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Corrigé type  

Exercice 01: (10 points) 

Tableau de connectivité  

Eléments 

 

Nœuds  

i j 

❶ 1 2 

❷ 2 3 

 

La matrice de rigidité élémentaire 

𝐾1 =
𝐸𝐼

𝑙3

[
 
 
 
 
 
12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

12 −6𝑙
−6𝑙 4𝑙2

0 0
0 0

0 0
0 0

0 0
0 0

0 0
0 0]

 
 
 
 
 

 

𝐾1 =
𝐸𝐼

𝑙3

[
 
 
 
 
 
0 0
0 0

0 0
0 0

0 0
0 0

0 0
0 0

12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

12 −6𝑙
−6𝑙 4𝑙2 ]

 
 
 
 
 

 

La matrice de rigidité globale 

 

𝐾𝑔 = 𝐾1+𝐾2 =
𝐸𝐼

𝑙3

[
 
 
 
 
 
12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

24 0
0 8𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

12 −12𝑙
−12𝑙 4𝑙2 ]

 
 
 
 
 

 

L’équation d’équilibre statique : 

[𝐾]{𝑢} = {𝐹} 



𝐸𝐼

𝑙3

[
 
 
 
 
 
12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

24 0
0 8𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

12 −12𝑙
−12𝑙 4𝑙2 ]

 
 
 
 
 

{
 
 

 
 
𝑣1
𝜃1
𝑣2
𝜃2
𝑣3
𝜃3}
 
 

 
 

=

{
 
 

 
 
𝐹1
𝑀1
𝐹2
𝑀2
𝐹3
𝑀3}
 
 

 
 

 

Les conditions aux limites : 

𝑣1 = 𝜃1 = 𝑣3 = 𝜃3 = 0 

𝐸𝐼

𝑙3

[
 
 
 
 
 
12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

24 0
0 8𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

12 −12𝑙
−12𝑙 4𝑙2 ]

 
 
 
 
 

{
 
 

 
 
0
0
𝑣2
𝜃2
0
0 }
 
 

 
 

=

{
 
 

 
 
𝐹1
𝑀1
−20
0
𝐹3
𝑀3 }

 
 

 
 

 

Donc le système devient : 

𝐸𝐼

𝑙3
[
24 0
0 8𝑙2

] {
𝑣2
𝜃2
} = {

−20
0
} 

𝐸𝐼

𝑙3
24𝑣2 = −20 

𝑣2 = −
20𝑙3

24𝐸𝐼
= −

20 × 23

24 × 210 × 106 × 6 × 10−6
= −0.0053𝑚 

𝐸𝐼

𝑙3
8𝑙2𝜃2 = 0 

𝜃2 = 0 

 

Reviens au système initial : 

𝐸𝐼

𝑙3

[
 
 
 
 
 
12 6𝑙
6𝑙 4𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

24 0
0 8𝑙2

−12 6𝑙
−6𝑙 2𝑙2

0 0
0 0

−12 −6𝑙
6𝑙 2𝑙2

12 −12𝑙
−12𝑙 4𝑙2 ]

 
 
 
 
 

{
 
 

 
 

0
0

−0.0053
0
0
0 }

 
 

 
 

=

{
 
 

 
 
𝐹1
𝑀1
−20
0
𝐹3
𝑀3 }

 
 

 
 

 

 

−12
𝐸𝐼

𝑙3
(0.0053) = 𝐹1 ⇒ 𝐹1 = −12

210 × 106 × 6 × 10−6

23
(−0.0053) = 0.017 𝑘𝑁 

−6𝑙
𝐸𝐼

𝑙3
(0.0053) = 𝑀1⇒ 𝑀1 = −6 × 2

210 × 106 × 6 × 10−6

23
(−0.0053) = 0.017 𝑘𝑁.𝑚 

−12
𝐸𝐼

𝑙3
(0.0053) = 𝐹3 ⇒ 𝐹3 = −12

210 × 106 × 6 × 10−6

23
(−0.0053) = 0.017 𝑘𝑁 

6𝑙
𝐸𝐼

𝑙3
(0.0053) = 𝑀3 ⇒ 𝑀3 =  6 × 2

210 × 106 × 6 × 10−6

23
(−0.0053) = −0.017 𝑘𝑁.𝑚 

Exercice 01: (10 points) 



Tableau de connectivité  

Eléments 

 

Nœuds  

i j 

❶ 1 2 

❷ 2 3 

❸ 1 3 

 

 C C2 S S2 CS -CS 

𝜃1=0° 1 1 0 0 0 0 

𝜃2=135° -0.71 0.5 0.71 0.5 -0.5 0.5 

𝜃3=90° 0 0 1 1 0 0 

 

La matrice de rigidité élémentaire 

 

𝐾1 =
𝐸𝐴

𝐿

[
 
 
 
 
 
𝐶2 𝐶𝑆 −𝐶2

𝐶𝑆 𝑆2 −𝐶𝑆
−𝐶2 −𝐶𝑆 𝐶2

−𝐶𝑆 0 0
−𝑆2 0 0
𝐶𝑆 0 0

−𝐶𝑆 −𝑆2 𝐶𝑆
0 0 0
0 0 0

𝑆2 0 0
0 0 0
0 0 0 ]

 
 
 
 
 

=
𝐸𝐴

1

[
 
 
 
 
 
1 0 −1
0 0 0
−1 0 1

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0]

 
 
 
 
 

 

𝐾2 =
𝐸𝐴

√2𝐿

[
 
 
 
 
 
0 0 0
0 0 0
0 0 𝐶2

0 0 0
0 0 0
𝐶𝑆 −𝐶2 −𝐶𝑆

0 0 𝐶𝑆
0 0 −𝐶2

0 0 −𝐶𝑆

𝑆2 −𝐶𝑆 −𝑆2

−𝐶𝑆 𝐶2 𝐶𝑆
−𝑆2 𝐶𝑆 𝑆2 ]

 
 
 
 
 

=
𝐸𝐴

√2𝐿

[
 
 
 
 
 
0 0 0
0 0 0
0 0 0.5

0 0 0
0 0 0

−0.5 −0.5 0.5
0 0 −0.5
0 0 −0.5
0 0 0.5

0.5 0.5 −0.5
0.5 0.5 −0.5
−0.5 −0.5 0.5 ]

 
 
 
 
 

 

 

𝐾3 =
𝐸𝐴

𝐿

[
 
 
 
 
 
𝐶2 𝐶𝑆 0
𝐶𝑆 𝑆2 0
0 0 0

0 −𝐶2 −𝐶𝑆
0 −𝐶𝑆 −𝑆2

0 0 0
0 0 0
−𝐶2 −𝐶𝑆 0
−𝐶𝑆 −𝑆2 0

0 0 0
0 𝐶2 𝐶𝑆
0 𝐶𝑆 𝑆2 ]

 
 
 
 
 

=
𝐸𝐴

𝐿

[
 
 
 
 
 
0 0 0
0 1 0
0 0 0

0 0 0
0 0 −1
0 0 0

0 0 0
0 0 0
0 −1 0

0 0 0
0 0 0
0 0 1 ]

 
 
 
 
 

 

 

La matrice de rigidité globale 

𝐾𝑔 =
𝐸𝐴

𝐿

[
 
 
 
 
 
1 0 −1
0 1 0
−1 0 1.35

0 0 0
0 0 −1

−0.35 −0.35 0.35
0 0 −0.35
0 0 −0.35
0 −1 0.35

0.35 0.35 −0.35
0.35 0.35 −0.35
−0.35 −0.35 1.35 ]

 
 
 
 
 

 

L’équation d’équilibre statique : 

[𝐾]{𝑢} = {𝐹} 



𝐸𝐴

𝐿

[
 
 
 
 
 
1 0 −1
0 1 0
−1 0 1.35

0 0 0
0 0 −1

−0.35 −0.35 0.35
0 0 −0.35
0 0 −0.35
0 −1 0.35

0.35 0.35 −0.35
0.35 0.35 −0.35
−0.35 −0.35 1.35 ]

 
 
 
 
 

{
 
 

 
 
𝑢1
𝑣1
𝑢2
𝑣2
𝑢3
𝑣3}
 
 

 
 

=

{
  
 

  
 
𝐹𝑥1
𝐹𝑦1
𝐹𝑥2
𝐹𝑦2
𝐹𝑥3
𝐹𝑦3}

  
 

  
 

 

Les conditions aux limites : 

𝑢1 = 𝑣1 = 𝑢3 = 𝑣3 = 0 

𝐸𝐴

𝐿

[
 
 
 
 
 
1 0 −1
0 1 0
−1 0 1.35

0 0 0
0 0 −1

−0.35 −0.35 0.35
0 0 −0.35
0 0 −0.35
0 −1 0.35

0.35 0.35 −0.35
0.35 0.35 −0.35
−0.35 −0.35 1.35 ]

 
 
 
 
 

{
 
 

 
 
0
0
𝑢2
𝑣2
0
0 }
 
 

 
 

=

{
 
 

 
 
𝐹𝑥1
𝐹𝑦1
0
−10
𝐹𝑥3
𝐹𝑦3 }

 
 

 
 

 

 

Donc le système devient : 

210 × 106 × 0.001

1
[
1.35 −0.35
−0.35 0.35

] {
𝑢2
𝑣2
} = {

0
−10

} 

210 × 103𝑢2 = −10⇒ 𝑢2 = −0.048 × 10
−3𝑚 

210 × 103[1.35(−0.048 × 10−3) − 0.35𝑣2] = 0 ⇒ 𝑣2 = −0.019 × 10
−3𝑚 

Reviens au système initial : 

𝐸𝐴

𝐿

[
 
 
 
 
 
1 0 −1
0 1 0
−1 0 1.35

0 0 0
0 0 −1

−0.35 −0.35 0.35
0 0 −0.35
0 0 −0.35
0 −1 0.35

0.35 0.35 −0.35
0.35 0.35 −0.35
−0.35 −0.35 1.35 ]

 
 
 
 
 

{
 
 

 
 

0
0

−0.048 × 10−3

−0.019 × 10−3

0
0 }

 
 

 
 

=

{
 
 

 
 
𝐹𝑥1
𝐹𝑦1
0
−10
𝐹𝑥3
𝐹𝑦3 }

 
 

 
 

 

𝐹𝑥1 = −1 ×
210 × 106 × 0.001

1
(−0.048 × 10−3) = 10.08 𝑘𝑁 

𝐹𝑦1 = 0 𝑘𝑁 

𝐹𝑥3 =
210 × 106 × 0.001

1
[−0.35(−0.048 × 10−3) + 0.35(−0.019 × 10−3)] = 2.13 𝑘𝑁 

𝐹𝑦3 =
210 × 106 × 0.001

1
[0.35(−0.048 × 10−3) − 0.35(−0.019 × 10−3)] = −2.13 𝑘𝑁 


