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= Engineering materials such as sand, |
concrete, rock, ceramics and
polymers have common properites:

* heterogenity

= anizotropy

» discrete structure

= nonlinear behaviour

= Two kinds of numerical models are
commonly used:

= continuum models (within
fracture, damage, softening
plasticity mechanics),

= discrete models (molecular
dynamics, discrete element
method,_lattice mode)ls

Structure of concrete
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» The goal Is to create a three dimension:
discrete lattice model to describe the behavior «

guasi-brittle materials.

* [nvestigate the effect of aggregates an
Interfacial zones on the 3D fracture process.

» |nvestigate the size effect on 3D speciemer
subject to uniaxial tension



To describethefracture processin
concrete on the scale of cement matrix
and aggr egates (meso scale) a lattice
model was applied.



Original lattice model
(Vervuut et al. 1994)
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The body is discretized into &
mesh of discrete beams. . Fuller
distribution
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Implicit FEM method is used Different stiffness and strengths are
assigned to various phases.
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= Own model — the idea of truss lattice was enchabged
angular stiffnesses that control the rigidity ofdes
(bending, shearing and torsion).

= |t Is an approach between a truss (nodes not fiaed)
a frame (fixed nodes). The rods that connect nodes
not bend, they are connected by angular spring
iInstead.

Connection of rods at the node

* Elements are removed when critical tengjle strain IS
exceeded



Displacement and rotatiqm)

i _, Al_é kAN ZA

knm

kKAX = KFAN +5AK

—,AD

AW — movementAR — rotation,
AD —change of length due to longitudinal stiffnelgy (
AB  —rotation due to bending stiffnedg)(



Calculating node displacement
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summation over rod index

d.. —initial length of rodi

In,, —total number of rods connected with the ngde
AW  —movement,

AR  —rotation,

AT  —torsional rotation due to torsional stiffneks, (

AD  —change of length due to longitudinal stiffnelgp (
AB  —rotation due to bending stiffnedg)(



Calculation of strain, stress and for¢

Strain - Stress Calculation of section forcee@nd y are
d—d ’ projected on normal direction of cross-
! (Ui -

€ = 0 = fEE ikl section plane A)
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Shear angle- Shear stress F=A Z (gkle + }’kbG)
A B

: _ia'l'ia T=;YG ik

if = ) ! LY E —Young’s modulus

G — Shear modulus
d —element length
‘;‘(X — IBOS ) k- LCJngét_udln?:Lrstlffness
iX = im= ixGid ikb K, —bending stiffness
2 |  —element index

Bending angle- Cosserat bending stress




Mesh generation method

L g Mesh generation parameters:
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Parameters used to describe the m¢

Group 1 Stiffness parameters
K longitudinal stiffness [-]
K, bending stiffness [-]
K, torsional stiffness [-]
Group 2 Fracture parameters
Enin critical tensile strain [-]
Group 3 Mesh generation parameters
g cell size [m]
I ax max beam length [m]*
a min angle between beams [rad]*
S mesh irregularity [m]

* parameters used only with non-Delaunay generation method



Effect of mesh irregularity
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Effect of mesh irregularity
parameter ‘s’ on the stress-
train curve and crack patteri
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Influence otk, on Poisson’s ratio
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Uniaxial compressioRingle phase)

Effect of stiffness ratip=k/k on N i
stress-strain curve in uniaxial o
compression with smooth edges

(elements removed wheg,,=0.02%)
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Effect of aggreg al@Shree phases 2D (25%)

Interfacial zone: k=0.7, k,=0.5, =0.005%,
Cement matrix: k=1.0,k=0.7, ¢&,,=0.02%
Aggregate: k=3.0,k,=2.1, ¢&,,~0.0133%
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Effect of aggreg al@Shree phases 2D (50%)
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EffeCt Of aggreg ateShree phases 2D / 3D (25% / 50%

Interfacial zone: k=0.7, k,=0.5, ¢&,,=0.005%,
Cement matrix: k=1.0,k=0.7, =0.02%
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Aggregate: k=3.0,k,=2.1, ¢&,,~0.0133%
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Nooru-M ohamed test (propagation of curved crack)
three phase material, 2D

Experimantal
fracture pattern
(Nooru-Mohamed 1992) Crack propagation in numerical results




Size effect In numerical resulisee phases 20)

Interfacial zone: k=0.7, k,=0.5, ¢&,,=0.005%,
Cement matrix: k=1.0,k=0.7, ¢&,,=0.02%
Aggregate: k=3.0,k,=2.1, ¢&,,~0.0133%
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Size effect In numerical resultSee phases 30)

Interfacial zone: k=0.7, k,=0.5, ¢&,,=0.005%,
Cement matrix: k=1.0,k=0.7, ¢&,,=0.02%
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Conclusions

" Lattice model allows to study fracture propagatom
the scale of cement matrix and aggregates.

" The peak-load decreases with increasing partic
density.

" Ductility increases with increasing aggregate snd
density.

® Small particle density leads to non-linearity e thre-
peak regime. High particle density leads to striaogh-
peak stress-strain behaviour.



