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Poroelasticity

Figure: Phase Decoupling. Figure: Phases and Scales.
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Poroelastic response

why incremental analysis?

F. Rembert and Jr. Jones. INCREMENTAL ANALYSIS OF NONLINEAR STRUCTURAL MECHANICS PROBLEMS WITH APPLICATIONS TO GENERAL SHELL STRUCTURES. U.S. NAVAL ACADEMY

Ut+∆t = Ut + ∆U
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Poroelasticity

∇ · σ = 0 in Ωf

σ = −pI + µ
(
∇v + (∇v)T

)
in Ωf

∇ · v = 0 in Ωf

∇ · τ = 0 in Ωs

τ = Ce in Ωs

τn = σn on Γ

u̇ = v on Γ

∇x · τE = 0,

τE : = C̃∇xu(0) − α̃p(0)

ṗ(0) = −M[ α̃ :∇x u̇(0) +∇x · 〈w〉f ]

〈w〉f = −K∇xp
(0)

〈w〉f =
〈
v (0)

〉
f
− φu̇(0)

K: = 〈W 〉f , α̃: = φI− Tr 〈M〉s

C̃: = 〈C + CM〉s , M: = − 1

〈Tr Q〉s

〈ψ〉k =
1

|Ω|

∫
Ωk

ψ(x , y)dy k = f , s,

Implicit interdependency
between effective coefficients
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Cell/RVE Problems

∇2
yWT −∇yP + I = 0 in Ωf

∇y ·WT = 0 in Ωf

W = 0 on Γ

〈P〉f = 0

∇y · (CQ) = 0 in Ωs

(CQ)n + n = 0 on Γ

∇y · (CM) = 0 in Ωs

(CM)n + Cn = 0 on Γ

〈A〉s = 0

Efficient?
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Localisation and Microscopic properties update

〈ε(1)〉 = 〈M〉ε(0) + 〈Q〉p(0)

Back to the incremental formulation

〈ε(1)
t+∆t〉 = 〈ε(1)

t 〉+ 〈∆ε(1)〉

F = 〈ε(1)
t+∆t〉/(1− φ) + I

E =
1

2

(
FT · F− I

)
φ = 1− (1− φi )J

where,

J: = det(F)

W (I1, J) = C10(I1 − 3)− 2C10 ln(J)

+
1

D1
ln(J)2

C10 =
Ei

4(1 + νi )

D1 =
6(1− 2νi )

Ei

C t
ijkl =

∂W

∂Eij∂Ekl

Sufficiently small increment

C t
ijkl ≈ Cijkl

E =
C11(C11 + C12)− 2C 2

12

C11 + C12

ν =
C12

C11 + C12
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Application of ANN

(M,Q,K) = ANN(C, µ, φ)

(M11,M12,M44,Q11,K11) = ANN(E , ν, µ, φ)

(M11,M12,M44,Q11,K11) = ANN(ν, φ)

No extrapolation risk!

z
(i)
k = w

(i)
kj a

(i−1)
j + b

(i)
k

a
(i)
k = ReLU(z

(i)
k )

n = 50 L = 3
n = 50 L = 3
n = 20 L = 3
n = 50 L = 3
n = 10 L = 3
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Incremental nonlinear algorithm

u(0)
t+∆t = u(0)

t + ∆u(0)

p
(0)
t+∆t = p

(0)
t + ∆p(0)

0 =

∫
∂B

(tts + ∆ts) · δu(0) dS −
∫
B

(
τ t
E + (C̃t : ∆ε(0) − α̃t∆p(0))

)
:∇x δu(0) dV

+

∫
B

(
1

Mt−∆t
ṗ

(0)
t +

1

Mt
∆ṗ(0)

)
δp(0) dV +

∫
∂B

(v t
rf −Kt∆∇xp

(0)) · n δp(0) dS

−
∫
B

(v t
rf −Kt∆∇xp

(0)) · ∇x δp
(0) dV +

∫
B

(α̃t−∆t : ε̇t + α̃t : ∆ε̇) δp(0) dV

∀ δu(0), δp(0).
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Deviation from Darcy’s law

y =
vrf − (Ki∆P)

vrf ,max − (Ki∆Pmax)
∆Pmax = Ei/4
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Uniaxial cyclic test simulating brain tissue

Lc = 1[mm] µc = 10−3[Pa.s] d = 20−6[m] fc = 10−3[N]
νi = 0.3[−] Ei = 13.5 ∗ 103[Pa] Tcycle = 108[s] width = 9.5Lc length = 14Lc
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Uniaxial cyclic test simulating brain tissue
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Thank you for your attention
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