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𝛼 = 26.5/34 = 0.78
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• 

• 

• 

𝑐𝑚𝑖𝑛,𝑏 𝑐𝑚𝑖𝑛,𝑑𝑢𝑟

𝑐𝑚𝑖𝑛 𝑐𝑚𝑖𝑛,𝑏 𝑐𝑚𝑖𝑛,𝑑𝑢𝑟

𝑐𝑚𝑖𝑛,𝑏 𝑐𝑚𝑖𝑛,𝑑𝑢𝑟



𝑐𝑚𝑖𝑛,𝑏

𝑐𝑚𝑖𝑛,𝑑𝑢𝑟

∆𝑐𝑑𝑒𝑣

𝑐𝑛𝑜𝑚 = 𝑐𝑚𝑖𝑛 + ∆𝑐𝑑𝑒𝑣

∆𝑐𝑑𝑒𝑣

 

5 𝑚𝑚 < ∆𝑐𝑑𝑒𝑣< 10 𝑚𝑚

 

0 < ∆𝑐𝑑𝑒𝑣< 10 𝑚𝑚

≤  25 𝑚𝑚 ∅ ≤   𝑚𝑚

∅ ≤  .  𝑚𝑚



 

 



 

 

 

 α 

 

• 

 

• 



 

 

𝑤 < 5,4 𝑚 𝑛𝑙 = 1

0 < 𝑛 < 𝑛𝑙

𝑤𝑟 = 𝑤 − 𝑛.𝑤𝑙

𝑤 ≤ 5,4 < 6 𝑚 𝑛𝑙 = 2 𝑤/2

𝑤 ≥ 6 𝑚 𝑛𝑙 = 𝐸𝑛𝑡(𝑤/3) ∗

𝐸𝑛𝑡(𝑤/3) 

𝑤 = 9,60 𝑚 𝑛𝑙 = 3 𝑤𝑟 = 0,60 𝑚

 

• 

• 

• 

o 

o 

o 

 



• 

• 

• 

• 

 

TS = 𝛼Q. Qk

UDL = 𝛼qqk



 

 

 



 

𝑄𝑙𝑘 = 0,6𝛼𝑄1(2𝑄1𝑘) + 0,10𝛼𝑞1𝑞1𝑘𝑤1𝐿 𝛼𝑄1(𝑘𝑁) ≤ 𝑄1𝑘 ≤ 900

𝑄𝑙𝑘 = 0,6𝛼𝑄1(2𝑄1𝑘) + 0,10𝛼𝑞1𝑞1𝑘𝑤1𝐿 𝛼𝑄1(𝑘𝑁) ≤ 𝑄1𝑘 ≤ 500

𝛼𝑄1 = 0,9 𝑄1𝑘 = 300 𝑘𝑁 𝛼𝑞1 = 0,7 𝑞1𝑘 =  9 𝑘𝑁/𝑚² 𝑤1 = 3.00𝑚 𝐿 = 325 𝑚

𝑄𝑙𝑘 = 0,6.0,9.2.300 + 0,10.0,7.9.3,00.325 = .  𝑘𝑁 𝑄𝑙𝑘 = 500 𝑘𝑁

 

 

 

 

𝑇𝑘

∆𝑇

• ∆𝑇𝑚,ℎ𝑒𝑎𝑡 = 15 °𝐶 

• ∆𝑇𝑚,𝑐𝑜𝑜𝑙 = 8 °𝐶 

𝑘𝑠𝑢𝑟  = 1



 

 

 

   

 

 

• 

𝛼𝑄1 𝛼𝑄𝑖 (𝑖 ≤ 2) 𝛼𝑞1 𝛼𝑞𝑖 (𝑖 ≥ 2) 𝛼𝑞𝑟



• 𝑞𝑓𝑘 𝑞𝑓𝑘

𝑞𝑓𝑘,𝑐𝑜𝑚𝑏 =  𝑘𝑁/𝑚

 

 

• 

o 𝑄𝑙𝑘 

o 𝑄𝑡𝑘 

• 

 

 

𝑞𝑓𝑘

 

 

 

{∑(1,35𝐺𝑘𝑗,𝑠𝑢𝑝"+"1,00𝐺𝑘𝑗,𝑖𝑛𝑓)

𝑗≥1

} "+"𝛾𝑝𝑃𝑘"+"

{
 
 

 
 
1,35(𝑇𝑆 + 𝑈𝐷𝐿 + 𝑞𝑓𝑘) + 1,5𝑥0,6𝐹𝑤𝑘,𝑡𝑟𝑎𝑓𝑖𝑐

1,35𝑔𝑟𝑖𝑖=1𝑏,2,3,4,5
1,5𝑇𝑘" + "1,35(0,75𝑇𝑆 + 0,4𝑈𝐷𝐿 + 0,4𝑞𝑓𝑘)

1,5𝐹𝑤𝑘
1,5𝑄𝑆𝑛,𝑘

 



 

• 

{∑(𝐺𝑘𝑗,𝑠𝑢𝑝"+"𝐺𝑘𝑗,𝑖𝑛𝑓)

𝑗≥1

} "+"𝑃𝑘"+"

{
  
 

  
 
(𝑇𝑆 + 𝑈𝐷𝐿 + 𝑞𝑓𝑘)" + "0,6𝐹𝑤𝑘,𝑡𝑟𝑎𝑓𝑖𝑐

𝑔𝑟𝑖𝑖=1𝑏,2,3,4,5" + "0,6𝑇𝑘
𝑔𝑟1𝑏

𝑇𝑘" + "(0,75𝑇𝑆 + 0,4𝑈𝐷𝐿 + 0,4𝑞𝑓𝑘)

𝐹𝑤𝑘
𝑄𝑆𝑛,𝑘

 

•  

{∑(𝐺𝑘𝑗,𝑠𝑢𝑝"+"𝐺𝑘𝑗,𝑖𝑛𝑓)

𝑗≥1

} "+"𝑃𝑘"+"

{
 
 

 
 
(0,75𝑇𝑆 + 0,4𝑈𝐷𝐿)" + "0,5𝑇𝑘

0,75𝑔𝑟1𝑏
0,75𝑔𝑟5" + "0,5𝑇𝑘

0,6𝑇𝑘
0,2𝐹𝑤𝑘
0,5𝑄𝑆𝑛,𝑘

 

•  

{∑(𝐺𝑘𝑗,𝑠𝑢𝑝" + "𝐺𝑘𝑗,𝑖𝑛𝑓)

𝑗≥1

} " + "𝑃𝑘" + "0,5𝑇𝑘 

• 

• 

• 

• 

• 

• 

• 



 

 

𝜎𝑖𝑗

 

𝜀𝑖𝑗 𝑢𝑖

   

 



• 

• 

• 

• 

• 

   



• 

• 

• 

• 

 

 



 



 

 

 

 

 

 

 

 

 

 



CC2 - 3.8 Charges rectangulaires 

Aux surfaces n° Projection 
Distribution 
de charge 

Direction 
de charge 

Position de charge 
Grandeur 

[kN/m2] Commentaire 

X1 [m] Y1 [m] X2 [m] Y2 [m] p1 p2 

2,5,26,29,50,62,74,86,97,109 XY Uniforme ZL 0,000 12,700 325,000 11,450 -6,25  
Charge de 

trottoir = 

25*0.25=6.25 

2,5,26,29,50,62,74,86,97,109 XY Uniforme ZL 0,000 11,450 325,000 11,200 -1,13  Charge de 
bordure = 1.13 

2,5,26,29,50,62,74,86,97,109 XY Uniforme ZL 0,000 11,200 325,000 6,350 -1,44  
Charge de 

revêtement = 
25*0.06 = 1.44 

1,4,25,28,49,61,73,85,96,108 XY Uniforme ZL 0,000 0,000 325,000 1,250 -6,25  
Charge de 

trottoir = 

25*0.25=6.25 

1,4,25,28,49,61,73,85,96,108 XY Uniforme ZL 0,000 1,250 325,000 1,500 -1,13  Charge de 

bordure = 1.13 

1,4,25,28,49,61,73,85,96,108 XY Uniforme ZL 0,000 1,500 325,000 6,350 -1,44  
Charge de 

revêtement = 

25*0.06 = 1.44 

CC2 - 3.3 Charges linéiques 

 

n° 

 
Référence 

à 

Aux lignes n° 
 

Type de 

charge 

Distribution 

de charge 

Direction 

de charge 

Paramètres de 
charge linéique 

 

Commentaire 
p [kN/m] 

1 Lignes 
29,48,95,114,224,243,276,295,328,357,376,

409,438,457,519,538,606,625,687,706 
Force Uniforme ZL -2,670 Corniches = 12.5 

2 Lignes 
29,48,95,114,224,243,276,295,328,357,376,

409,438,457,519,538,606,625,687,706 
Force Uniforme ZL -2,360 Garde-corps = 2.36 

3 Lignes 39,105,234,286,367,400,448,529,616,697 Force Uniforme ZL -3,050 
Muret de 

séparation =3.05 



 



Cas de Charges Désignation 

CC1 Poids Propre 

CC2 Charge permanente 

CC37 Trottoir 

CC38 Température 

CC39 à CC72 Mouvement 1 

CC73 à CC106 Mouvement 2 

CC107 à CC140 Mouvement 3 

Combinaison Cas de charge Combinaison Cas de charge 

CO1 Permanent De CO209 à 

CO310 

Permanent 

CO2 Permanent Trottoir 

Température Mouvement 1,2,3 

CO3 Permanent De CO311 à 

CO412 

Permanent 

Trottoir Mouvement 1,2,3 

Température CO413 Permanent 

De CO4 à CO105 Permanent Trottoir 

Trottoir Température 

Température De CO414 à 

CO515 

Permanent 

Mouvement 1,2,3 Trottoir 

De CO106 à 

CO207 

Permanent Température 

Température Mouvement 1,2,3 

Mouvement 1,2,3 De CO516 à 

CO617 

Permanent 

CO208 Permanent Température 

Trottoir Mouvement 1,2,3 

 

   



 



• 

• 

• 

• 

• 

• 

 



 

 

 



 

• 

• 

• 



 

𝑒 ≤ 1420 − 752 − 50 − 12,5/2 = 611.75 𝑚𝑚

𝑒 = 500 𝑚𝑚

 

    

    

    

    



    

    

    

    

    

    

    

    

• 

• 



• 

𝑓𝑐𝑡,0 = 0,5𝑓𝑐𝑡𝑚(𝑡0) = 0,5𝑥3,32 = ,  𝑀𝑃𝑎

𝑓𝑐𝑐,0 = −0,5𝑓𝑐𝑘(𝑡0) = −0,5𝑥36.80 = − .  𝑀𝑃𝑎

• 

𝑓𝑐𝑡,𝑡 = 0,5𝑓𝑐𝑡𝑚 = 0,5𝑥4,2 = .  𝑀𝑃𝑎

𝑓𝑐𝑐,𝑡 = −0,5𝑓𝑐𝑘 = −0,5𝑥55 = − .  𝑀𝑃𝑎

𝑃𝑚0 ≤
𝐴.𝑓𝑐𝑡,0+𝛼𝑡𝑜𝑝.𝑀0

𝛼𝑡𝑜𝑝𝑒 − 1

𝑃𝑚0 ≤
−𝐴.𝑓𝑐𝑐,0+𝛼𝑏𝑡𝑚.𝑀0

𝛼𝑏𝑡𝑚𝑒 + 1

𝑃𝑚0 ≥
−𝐴.𝑓𝑐𝑡,𝑡+𝛼𝑏𝑡𝑚𝑀𝑇

Ω(𝛼𝑏𝑡𝑚𝑒 + 1)

𝑃𝑚0 ≥
𝐴.𝑓𝑐𝑐,𝑡+𝛼𝑡𝑜𝑝.𝑀𝑇

Ω(𝛼𝑡𝑜𝑝𝑒 − 1)

𝑀0 =
25.0,42305.342

8
= 1528.268 𝑘𝑁.𝑚



𝛼𝑡𝑜𝑝 = 𝐴/𝑊𝑦,𝑚𝑖𝑛 = 423050/124000000 = 0.0034 

𝛼𝑏𝑡𝑚 = 𝐴/𝑊𝑦,𝑚𝑎𝑥 = 423050/140200000 = 0.0030

Ω =

0.80

𝑃𝑚0 ≤
𝐴. 𝑓𝑐𝑡,0 + 𝛼𝑡𝑜𝑝.𝑀0

𝛼𝑡𝑜𝑝𝑒 −  1
=
423050.1,66 + 0,0034.1528,268. 106

0,0034.500 −  1

𝑃𝑚0 ≤ 8426,249 𝑘𝑁

𝑃𝑚0 ≤
−𝐴. 𝑓𝑐𝑐,0 + 𝛼𝑏𝑡𝑚. 𝑀0

𝛼𝑏𝑡𝑚𝑒 +  1
=
−423050. (−18,4) + 0,0030.1528,268. 106

0,0030.500 +  1

𝑃𝑚0 ≤ 4947,569 𝑘𝑁

𝑃𝑚0 ≥
−𝐴. 𝑓𝑐𝑡,𝑡 + 𝛼𝑏𝑡𝑚𝑀𝑇

Ω(𝛼𝑏𝑡𝑚𝑒 +  1)
=
−423050.2,1 + 0,0030.528,464. 106 

0,80(0,0030.500 +  1)

𝑃𝑚0 ≥ 348,494 𝑘𝑁

𝑃𝑚0 ≥
𝐴. 𝑓𝑐𝑐,𝑡 + 𝛼𝑡𝑜𝑝. 𝑀𝑇

Ω(𝛼𝑡𝑜𝑝𝑒 −  1)
=
423050. (−27,2) + 0,0034.528,464. 106

0,80(0,0034.500 −  1)

𝑃𝑚0 ≥ −17339.611 𝑘𝑁

𝑃𝑚0 ≤ 4947,569 𝑘𝑁

𝑷𝒎𝟎

 



 

𝑷𝒋 = 𝑷𝒎𝟎/𝟎, 𝟗𝟓 = 𝟒𝟗𝟒𝟓/𝟎, 𝟗𝟓 = 𝟓𝟐𝟎𝟓, 𝟐𝟔𝟑 𝒌𝑵

𝜎𝑝,𝑚𝑎𝑥 = 𝑚𝑖𝑛(0,80𝑓𝑝𝑘; 0,90𝑓𝑝0,1𝑘)

𝜎𝑝,𝑚𝑎𝑥 = 𝑚𝑖𝑛(0,80𝑥1860; 0,90𝑥1600)

𝜎𝑝,𝑚𝑎𝑥 = 𝑚𝑖𝑛(1488; 1440) = 1440 𝑀𝑃𝑎



𝑥 𝑥 − = ,  𝑘𝑁

𝑷𝒋

𝒏 = 𝟓𝟐𝟎𝟓, 𝟐𝟔𝟑/𝟏𝟑𝟑, 𝟗𝟐 =  𝟑𝟖, 𝟖𝟓

 

 

𝜎𝑐𝑝,0 =
𝑃𝑚0
𝐴
−
𝑃𝑚0. 𝑒

2

𝐼𝑦
+
𝑀0. 𝑒

𝐼𝑦

𝜎𝑐𝑝,0 = −
4945. 103

423050
−
4945. 103. 5002

93,58. 109
+
1528,268. 106. 500

93,58. 109

𝜎𝑐𝑝,0 = −16,734 𝑀𝑃𝑎

∆𝑃𝑒𝑙 =
𝐸𝑝

𝐸𝑐𝑚,0
. 𝜎𝑐𝑝,0. 𝐴𝑝

∆𝑃𝑒𝑙 =
195000

34492
. (−16,734).39.93. 10−3 = −52,790 𝑘𝑁

𝑃𝑗 = 4945 +  52,79 =  4997,79 kN soit  118,995 kN/fils

𝜎𝑗 =
4997,79. 103

39.93
= ,  𝑀𝑃𝑎

0,90𝑓𝑝0,1𝑘 = 1440 𝑀𝑃𝑎

 



∆𝑃𝑐+𝑠+𝑟

∆𝑃𝑐+𝑠+𝑟 = 𝐴𝑝∆𝜎𝑝,𝑐+𝑠+𝑟 = 𝐴𝑝

𝜀𝑐𝑠. 𝐸𝑝 + 0,8. ∆𝜎𝑝,𝑟 +
𝐸𝑝
𝐸𝑐𝑚

𝜑(𝑡, 𝑡0)𝜎𝑐,

1 +
𝐸𝑝𝐴𝑝
𝐸𝑐𝑚𝐴𝑐

(1 +
𝐴𝑐
𝐼𝑐
𝑧𝑐𝑝2 ) [1 + 0,8𝜑(𝑡, 𝑡0)]

∆𝑃𝑐+𝑠+𝑟

𝜀𝑐𝑠

∆𝜎𝑝,𝑟 

𝜑(𝑡, 𝑡0)

𝜎𝑐,

𝐴𝑝

𝐴𝑐

𝐼𝑐

𝑧𝑐𝑝

φ



𝜀𝑐𝑠 = 𝜀𝑐𝑎 + 𝜀𝑐𝑑

𝜀𝑐𝑎 = 2,5(𝑓𝑐𝑘 − 10). 10
−6 = 2,5( − ). − = , . −

𝜀𝑐𝑠 = 0,00025

𝜎𝑝𝑖 =
𝑃𝑗

𝐴𝑝
=

5205,263.103

39.93
= 1435,143 𝑀𝑝𝑎

𝜇 = 𝜎𝑝𝑖/𝑓𝑝𝑘 =  1435,143/1860 =  ,

𝜌 = ,

∆𝜎𝑝,𝑟

∆𝜎𝑝,𝑟 = [−0,66.2,5. 𝑒9,1𝜇 (
𝑡

1000
)
0,75(1−𝜇)

. 10−5] . 𝜎𝑝𝑖

∆𝜎𝑝,𝑟 = [−0,66.2,5. 𝑒
9,1.0,772 (

268000

1000
)
0,75(1−0,772)

. 10−5] . 1435,143

∆𝜎𝑝,𝑟 = −69,274

𝜎𝑐, =
𝑃𝑚0
𝐴
−
𝑃𝑚0. 𝑒

2

𝐼𝑦
+
𝑀𝑠𝑢𝑠. 𝑒

𝐼𝑦

𝑀𝑠𝑢𝑠 𝑀𝑠𝑢𝑠 = 413,25 𝑘𝑁.𝑚



𝜎𝑐, = −
4945. 103

423050
−
4945. 103. 5002

93,58. 109
+
413,25. 106. 500

93,58. 109

𝜎𝑐, = −22,70 𝑀𝑃𝑎

∆𝜎𝑝,𝑐+𝑠+𝑟 =
𝜀𝑐𝑠. 𝐸𝑝 + 0,8. ∆𝜎𝑝,𝑟 +

𝐸𝑝
𝐸𝑐𝑚

𝜑(𝑡, 𝑡0)𝜎𝑐,

1 +
𝐸𝑝𝐴𝑝
𝐸𝑐𝑚𝐴𝑐

(1 +
𝐴𝑐
𝐼𝑐
𝑧𝑐𝑝2 ) [1 + 0,8𝜑(𝑡, 𝑡0)]

∆𝜎𝑝,𝑐+𝑠+𝑟 =
−0,00025.195000 + 0,8. −69,274 +

195000
38000 . 1,8. −22,70

1 +
195000.93.39
38000.423050

(1 +
423050
93,58. 109

5002) [1 + 0,8.1,8]

∆𝜎𝑝,𝑐+𝑠+𝑟 = −255,435 𝑀𝑝𝑎

𝑃𝑚,𝑡

𝑃𝑚,𝑡 = 𝑃𝑚0 + 𝐴𝑝∆𝜎𝑝,𝑐+𝑠+𝑟 = − . . , . − = ,  𝑘𝑁
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