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Nail Pull Test on Plasterboard

[ASTM Standard C1396/C1396M-14, 2014, DOI: 10.1520/C1396_C1396M]



Nail Pull Test on Plasterboard




In-Situ Nalil Pull Test

Testing machine

Specimen

Nail pull assembly

X-ray source

[Bouterf et al., 2016, Exp. Mech. DOI: 10.1007/s11340-016-0168-8]
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Spherical Indentation Test

Same mechanism with simpler geometry

Compacted
zone

Indenter ~a

Initial
microstructure F

Abrupt transition
Need for strain fields at fine scale



Spherical Indentation Test

« Aims
— Better understand crushing mechanism
— ldentify local failure criterion

« Sample

 |dentation setup
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Scan Acquisitions
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[Bouterf et al., 2016, submitted for publication]



Tomographic Observations

Tomographic observations
— Compaction accompanied by pore collapse
— Same observations in artificial porous rock*
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*[Leite et al., 2001, Eng. Geol., 59 pp. 267-280]




Spherical Indentation Test

Identification of local failure criterion
— Estimation of multiaxial stress state in transition zone




Two-Phase Model
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Static Analysis
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No shear flow (surface normal = eigen stress direction)
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Nail Pull Test
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Nail Pull Test
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[Bouterf et al., 2016, Exp. Mech. DOI: 10.1007/s11340-016-0168-8]
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Digital Volume Correlation (DVC)

» Gray level (reconstructed) volumes

f(x)  g(x)

« Conservation of gray levels

J(x) = g(x+u(x))

» Measure u(x)?

voxels




Digital Volume Correlation

* Local registration:

— Biomechanics
[Bay et al., 1999; 2002; Verhulp et al., 2004; Tong et al., 2009...]

— Mechanics of materials
[Bornert et al., 2004; Franck et al., 2007; Germaneau et al., 2007;
Lenoir et al., 2007; Forsberg et al., 2008...]

» Global registration:

— Biomechanics
[Benoit et al., 2009; Madi et al., 2013]

— Mechanics of materials
[Roux et al, 2008; Réthoré et al.; 2008; HF et al., 2009;
Limodin et al., 2009...]




Global Approach to DVC

» Select a specific displacement basis ¢ (x)
such that

u(x) =D ;¢ (x)

« Minimize correlation residuals®

D= [[[[F - s+ g b

e Successive linearizations / corrections
M l.j&t P = bl.

*[Roux et al., 2008, Comp. Part A 39 pp. 1253-1265]



Finite Element DVC
P (6w = [[f (1) §(x)—(6u-Vf )| dx

=3 [[fw-2w-ailp, vrkof da

Elementary matrix and vector (e.g., C8P1%)
M = I(Yf-g)(zc)&f-g)@)dz
Q

b = [[F@-2wIVs @ kda

*[Roux et al., 2008, Comp. Part A 39 pp. 1253-1265]



C8-DVC Analyses

Small amplitude displacements
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Reduced Kinematic Basis

FE-generated kinematic basis
— |sotropic elasticity
— Crushed zone excluded
— T4 mesh

— Dirichlet boundary conditions
» measured rigid body motion (C8-DVC)
* linear combination of modes
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[Bouterf et al., 2014, Strain 50 pp. 444-453]



Reduced Kinematic Basis

« BCs under crushed zone
— Axisymmetric fields

u (a;,,p,0)=vcos(@)sin(d)+ wcos(@)cos(8)
u,(a;,,0)=vsin(@)sin(f) + wsin( ) cos()
u, (a,,,0)=vcos(¢)—wsin(0)
0 and @ are polar et azimuthal angles
v=a, +a,cos(8)+a,cos(20)+a, cos(30)
w=a,sin(f)+a,sin(260) + a, sin(36)

— Shear fields

‘unperfect’ loading
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[Bouterf et al., 2014, Strain 50 pp. 444-453]



Measurement Results

« Standard displacement resolution = 0.02 voxel (¢= 8 voxels)
— Divided by 20 wrt. standard C8-DVC

— #DOF =9
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Comparison
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Correlation Residuals
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Correlation Residuals
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Correlation Residuals
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Minor Principal Stress




surface Contour 6, = — 5 MPa




surface Contour 6, = — 6 MPa
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Surface Contour 6; = — 7 MPa
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FE Simulations

Good macroscopic agreement
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FE Simulations
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Outlook: Cracks (of course)!
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‘Here is my secret. It is very simple:
It is only with the heart that one can see rightly;
What is essential is invisible to the eye.’
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[A. de Saint-Exupéry, 1943, The Little Prince, Reynal & Hitchcock]



