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Date: Tue, 22 Nov 2005 16:38:33 +0100

From: Christoph Kohlhauser <Christoph.Kohlhauser@tuwien.ac.at>

Subject: lecture notes on microstructures

To: rkriz@vt.edu

Dear Prof. Kriz!

I'm a Phd-student at the Vienna University of Technology in the

Institute for Mechanics of Materials and Structures. I started with my

work in the beginning of this year.

My task is to use the ultrasonic method to measure the complete

stiffness tensor of wood. The results will be used to cross-check a

multiscale material model for wood, which is being developed at our

institute.

I found your lecture notes on microstructures and C_ijkl visualization

very helpful. It seems to me that you are one of very few researchers

who adresses the problem of energy flux deviation in anisotropic

materials.

I would like to ask you some questions about this online lecture and one

of you papers. I would appreciate it a lot if you find some time to

shortly answere them.

1:

Why do you speak of a combined wave surface when mode transition occurs

in some types of orthorombic symmetric materials?

Isn't it just an intersection of three individual surfaces and thus

still three surfaces?

2:

The propagation direction of a plane wave, i.e. the wave normal vector 

v_i, points in the direction of the phase (wave) velocity. Why is

this vector v_i not normal to the computed wave surfaces? (see

definitions on page

http://www.jwave.vt.edu/crcd/kriz/modules/module04/definitions.html )

It seems like this vector points in the direction of the

ray or group velocity (vector r_i^j).

3:

In your 1979 paper with W. Stinchcomb (Elastic moduli of transversly 

isotropic graphite fibers and their composites) the relationships

of C_ij and phase velocities are given. How is it possible that

for wave propagation in out-of-symmetry planes (e.g. 45deg in

X_2-X_3 plane) the values for C_23 can be computed from either the

velocity v_2 of the QL-wave or from the velocity v_3 from the

QT-wave? The formulars are identical with the exception of the

used velocity. But if the velocities of QL and QT-waves are not

equal the resulting stiffness tensor component can not be the

same.

I understand that the reverse relastionships (velocities in

dependency of C_ij's -- given in the 1982 paper with H.Ledbetter

'Elastic-wave surface in solids') include the component C_23

(within C'' in equation (9)) two times in a square root.

But if the plus/minus solution is the reason for this formulas, what

is then the physical, i.e. experimental explanation?

4:

In the paper you wrote with W. Stinchcomb you mention that due

to the extreme sensitivity of the off-diagonal terms C_12 and C_13

to the accuracy of the respective phase velocity it is not

possible to determine these components with adequate accuracy.

If it is not possible to compute these values from other sources,

does this render the ultrasonic technique useless to determine

off-diagonal terms in anisotropic media (especially orthotropic

media)?

I understand that your time schedule is propably very tight. I

hope you could then point out some references where I can find

answeres to this questions.

Thank you very much for your help!!

sincerely yours

Christoph Kohlhauser
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1: Why do you speak of a combined wave surface when mode transition occurs in some types of orthorombic symmetric materials? Isn't it just an intersection of three individual surfaces and thus still three surfaces?

Answer: Yes, they are intersections (degeneracies in the eigen-values), but in some special cases the collection of these intersections lead to a single connected surface. Not only was this geometry pointed out in the Physica Status Solidi paper, but also by M.J.P. Musgrave, in the Proceedings of the Royal Society, "On an Elastodynamic Classification of Orthorhombic Media" (1981), which is referenced in the Web lecture notes. 

http://www.jwave.vt.edu/crcd/kriz/lectures/ref.html . It is interesting that we (Musgrave and I came up with this discovery independently). At first Musgrave thought that I had copied his work. On his way to work at Stanford one summer in the mid 1980s he stop at NBS, Boulder Colorado, where I was working, and confronted me about this discovery. I am happy to say that after he saw my notes he was satisfied that this discovery of single connected surfaces was indeed done independently.  But perhaps Musgrave, who wrote the book on “Crystal Acoustic”, is more believable.  I have also posted a graphical proof on the web that show how these wave surface intersections (dengeneracies) give rise to single connected surfaces: http://www.jwave.vt.edu/crcd/kriz/lectures/graphproof.html . This proof was never published. Perhaps because it is graphical and cannot be shown analytic. It is interested that the necessary and sufficient conditions that give rise to these connected surface is the inequalities of the contracted stiffness tensor components on the diagonal, which were published both by Musgrave and myself.

2: The propagation direction of a plane wave, i.e. the wave normal vector  v_i, points in the direction of the phase (wave) velocity. Why is this vector v_i not normal to the computed wave surfaces? (see definitions on page

http://www.jwave.vt.edu/crcd/kriz/modules/module04/definitions.html ) It seems like this vector points in the direction of the ray or group velocity (vector r_i^j).

Answer: The vector v_i is normal to the computed wave surfaces, but the wave surface appears to be “tilted” to this vector because the wave surface is a collection of infinitesimally small staggered plane waves, where each of the plane waves are perpendicular to this vector, but since each wave propagation direction travels at a slightly faster speed the connection of this points creates a wave surface that is “tilted” to the v_i vector.  Only for isotropic spherical waves does the plane wave surface at each point align with the wave surface that connects these points.  The group velocity or Poynting Vector (after John Henry Poynting) that actually point in the direction of energy flux which is defined by an angle of deviation from the v_i vector.

3: In your 1979 paper with W. Stinchcomb (Elastic moduli of transversly  isotropic graphite fibers and their composites) the relationships of C_ij and phase velocities are given. How is it possible that for wave propagation in out-of-symmetry planes (e.g. 45deg in X_2-X_3 plane) the values for C_23 can be computed from either the velocity v_2 of the QL-wave or from the velocity v_3 from the QT-wave? The formulars are identical with the exception of the used velocity. But if the velocities of QL and QT-waves are not equal the resulting stiffness tensor component can not be the same.  I understand that the reverse relastionships (velocities in dependency of C_ij's -- given in the 1982 paper with H.Ledbetter 'Elastic-wave surface in solids') include the component C_23 (within C'' in equation (9)) two times in a square root. But if the plus/minus solution is the reason for this formulas, what is then the physical, i.e. experimental explanation?

Answer: The answer is in the derivation of equations in my Masters Thesis, which are only included in the Tables of the paper with Stinchcomb. I can send you these derivations if you wish. Note that in Table 5 for Specimen No. 4 “row” C_23 are predicted to by the same but actual measurements indicate that wave speeds are different, which is due to measurement error, because for transversely isotropic materials they must be the same.  For orthorhombic materials they will be different. The equations for orthorhombic materials are listed on the web page and show the wave speeds are assumed different which leads to the graphical proof of how different wave surfaces connect into different geometries -- some of which are connected into single surfaces, see

http://www.jwave.vt.edu/crcd/kriz/lectures/graphproof.html . If one derives all these equations, your questions will be answered. Let me know if you want me to send you my derivations published in my Masters Thesis.

4: In the paper you wrote with W. Stinchcomb you mention that due to the extreme sensitivity of the off-diagonal terms C_12 and C_13 to the accuracy of the respective phase velocity it is not possible to determine these components with adequate accuracy.  If it is not possible to compute these values from other sources, does this render the ultrasonic technique useless to determine off-diagonal terms in anisotropic media (especially orthotropic media)?

Answer: For transversely isotropic materials, such as unidirectional fiber-reinforced composite materials, this is discussed in the results and discussion section of the paper with Stinchcomb. “Therefore, accurate measurement of C_12 and C_31 is not necessary if transversely isotropic properties are to be obtained for the material system under investigation. The investigator only needs to extrapolate for the five fiber properties shown in Figs. 2-6 and use eqs (2) and (3), along with equations listed in the Appendix, to obtain the complete set of transversely isotropic lamina properties.” Upon closer examination this accuracy error is due to a very large dominate magnitude of the wave velocity in the stiffer fiber “1” direction. This may not be an issue of orthorhombic materials that do not have a dominate stiffness in the pincipal “1”, “2”, or “3” directions.

Comments: Some mode transitions occur without intersecting wave surfaces, e.g. graphite/epoxy at high fiber-volume fractions, see: Kriz, R.D. and Ledbetter, H.M., "Elastic Representation Surfaces of Unidirectional Graphite/Epoxy Composites," Recent Advances in Composites in the United States and Japan, ASTM STP 864, J.R. Vinson and M. Taya, Eds. American Society for Testing and Materials, Philadelphia, pp. 661-675, 1985.  My first Masters student proved these mode transitions exist in unidirectional graphite/epoxy by experimental measurement. “Measurement of Ultrasonic Wave Mode Transition in Unidirectional Graphite/Epoxy Composites", Masters Thesis by Benoit Vandenbossche, Virginia Tech, Blacksburg, VA. Chairman: R.D. Kriz, Completed 5/9/91

I hope these answers helped. I can send you photo copies of some of these publications that you may not have access to at your library.  

