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Techniques d’assemblage  (Chapter I) 

 

 

 

 

 

 



 

Démarche expérimentale (Chapter II) 





  



   



Caractérisation du comportement et de la résistance des 
techniques d’assemblage sélectionnées (Chapter III  et Chapter IV) 
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Caractérisation du comportement des colles (Chapter V):  
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Modélisation du comportement des colles ( Chapter VI): 
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Conclusions et perspectives (Chapter VII) 
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V.2.2. Shear loadings (=90°)  
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V.2.4. Failure envelopes  
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V.2.5. Looking through the fracture mode 
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V.2.6. Influence of the loading rate 
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V.3. Multilevel creep tests and the non-linear evolution of the 
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V.3.1. Non-linear viscosity  
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V.4. Increasing cyclic test: toward the cyclic behavior  
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VI.1. Brief summary of the modeling of the adhesive behavior 
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2 = ⋯ = 𝜎𝑣𝑒
𝑛

𝜀 = 𝜀𝑒𝑙 + 𝜀𝑣𝑒

𝜀𝑒𝑙 =
𝜎𝑒𝑙

𝐸𝑒𝑙

 

 
𝜀𝑣𝑒 = ∑ 𝜀𝑣𝑒

𝑖

𝑛

𝑖=1

 

�̇�𝑣𝑒 = ∑
𝜎

𝜂𝑖

−
𝐸𝑖

𝜂𝑖

𝜀𝑣𝑒
𝑖

𝑛

𝑖=1

�̇�𝑣𝑒 = ∑
1

𝜏𝑖

(𝜇
𝑖
𝜎− 𝜀𝑣𝑒

𝑖  )

𝑛

𝑖=1

𝜇𝑖 =
1

𝐸𝑖
𝜏𝑖 =

𝜂𝑖

𝐸𝑖

𝜀𝑣𝑒
𝑖 𝑖



𝜎0

 𝜀(𝑡) =
𝜎0

𝐸𝑒𝑙

+ 𝜎0 ∑
1

𝐸𝑖

𝑛

𝑖=1

(1 − 𝑒𝑥𝑝
−(

𝐸𝑖
𝜂𝑖

)𝑡
)

 

𝜇𝑖

𝜏𝑖

𝜉
𝑖

𝑖

𝜀𝑣𝑒 = ∑ 𝜉
𝑖

𝑛𝑡

𝑖=1

𝜉
𝑖
= 𝑓(𝜏𝑖,𝜇𝑖)



VI.2. The proposed behavior law 

𝜎 = 𝐶:(𝜀 − 𝜀𝑣𝑒)

𝜎 𝐶 𝜀

𝜀𝑣𝑒 ε̇𝑣𝑒

ξi 𝜏𝑖

𝜇𝑖

�̇�𝑣𝑒 = ∑ �̇�𝑖

𝑛𝑡

𝑖=1

�̇�𝑖 =
1

𝜏𝑖

(𝜇𝑖  𝑆
𝑅: 𝜎 − 𝜉𝑖)

τi , μi

𝜏𝑖 = 𝑒𝑥𝑝(𝑛𝑖)

𝜇𝑖 =
𝜇

𝑖

∑ 𝜇
𝑖

𝑛𝑡
𝑖=1

        𝜇
𝑖
=

1

𝑛0√𝜋
𝑒𝑥𝑝(− (

𝑛𝑖 − 𝑛𝑐

𝑛0

)
2

)

𝑛c 𝑛0

𝑛𝑡

𝑛𝑖

𝑛1 = −20 𝑛2 = 30

  𝜏𝑖   ∈    [𝑒𝑥𝑝(𝑛1) ∶  𝑒𝑥𝑝(𝑛2)] = [2.0612𝑒−9 ∶  1.0686𝑒13]

𝑆𝑑 = 𝑛0/√2



𝑆𝑅

𝐻𝐻

𝐻𝐷

𝑎 𝑏

𝑑𝐻 𝑑𝐷

𝑆 𝑅 =
1

𝑎(1 − 𝑑𝐻)
𝑃𝐻  +  

1

𝑏(1 − 𝑑𝐷)
𝑃𝐷

𝑃𝐻 = 𝐻𝐻 =
1

3
𝐼 𝐼 =

1

3

[
 
 
 
 
 
1 1 1 0 0 0
1 1 1 0 0 0
1 1 1 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0]

 
 
 
 
 

𝑃𝐷 = 𝐻𝐷 = 𝐼 − 𝐻𝐻 =

[
 
 
 
 
 
 
 
 

2

3
−

1

3
−

1

3
0 0 0

−
1

3

2

3
−

1

3
0 0 0

−
1

3
−

1

3

2

3
0 0 0

0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1]

 
 
 
 
 
 
 
 



ξi

𝑆𝑅 𝜏𝑖 𝜇𝑖

𝑑𝐻, 𝑑𝐷

𝑌𝑐
𝐻, 𝑝𝐻 𝑌𝑐

𝐷 , 𝑝𝐷

𝑌0
𝐻 𝑌0

𝐷

𝑑𝐻 = 𝑑𝑚𝑎𝑥  (1 − 𝑒
−(

〈𝒀−𝑌0
𝐻 〉+

𝑌𝑐
𝐻 )

𝑝𝐻

)  

𝑑𝐷 = 𝑑𝑚𝑎𝑥  (1 − 𝑒
−(

〈𝒀−𝑌0
𝐷〉+

𝑌𝑐
𝐷 )

𝑝𝐷

)

𝑑�̇� ≥ 0  
𝑑�̇� ≥ 0 

�̇�𝐻,𝐷 ≥ 0

𝑌

𝜎

𝑌 = (𝛼(𝑌𝐻)𝑛 + 𝛽(𝑌𝐷)𝑛)1/𝑛

𝑌𝐻 =
1

2𝑎
(𝜎: 𝐻𝐻: 𝜎)

𝑌𝐷 =
1

2𝑏
(𝜎: 𝐻𝐷:𝜎)

𝛼,𝛽, 𝑛

 𝛽 = 1



Modeling relevance Material parameter Symbol Unit 

𝑬

𝒗

𝒏𝟎

𝒏𝒄

𝒂

𝒃

𝒀𝟎
𝑯

𝒀𝟎
𝑫

𝒀𝒄
𝑯

𝒑𝑯

𝒀𝒄
𝑫

𝒑𝑫

𝜶

𝒏

VI.3. Inverse identification methodology 



𝐸𝑟𝑟𝑜𝑟 =
1

𝑛
∑ (

𝐷𝑒𝑥𝑝 − 𝐷𝐹𝐸

𝐷𝑒𝑥𝑝
)

𝑖

2𝑛

𝑖=1

𝑛 𝐷𝑒𝑥𝑝 𝐷𝐹𝐸

𝑡𝑒𝑥𝑝 

 

 

 





VI.3.1. Modeling the Arcan test 

 O,𝑥 , 𝑦 O,𝑥 , 𝑧 O, 𝑦 , 𝑧 

 O, 𝑦 , 𝑧 

𝑥 > 0 𝑥 < 0

 

{

𝑈𝑥
𝑖,𝑗,𝑙 = −𝑈𝑥

𝑖,𝑗,𝑟

𝑈𝑦
𝑖,𝑗,𝑙 = 𝑈𝑦

𝑖,𝑗,𝑟  

𝑈𝑧
𝑖,𝑗,𝑙 = −𝑈𝑧

𝑖,𝑗,𝑟

 



𝑥, 𝑦, 𝑧 𝑙

𝑟 𝑖, 𝑗

𝑥 𝑖, 𝑗

𝑈𝑥
𝑖,𝑗,𝑙 𝑥 𝑖, 𝑗

𝑈𝑥
𝑖,𝑗,𝑟

𝑥 𝑧 



μ

μ

𝑥 𝑦 𝑧 

𝑣

 [𝑡0 ∶ 𝑡1]



VI.4. Parameters identification procedure 
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VI.4.1. Elastic parameters (E,υ) 

 

 

 

 𝑛

𝑛

 𝑥̅ 𝑆𝑑 𝑛

 
𝑥̅ =

1

𝑛
∑𝑥𝑖

𝑛

𝑖=1

 

𝑆𝑑 = √
1

𝑛 − 1
∑(𝑥𝑖 − 𝑥̅)2
𝑛

𝑖=1

 

 𝐾𝑛 = 𝑥̅ ± 2 × 𝑆𝑑 



 𝑛

Kexp
+

Kexp
−

 𝐾𝑒𝑥𝑝
+ = 𝑥̅ + 2 ∗ 𝑆𝑑

𝐾𝑒𝑥𝑝
− = 𝑥̅ − 2 ∗ 𝑆𝑑

 BM1822 SP498 

𝒏 
Shear stiffness 

(kN/mm) 
Tensile stiffness 

(kN/mm) 
Shear stiffness 

(kN/mm) 
Tensile stiffness 

(kN/mm) 

10000 K= 285.3 ± 12.8 K= 2074.9 ± 79.6 K= 455.0 ± 8.8 K= 2872.0 ± 206.9 





 

𝐸,𝑣



𝐸,𝑣

𝐸𝑟𝑟𝑜𝑟 = {

0, 𝑖𝑓  𝐾𝑒𝑥𝑝
− < 𝐾𝐹𝐸  < 𝐾𝑒𝑥𝑝

+

(
𝐾𝑎𝑣𝑒𝑟𝑎𝑔𝑒 − 𝐾𝐹𝐸

𝐾𝑎𝑣𝑒𝑟𝑎𝑔𝑒

)

2

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

𝐾𝑎𝑣𝑒𝑟𝑎𝑔𝑒 =
𝐾𝑒𝑥𝑝

+ + 𝐾𝑒𝑥𝑝

−

2

 

𝐾𝐹𝐸 𝐾𝑒𝑥𝑝
−

𝐾𝑒𝑥𝑝
+

𝐸, 𝑣

𝐸, 𝑣

𝐸, 𝑣



VI.4.2. Viscous spectrum (no,nc) 

𝜉𝑖 𝜏𝑖

𝜇𝑖

 𝜏𝑖 , 𝜇𝑖

𝑛0 𝑛𝑐



𝐷𝑛𝑜𝑟𝑚

𝐷𝑛𝑜𝑟𝑚 =
𝐷(𝑡) − 𝐷(𝑡𝑖𝑛𝑖𝑡𝑖𝑎𝑙)

𝐷(𝑡𝑓𝑖𝑛𝑎𝑙 ) − 𝐷(𝑡𝑖𝑛𝑖𝑡𝑖𝑎𝑙 )
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https://en.wikipedia.org/wiki/Time


𝐷(𝑡) 𝑡 𝑡𝑖𝑛𝑖𝑡𝑖𝑎𝑙

𝑡𝑓𝑖𝑛𝑎𝑙

𝑛0, 𝑛𝑐

𝑛0 ∈  [1 ∶ 20] 
𝑛𝑐 ∈  [1 ∶ 20] 
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m
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Time (s) 

𝐷 𝑡𝑓𝑖𝑛𝑎𝑙  
 

 
 

𝐷(𝑡 𝑖𝑛𝑖𝑡𝑖𝑎𝑙) 

 

𝑡 𝑖𝑛𝑖𝑡𝑖𝑎𝑙                                                                           𝑡𝑓𝑖𝑛𝑎𝑙                                                                
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𝑛0 𝑛𝑐

𝑛0, 𝑛𝑐

𝐸𝑟𝑟𝑜𝑟 =
1

𝑛
∑ (

𝐷𝑛𝑜𝑟𝑚
𝑒𝑥𝑝 − 𝐷𝑛𝑜𝑟𝑚

𝐹𝐸

𝐷𝑛𝑜𝑟𝑚
𝑒𝑥𝑝 )

𝑖

2𝑛

𝑖=1

𝑛 𝐷𝑛𝑜𝑟𝑚
𝐹𝐸 𝐷𝑛𝑜𝑟𝑚

𝑒𝑥𝑝

𝑛0, 𝑛𝑐

 𝑑𝐻,𝐷 = 0

N
o

rm
al

iz
ed

 e
rr

o
r 

𝑛0 𝑛𝑐

𝑛0, 𝑛𝑐



𝑛0 𝑛𝑐 𝑛0 , 𝑛𝑐

𝑛0 𝑛𝑐
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𝑛𝑡 = 20 𝑛𝑡 = 12
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𝒏𝒕  

𝒏𝟏  

𝒏𝟐  

𝒏𝟎  

𝒏𝒄  

VI.4.3.  Linear viscosity (a,b) 





𝑆0
𝑅

𝑆0
𝑅 =

1

𝒂
𝑃𝐻  +  

1

𝒃
𝑃𝐷

𝑃𝐻 = 𝐻𝐻 =
1

3
𝐼  𝐼 𝑃𝐷 = 𝐻𝐷 = 𝐼 − 𝐻𝐻

𝑎 𝑏

nt=20

nt=12

𝜇𝑖 

𝑛𝑖 
−20                     − 4                                                     25     30 

nt=20

nt=12

𝜇𝑖 

𝑛𝑖 
−20                     − 4                                                     25     30 



𝑎 𝑏

𝑖 𝐷𝑣
𝑖
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𝑖
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𝑖

𝑎

𝑏

𝐷𝑣
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𝑖
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𝑏
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𝑎 𝑏

𝑎 𝑏

VI.4.4. Non-linear viscous parameters (Yo
H,Yc

H,pH,Y0
D,Yc

D,pD) 

𝑆𝑅

𝑑𝐻 𝑑𝐷

D
is

p
la

ce
m

en
t 

(N
D

 o
r 

T
D

) 

Time (s) 

𝑎,𝑏 1 

𝑎,𝑏 2 

𝑎,𝑏 3  

𝑎,𝑏 1 < 𝑎,𝑏 2 < 𝑎,𝑏 3 

→ 

0

0,006

0,012

0,018

0 500 100 0 150 0 200 0

D
is

p
la

ce
m

en
t 

(m
m

) 

Time (s) 

FE b =3500

Exp.
0

0,005

0,01

0,015

0,02

0 100 0 200 0 300 0 400 0

D
is

p
la

ce
m

en
t 

(m
m

) 

Time (s) 

FE b =900

Exp.

0

0,000 9

0,001 8

0,0027

0,003 6

0 100 0 200 0 300 0 400 0

D
is

p
la

m
ce

m
en

t 
(m

m
) 

Time (s) 

FE a=170

Exp.
0

0,000 6

0,001 2

0,0018

0,002 4

0 500 100 0 150 0 200 0

D
is

p
la

ce
m

en
t 

(m
m

) 

Time (s) 

FE a=150 0

Exp.



𝑆𝑅 =
1

𝑎(1 − 𝒅𝑯)
𝑃𝐻  +  

1

𝑏(1 − 𝒅𝑫)
𝑃𝐷

𝑑𝐻 = 𝑑𝑚𝑎𝑥  (1 − 𝑒
−(

〈𝒀−𝑌0
𝐻〉+

𝑌𝑐
𝐻 )

𝑝𝐻

)  

𝑑𝐷 = 𝑑𝑚𝑎𝑥  (1 − 𝑒
−(

〈𝒀−𝑌0
𝐷 〉+

𝑌𝑐
𝐷 )

𝑝𝐷

)

𝑑�̇� ≥ 0  
𝑑�̇� ≥ 0

𝑌

𝑌 = (𝛼(𝑌𝐻)𝑛 + (𝑌𝐷)𝑛)1/𝑛

𝑌𝐻 =
1

2𝑎
(𝜎: 𝐻𝐻:𝜎)

𝑌𝐷 =
1

2𝑏
(𝜎: 𝐻𝐷:𝜎)

𝛼 𝑛
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VI.4.6. Identified material parameters  
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VI.5. Validation of the behavior law 

VI.5.1. Validation using Arcan tests 
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VI.5.2. Comparison with Bulk test 



VI.5.3. Comparison with Lap-shear test  
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VI.6. Discussions and limitations of the model 
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VI.7. Overview 
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VII.2. Prospects 

VII.2.1. Evolution of the adhesive behavior  
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VII.2.2. Cyclic behavior 
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VII.2.3. Hybrid RivSet/adhesive joints 



VII.2.4.  “Cohesive” failures 
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VII.2.5. Some other parameters that should be taken into account 
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