o o O O o
d*w B
D Tl + Apgw = p

+Apgw; = p;
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Wi_2 Ax Wi_q Wi Wit1 Wit2
o o O O o
d*w B
D Tl + Apgw = p

? +Apgw; =p;
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Wi_> Wi_1 Wi Wit1 Wit2
o) o) 0 o) o)
dw
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Wi_> Wi_1 Wi Wit Wit2

o) o) o o) o)
Wi_1 —W;_» W; — W;_4 Wit — W; Wito — Wiyq
dw Ax Ax Ax Ax
. 3 8 3 8
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Wi_> Wi_1 Wi Wit Wit2
o) o) o o) o)
Wi_1 —W;_» W; — W;_4 Wit — W; Wito — Wiyq

dw Ax Ax Ax Ax
. 3 8 3 8
dx

2
d*w % % %
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Wi_> Wi_1 Wi Wit Wit2

o o o o o
Wi_q1 — Wi W; — W;_4 Wiy, =W Wi — Wi

Ax Ax Ax Ax

dw % % % %

dx

Wi —W; 41 W;_1— W;_»
Ax Ax
2 Ax
d w % % %
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Wi_> Wi_1 Wi Wit Wit2

o o o o o

Wi_1 — Wi W; —W;_4 Wiy, =W Wi — Wi
dw Ax Ax Ax Ax
. 3 &3 &3 &3
dx

Wi — 2w 4 + Wi,

2
2 Ax

d w % % %

Victor Sacek IAG/USP



Wi_> Wi_1 Wi Wit Wit2

o) o) o o o)
Wi_1 =W, Wi —=Wi_q1 Wi =W, Wigp — Wig
dw Ax Ax Ax Ax
- 8 8 8 8
dx
Wi = 2Wiq + Wiy Wigq — 2W; + Wi g Wigp — 2Wiq + W,
2 2 A2
d2w Ax Ax
- ® 8 8
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Wi_> Wi_1 Wi Wit Wit2

o o o o o
W1 — Wi Wi —=W;1 Wi =W Wi — Wiygq
dw Ax Ax Ax Ax
B 8 8 8 8
dx
Wi = 2Wiq + Wiy Wigq — 2W; + Wi g Wigp — 2Wiq + W,
J2w Ax? Ax? Ax?
. 8 »® 8
dx?
3
d w 8 %
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Wi_> Wi_1 Wi Wit Wit2

o o o o o
Wi1 — Wiz Wi—=Wi1 Wi =W Wi = Wigg
dw Ax Ax Ax Ax
_ & & &8 &8
dx
Wi = 2Wiq + Wiy Wigq — 2W; + Wi g Wigp — 2Wiq + W,
J2w Ax? Ax? Ax?
- % % ®
dx?
, Wivr — 3Wi+3Wiqg — Wi Wiy — 3Wipq + 3W — Wy
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Wi_> Wi_1 Wi Wit Wit2

O O 0 o O
Wiqg — Wi Wi —=W;i1 Wi =W Wi = Wi
Ax Ax Ax Ax
dw % % % %
dx
Wi = 2Wiq + Wiy Wigq — 2W; + Wi g Wigp — 2Wiq + W,
J2w Ax? Ax? Ax?
—— » % %
dx
, Wivr — 3Wi+3Wiqg — Wi Wiy — 3Wipq + 3W — Wy
dx3
d*w
- %
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Wi_> Wi_1 Wi Wit Wit2

o o o o o
Wi1 — Wiz Wi—=Wi1 Wi =W Wi = Wigg
Ax Ax Ax Ax
dw £ 2 % 2
dx
Wi = 2Wiq + Wiy Wigq — 2W; + Wi g Wigp — 2Wiq + W,
J2w Ax? Ax? Ax?
—— % % ®
dx
, Wivr — 3Wi+3Wiqg — Wi Wiy — 3Wipq + 3W — Wy
dx3

Wiso — AW q + 6W; —4w;_ 1 + w;_,

4 L
a"w %
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Condicoes de contorno

 Placa continua:

w—0 para x = 0

w— 0 para x = x,

Wi Wy Wy W Wn-1 Wy
o o o

Wn+1 Whe2
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Condicoes de contorno

 Placa continua:

w—0 para x = 0

w— 0 para x = x,

W_1,Wo, Wn+1, Wyi2 = 0

Wy Wy W Wn-1 Wpn
o o) o)

Wn+1 Whe2
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d*w
DW‘FAQQW — D
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d*w
DW‘FAQQW — D

Wiyo — 4w + 6W; —4w;_ 4 + w;_,
Ax?

+Apgw; = p;
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d*w
DW‘FAQQW — D

Wiyo — 4w + 6W; —4w;_ 4 + w;_,
Ax?

+Apgw; = p;

D[Wisp — 4w + 6w, — 4wy +w;, |4+Ax*Apgw; = Ax*p;
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d*w
DW‘FAQQW — D

Wiyo — 4w + 6W; —4w;_ 4 + w;_,
Ax?

Dlwiy, — 4w g ‘|‘— dw;_1 + w;_;] = Ax*p;

+Apgw; = p;
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d*w
DW‘FAQQW — D

Wiyo — 4w + 6W; —4w;_ 4 + w;_,
Ax?

Dlwiy, — 4w g ‘|‘— dw;_1 + w;_;] = Ax*p;

Dw;_, — 4Dw;_; + [6D + Ax*Apg|w; —4Dw;,{ + Dw;,, =

+Apgw; = p;

= Ax*p;
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d*w
DW‘FAQQW — D

Wiyo — 4w + 6W; —4w;_ 4 + w;_,
Ax?

Dlwiy, — 4w g ‘|‘— dw;_1 + w;_;] = Ax*p;

+Apgw; = p;

Dw;_, — 4Dw;_; + [6D + Ax*Apg|w; —4Dw;,{ + Dw;,, =
= Ax*p;
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Dw;_, — 4Dw;_, + [6D + Ax*Apg|w; —4Dw; .1 + Dw; ., =
= Ax*p;
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Exemplo
wi W, W3 W, W5  Wg
@ @ @ @ @ @

wq . [6D + Ax*Apg]w; — 4Dw, + Dw,; = Ax*p,

Dw;_, — 4Dw;_, + [6D + Ax*Apg|w; —4Dw; .1 + Dw; ., =
= Ax*p;
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Exemplo
wi W, W3 W, W5  Wg
@ @ @ @ @ @

[6D + Ax*Apglw, — 4Dw, + Dwy = Ax*p,
—4Dw; +[6D + Ax*Apglw, — 4Dw; + Dw, = Ax*p,

Dw;_, — 4Dw;_, + [6D + Ax*Apg|w; —4Dw; .1 + Dw; ., =

= Ax*p;
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Exemplo

W4 W» W3 Wy Ws Wg

o—0 0 0 0 O
Wy 6D + Ax*Apglw; — 4Dw, + Dw; = Ax*p,
W, —4Dw, + [6D + Ax*Apglw, — 4Dw; + Dw, = Ax*p,
W3 Dw; — 4Dw, + [6D + Ax*Apglws — 4Dw, + Dws = Ax*p;
Dw;_, — 4Dw;_; + [6D + Ax*Apglw; —4Dw; 1 + Dw;,, =

= Ax*p;
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Exemplo
wiy W, Wz W, Ws W
@ @ @ @ @ o

Wq (6D + Ax*Apglw, — 4Dw, + Dw; = Ax*p,
W, —4Dw; +[6D + Ax*Apglw, — 4Dw; + Dw, = Ax*p,
W3 : Dwy — 4Dw; + [6D + Ax*Apglw; — 4Dw, + Dws = Ax*p;
Wy : Dw, — 4Dws + [6D + Ax*Apglw, — 4Dws + Dw, = Ax*p,

Dw;_, — 4Dw;_, + [6D + Ax*Apg|w; —4Dw; .1 + Dw; ., =
= Ax*p;
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Exemplo
wiy W, Wz W, Ws W
@ @ @ @ @ o

Wq (6D + Ax*Apglw, — 4Dw, + Dw; = Ax*p,
% —4Dw, + [6D + Ax*Apglw, — 4Dw; + Dw, = Ax*p,
W3 : Dwy — 4Dw; + [6D + Ax*Apglw; — 4Dw, + Dws = Ax*p;
Wy : Dw, — 4Dws + [6D + Ax*Apglw, — 4Dws + Dw, = Ax*p,
Ws : Dws — 4Dw, + [6D + Ax*Apglws —4Dws = Ax’ps

Dw;_, — 4Dw;_, + [6D + Ax*Apg|w; —4Dw; .1 + Dw; ., =
= Ax*p;

Victor Sacek IAG/USP



Exemplo
wiy W, Wz W, Ws W
@ @ @ @ @ o

Wq (6D + Ax*Apglw, — 4Dw, + Dw; = Ax*p,
W, : —4Dw, +[6D + Ax*Apglw, — 4Dw, + Dw, = Ax*p,
W3 Dwy — 4Dw, +[6D + Ax*Apglws — 4Dw, + Dws = Ax*p,
Wy : Dw, — 4Dws + [6D + Ax*Apglw, — 4Dws + Dw, = Ax*p,
Ws : Dws — 4Dw, + [6D + Ax*Apglws —4Dws = Ax’ps
Wy : Dw, — 4Dws + [6D + Ax*Apglw, = Ax*pe

Dw;_, — 4Dw;_, + [6D + Ax*Apg|w; —4Dw; .1 + Dw; ., =
= Ax*p;
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Exemplo

W4 W» W3 Wy Ws Weg
@ @ @ o o @
6D + Ax*Apg —4D D 0 0 0
—4D 6D + Ax*Apg —4D D 0 0
D —4D 6D + Ax*Apg —4D D 0
0 D 4D 6D + Ax*Apg —4D D
0 0 D —4D 6D + Ax*Apg —4D
L 0 0 0 D —4D 6D + Ax*Apg]

_pl _
D2

P4
Ps
_pﬁ_
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W4 W» W3 Wy Ws Weg
o @ @ o o
D + Ax*Apg —4D 0 W17
—4D 6D + Ax*Apg —4D 0 Wy
D —4D 6D + Ax*Apg —4D D W
0 4D 6D + Ax*Apg —4D Wy
0 D —4D 6D + Ax*Apg We
0 0 0 D —4D W |

_pl _
D2

P4
Ps
_pﬁ_
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W4 W» W3 Wy Ws Weg
o @ @ o o
D + Ax*Apg —4D 0 0
—4D 6D + Ax*Apg —4D 0 0
D —4D 6D + Ax*Apg —4D D 0
0 4D 6D + Ax*Apg —4D D
0 D —4D 6D + Ax*Apg —4D
0 0 0 D —4D 6D + Ax*Apg

Aw

I
g=]

_pl _
D2

P4
Ps
_pﬁ_
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W4 W» W3 Wy Ws Weg
@ @ @ @ @ @
bD + Ax*Apg —4D 0 0
—4D 6D + Ax*Apg —4D 0 0
D —4D 6D + Ax*Apg —4D 0
0 4D 6D + Ax*Apg —4D
0 D —4D 6D + Ax*Apg —4D
0

D —4D

6D + Ax*Apg|

Aw =p
AG,j=i-2)=D
A(,j=i—1)=—-4D
A(i,j=1) = 6D + Ax*Apg
AG,j=i+1) =—4D
AG,j=i+2)=D

= Ax*
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Condicoes de contorno

* Placa rompida:

d*w 0
—— =0 para x = x,
dx?
Wi Wy Wy W Wn-1 Wy

Wn+1 Whe2
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Condicoes de contorno

* Placa rompida:
d*w

W:O para x = x4

Wy, — 2wy +wy
Ax?

Wi Wy Wy W Wn-1 Wy

Wn+1 Whe2
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Condicoes de contorno

* Placa rompida:
d*w

W:O para x = x4

Wy — 2Wq + Wy
> :O —>W0:2W1_W2
Ax

Wi Wy Wy W Wn-1 Wy

Wn+1 Whe2
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Condicoes de contorno

co

* Placa rompida: f Apgwdxzf p dx
0

0

Wy W Wn-1 Wpn

Wn+1 Whe2
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Condicoes de contorno

co

* Placa rompida: f Apgwdxzf p dx
0 0

d*w
DW-I—Apgw =D

W_q Wy Wy W Wn-1 Wpn Wn+1 Whs2
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Condicoes de contorno

co

* Placa rompida: f Apgwdxzf p dx
0 0

d*w © d*w * J’m

—_— = D——-d A dx = dx
Ddx4+ﬂpgw p—:»J;} T x-I—J;} pgw dx 0 p

W_q Wy 141 Wy Wn-1 Wn  Wyny1 Wiy
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Condicoes de contorno

* Placa rompida: f Apgw dx_f p dx
d*w “

W_q Wy Wy W Wn-1 Wpn Wn+1 Whs2
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Condicoes de contorno

* Placa rompida: f Apgw dx_f p dx

D&Y L pnaw = —>me—¢£::¢+ dx =
dx4+ PGW =P dx*?

W_q Wy Wy W Wn-1 Wpn Wn+1 Whs2
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Condicoes de contorno

* Placa rompida:

med4W dx = 0
N P

Wn-1
o)

Wn
o)

Wn+1 Whe2

Victor Sacek IAG/USP



Condicoes de contorno

* Placa rompida:

co

® d*w d>w
Ty — — | =0
J{; Ddx4 dx = 0 _>Ddx3
0
Wi Wy Wy W Wn-1 Wy

Wn+1 Whe2
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Condicoes de contorno

* Placa rompida:

® d*w d>w
Ty — —_ | =0
J{; Ddx4 dx = 0 _>Ddx3
0
Wi Wy Wy W Wn-1 Wy

Wn+1 Whe2
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* Placa rompida:

r

d4

w
D—-dx=0-D——=

dx?

Condicoes de contorno

Placa semi-infinita

d3w
dx?

Wy W Wn-1 Wpn

x — oo temosw — 0

d3w

- 0
x3

Wn+1 Whe2
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* Placa rompida:

r

d4

dx?

Condicoes de contorno

Placa semi-infinita

d3w
x — oo temosw — 0 3 0
X
w d>w d3w
D——— dx:0—>D—3 > D =0
dx dx3

Wy W Wn-1 Wpn

Wn+1 Whe2
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* Placa rompida:

r

d4

dx?

Condicoes de contorno

Placa semi-infinita

pE Y ax=0 pEW d’w
— — S >
X dx? D dx3 ,
d3w 0
| =
dx )

Wy W Wn-1 Wpn

x — oo temosw — 0

d3w

x3

=0

Wn+1 Whe2
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W W, W3

®

O
“

@

0 O
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
d>w Ax3 % % Ax3

Victor Sacek IAG/USP



W W, W3

®

O
“

@

0 O
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
d>w Ax?3 % D 2 Ax3
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W_q W Wy W W3
t O 0 O
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
d*w Ax3 P % % Ax?3

W3 — 2w, + 2wy — wW_4
2Ax3
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W_q W Wy W Ws
' o o o
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W

d>w Ax?3 % D 2 Ax3

dx3

W3 — 2w, + 2wy — wW_4
2Ax3
d>w
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W_4 Wy w4 w5 W3
t o o) o)
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
3
d>w Ax3 P % % Ax3
dx3

W3 — 2w, + 2wy — wW_4

2Ax3

d>w W3 — 2w, + 2w —w_;

|
-

0

dx3| =~ 2Ax3
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W_q Wo W, W, W
t 0 @ 0
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
d>w Ax?3 % D 2 Ax3
dx>
W3 — 2w, + 2wy — wW_4
2Ax3
d>w 0. W3 — 2w, + 2w —w_; 0
dx3 ’ 2Ax3

- W_1 = W3 — 2W, + 2w,
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W_q Wo W, W, W
t 0 @ 0
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
d>w Ax?3 % D 2 Ax3
dx>
W3 — 2w, + 2wy — wW_4
2Ax3
d>w 0. W3 — 2w, + 2w —w_; 0
dx3 ’ 2Ax3

= W_1 = W3 — 2w, + 2Wp)

Victor Sacek IAG/USP



W_q Wo W, W, W
t 0 @ 0
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
d>w Ax?3 % D 2 Ax3
dx>
W3 — 2w, + 2wy — wW_4
2Ax3
d>w 0. W3 — 2w, + 2w —w_; 0
dx3 ’ 2Ax3

WUZZWI_WZ
—>W_1=W3—2W2+2@{'
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W_q Wo W, W, W
t 0 @ 0
Wy — 3wy + 3wy — W_4 w3 — 3w, + 3wy — W
d>w Ax?3 % D 2 Ax3
dx>
W3 — 2w, + 2wy — wW_4
2Ax3
d>w 0. W3 — 2w, + 2w —w_; 0
dx3 ’ 2Ax3

WUZZWI_WZ
W3_2W2+@{'

— W_1 = W5 _4W2 +4W1

- W_4
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Modificacdo da matriz A
para placa rompida

A(1,1) = 2D + Ax*Apg

A(1,2) = —4D
A(1,3) = 2D
A(2,1) = =2D

A(2,2) = 5D + Ax*Apg
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Modificacdo da matriz A
para placa rompida

A(1,1) = 2D + Ax*Apg

A(1,2) = —4D
A(1,3) = 2D
A(2,1) = =2D

A(2,2) = 5D + Ax*Apg

2D + Ax*Apg —4D 2D 0 0 0
—2D 5D + Ax*Apg —4D D 0 0
D —4D 6D + Ax*Apg —4D D 0
0 D —4D 6D + Ax*Apg —4D D
0 0 D —4D 6D + Ax*“Apg —4D
0 0 0 D —4D 6D + Ax*Apg.
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Condicoes de contorno

 Placa continua ll:

Wi Wy Wy W Wn-1 Wy
o o o o

Wn+1 Whe2
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Condicoes de contorno

 Placa continua ll:

dw 0
dxl,
Wz — Wy
=0
20x
Wi Wy Wy W Wn-1 Wy

Wn+1 Whe2
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Condicoes de contorno

 Placa continua ll:

| =0
dx |,
Wy — W
= =0 - Wy = W,
20x
Wi Wy Wy W Wn-1 Wy

Wn+1 Whe2
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Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

Wi Wy Wy W Wn-1 Wy
o o o o

Wn+1 Whe2
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Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

fm0d4w dx = 0
N P

W_q Wy Wy W Wn-1 Wpn Wn+1 Whs2
o o o) o)

Victor Sacek IAG/USP



Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

“d*w d3w
DF dx =0 - | = 0
0 X dx )
W_q Wy Wy W Wn-1 Wpn Wn+1 Whs2
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Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

0

D"’Dd“w 0 & d3w ) W3 — 2W, + 2wy — W_4
—_— X = -_ — > —
o dx* dx3 2Ax3

0
W_q Wy Wy W Wn-1 Wpn Wn+1 Whs2
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Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

0

® d*w =0 d3w W3 — 2W, + 2wy — W_4
D—:Fdx=0—-> — =0 — =
o dx* dx3 2Ax3
0
= W_1; = W3 — 2w, + 2w,
W_q Wy Wy W Wn-1 Wpn Wn+1 Whs2
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Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

\w3—2w2+2w0—w_120

®  d*w d3w
J;}DWC{JCZO_J’FO:O 2Ax3
Wy = W5
- W_q{ = W3 — 2w, +
W1 Wy Wy Wy Wn-1 Wn  Wni1 Why2
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Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

0

© _d*w d>w W3 — 2wy + 2wy —w_g
LDWW:O_}WO:O 203 =
Wy = W5
- W_q{ = W3 — 2w, + - W_q = W3
W1 Wy Wy Wy Wn-1 Wn  Wni1 Why2
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Condicoes de contorno

co

* Placa continua Ilzf Apgw dx:f p dx
0 0

0

® d*w d3w W3 — 2W, + 2wy — W_4
(o8 £2] g mmipmne,
o ax dx?|, 20x
Wgop = W5
_>W_1:W3_2W2+ — W_q1 = W3

W_q Wy Wy W W3 Wn-1 Wpn Wn+1 Whs2
o o o) o)
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Modificacdo da matriz A
para placa continua Il

A(1,2) = —8D
A(1,3) = 2D
A(2,2) =7D + Ax*Apg
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Modificacdo da matriz A
para placa continua Il

A(1,2) = —8D
A(1,3) = 2D
A(2,2) =7D + Ax*Apg

6D + Ax*Apg —8D 2D

0 0 0
—4D 7D + Ax*Apg —4D D 0 0
D —4D 6D + Ax*Apg —4D D 0
0 D 4D 6D + Ax*Apg —4D D
0 0 D —4D 6D + Ax*Apg —4D
0 0 0 D —4D 6D + Ax*Apg]
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