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Equilibrium state

Body force density vector [N/m?]

t

0
pb=p| 0
-9
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Equilibrium state

Body force density vector [N/m?]

0
pb=p| 0
-9

Traction vector [N/m?]

u(z, y,2)

pb(z,y,
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Equilibrium state

Equilibrium equations for a body
/tdS+/ pbdV =0
S 1%

t
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Equilibrium state

Equilibrium equations for a body
/tdS+/ pbdV =0
S 1%

Static boundary conditions

t

t=on

where o — stress tensor
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Equilibrium state

Equilibrium equations for a body

/tdS+/ pbdV =0
u(z,y, 2) S Vv

t

pb(z,y, z

Static boundary conditions

t=on

where o — stress tensor

Using Green—Gauss—Ostrogradsky theorem

/ ondS = / LTedVv where L — differential operator matrix
s v

Computational Methods, 2020 (© J.Pamin



Equilibrium equations

Navier’'s equations

/ (LYo +pb)dV =0<=L"c + pb=0 VPEeV
\%4

N
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Equilibrium equations

Navier’'s equations

/ (LTo +pb)dV =0<=L'0c + pb=0 VPEeV
v O'ij,j—pri:O

N
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Equilibrium equations

Navier’'s equations

/ (LYo +pb)dV =0<=L"c + pb=0 VPEeV
\%4
Tij, + pbi =0

Weak formulation — weighting function w = du — kinematically

admissible displacement variation

/ (6u)" (LT +pb)dV =0 Véu
v

Y
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Equilibrium equations

Navier’'s equations

/ (LYo +pb)dV =0<=L"c + pb=0 VPEeV
\%4
Tijj +pbi =0

Weak formulation — weighting function w = du — kinematically
admissible displacement variation (complying with kinematic b.cs)

/ (6u)" (LT +pb)dV =0 Véu
\%4

— / (Lou)TodV + / (6u)TondS + / (6u)TpbdV =0
Vv S 1%
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Equilibrium equations

Navier’'s equations

/ (LYo +pb)dV =0<=L"c + pb=0 VPEeV
\%4
Tijj +pbi =0

Weak formulation — weighting function w = du — kinematically
admissible displacement variation (complying with kinematic b.cs)

/ (6u)" (LT +pb)dV =0 Véu
\%4

t
—/ (Léu)TadV + /(5u)T on dS+/ (6u)TpbdV =0
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Equilibrium equations

Navier’'s equations

/ (LYo +pb)dV =0<=L"c + pb=0 VPEeV
\%4
Tijj +pbi =0

Weak formulation — weighting function w = du — kinematically
admissible displacement variation (complying with kinematic b.cs)

/ (6u)" (LT +pb)dV =0 Véu
\%4

_ uw’lo )T _ _
/V(Lé) dV+/S(6 ) tdS+/V(6 ) pbdV =0
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Equilibrium equations

Navier’'s equations

/ (LYo +pb)dV =0<=L"c + pb=0 VPEeV
\%4
Tijj +pbi =0

Weak formulation — weighting function w = du — kinematically
admissible displacement variation

/ (6u)" (LT +pb)dV =0 Véu
v

/V (Léu)TodV = /S (6u)TtdS + /V (6u)T pbdV
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Equilibrium equations

Navier’'s equations

/ (LYo +pb)dV =0<=L"c + pb=0 VPEeV
\%4
Tijj +pbi =0

Weak formulation — weighting function w = du — kinematically

admissible displacement variation

/ (6u)" (LT +pb)dV =0 Véu
v

/V (Léw)TodV = /S (6u)Ttds + /V (6u)T pbdV

0 0
work of internal forces work of external forces

YAY)| o] KTt/
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1=NNE, N=NDOF, E=NE)

Displacement field approximation

n
u? =3 " NE(€,n, Q)df = N°d°
=il

Ne 0 0
Ne =| 0 N¢ 0
[3%x3n] 0 0 Nle

dl’, —

Z [Bnx1]

17
11

3y

T°=T°B° — transformation matrix which defines topology (B¢) and directional
cosines of angles between the axes of global and local coordinate set (T*)
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Equilibrium equation of discretized structure

Equilibrium equation (pb® = f¢ — body force vector)
E

> {/ e(Leéue)TaedVe - /e(c‘)‘u“‘)TtedSe _ / e(5ue)TfedVe} g

e=ll
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Equilibrium equation of discretized structure

Equilibrium equation
E

Z {/ E(Leaue)TaedVe _ /e(5ue)TtedSe _ / e((sue)TfedVe} _o

e=1
{/ (L°N¢sd®) Toedve —/ (N¢sd®)Ttedse —/ (Neéde)TfedVe} =0
ve . e

E

e=1
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Equilibrium equation of discretized structure

Equilibrium equation
E

> { / (Leou®)ToedVe — / (6u®)Ttedse — / (5ue)Tfedve} =0
—~ . . c
E Béi

{/ (LeN©sd®)Toedv e —/ (N¢sd®)Ttedse —/ (Neéde)TfedVe} =0
6:1 VE e e
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Equilibrium equation of discretized structure

Equilibrium equation

E

> { / (Leou®)ToedVe — / (6u®)Ttedse — / (5ue)Tfedve} =0
—~ . . c

E

Z{/ (Beéde)TaedVe—/ (Neade)Ttedse—/ (Neéde)TfedVe} =0
g e 2 .
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Equilibrium equation of discretized structure

Z{ / (Leou®)ToedVe — / (6u®)Ttedse — / (6ue)Tf€dVe} =
e=1 € €
E

{/ (B¢sd®)™ edve—/ (Neade)Ttedse—/ (Neéde)TfedVe}

Z (6d°)T { / BTodve — [ NeTt°ds® — NeTf“"dV“"} =0
e Se Ve

Y
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Equilibrium equation of discretized structure

Equilibrium equation

E

> { / (L¢6u®) "o dVe — / (6u®)Tt°dse — / (6ue)Tf€dVe} =
— . e e
E
Z{/ (B¢sd®)™ edve—/ (Neade)Ttedse—/ (Neéde)TfedVe} =
B T°d
Z(éde)T {/ BeTa_edVe _ NeTtedSe _ NeTfedVe} _
o—1 ve Se Ve

Y
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Equilibrium equation of discretized structure

Equilibrium equation

E
{ / (Lésu®)TocdVe — / (u®)Ttedse — / (6ue)TfedVe} =0

p— . . .

E

Z{/ (Beéde)TaedVe—/ (Neade)Ttedse—/ (Neéde)TfedVe} =0
— . . .

> (@sd)” { / BTocdve — [ NeTtedse — NETfEdVe} =0

e—1 e Se ve
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Equilibrium equation of discretized structure

{ / (Lésu®)TocdVe — / (u®)Ttedse — / ((Sue)TfedVe} =0

{/ (Bedde)TaedVe—/ (Nedde)TtedSe—/ (Nedde)TfedVe} =0

NETfedVE} =0
Ve

e=1

Yy
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Equilibrium equation of discretized structure

{ / (Lésu®)TocdVe — / (u®)Ttedse — / ((Sue)TfedVe} =0

{/ (Bedde)TaedVe—/ (Nedde)TtedSe—/ (Nedde)TfedVe} =0
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e=1 Ve

E
(5d)TZT€T { / B o dV° — / NeTteds® — / NeTfEdVE} =0
vod =t Ve 5 Ve
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Equilibrium equation of discretized structure

{ / (Lésu®)TocdVe — / (u®)Ttedse — / ((Sue)TfedVe} =0

{/ (Bedde)TaedVe—/ (Nedde)TtedSe—/ (Nedde)TfedVe} =0

NETfedVE} =0

e=1 ve
E
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Equilibrium equation of discretized structure

{ / (Lésu®)TocdVe — / (u®)Ttedse — / (6ue)TfedVe} =0

{/ (Beéde)TaedVe—/ (Nedde)TtedSe—/ (Neéde)TfedVe} =0
e SE e

NeTfEdVE} =0

e=1 ve
E
>t {/ B odVv® —/ NTtedse —/ NETfedVe} =0
o—1 ve Se Ve
E E
ZTET{/ BeTa_edVe} :ZTeT {/ NeTtedSe_,’_/ NeTfedVe}
e=1 € e=1 5@ e
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Equilibrium equation of discretized structure

{ / (Lésu®)TocdVe — / (u®)Ttedse — / (6ue)TfedVe} =0

{/ (Beéde)TaedVe—/ (Nedde)TtedSe—/ (Neéde)TfedVe} =0
e SE e

NeTfEdVE} =0

e=1 ve
E
>t {/ B odVv® —/ NTtedse —/ NETfedVe} =0
o—1 ve Se Ve
E E
ZTET{/ BeTa_edVe} :ZTeT {/ NeTtedSe_,’_/ NeTfedVe}
e=1 € e=1 5@ e

internal forces = external forces
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Equilibrium equation of discretized structure

Equilibrium equation
E E
ZTeT {/ BeTa,edVe} — ZTGT {/ NeTtedSe +/ NeTfedVe}
e=1l ve e=1 Se ve

N
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Equilibrium equation of discretized structure

Equilibrium equation
E E
ZTeT {/ BeTa,edVe} — ZTeT {/ NeTtedSe +/ NeTfedVe}
e=1l ve e=1 Se ve

Consideration of kinamatic and constitutive equations

linear elasticity: o = De
linear kinematic relation: € = Lu

o¢ = D°L°u® = D°L’N°d® = D°B“T°d
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Equilibrium equation of discretized structure

Equilibrium equation

E

ZTeT {/ BeTa,edVe} — ZTET {/ NeTtedSe +/ NeTfedVe}
_ VE e VE

e=1

Consideration of kinamatic and constitutive equations

linear elasticity: o = De
linear kinematic relation: € = Lu

o¢ = D°L°u® = D°L’N°d® = D°B“T°d

Equilibrium equation

E E
ZT@T{/ BeTDeBeTeddve}:ZTeT {/NeTtedSe +/N9Tfedve}
e=1 \4 =il S v

e e e
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Equilibrium equation of discretized structure

Equilibrium equation

E
ZTeT {/ BeTa,edVe} — ZTeT {/ NeTtedSe +/ NeTfedVe}
71 VE e Ve

e=1

Consideration of kinamatic and constitutive equations

linear elasticity: o = De
linear kinematic relation: € = Lu

o¢ = D°L°u® = D°L’N°d® = D°B“T°d

Equilibrium equation

E

E
ZTGT{/ BETDeBedVe}Ted:ZTeT{/ NeTtedSe+/ NeTgeqye }
e e VE

e=1 = e=1

K¢ Py pP°
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Equilibrium equation of discretized structure

Equilibrium equation
E E
ZTeT {/ BeTa,edVe} — ZTET {/ NeTtedSe +/ NeTfedVe}
e=1l ve e=1 Se ve

Consideration of kinamatic and constitutive equations

linear elasticity: o = De
linear kinematic relation: € = Lu

o¢ = D°L°u® = D°L’N°d® = D°B“T°d

Equilibrium equation

E E E
ZTeTKeTed _ ZTeTf)ﬁ + ZTeTI—)e
e=1 e=1 e=1
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Equilibrium equation of discretized structure

Equilibrium equation
E E
ZTeT {/ BeTa,edVe} — ZTeT {/ NeTtedSe +/ NeTfedVe}
e=1 ve e=1 Se Ve

Consideration of kinamatic and constitutive equations

linear elasticity: o = De
linear kinematic relation: € = Lu

o¢ = D°L°u® = D°L’N°d® = D°B“T°d

Equilibrium equation

E E E
ZTeTKeTe d= ZTeTpE + ZTeTpe

e=1 e=1 e=1

K Pb P

AY] @‘K"ﬂ"f
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Equilibrium equation of discretized structure

Equilibrium equation
E E
ZTeT {/ BeTa,edVe} — ZTET {/ NeTtedSe +/ NeTfedVe}
e=1l ve e=1 Se ve

Consideration of kinamatic and constitutive equations

linear elasticity: o = De
linear kinematic relation: € = Lu

o¢ = D°L°u® = D°L’N°d® = D°B“T°d

Equilibrium equation

Kd=p, +p
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Plane stress (o, = 0)

Body force intensity vector

u = {u(z,y),v(r,y)}

. Constitutive matrix

ez{fzagw%vy} D_ E

C1—2
Differential operator matrix
o ={05,0y,Tay}

= Y =
S = X
—

| © O

l\j|

0 0
oz
L=| o 2
dy
t = {tz,ty} & 9
Jdy Oz

Computational Methods, 2020 (© J.Pamin



Plane stress (o, = 0)

Stiffness matrix

k¢ = / B<TDB¢hcdA®

A€, h® — FE area and thickness, resp.

Element loading vector

pe _ / NeTfehedAe

Boundary loading vector

pi = / N thedr*

N
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FEs for panels

Three-noded element

u‘(z,y) = N°=,y) d°

P
da

Neo[NE O N 0 Np 0] . |ds
0o Ne 0 Ne o N9

ds

_d6-

(Y| HE
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FEs for panels

Three-noded element

u‘(z,y) = N°=,y) d°

Nf 0 Nf 0 Ng 0

e__
0o N o0 Ne o ne|9F

Nj(z,y°)




FEs for panels

Four-noded element

u’(z,y) = N°(z,y) d°®

Ne| N6 O NS 0O N O N O
0O Nf O Nf 0 N 0 Ny

d®={di,ds,ds,dy,ds,ds,d7,ds}
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FEs for panels

Four-noded element

u’(z,y) = N°(z,y) d°®

Ne| N6 O NS 0O N O N O
0O Nf O Nf 0 N 0 Ny

d®={di,ds,ds,dy,ds,ds,d7,ds}

W
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Example

Statics of a panel

- E =18 GPa
2 v =0.25 E
E h=0.2m

4'm | 2m |
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Example

Statics of a panel

elem. no. | node numbers

114 5 2 1
2|5 3 2




Example

Statics of a panel

ive matrix
18- 106 1 0.25 0
=——10.25 1 0 [kPa]
1—0.252 1-0.25
0 0 ==
7.5 kN/m Y Discretization
3 kN/m
T T I I ]]
3 E = 18 GPa f
3 v =0.25 ;
é h=0.2m i




Example

Statics of a panel

Constitutive matrix

18- 106 1 0.25 0
=—— |02 1 0| [kPa]
1—0.252 —0.25
0 0 1T
19.2 4.8 0
D=| 48 192 0 | -10° [kPa]
0 0 7.2
7.5 kN/m
" I T T
3 E = 18 GPa f
3 v =0.25 ;
é h =0.2m i




Example

Statics of a panel

Shape functions — Element 1

DD — 940 _ 4,/ 1), (1)
allf 21<8 4of +8’ N%(x@,w):m(g

N}, 40) =

)

Do) — 2440 I — 4/
N}, = _M N, 0) = _ady - 4y

. [N} 0 N 0 N 0 N 0
N! =
0O N} 0 N' 0 N 0 N}

3 kN/m

A




Example

Statics of a panel

Matrix K — Element 1

y(l) 1 1 y(l) 1}1> y(l)
-1 0 3z-% 0 5 0 % 0
1) D)y _ O g o) o) )
Bl (2, )= 0 F-52 0 % 0% 0 5-%
A 10 1 O 1 O 0 1 O O
8 2 8 4 8 4 8 8 8 2 8 8

T T

4
3 E = 18 GPa
=

4 v =0.25
=

= h =0.2m
=




Example

Statics of a panel

Matrix K — Element 1

1) D)y _ O g o) o) )
Bl (2, )= 0 F-52 0 % 0% 0 5-%
2 140 1 _a® 10D PO O
8 2 8 4 8 4 8 8 8 2 8 8

16 6 -16 -1.2 -8 -6 -64 1.2

6 28 1.2 104 -6 -14 -1.2 -24.4

5t 16 1.2 16 -6 6.4 -1.2 -8 6
1 1T 1 il it -1.2 10.4 -6 28 1.2 -24.4 6 -14 5
I :// B''DB'h dady” = 8 6 -64 12 16 6 -1.6 -1.2| 10

o Jo 6 -14 -1.2 244 6 28 1.2 10.4

6.4 -12 -8 6 -1.6 12 16 -6

1.2 244 6 -14 -1.2 104 -6 28

75KkN/m 4D Discretization
3kN/m
Tt IIII1]] !
3 E = 18 GPa df =d;
4 £
4 v =0.25 o
e h=02m di =dy
= =0 1
e _y




Example

Statics of a panel

Shape functions — Element 2

2— 2 2 — 2@
N2 ) =" NP, )=
7 (x 7¢ ) D) ’ k( 7:5} ) 2
2
N2, ) =
NI_[NE O NP o0 NZ O
0 N2 0 N2 0 N?
7.5 kN/m
" T I
3 E = 18 GPa f
3 v =0.25 ;
é h =0.2m i
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Example

Statics of a panel

Matrix K — Element

1 1
00io0-10
20,0 Q) 1 1
B2(?,4?)=]0-3000 1
1 11 1
200333
7.5 kN/m X . @
3 kN/m Discretization d2, dy
T T ]] s
7 E = 18 GPa
2 v =0.25 E
E h =0.2m Y




Example

Statics of a panel

Matrix K — Element

7.2 0-72 -72 72
0 19.2 -4.8 0 4.8 -19.2
0 -48 19.2 0 -19.2 4.8
-7.2 0 0o 72 72 -72
-7.2 4.8 -19.2 7.2 264 -12
7.2 -19.2 4.8 -7.2 -12 264

K?>=B>"DB%hA%=

7.5 kN/m o]

3 kN/m m Discretization ¥ 4 ;2 "

3 E = 18 GPa

e £
2 v=0.25 5
E

= h =0.2m

= v




Example

Statics of a panel

Wektor P, — Element 1

Pl = [ N'tdr+ NTtdr+ [ NUTear+ [ NUTedr
i ieh o ]

T T

A
= E = 18 GPa
3

= v =0.25
A

= h=0.2m
=




Example

Statics of a panel

Wektor P, — Element 1

b.c.=0

P = [ NTtdr+ / N war+ [ NTtdr+ [ NUTtdr
F%j h F;k Fkl Flli

interelem. edge

force balance

along line 2-5
1 _ 42

tir = —ti

T T

A
= E = 18 GPa
3

= v =0.25
A

= h=0.2m
=




Example

Statics of a panel

Wektor P, — Element 1

P! — N tdar + [ NUedr
Tk 1%

3 kN/m

A




Example

Statics of a panel

Wektor P, — Element 1

P! — N tdr + [ NUedr
Tk 1%

4 T 0
1T _ 1.1 (1) _ 1)
N'Tdr _/O (N (@, f _2)) 4 (1 - m;)) e | def

2 &
' 4

={00000-100 -8}
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Example

Statics of a panel

Wektor P, — Element 1

3 kN/m

P.L={00000-100-8}+ [ N'"tdl
Fl.

T
/ N1 tdr / (N =0./") " tayf”
L7

={R{ R50000 R R}}

ALY

E = 18 GPa
v = 0.25
h=0.2m
4m
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Example

Statics of a panel

Wektor P, — Element 1

P.L={00000-100-8} +{R{ RS0000 R: R}}
R T
R;

T T

E = 18 GPa
v = 0.25
h=0.2m

A




Example

Statics of a panel

Wektor P Elemen

T T T
Pl= [ N?tdl+ N2 tdl'+ [ N? tdT'
2 2 2
FiJ’ ij s
7.5 kN/m o el

3 kN/m mmm Discretization d2, dy

3 E = 18 GPa

2 v =0.25 =

E h =0.2m Y




Example

Statics of a panel

Wektor P Element

ch =00 - .
P2:/ N? tdF+/ N2 tdI‘+/ N2 tdl’
7 52, )
interelem. edge
force balance
along line 2-5
1 _ 42
tir = —ti
7.5 kN/m o el
3 kN/m mmm Discretization (12, dy
7 E = 18 GPa f
2 v =0.25 =
E h =0.2m Y




Example

Statics of a panel

Wektor P Eleme

2 2T
PZ= — [ N2'tdr
2
ij
7.5 kN/m o el
3 kN/m D\SCI’EUZ;UO" ,
T II1111 1] a2 = ag sa2—a

g
3 E = 18 GPa
E E di =dg
4 v =0.25 a
3
= h =0.2m
= v

4m ‘ 2m




Example

Statics of a panel

Wektor Py, — Eleme

Pl= — / N2'tdT
FZ

ik

2 0
/ N2Ttdr :/ (Nl(x@,y<2):2))T f(1_2) 75l d2
F?k 0 2 2

={000-70-6.5}

3 kN/m

Discretization ¥ 4 ;2 s

3 E = 18 GPa

E £
E v =025 -
7

= h=0.2m i

4m ‘ 2m
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Example

Statics of a panel

pz_ |
R
7.5 kN/m o el
3 kN/m Discretization

>
~ E = 18 GPa
2 E di =dg
= v =0.25 ~
2
= h =0.2m
E _y




Example

Statics of a panel

Assembly — Boole's matrix B

loc. no.

®
®
®
®
®
®
O]

l;l

‘E’ (=N NNl
L I

@ooooouoo

MNoococoocoocor
Qoooooouo

0
0
0
0
0
0
0
0

®

Discretization

‘@ooo»aoooo
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(HWoococoocoocoo

\.
o
=
=
3

S

3 kN/m

A




Example

Statics of a panel

Assembly — Boole's matrix B

loc. no.

®
®
®
®
®
®
O]

l;l

‘E’ SO O OO OO
L I

@ooooowoo

MNoococoocoocor
Qooooocm—lo

0
0
0
0
0
0
0
0

®

Discretization
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o
=
=
3

S
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Example

Statics of a panel

Assembly — Boole's matrix B

loc. no.
[0 00000T100O0] @
00000D0O0OT1O0TO0|®
000000O0O0CT1O0|®
gl _|0 00000000 1|
001 00000TCO0O0]|®
00010000°0O0]|®
1000000000 ®
(0100000000 ®
glob. no @@@@@@@@
E E = 18 GPa Id;dl
4 v=o025 E
§h=0.2m 7{1}:(17




Example

Statics of a panel

Assembly — Boole's matrix B

loc. no.

®
®
®
®
®
®
O]
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Example

Statics of a panel

Assembly - stiffness matrix

K =B!'K!'B' +B? K2 B2

7.5 kN/m Y Discretization
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Example

Statics of a panel

Assembly - stiffness matrix
K =B!'K'B' +B? KB’

r 16 -6 -1.6 1.2 0 0-64 -1.2 -8 6]
-6 28 -1.2 104 0 0 12 -244 6 -14
1.6 -1.2 424 -6 -192 7.2 -8 -6 -13.6 6
1.2 104 -6 544 48-72 -6 -14 6 -43.6
0 0-192 48 192 0 O 0 0 -4.8
0 0 72 -T2 0 7.2 0 0 -7.2 0
64 12 -8 -6 0 0 16 6 -1.6 -1.2
1.2 -244 -6 -14 0 0 6 28 1.2 104

-8 6 -13.6 6 0-72 -1.6 1.2 23.2 -6
L 6 -14 6 -43.6 -48 0 -1.2 104 -6 47.2 ]

7.5 kN/m Y Discretization

M I T I

3 E = 18 GPa

3 £

e v =0.25 N

3

= h=0.2m

3 v

W |
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Example

Statics of a panel

Assembly - loading vector

P, =B!'P. +B2'P2, P=0

7.5 kN/m Y Discretization

M T T

3 E = 18 GPa

= £

4 v =0.25 a
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= h=0.2m

3 Y




Example

Statics of a panel

Assembly - loading vector

P, =B!'P. +B2'P2, P=0

r 01 _R% =R
-8 R7 = Ry
0 0
-16.5 0
0 0
Po=1 7|t 0
0 Ri = Ry
0 R2 = Rg
0 0
L 0 L 0 |
7.5 kN/m
3 E = 18 GPa f
4 £
3 v =0.25 A
E h =0.2m i

Computational Methods, 2020 (© J.Pamin



Statics of a panel
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Statics of a panel
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Example

Statics of a panel

FEM set of equations: Kd =P + P

16 -6 -1.6 1.2 0 0 -6.4 -1.2 -8 6 0 0 Ry
-6 28 -1.2 10.4 0 0 1.2 -24.4 6 -14 0 -8 Ro
-1.6 -1.2 42.4 -6 -19.2 7.2 -8 -6 -13.6 6 ds 0 0
1.2 10.4 -6 54.4 4.8-7.2 -6 -14 6 -43.6 dyg -16.5 0
0 0 -19.2 4.8 19.2 0 0 0 0 -4.8 10% dg _ 0 + 0
0 0o 7.2 -7.2 0 7.2 0 0 -7.2 0 dg -7 0
-6.4 1.2 -8 -6 0 0 16 6 -1.6 -1.2 0 0 Ry
-1.2 -24.4 -6 -14 0 0 6 28 1.2 10.4 0 0 Rg
-8 6 -13.6 6 0-7.2 -1.6 1.2 23.2 -6 dg 0 0
6 -14 6 -43.6 -4.8 0 -1.2 10.4 -6 47.2 dig 0 0

Solution:

d = {003.881-11.03 3.949-19.62 0 0-3.744-10.75} - 107 % m

R = {-5416.744 0000 54 14.756 0 0} kN

7.5 kN/m Y Discretization

M I T I

3 E = 18 GPa

3 £

e v =0.25 N
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= h=0.2m

3 v




Example

Statics of a panel

Return to element: Elem 1

d' =B'd = {0 0 -3.744 -10.75 3.881 -11.03 0 0} - 10~°

T T

A
= E = 18 GPa
3

= v =0.25
A

= h=0.2m
=




Example

Statics of a panel

Return to element: Element 1
d' =B'd = {0 0 -3.744 -10.75 3.881 -11.03 0 0} - 10~°

¢! =B'd*
0.953y — 0.936 1.708
et = —0.034z ] 1075, e'(2,1) = l 6.831 1 .10
0.953z — 0.034y — 2.688 —81.600

3 kN/m

A

\adl KTl
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Example

Statics of a panel

Return to element: Element 1
d' =B'd = {0 0 -3.744 -10.75 3.881 -11.03 0 0} - 10~°
e' =B'd'

0.953y — 0.936 1.708
et = —0.034z 1075, e'(2,1)=| 6831 |-1077

0.9532x — 0.034y — 2.688 —81.600
o' = D&’
182.976y — 179.712 — 1.632x 0
o' = | 45.744y — 44.928 — 6.528z |, o'(2,1) = | —12.297 | kPa
68.616x — 2.448y — 193.536 —58.750
75KkN/m 4D Discretization
3 kN/m
I IIIIL]]] 1
3 E = 18 GPa al=da;
3 v =0.25 ;
E h=02m dj=dz
g 4m ‘ 2m ‘ 4
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Example

Statics of a panel

Return to element: Elem
d® =B°d = {-3.744 -10.75 3.949 -19.62 3.881 -11.03} - 10~°

7.5 kN/m o e)
3kN/m Discretization a2 —ay
T I I II1]] ]
3 E = 18 GPa
e £
e v=0.25 N
E
= h =0.2m
= v




Example

Statics of a panel

Return to element: Element 2

d® =B°d = {-3.744 -10.75 3.949 -19.62 3.881 -11.03} - 10~°

e’ = B*d?
3.416
e?=| 13660 |-10"
—48.610
7.5 kN/m
T I T]

3 E = 18 GPa f
3 v =0.25 ;
é h=0.2m i




Example

Statics of a panel

Return to element: Element 2

d® =B°d = {-3.744 -10.75 3.949 -19.62 3.881 -11.03} - 10~°

€2 _ B2d2
3.416
e?=| 13660 |-107"
—48.610
o’ = De?
0
o? = | —24.593 | kPa
—35.000
3 kN/m m o KN/m Discretization W a2 —ay
7 E = 18 GPa f
2 v =0.25 E
E h=0.2m Y
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