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-i dea (B Composite Materials

Fibers Matrix Composite

High Strength carbon fibers @ MTM57/T700S [0/90] 5,
(T700S);V;=59%
High Modulus carbon fibers + Epoxy MTM57 @ MTM57/M40J [0/90]
(M40J);V,=59%

Glass fibers (E-glass) Q _
V=54% MTM57/E-glass [0/90],

The 350 300 [mm?] plates were cured in an
autoclave at 120°C

< ".‘:’w trwprm_ % X-Ray Tomography

QQ% l"\,u SimIR s
Stacking sequence of [0/90], glass/ MTM57

epoxy laminate
Phoenix X-Ray Nanotom (80 kV, pixel resolution 2.5 um)
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Sample preparation and Test fixture

V-Notched shear fixture and sample dimensions [mm]

According to the Standard ASTM D 7078
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Strain rate of 1[mm/min]

Sample

Instron 8501
Hydraulic sys.

lllumination lights Digital Image Correlation
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Comparison between DIC and strain gages

100

exy (%] - 15 filker

-1.13705
I -1.80974
-2.48243

= -3.15512
1 -3.82781

=1 -4.5005

B.17319

-5.84589

-6.51853
L1327

—DIC sys.
— Strain gages

-7.86396
-8.53665

20 e TR e - 320934

-9.85203
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11.2274
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HM carbon composite (MTM57/M40J)
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Matrix and fibers dominated regions
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SEM images of glass fiber composite loaded up to 96 [Mpa]

Dr. Essam Totry %Yy 17



l'dea '  Deformation and failure modes Results

materiales

Failure modes for composites [0/90] ¢

Large residual
strain

MTM57/E-glass MTM57/M40J
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Deformation and failure modes Results

X-Ray Tomography -Damage

[0/90],, carbon/ MTM57 epoxy laminate
Phoenix X-Ray Nanotom (80 kV, pixel resolution 2.5 um)

(Advanced Composites Group)

Slice movie yz
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MTM57/E-glass
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Computational micromechanics

-i dea
Q@ Matrix and fibers were meshed with 10-node modified tetrahedra (C3D10M in Abaqus).
Periodic boundary conditions are applied along the 3 axes to eliminate surface effects.

(0, zo,x3) — u(Ly, 22, 23) = (:';1
(0, x0, x3) — u(Ly, 20, x3) = (:';1

(0, z0,x3) — u(Ly, 20, 23) = (:';1

L[>

sz (O,@;SCSQ) ;Y12 = arctan L_()
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B! dea Computational micromechanics

Matrix

@Isotropic elasto-plastic solid with no hardening and following Mohr-
Coulumb criterion

- E =335GPa v, =0.35
— ‘Z’T‘-I—O'ntandj:C:ST

- =15 ; c=60MPa
Fibers

@ |sotropic, linear elastic solids

- Ey=74GPa vy =02
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Shear parallel to fibers

51.2
1.0 0.8 0.6 0.4 0.2 0.0

Plastic

strains
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Computational micromechanics

Shear perpendicular to fibers

51.2

PlaStIC 1.0 0.8 0.6 0.4 0.2 0.0
strains i '
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Computational micromechanics

Experimental and numerical Stress-Strain curves
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B! dea Conclusions

@ Using the Digital Image Correlation system it was possible
to obtain the full displacement and shear strain fields all
the way during the shear test.

@ The composites exhibit very large deformation and
Increase in the Stress up to failure.

@ The composites exhibited different failure modes depend
on the fiber orientation.

@ The computational micromechanics models are able to
predict the shear mechanical response of the composites.
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Thank you for your attention
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