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 ملخص 

 وتعرضت  الزلازل من  أصلا  تضررت  التي للمباني المرنة  غير الاستجابة  تحليل  الرسالة هذه تتناول 

 .الهيكلي الاستقرار على الرياح تصرفات  تأثير تحديد  هو العام الهدف .الرياح وتحميل الارتدادية للهزات 

 الأوروبي  المختبر بلق من هقياس تم طوابق أربعة من مكشوف واحد  إطار يخضع ، الغاية لهذه تحقيقا

 طلب  في التغييرات  مراقبة  أثناء والزلازل الرياح مفاصل حمل من مختلفة لمستويات  ، الإنشائي للتقييم

 احتمالية  انخفاض  من الرغم على ، والزلازل القوية للرياح المشترك العمل أن البحث  هذا يوضح .الليونة

 البنية ليونة على الطلب  من كبير بشكل  ويزيد  القوة تقليل عوامل انخفاض  في يتسبب  أن  شأنه من  ،  حدوثها

 غير الأداء في الورقة تبحث  .للقياس قابلة غير تظل قد  إضافية مخاطر إحداث  وبالتالي التالفة التحتية

 تقدير  وتتناول الزلازل وحمل الرياح من مختلفة لمستويات  تخضع التي المتعددة الحرية لأنظمة الخطي

 تمت  حيث  السابقة التطورات  على يعتمد  والذي نسبياا مكتشفة غير بحث  مجال ذاه .القوة تقليل عوامل

الهيكلية الموثوقية مثل الأخرى التطوير مسارات  بمختلف  يرتبط أنه كما .للمباني المرن غير الأداء مناقشة   

                                                     

 :الرئيسية  الكلمات

ع الصد من القريبة الزلازل ، الصدع بعيدة الزلازل  ، الهوائية والديناميكا الرياح  حمل ، الزلزالية الهندسة ، الليونة  تطلباتم   

 

 

لتحكم ا أنظمة وهندسة  
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2.2.1. Analyse du domaine temporel 
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3 𝐱(𝒕 = 𝟎) = 𝟎; �̇� ( 𝒕 = 𝟎) = 𝟎 
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𝑓𝑛  =  𝑛 𝑓1 𝑓1

𝑓𝑛 

𝐱(𝑡) ⇔ 𝐗(𝑓)

|𝐗 (𝑓) | = √𝑹 (𝑓)2 + 𝑰(𝑓)2  

 
4 𝑇 →
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θ(𝑓) = arctan  [
𝐼(𝑓)

𝑅(𝑓)
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𝑓
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|𝐗( 𝑓 )| = |𝐇( 𝑓 )| . |𝐅( 𝑓 )|   
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𝐒(ξ, t) 

𝚫𝐮 

𝐆(x, ξ, t) 

 𝝃

𝐮 (𝐱, 𝒕) = 𝐒(𝛏, 𝒕) ∗ 𝐆(𝐱, 𝛏, 𝒕) ∗ 𝐈(𝐱, 𝒕) 

𝐮 (𝐱, 𝝎) = 𝐒(𝛏, 𝝎) . 𝐆(𝐱, 𝛏, 𝝎) . 𝐈(𝐱, 𝝎) 

𝐔 (𝐱, 𝒕) = 𝐒(𝛏, 𝒕) ∗ 𝐆(𝐱, 𝛏, 𝒕) 
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Chapitre 3.  Risque Sismique 

                                                                                                             

22 

 

3.2. Exposition 

 

3.3. Vulnérabilité sismique 



Chapitre 3.  Risque Sismique 

                                                                                                             

23 

 



Chapitre 3.  Risque Sismique 

                                                                                                             

24 

 

3.4. Atténuation du Risque Sismique 

 

▪ 

▪ 

▪ 

▪ 



Chapitre 3.  Risque Sismique 

                                                                                                             

25 

 

▪ 

▪ 

▪ 

▪ 



Chapitre 3.  Risque Sismique 

                                                                                                             

26 

 



Chapitre 4.  CONCEPTION SEISMIQUE DES STRUCTURES 

 

  

 

4.1. Conception Basée sur la Performance 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

15 

 

 

 

 

 

  



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

16 

 

 

𝑆𝑑 ≤ 𝑅𝑑

𝐷 ≤ 𝐶

 
11 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

17 

 

4.1.1. Bref Historique des Normes Fondées sur la Performance 

 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

18 

 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

19 

 

▪ 

4.1.2. Principes Fondamentaux de la Conception Basée sur la Performance 

 

 

  

 
12 

. 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

20 

 

  

  

▪ 

▪ 

▪ 

▪ 

▪ 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

21 

 

▪ 

▪ 

▪ 

 

 

 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

22 

 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

23 

 

 
13 

 

 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

24 

 

4.1.3. Intensité, Demande et Mesures des Dommages 

▪ )

▪ )

▪ 

▪ 

▪ 

 

 
14 



Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

25 

 

▪  𝑆𝑎(𝑇, 𝜉)
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(𝐼𝐷𝑅 𝑜𝑢 𝜃)

▪ 

▪ 𝑆𝑎𝑖(𝑇, 𝜉) 
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Chapitre 4.  Conception Sismique des Structures 

                                                                                                             

26 

 

▪ μℎ𝑦𝑠𝑡

▪   𝐸𝐻

𝑇  𝜉

μ𝑚𝑜𝑛

  μ𝑐𝑦𝑐  μℎ𝑦𝑠𝑡   𝐸𝐻
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4.1.4. Prise de Décision dans la Conception Basée sur la Performance 
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4.2. Modélisation Structurelle 

4.2.1. Remarques Générales 

▪ 

▪ 

▪ 
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▪ 

▪ 

▪ 

▪ 

▪ μ ,𝑎𝑙𝑤

μ ,𝑑𝑒𝑚 ,
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4.2.2. Modélisation de Plasticité Localisée 
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4.2.3. Modélisation de la Plasticité Distribuée 

  𝑉 − 𝛿

 𝜙 𝛾

N 

V 

V 

N 

M 

M 
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  𝜎 − 휀  

RC Section 
Unconfined        

Concrete Fibres 

confined        

Concrete Fibres 
Steel Fibres 
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4.3. Critères de Conception Sismique et Règles de Détail 

▪ 

▪ 
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▪ 

▪ 

▪ 

▪ 

▪ 

▪ 
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▪ 

▪ 
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T1 < T0 
 

 

  

O 
 

 

𝜇 

𝐹𝑦 0 
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4.3.1. Principaux Paramètres de Conception 

▪ 

▪ 

▪ 

▪ 휀𝑖 𝛾𝑖

휀𝑒  𝛾𝑒 𝜇

𝜎 − 휀

𝜏 − 𝛾

▪ 𝜙𝑖   

𝜙𝑒 𝜇𝜙

 𝑀 − 𝜙

▪ 𝛿𝑖 

𝛿𝑒 𝜇𝛿

𝑉 − 𝛿
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𝜇𝜑

▪   Δ𝑖

Δ𝑒

𝜇Δ

𝑉𝑏 − Δ𝑐
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▪ 

▪ 

▪ 
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Figure 4.7 Dommages en flexion et en cisaillement d'un panneau de quai 

 

 

 

▪ 

▪ 

▪ 
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▪ 

 

 

4.3.2. Régularité Structurelle 
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• Régularité structurelle en plan 
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▪ 

▪ 

 
15 
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• Régularité structurelle en élévation 
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• Régularité structurelle selon le RPA 2003 et EC8 
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4. Conception Fondée sur les Forces versus Basé sur les Déplacements
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 𝜇𝑑
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𝜉𝑒𝑞
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≤



Chapitre 5 - PROCÉDURES STATIQUES NON LINÉAIRES 

  

5.1. Estimation de la Capacité Sismique 

5.1.1. Remarques Générales 
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∆𝑐
16 
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𝑉𝑏 

 

 

𝑑∗ = 𝑐∆𝑐
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𝑐 =
𝚽𝐓𝐌𝚽

𝚽𝐓𝐌𝟏
=

𝚽𝐓𝐌𝚽

𝒎𝒆
∗

                                                                                                                      (5.2)

𝑚𝑒
∗  



 Γ

𝑑𝑒
∗ = 𝑐∆𝑐,𝑒                             𝑉𝑢

∗ = ΦT𝑉𝑢                           𝑘∗ = 𝑉𝑢
∗ 𝑑𝑒

∗⁄                                          (5.3) 

∆𝑐,𝑒 𝑉𝑢

𝑉𝑏,𝑚𝑎𝑥

▪ 
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▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 

▪ 
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5.1.2. Procédures Basées sur les Forces versus Déplacements 

𝐅𝟎 =  (1 … 𝛽𝑖 … 𝛽𝑛)T 𝛽𝑖 = 𝑚𝑖Φ𝑖 𝑚1⁄  Φ𝑖 =

𝑧𝑖 𝐻⁄  𝛽𝑖 = 𝑚𝑖 𝑚1⁄   

𝐅(𝑘) =  (F1 … Fi … Fn)T

𝐅(𝑘) = λ(𝑘) 𝐅𝟎                                                                                                                                                   (5.4)

  λ(𝑘) 
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 𝚫(𝑘) =  (Δ1 … Δi … Δn)T

 𝚫𝟎 =  (1 … ωi … ωn)T

𝚫(𝑘) = α(𝑘) 𝚫𝟎                                                                                                                                                     (5.5)

α(𝑘)

𝐅(𝑘) = K(𝑘) 𝚫(𝑘)

𝑉𝑏 = 𝟏𝐓𝐅 Δ𝑐

5.1.3. Stratégies de Contrôle 

λ(𝑘)

  𝚫(𝑘)
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λ(𝑘) 𝚫(𝑘)

▪ 
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▪ 

5.1.4. Procédures Mono-Modes versus Multi-Modes 

 𝐅 =  𝐌 𝐇𝒌

 𝑇𝑒

𝑘 = {

1.0                                                                                                          pour 𝑇𝑒 ≤ 0.5s

1.0 + 0.5(𝑇𝑒 − 0.5)                                                               pour 0.5s ≤ 𝑇𝑒 ≤ 2.5s
2.0                                                                                                              pour ≥ 2.5s

        (5.6)

≤
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𝐅 = 𝐌 𝛟𝐞𝐪                                                                                                                                         (5.7)

 𝛟𝐞𝐪 =  ( ϕeq,1 …  ϕeq,i …  ϕeq,n)T   avec    ϕeq,i = √∑(Γ𝑗ϕ𝑖𝑗)
2

𝑛

𝑗=1

                                 (5.8)         
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5.1.5. Profils de Charge Constants versus Adaptatifs 

 

F𝑖𝑗 = Γ𝑗 ϕ𝑖𝑗 𝑀𝑖𝑆𝑎,𝑗                                                                                                                               (5.9)
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Γ𝑗 ϕ𝑖𝑗 𝑀𝑖

𝑆𝑎,𝑗

 T𝑗 



  

                                                                                                             

89 

 

 Fi = √∑ F𝑖𝑗
2

𝑛

𝑗=1

                                                                                                                                (5.10)

�̅�(𝑘−1) 

𝐅(𝑘) = λ(𝑘)�̅�(𝑘−1) 𝐅𝟎                                                                                                                         (5.11)

𝐅𝟎
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𝛅𝐅(𝑘)
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𝐅(𝑘) = 𝐅(𝑘−1) + 𝛅𝐅(𝑘) = 𝐅(𝑘−1) + λ(𝑘)�̅�(𝑘−1) 𝐅𝟎                            (5.12)

�̅�(𝑘−1) 

F̅𝑖
(𝑘−1)

=
𝐹𝑖

(𝑘−1)

∑ 𝐹𝑖
(𝑘−1)𝑛

𝑖=1

                                                                                                                       (5.13)

F𝑖 = √∑ ∑(𝐹𝑖𝑗

𝑛

𝑘=1

𝑛

𝑗=1

𝜌𝑗𝑘𝐹𝑖𝑘)                                                                                                               (5.14)

𝜌𝑗𝑘

𝜌𝑗𝑘 =
8𝜉2(1 + 𝑟)𝑟1.5

(1 − 𝑟2)2 + 4𝜉2𝑟(1 + 𝑟)2
          𝑎𝑣𝑒𝑐     𝑟 =

𝜔𝑘

𝜔𝑗
                                                          (5.15) 
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𝜉

𝜔𝑗 𝜔𝑘

 

�̅�(𝑘−1)
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𝚫(𝑘) = α(𝑘)�̅�(𝑘−1) 𝚫𝟎                                                                                                                       (5.16)

𝚫(𝑘) = 𝚫(𝑘−1) + 𝛅𝚫(𝑘) = 𝚫(𝑘−1) + α(𝑘)�̅�(𝑘−1) 𝚫𝟎                                                                   (5.17)
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�̅�(𝑘−1)

Δ�̅�
(𝑘−1)

=
Δ�̅�

(𝑘−1)

max {Δ�̅�
(𝑘−1)

}
𝑖=1…𝑛

                                                                             (5.18)

  α(𝑘)

Δ𝑖  

θ𝑖 

Δ𝑖 = √∑ Δ𝑖𝑗
2

𝑛

𝑗=1

 = √∑(Γ𝑗ϕ𝑖𝑗)2

𝑛

𝑗=1

                                                                                                  (5.19)

Δ𝑖 = ∑ θ𝑘

𝑖

𝑘=1

  𝑎𝑣𝑒𝑐  θ𝑖 =  √∑ θ𝑖𝑗
2

𝑛

𝑗=1

= √∑[Γ𝑗(ϕ𝑖,𝑗−ϕ𝑖−1,𝑗)]2

𝑛

𝑗=1

                                            (5.20)
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𝑆𝑑,𝑗 

 

Δ𝑖 = ∑ θ𝑘

𝑖

𝑘=1

  𝑎𝑣𝑒𝑐  θ𝑖 =  √∑ θ𝑖𝑗
2

𝑛

𝑗=1

= √∑[Γ𝑗(ϕ𝑖,𝑗−ϕ𝑖−1,𝑗)𝑆𝑑,𝑗]2

𝑛

𝑗=1

                                     (5.21)

5.1.6. Effets Tridimensionnels 
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Δ = [

𝚽𝑥

𝚽𝑦

𝚽𝜃

] Δ𝑐(𝑡) = 𝚽Δ𝑐(𝑡)                                                                                                             (5.22)

Δ𝑐(𝑡)

𝚽
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𝑉𝑏𝑥, 𝑉𝑏𝑦, 𝑇
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5.1.7. Analyse Statique Non-Linéaire Selon EC8 Et FEMA356  
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▪ 𝐅 =  𝐌 𝐇𝒌

▪ 

▪ 

▪ 

▪ 

 

5.2. Estimation de la Demande et la Performance Sismiques 
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5.2.1. La Méthode du Spectre de Capacité 

 𝑉𝑏 − ∆𝑐 
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𝑆𝑎 =
𝑉𝑏

𝑀1
∗       𝑆𝑑 =

∆𝑐

Γ1ϕ𝑐,1
                                                                                                                 (5.23)

Γ1

Γ1 =
𝚽𝐓𝐌𝟏

𝚽𝐓𝐌𝚽
=

𝑚𝑒
∗

𝚽𝐓𝐌𝚽
                                                                                                                  (2.24)

M1
∗

M1
∗ =

(𝚽𝐓𝐌𝟏)𝟐

𝚽𝐓𝐌𝚽
=

(𝑚𝑒
∗)2

𝚽𝐓𝐌𝚽
                                                                                                            (2.25)

𝑆𝑎 = (
2𝜋

𝑇
)

2

𝑆𝑑 = 𝜔2𝑆𝑑                                                                                                                   (2.26)
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𝑆𝑑 = (
2𝜋

𝑇
)

2

𝑆𝑎                                                                                                                                   (2.26)
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 𝑅𝜇 − 𝜇 − 𝑇
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5.2.2. La Méthode du Coefficient de Déplacement 

𝑇𝑒 𝑇𝑖
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𝑇𝑒 = 𝑇𝑖√
𝐾𝑖

𝐾𝑒
                                                                                                                                        (5.28)

 𝑇𝑖 𝐾𝑖

𝐾𝑒

Δ𝑡 = 𝐶0𝐶1𝐶2𝐶3𝑆𝑎(𝑇𝑒)
𝑇𝑒

2

4𝜋2
g                                                                                                           (2.29)

▪ 𝑆𝑎(𝑇𝑒)

▪ 𝐶0

▪ 𝐶1

𝐶1 = {

1.0                                        𝑝𝑜𝑢𝑟 𝑇𝑒 ≥ 𝑇𝑐

1.0 + (𝑅 − 1)
𝑇𝑐

𝑇𝑒

𝑅
≥ 1.0   𝑝𝑜𝑢𝑟 𝑇𝑒 < 𝑇𝑐  

                                                                        (5.30)

𝑇𝑐
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▪ 𝐶2

▪ 𝐶3
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𝐶2

5.2.3. La Méthode N2 

▪ 
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▪ 

▪ 

 

𝑅𝜇 − 𝜇 − 𝑇

 𝑉𝑒
∗ = 𝑉𝑦

∗  𝑚𝑒
∗ 𝑘𝑒

∗

𝑇𝑒
∗ = 2𝜋√

𝑚𝑒
∗

𝑘𝑒
∗

= 2𝜋√
𝑚𝑒

∗𝑑𝑦
∗

𝑣𝑦
∗

                                                                                                       (5.31)    



  

                                                                                                             

112 

 

𝑅𝜇 =
𝑚𝑒

∗𝑆𝑎,𝑒

𝑣𝑦
∗

=
𝑆𝑎,𝑒

𝑆𝑎,𝑦
                                                                                                                         (5.32)

𝑆𝑑,𝑒

𝑑𝑚𝑎𝑥
∗ =

𝑑𝑚𝑎𝑥,𝑒
∗

𝑅𝜇
[(𝑅𝜇 − 1)

𝑇𝑐

𝑇𝑒
∗

+ 1] =
𝜇

𝑅𝜇
𝑑𝑚𝑎𝑥,𝑒

∗ ≥ 𝑑𝑚𝑎𝑥,𝑒
∗   𝑝𝑜𝑢𝑟 𝑇𝑒

∗ ≤ 𝑇𝑐                           (5.33)

𝑑𝑚𝑎𝑥
∗ = 𝑑𝑚𝑎𝑥,𝑒

∗ = 𝑆𝑑,𝑒                                                                𝑝𝑜𝑢𝑟 𝑇𝑒
∗ ≥ 𝑇𝑐                                  

𝑑𝑢
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∆𝑚𝑎𝑥= Γ1𝑑𝑚𝑎𝑥
∗                                                                                                                                    (5.34)

∆𝑚𝑎𝑥 Δ𝑡

𝑆𝑎 =
𝑆𝑎,𝑒

𝑅𝜇
         𝑆𝑑 =

𝜇

𝑅𝜇
𝑆𝑑,𝑒 =

𝜇

𝑅𝜇

𝑇𝑒
∗

4𝜋2
𝑆𝑎,𝑒 = 𝜇

𝑇𝑒
∗

4𝜋2
𝑆𝑎                                                            (5.35)

𝑅𝜇 = 1 + (𝜇 − 1)
𝑇𝑒

∗

𝑇𝑐
        𝑝𝑜𝑢𝑟  𝑇𝑒

∗ ≤ 𝑇𝑐                                                                                     (5.36)

𝑅𝜇 = 𝜇                             𝑝𝑜𝑢𝑟  𝑇𝑒
∗ ≥ 𝑇𝑐   

 
18  
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𝑅𝜇 = 1 + (𝜇 − 1)
𝑇𝑒

∗

𝑇0
        𝑝𝑜𝑢𝑟  𝑇𝑒

∗ ≤ 𝑇0                                                                                     (5.37)

𝑅𝜇 = 𝜇                                 𝑝𝑜𝑢𝑟  𝑇𝑒
∗ ≥ 𝑇0

𝑇0 = 0.65𝜇0.3    𝑇𝑐 ≤ 𝑇𝑐

𝑅𝜇 − 𝜇 − 𝑇

𝑇0

𝑇𝑐

𝑇0 𝑇𝑐

 𝑇𝑐

𝑇∗

𝑇𝑐 𝑇∗ 𝑇𝑐
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𝑅𝑠

𝛼𝑢 𝛼1⁄

𝑅 = 𝑅𝜇𝑅𝑠
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• Quelques Remarques sur les Facteurs de Réduction de la Résistance 

𝑅𝜇 − 𝜇 − 𝑇

𝑆𝑑,𝑖 𝑆𝑑,𝑒  ⁄  

 𝑆𝑑,𝑖 𝑆𝑑,𝑒  ⁄

 

𝜇 𝜇  
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𝑇0

   𝜇 𝑇0 𝑇𝑐

𝑇0

 𝑇 < 𝑇0

𝑅𝜇 − 𝜇 − 𝑇

𝑅𝜇 − 𝜇 − 𝑇
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• Extension de la Méthode N2 aux Bâtiments Irréguliers en Plan 
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Chapitre 6.  SIMULATION NUMERIQUE 

  

 



Chapitre 6.  Simulation numérique 
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6.1. Choix et Présentation du Code de Calcul 

.  
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6.1.1. Méthodologie de Fibre 

6.2. Configuration Structurelle et Caractéristiques des Matériaux 
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6.3. Propriétés des Matériaux 

6.3.1 Modèle de Béton 

𝑓𝑐𝑐
′  

𝑓 =
𝑓𝑐𝑐

′  𝑥𝑟

𝑟−1+𝑥𝑟

𝑓𝑐𝑐
′  

𝜀𝑐

𝑥 =
𝜀𝑐

𝜀𝑐𝑐

𝜀𝑐𝑐 = 𝜀𝑐0 [1 + 5 (
𝑓𝑐𝑐

′

𝑓𝑐0
′ − 1)]

𝑓𝑐𝑐
′    𝜀𝑐0  

𝜀𝑐0

𝑟 =
𝐸𝑐

𝐸𝑐−𝐸𝑠𝑒𝑐

𝐸𝑐 = 5000√𝑓𝑐0
′   𝑀𝑃𝑎
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𝐸𝑠𝑒𝑐 =
𝑓𝑐𝑐

′

𝜀𝑐𝑐

𝑓𝑐 𝑓𝑡 𝜀𝑐 𝐸𝑐

6.3.2. Modèle en Acier 

𝐸𝑠

𝜀𝑠𝑦 𝜎𝑠𝑦 𝜀𝑢 𝜎𝑢 𝐸ℎ

𝜎∗ = 𝑏𝜀∗ + [
1−𝑏

(1+(𝜀∗)𝑅)1 𝑅⁄ ]

𝜎∗ =
𝜎𝑠−𝜎𝑟

𝜎0−𝜎𝑟

𝜀∗ =
𝜀𝑠−𝜀𝑟

𝜀0−𝜀𝑟

𝑅 = 𝑅0 −
𝐴𝑖𝜉

𝐴𝑗+𝜉

𝜎𝑠 , 𝜀𝑠 𝜎0, 𝜀0
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𝜎𝑟 , 𝜀𝑟

𝐸ℎ 𝐸𝑠 𝜉

𝜀0 , 𝑅0 , 𝐴𝑖 𝐴𝑗  

𝐸𝑠 𝑓𝑦 𝜇
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6.4. Base de Données des Enregistrements des Séismes 
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# Earthquake Magnitude Epicentral Distance 

Km 

vs30 

 ms
-1 

PGA 

g 

1 Cape Mendocino, 25/04/1992, Cape Mendocino, 00 7.01 10.36 567.78 0.739 

 2 Cape Mendocino, 25/04/1992, Petrolia, 00 7.01 4.51 422.17 0.165 

3 Chichi Taiwan,20/09/1999, TCU084, E 7.62 8.91 665.2 0.320 

4 Chichi Taiwan,20/09/1999, WNT, EW 7.62 14.16 511.18 0.958 

5 Chichi Taiwan,20/09/1999, TCU065, E 6.20 2.5 306 0.772 

6 Chichi Taiwan,20/09/1999, TCU067, E 6.20 1.1 443.04 

 
0.491 

7 Chichi Taiwan,20/09/1999, TCU102, E 6.20 1.2 443.04 0.297 

8 Coalinga-01,02/05/1983, Pleasant Valley,45 6.36 9.98 257.38 0.216 

9 Coalinga-05,22/07/1983, Transmitter Hill, N 5.77 5.99 477.25 0.400 

10 Coalinga-07,22/05/1983, Sulphur Baths, E 5.21 12.02 617.43 0.153 

11 Coyote Lake,06/08/1979, Gilroy Array #1, E050W 5.74 -- -- 0.132 

12 Coyote Lake,06/08/1979, Gilroy Array #2 5.74 10.94 270.84 0.168 

13 Coyote Lake,06/08/1979, Gilroy Array #4 5.74 7.67 221.78 0.422 

14 Coyote Lake,06/08/1979, Gilroy Array #6 5.74 4.37 663.31 0.149 

15 Duzce, Turkey,12/11/1999, Duzce, EW 7.14 1.61 281.86 0.346 

16 Duzce, Turkey,12/11/1999, Lamont, NS 7.14 13.41 529.18 0.133 

17 Erzican, Turkey,13/03/1992, Erzincan, NS 6.69 8.97 352.05 0.235 

18 Imperial Valley-02, 19/05/1940, El Centro Array #9, 180 6.95 6.09 213.44 0.253 

19 Imperial Valley-02, 19/05/1940, El Centro Array #9, 270 6.95 -- -- 0.154 

20 Imperial Valley-06,15/10/1979, Aeropuerto Mexicali, N 

Aeropuerto Mexicali 

 

6.53 2.47 259.86 0.160 

21 Imperial Valley-06,15/10/1979, Bonds Corner,140 6.53 6.19 223.03 0.532 

22 Imperial Valley-06,15/10/1979, Chihuahua,12 6.53 18.88 242.05 0.216 

23 Imperial Valley-06,15/10/1979, El Centro Array #6,140 6.53 19.44 264.57 0.249 

24 Irpinia, Italy-01,23/11/1980, Sturno,00 6.90 10.80 382 0.319 

25 Irpinia, Italy-01,23/11/1980, Calitri 6.90 15.04 455.93 0.170 

26 Irpinia, Italy-02,23/11/1980, Calitri 6.20 11.97 455.93 0.158 

27 Kobe, Japan,16/01/1995, KJMA, NS 6.90 18.27 312 0.339 

28 Kobe, Japan,16/01/1995, Port Island (0 m) 6.90 19.25 198 0.567 

29 Kobe, Japan,16/01/1995, Port Island (16 m) 6.90 13.12 256 0.284 

30 Kobe, Japan,16/01/1995, Takatori, NS 6.90 19.25 0 0.806 

31 Kobe, Japan,16/01/1995, Takarazuka, NS 6.90 -- -- 0.693 

32 Kobe, Japan,16/01/1995, Takarazuka, EW 6.90 -- -- 0.694 

33 Kocaeli, Turkey,17/08/1999, Izmit, 90 7.51 5.31 811 0.145 

34 Kocaeli, Turkey,17/08/1999, Izmit, EW 7.51 --        -- 0.220 

35 Kocaeli, Turkey,17/08/1999, Yarimca,30 7.51 19.30 297 0.242 

36 Kocaeli, Turkey,17/08/1999, Yarimca,60 7.51 --       -- 0.349 

37 Kocaeli, Turkey,17/08/1999, Sakarya, EW 7.51 --       -- 0.376 

38 Landers,28/06/1992, Joshua Tree 7.28 13.67 379.32 0.181 

39 Landers,28/06/1992, Lucerne,260 7.28 2.19 1369 0.650 

40 Landers,28/06/1992, Lucerne,345 7.28 --        -- 0.613 

41 Livermore,27/01/1980,57T01Livermore, EW 5.42 3.33 387.04 0.258 

42 Livermore,27/01/1980,57T01Livermore, NS 5.42 10.33 550.88 0.233 

43 Livermore,27/01/1980,57T02Livermore, EW 

Livermore,27/01/1980,57T01Livermore, NS 

5.80 17.81 304.68 0.198 

44 Livermore,27/01/1980,57T02Livermore, NS 

Livermore,27/01/1980,57T01Livermore, NS 

5.80 16.66 384.47 0.252 

45 Loma Prieta,18/10/1989, BRAN,00 6.93 9.01 476.54 0.506 

46 Loma Prieta,18/10/1989, Corralitos, 00 6.93 7.17 462.24 0.458 

47 Loma Prieta,18/10/1989, Corralitos, EW 6.93 --        -- 0.479 

48 Loma Prieta,18/10/1989, LGPC, NS 6.93 18.46 594.83 0.896 

49 Loma Prieta,18/10/1989, LGPC, EW 6.93 --        -- 0.605 

50 Morgan Hill,24/04/1984, Anderson Dam, N070S 6.19 16.67 488.77 0.208 

51 Morgan Hill,24/04/1984, Anderson Dam, E070W 6.19 --       -- 0.423 

52 Morgan Hill,24/04/1984, Halls Valley, N060S 6.19 3.94 281.61 0.156 

53 Morgan Hill,24/04/1984, Halls Valley 6.19 --        -- 0.312 

54 N. Palm Springs,08/07/1986, Whitewater Trout Farm, NS 6.06 4.24 425.02 0.411 

55 N. Palm Springs,08/07/1986, Whitewater Trout Farm, NS 6.06 --       -- 0.612 
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56 Nahanni, Canada,23/12/1985, Site1 6.76 6.80 605.04 2.281 

57 Nahanni, Canada,23/12/1985, Site1, N010S 6.76 --       -- 0.978 

58 Nahanni, Canada,23/12/1985, Site1, E010W 6.76   1.096 

59 Nahanni, Canada,23/12/1985, Site2, N060S 6.76   0.489 

60 Nahanni, Canada,23/12/1985, Site2, E060W 6.76   0.323 

61 Northridge-01,17/01/1994, Arleta 6.69 11.10 297.71 0.552 

62 Northridge-01,17/01/1994, Arleta, EW 6.69   0.344 

63 Northridge-01,17/01/1994, LA - Sepulveda VA 6.69 8.48 380.06 0.318 

64 Northridge-01,17/01/1994, LA - Sepulveda VA, EW 6.69   0.753 

65 Northridge-01,17/01/1994, LA - Sepulveda VA, NS 6.69   0.939 

66 Northridge-01,17/01/1994, Newhall 6.69 19.2 269.14 0.548 

67 Northridge-01,17/01/1994, Rinaldi Receiving Sta 

Rinaldi Receiving Sta 
Rinaldi Receiving Sta 

 

6.69 10.91 282.25 0.958 

68 Northridge-01,17/01/1994, Sylmar - Converter Sta East 6.69 13.60 370.52 0.476 

69 Northridge-01,17/01/1994, Sylmar - Olive View Med FF 6.69 16.77 440.54 0.536 

70 Parkfield-02, CA,28/09/2004, Cholame 5W 6.00 13.76 236.59 0.184 

71 Parkfield-02, CA,28/09/2004, Cholame 2E 6.00 12.06 522.74 0.202 

72 Parkfield-02, CA,28/09/2004, Cholame 2WA 6.00 11.54 173.02 0.190 

73 Parkfield,28/06/1966, Tamblor, N025S 6.00   0.357 

74 Parkfield,28/06/1966, Tamblor, E025W 6.00   0.272 

75 San Fernando, 9/2/1971, Pacoima Dam, N016S 6.61   1.226 

76 San Fernando, 9/2/1971, Pacoima Dam, E016W 6.61   1.160 

77 Superstition Hills-02,24/11/1987, Parachute Test Site,225 6.54 15.99 348.69 0.446 

78 Superstition Hills-02,24/11/1987, Parachute Test Site,315 6.54 7.50 362.38 0.369 

79 Superstition Hills-02,24/11/1987,Superstition Mnt, 

N045S 

6.54   0.682 

80 Superstition Hills-02,24/11/1987,Superstition 

Mnt,E045W 

6.54   0.894 

 

 
# Earthquake Magnitude Epicentral Distance 

Km 

vs30 

ms-1 
PGA 

g 

1 Lytle Greek,12/09/1970, Wrightwood, N115 5.22   0.162 

2 Lytle Greek,12/09/1970, Wrightwood, N205 5.22   0.200 

3 San Fernando, 9/2/1971, La Hollywoodstor,140 6.61 39.49 316.46 0.164 

4 San Fernando, 9/2/1971, La Hollywoodstor,90 6.61 28.4  0.148 

5   San Fernando, 9/2/1971, Lake Hughes #1,140 

 

6.61 26.10 425.34 0.105 

6 San Fernando, 9/2/1971, Lake Hughes #9, N069 6.61   0.154 

7 San Fernando, 9/2/1971, Lake Hughes #9, N159 6.61   0.134 

8 Friuli, Italy,15/09/1976, Forgaria Cornino, NS 5.90   0.212 

9 Friuli, Italy,15/09/1976, Forgaria Cornino 5.90   0.260 

10 Coyote Lake,06/08/1979, San Juan Bautista,255 5.74 23.24 335.5 0.117 

11 Coyote Lake,06/08/1979, San Juan Bautista, N213 

 

5.74 30.5  0.108 

12 Coyote Lake,06/08/1979, San Juan Bautista, N303 5.74 30.5  0.107 

13 Imperial Valley-06,15/10/1979, Delta,67 6.53 33.73 242.05 0.142 

14 Imperial Valley-06,15/10/1979, El Centro Array #11,00 6.53 29.53 196.25 0.144 

15 Imperial Valley-06,15/10/1979, El Centro Array #10,00 6.53 28.79 202.85 0.110 

16 Imperial Valley-06,15/10/1979, El Centro Array #2,00 6.53 30.77 188.78 0.117 

17 Imperial Valley-06,15/10/1979, EC County Center FF,160 6.53 29.07 192.05 0.245 

18 Imperial Valley-06,15/10/1979, Brawley Airport,45 6.53 43.15 208.71 0.153 

19 Livermore,27/01/1980, San Ramon, EW 5.90   0.301 

20 Victoria, Mexico,09/06/1980, Cerro Prieto,00 6.33 33.73 471.53 0.292 

21 Victoria, Mexico,09/06/1980, Cerro Prieto, N045 6.33   0.621 

22 Victoria, Mexico,09/06/1980, Cerro Prieto, N135 6.33   0.587 

23 Westmorland,26/04/1981, Westmorland Fire Sta, NS 5.90   0.368 

24 Westmorland,26/04/1981, Westmorland Fire Sta, EW 5.90   0.496 

25 Coalinga-01,02/05/1983, Parkfield, EW 6.36 32.19 467.76 0.147 

26 Coalinga-01,02/05/1983, Parkfield, NS 6.36   0.131 

27 Morgan Hill,24/04/1984, Gilroy Array #2 6.19 38.10 270.84 0.585 

28 Morgan Hill,24/04/1984, Gilroy Array #3 6.19 38.20 349.85 0.403 

29 Morgan Hill,24/04/1984, Gilroy Array #4 6.19 37.25 221.78 0.413 

30 Morgan Hill,24/04/1984, Gilroy Array #6 6.19 36.34 663.31 0.406 
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31 Morgan Hill,24/04/1984, Gilroy Array #7 6.19 38.19 333.85 0.434 

32 N. Palm Springs,08/07/1986, Cranston Forest Station 6.06 35.88 425.17 0.125 

33 N. Palm Springs,08/07/1986, San Jacinto - Soboba 6.06 33.53 447.22 0.209 

34 Whittier Narrows-01,04/10/1987, Mt Wilson - CIT Seis Sta 5.99 33.74 351.57 0.158 

35 Whittier Narrows-01,04/10/1987, Mt Wilson - CIT Seis Sta 5.99   0.142 

36 Superstition Hills-02,24/11/1987, El Centro Imp. Co. Cent 6.54 35.83 192.05 0.128 

37 Superstition Hills-02,24/11/1987, El Centro Imp. Co. Cent 6.54   0.358 

38 Superstition Hills-02,24/11/1987,salton sea wildlife Ref,45 6.54   0.119 

39 Superstition Hills-02,24/11/1987,salton sea wildlife Ref,13 6.54   0.167 

40 Superstition Hills-02,24/11/1987, Imperial Valley Wildlife 

Liquefaction Array 

6.54 29.41 179 0.402 

41 Loma Prieta,18/10/1989, Gilroy - Gavilan Coll 6.93 28.98 729.65 0.192 

42 Loma Prieta,18/10/1989, Gilroy Array #1, 6.93 28.64 1428.14 0.215 

43 Loma Prieta,18/10/1989, Gilroy Array #2 6.93 29.77 270.84 0.295 

44 Loma Prieta,18/10/1989, Gilroy Array #3 6.93 31.40 349.85 0.342 

45 Loma Prieta,18/10/1989, Gilroy Array #4 6.93 32.37 221.78 0.162 

46 Loma Prieta,18/10/1989, Gilroy Array #6 6.93 35.47 663.31 0.102 

47 Loma Prieta,18/10/1989, Gilroy Array #7 6.93 39.88 333.85 0.115 

48 Loma Prieta,18/10/1989, Saratoga - Aloha Ave, NS 6.93 27.23 380.89 0.396 

49 Loma Prieta,18/10/1989, Saratoga - Aloha Ave, EW 6.93   0.512 

50 Loma Prieta,18/10/1989, Hollister City Hall, EW 6.93 47.90 198.77 0.217 

51 Loma Prieta,18/10/1989, Hollister City Hall, NS 6.93   0.247 

52 Cape Mendocino,25/04/1992, Rio Dell Overpass, EW 7.01 22.64 311.75 0.385 

53 Cape Mendocino,25/04/1992, Rio Dell Overpass, NS 7.01   0.549 

54 Cape Mendocino,25/04/1992, Centerville Beach, Naval Fac 7.01 28.01 459.04 0.122 

55 Cape Mendocino,25/04/1992, Loleta Fire Station 7.01 35.31 515.65 0.123 

56 Cape Mendocino,25/04/1992, Eureka, EW 7.01   0.178 

57 Cape Mendocino,25/04/1992, Eureka, NS 7.01   0.154 

58 Landers,26/06/1992, Coolwater 7.28 82.12 352.98 0.177 

59 Landers,26/06/1992, Yermo Fire Station 7.28 85.99 353.63 0.136 

60 Landers,26/06/1992, Joshua Tree, NS 7.28   0.284 

61 Landers,26/06/1992, Joshua Tree, EW 7.28   0.274 

62 Landers,26/06/1992, Amboy, NS 

Landers,26/06/1992, Joshua Tree, EW 

7.28   0.115 

63 Landers,26/06/1992, Amboy, EW 7.28   0.146 

64 Northridge-01,17/01/1994, Canyon Country - W Lost, NS 

Cany 

6.69 26.49 325.6 0.482 

65 Northridge-01,17/01/1994, Canyon Country - W Lost, EW 6.69   0.410 

66 Kobe, Japan,16/01/1995, Nishi-Akashi, NS 6.90   0.503 

67 Kobe, Japan,16/01/1995, Nishi-Akashi, EW 6.90   0.509 

68 Kobe, Japan,16/01/1995, Kakogawa, NS 6.90   0.345 

69 Kocaeli, Turkey,17/08/1999, Duzce 7.51 98.22 281.86 0.206 

70 Kocaeli, Turkey,17/08/1999, Gebze, NS 7.51   0.137 

71 Kocaeli, Turkey,17/08/1999, Gebze, EW 7.51 47.03 792 0.244 

72 Chi-Chi, Taiwan,20/09/1999, CHY101, E 7.62 31.96 258.89 0.166 

73 Chi-Chi, Taiwan,20/09/1999, TCU045 7.62 77.50 704.64 0.356 

74 Chi-Chi, Taiwan,20/09/1999, CHY041, E 7.62 51.15 492.26 0.125 

75 Chi-Chi, Taiwan,20/09/1999, TCU095 7.62 95.70 446.63 0.256 

76 Chi-Chi, Taiwan,20/09/1999,TAP003,EW 7.62   0.126 

77 Chi-Chi, Taiwan,20/09/1999,TAP003,NS 7.62   0.106 

78 Hector Mine,16/10/1999, Hector 7.13 26.53 726 0.149 

79 Duzce, Turkey,12/11/1999, Bolu, NS 7.14 41.27  0.728 

80 Duzce, Turkey,12/11/1999, Bolu, EW 7.14 41.27  0.822 
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6.5. Champ de Vent Simulé 

𝜎2
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Stats\z 

(m) 

10 40 75 100 140 170 200 210 220 240 250 

Ut 32.24 45.25 51.41 55.36 58.79 61.39 63.90 64.70 65.36 66.43 67.14 

Us 32.98 45.23 51.38 55.34 58.76 61.37 63.83 64.65 65.31 66.38 67.09 

𝜎𝑡
2 94.77 86.89 78.77 71.39 63.26 55.88 47.59 44.72 42.26 38.03 35.08 

𝜎𝑠
2 94.82 86.94 78.81 71.43 63.30 55.91 47.78 44.83 42.36 38.18 35.22 

 

 

 

 

 1 2 3 4 5 6 7 8 9 10 11 

1 1.0000           

2 0.4237 1.0000          

3 0.2090 0.4767 1.0000         

4 0.1176 0.2605 0.5419 1.0000        

5 0.0653 0.1408 0.2895 0.5322 1.0000       

6 0.0394 0.0831 0.1690 0.3092 0.5798 1.0000      

7 0.0231 0.0479 0.0961 0.1748 0.3265 0.5625 1.0000     

8 0.0192 0.0394 0.0788 0.1429 0.2665 0.4588 0.8155 1.0000    

9 0.0164 0.0336 0.0669 0.1210 0.2255 0.3879 0.6893 0.8453 1.0000   

10 0.0127 0.0257 0.0508 0.0917 0.1705 0.2929 0.5200 0.6376 0.7543 1.0000  

11 0.0106 0.0213 0.0420 0.0756 0.1403 0.2408 0.4274 0.5240 0.6198 0.8217 1.0000 
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 1 2 3 4 5 6 7 8 9 10 11 

1 1.0000           

2 0.4737 1.0000          

3 0.4100 0.6224 1.0000         

4 0.2255 0.3814 0.6510 1.0000        

5 0.2134 0.2928 0.5322 0.7333 1.0000       

6 -0.0052 0.1594 0.2694 0.4118 0.6122 1.0000      

7 -0.0591 0.0892 0.2860 0.4189 0.5377 0.5934 1.0000     

8 -0.1249 0.0231 0.2238 0.3157 0.4465 0.5431 0.8046 1.0000    

9 -0.1843 -0.0493 0.1078 0.2204 0.3681 0.5346 0.7388 0.8113 1.0000   

10 -0.1688 -0.0151 0.1387 0.2723 0.3842 0.4584 0.6270 0.6355 0.7276 1.0000  

11 -0.0237 0.0716 0.2322 0.2803 0.3309 0.3253 0.5227 0.5248 0.5858 0.7524 1.0000 

                                                                                                                                                 n Hz 
                                                                             0.0                       0.1             0.2                         0.3                       0.4                      0.5 
 
 

6.5.1. Réponse Dynamique 

𝐹𝑖 =
1

2
𝜌𝐶𝐷𝐴𝑖𝑈2 (

𝑧

𝑧𝑟
)

2𝛼

ρ 𝐶𝐷

α

 
1000.0 

 
 
 

S(n) m2S-2            10 
 
 

0.1 
 
 
 

0.0 
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6.6. Charge Due au Vent et aux Tremblements des Terres 

6.7. Résultats et Discussion 



Chapitre 6.  Simulation numérique 
 

                                                                                                             

140 

 

0,00 0,02 0,04 0,06 0,08 0,10 0,12 0,14 0,16 0,18 0,20 0,22

0

15

30

45

60

75

90

105

120

135

150

165

180

195

210

225

 

 

E
ff

o
rt

 t
ra

n
c
h

a
n

t 
à
 l
a

 b
a
s
e

  
(K

N
)

 Déplacement (m)
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                   (%) 

Seismo exp. Seismo exp. Seismo exp. 

207.13 209.0 50.9 60.8 7.8 8.5 
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