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Modeling interfaces in modern masonries
Micro-scale effects

Homogenization

Asymptotic theories

FEM implementation (CAST3M, LMGC90)
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Introduction

Motivations

Modelling masonries at local
level

@ Small structures

@ Assembly of bricks, mortar,
interfaces (multibody
mechanics)

@ Mortar and bricks are
deformable bodies
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Model presentation

Hypotheses

First (Strong) Hypothesis

The brick-mortar interphase is a mixture of the two materials.

Second (Strong) Hypothesis

To simplify, the interface is a stratified.

Third Hypothesis

The interface is cracked.
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Model presentation

Hypotheses

Fourth Hypothesis

The interface is thin.
Fifth Hypothesis

There is no penetration.

Sixth Hypothesis
The crack length increases.
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Model presentation

Methodology: 5-step model

Brick Homogenization
Mortar
@ STEP 2
Homogenization
Mixture2 | <——
STEP 3 ﬂ
Brick rameote Brick
Mixture 2 [ - Interface
Mortar
Mortar:

Obtain normal and tangential stiffnesses.

Step 4 Unilateral conditions Step 5 Crack evolution
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Model presentation

First step: stratified with two phases

e, Horizonltall
i & , mortarjoint
Exacthomogenization
HEM
ofthe brick-mortar laminate
gn S0 St 3?133 0 0 0 J11
€22 St S5y St 0 0 0 022
Ez | | Stz St Shs 0 0 0 033
V2gs | T 0 0 0 25%; 0 0 V2523
V2&13 0 0 0 0 25%, 0 V2513
V2&1 0 0 0 0 0 25%, V2512

5% is computed exactly.



Model presentation

Mechanical properties of the three-fold masonry
constituents

Young's moduli (MPa) of full brick
Poisson ratio of full brick

Young's moduli (MPa) of hollow brick
Poisson ratio of hollow brick

Young's moduli (MPa) of mortar
Poisson ratio of mortar

9438
0.13

6059
0.13

4000
0.3
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Model presentation

Compliance tensor

Full bricks

1.478 —-0.271 —-0.348 0 0 0
—-0.271 1.478 —0.348 0 0 0
20 _ 194 —0.348 —0.348 1.639 0 0 0
0 0 0 4.444 0 0
0 0 0 0 4.444 0
0 0 0 0 0 3.499

Hollow bricks
1.973 —-0.396 —0.456 0 0 0
—0.396 1.973 —0.456 0 0 0
20 _ 194 —0.456 —0.456 1.985 0 0 0
0 0 0 5.115 0 0
0 0 0 0 5.115 0
0 0 0 0 0- 4.740
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Model presentation

Second step: Kachanov theory

Homogenization  [:
s % ofa microcracked
\\ media
Representat\we rectilinear
E 1
EY 1+ 2psin2¢(Bicos2¢ + Bpnsin®¢ — Bpesin2¢) EY
E 1
E? 1+ 2pcos?p( By sin?p + Bnpcos2p + Bnisin2¢) E?
G% 1+ p(Bnpsin?2¢ + Bicos?2¢ — Bprsindg) G
vi3 _ i3
£ E

¢ angle of the crack and p =" I2/A.
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Model presentation

Second step: Kachanov theory (continue)

(ZS =0, A=celp Bnn = C(]- + D)/ and
By — C(1 — D)]

c_T
4 JEOED

1
- ¢ 10 2\’
>< _— —_
! Gy B i E9ED
E) — \/EY
Ey = EY E3 = EJ/(1+ 2pBn,E?) p— V1! 3
Gi3 = Gi3/(1 + pB Gp3) \/Ef +,/EQ
V3 = V?3 (1)

A Multi-level interface model
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Model presentation

Second step: Kachanov theory (an example)

Kie + K2/3
K3e2 + K4e/3 + K5/6

(3333 =

Ki(l—07 El) E37 G137 13, )
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Model presentation

Third step: Asymptotic theory - A formal result

We introduce some notations
U={v/vel[H Q)3 v=0onTo}.
V={ve[H(QTUQ )] v=0onTo}.
X =[P

A (u, v):/Qe ae(u)e(v) dx+/ be(u)e(v) dx

e

I(u) = /Qcp.u dx—l—/r g.uds, with p € [L2(Q)]* and g € [L3(T1)]3.

Jé(v) = %Ae(v7 v) —I(v).

1Ae(u,u) ifuecU
e _ ) 5
F(u)_{+oo if ue X\U
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Model presentation

Third step: Asymptotic theory - A formal result

Theorem

Under the previous assumptions, F€ T-converges to F° at point u
with

3 [ ae(u)e(v) dx + 3 [ b([u] ®s n)([u] ®s n) ds
Fouy={ ifueV

+o0 if not

The term [u] is the jump of displacement along the interface S.
We can observe that the jump along the interface S is given by:

on = b([u] ®s n)n, b=lim b/e

Proof: generalization of a result by Licht-Michaille, 1996.
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Model presentation

Third step: Asymptotic theory

Interfaces
e—>0 —_———
;
e—>0
on=C(/,...)[u]
LO LO
C T — Cr=——
3333 7 Ly 2C(1+ D) PP 1313 > L7 4C(1-D) P
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Model presentation

Third step: Asymptotic theory

Full Bricks
Cn = 242365/1° (N/mm?) and Cr = 127600//° (N/mm?)

Hollow Bricks
Cn = 200396/1° (N/mm?) and Cr = 100490//% (N/mm?)
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Model presentation

Fourth step: Unilateral contact

Let F be the density of the contact forces.

F=F,n®+F,, with F,=F.n"

Locally, the unilateral contact is given by the following relations

[un] >0, F,— Cn[ua) >0, and (F,— Cn[un])[un] =0
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Model presentation

Fifth step: Crack evolution

0
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Numerical results and identification

Numerical results

@ Without confinement (Fouchal)
@ With confinement (Gabor)
@ RILEM test (diagonal compression)
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Numerical results and identification

Numerical results: triplet of full bricks

Proposei
Tiodet

1B s

AL

0}5 " i SR o = [ p—
A "

Shear stress (Mpa)

0 0,008 0,016 0,024 0,032 0,0«
Disblacements (mm) \
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Numerical results and identification

Numerical results: triplet of full bricks

Shear stress (MPa) 'I

1,2
1
o8 A  ——
1
// 1 a-f 5
- / “
NS B 3
0,2 o |
0 / ; ; .
0 0,0005 0,001 0,0015 0,002 0,0025 0,003 0,0035

Displacement (mm)
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Numerical results and identification

Numerical results: triplet of hollow bricks

test-1

3,0 j Experimental teist

Shear stress (MPa)

test-3

Proposed model

0,0 0,1 0,2 03 04

Displacement (mm)
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Numerical results and identification

Numerical results: Identification

153802

E !
E }
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Numerical results and identification

Numerical results: confined small prism

Various confinement pressures

loading

joint

CL:c

X

CL1(uy=0)

Brick: 210x50x100 mm3, Eb = 12800 MPa, v, =0,2
Mortar: thickness 10 mm, Em = 4000 Mpa, v, =02
Joints: Cn and C1

6=0,02,04,...L,6MPa Softening effect
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Numerical results and identification

Numerical results: confined small prism

Q
umu
1
Q

Lebon and Rekik A Multi-level interface model



Numerical results and identification

Numerical results: confined small prism

£
s
g ~+12MPa
w1 =04 MPa
2 ~=05MPa
£
Z —08MPa
075
05
025

0 015 05 05 1 125 15 475 2 125 1§

Displacement (mm)
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Numerical results and identification

Numerical results: Identification

14050
1708
E LEEm
H —06MPa
s 04t
k] “+12MPa
£
G e ~08Mpa
0603 |
HERB
110603
0 025 05075 1 125 15 175 2 225 25

Shear tress (MPa)

confining stress o (MPa) | I, (um) | e/(1l,) (%)
0.4 1.57 2.5
0.6 1.53 5
0.8 1.8 111
1.2 1.53 5
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Numerical results and identification

Numerical results: Rilem test

Load (daN)
30000

25000 L~

/ === Model prediction (with u.¢.

150 / et dta
/ — umerca preicion
100 / ithoutucc)

swo |

0o
o 0000 0004 00005 00008
Diagonal strain (m/m)
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Numerical results and identification

Unilateral contact

unilateral contact condition | I, (um) | e.(1,) (%)
with 1.61 3
without 1.728 4

Table: Identified ultimate representative crack length and the
corresponding relative errors obtained on a diagonally compressed wall
with and without a unilateral contact condition
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Conclusion

Conclusion

@ Model of interface taking into account fissuration evolution
@ Implementation (Cast3M)

@ Comparison with experimental data and identification

Five improvements
@ Dynamics (collaboration F. Dubois, Montpellier)
@ 3D (coupling in-plane and out-of-plane)
@ Improve Kachanov model
@ Coupling surface and volume damage

@ Evolution of fissure length
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Conclusion

Thank you for your attention !
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