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Introduction

novel 1D fiber to 3D matrix coupling (beam/matrix)

overlapping domain decomposition

forces and moments of the beam are transferred

static condensation procedure removes beam balance & coupling

constraints in the discrete setting

Solid mechanics

strain energy function:

Ψ(FFF ) := Ψ(FFF , cofFFF , detFFF )

virtual work:

δΠint+ δΠext =

∫

Ω0

PPP : ∇δϕϕϕ dV −

∫

Ω0

BBBext · δϕϕϕ dV −

∫

Γσ

TTT ext · δϕϕϕ dA

Continuum degenerated beam formulation
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kinematical ansatz:

x̃xx(θα, s) = ϕ̃ϕϕ(s) + θαdddα(s), X̃XX(θα, s) = ϕ̃ϕϕ0(s) + θαDDDα(s)

deformation gradient:

F̃FF = R̃RR
(

ΓΓΓ⊗DDD3 + [KKK]× θαDDDα ⊗DDD3 + III
)

,

axial shear & torsional-bending strain:

ΓΓΓ = R̃RR
T
ϕ̃ϕϕ′ −DDD3, [KKK]× = R̃RR

T
R̃RR

′

strain energy function:

Ψ̃ := Ψ̃(ΓΓΓ,KKK)

virtual work:

δΠ̃int =

∫

C0

(

R̃RRÑNN
)

· δϕ̃ϕϕ′ −
(

ϕ̃ϕϕ′ × R̃RRÑNN
)

· δφφφ +
(

R̃RRM̃MM
)

· δφφφ′ ds,

δΠ̃ext = −

∫

C0

(

¯̃nnn · δϕ̃ϕϕ + ¯̃mmm · δφφφ
)

ds− [[nnne
ext · δϕ̃ϕϕ +mmme

ext · δφφφ ]]|
L
0

Multidimensional coupling model

interface load:

µµµ(θ, s) = µ̄µµ(s) +ΣΣΣ(s)NNN (θ)

with

µ̄µµ(s) =
1

2 π

∫ 2π

0

µµµ(θ, s) dθ, µ̄µµe :=
1

|A|

∫

Ae

µµµ dA

work of coupling forces:

ΠΓ =

∫

∂Ω̃0

µµµ · (ϕϕϕ− x̃xx) dA = ΠC + ΠA

virtual work:

δΠC =

∫

C0

[

δµ̄µµ · (ϕϕϕc − ϕ̃ϕϕ) + µ̄µµ · (δϕϕϕ− δϕ̃ϕϕ)
]

|C| ds

+

∫

C0

[

ΣΣΣ :
(

δFFF c − [δφφφ]× R̃RR
)

+ δΣΣΣ :
(

FFF c − R̃RR
)

]

|A| ds,

δΠA = [[ δµ̄µµe · (ϕϕϕe − ϕ̃ϕϕ) |Ae| + µ̄µµe · (δϕϕϕe − δϕ̃ϕϕ) |Ae| ]]|
L
0

Beam/matrix system

total system:

δΠint + δΠext + δΠ̃int + δΠ̃ext + δΠC + δΠA = 0

condensed system - 2nd gradient model:

0 =

∫

Ω0

(

PPP : ∇δϕϕϕ − BBBext · δϕϕϕ
)

dV −

∫

Γσ

TTT ext · δϕϕϕ dA

+

∫

C0

(

P
... ∇2δϕϕϕ +

(

PPP ges + FFF [µ̃µµn]s |A|
)

: ∇δϕϕϕ− ¯̃nnn · δϕϕϕ

)

ds

−

[[

nnne
ext · δϕϕϕ +

1

2
(PPPαmmm

e
ext ⊗ DDDα) : ∇δϕϕϕ

]]
∣

∣

∣

∣

L

0

,

0 =

∫

C0

δg ·

[

R̃RR
∂Ψ̃(ΓΓΓ,KKK)

∂ΓΓΓ
− n

]

ds +

∫

C0

δk ·

[

R̃RR
∂Ψ̃(ΓΓΓ,KKK)

∂KKK
−m

]

ds,

0 =

∫

C0

δµ̄̄µ̄µ · (ϕϕϕ− ϕ̃ϕϕ) |C| ds +

∫

C0

PPPT
αFFF DDDα · δµ̃µµτ |A| ds

+

∫

C0

(

FFFTFFF − III
)

: [δµ̃µµn]s |A| ds

with boundary conditions ϕϕϕ|Γϕ = ϕϕϕΓ and δϕϕϕ|Γϕ = 000.

Application of multiple beams

representative volume element (RVE) for fiber reinforced plastics

matrix - Mooney-Rivlin material, beam - Saint-Venant-Kirchhoff material

v. Mises stress distribution
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