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Puupohjaisten materiaalien rakenne ja ominaisuudet

Petri P. Kärenlampi

Lectures 30 h, exercises 70 h, literature 120 h 

Properties. Anisotropy. The effect of structure, moisture and temperature on properties. Sorption, changes in dimensions, hysteresis. Diffusivity, permeability. 
Thermal transitions. Composites, Strain energy density. Strength.

Time-dependent material behavior. Kubelka-Munk Optics.

The student will gain some knowledge of materials science, especially in the case of porous, hygroscopic, anisotropic and time-dependent materials. The student will be able to deduce and compute some relations between structure, material properties, and structural properties.

Lectures 30 hours:

Monday, Tuesday
Lecture Notes
Grading:

Exercizes 25%

Exam 75%

Exercises are due each Monday at 9 am, between January 20 and February  17, to be retuned to the Lecturer’s mailbox by the Southern entrance of the Borealis Building.

Tentative lecture schedule:

13.1.2014  8-10, N106, Video1
Properties; Material Properties; Stiffness, 




Compliance, Conductivity, Resistivity
15.1.  8-12, Bor101, Video1
Anisotropy, Periodic Variation, Composites





Strain Energy Density, Strength. Rigidity in  



Tension, Twisting and Bending
20.1.  8-10, Bor101, Video1
Mass Density Effects, Dimensionality, 




Percolation, Connectivity
22.1.  8-12, Bor101, Video1
Size Effect on Strength




Sorption, Shrinkage and Expansion
27.1.  8-10, N106, Video1
Sorption Hysteresis

29.1.  8-12, N106, Video1
Thermal transitions





Cell Wall Water


3.2.   8-10, Bor101, Video1
Diffusivity, Thermal Diffusion

5.2.   8-12, N106, Video1
Newtonian Flow, Permeability
10.2.  8-10, N106, Video1
Time-Temperature-Moisture-Specific Volume – 



Equivalency
12.2.  8-12, Bor101, Video1
Kubelka-Munk Optics

Last exercise reporting session Wednesday, February 19, 8-10 at room ???.
Literature:

Vogel, S., Comparative Biomechanics. Life’s Physical World. Princeton University Press 2003, pp. 1-89; 299-441. (30 h study time budgeted for an average student)

Gibson, L. J. and Ashby, M. F., Cellular solids. 2. Ed., Cambridge University Press, 1997, pp. 1-428, 453-502. (20 h study time budgeted for an average student)

Bodig, J. and Jayne, B.: Mechanics of wood and wood composites. Van Nostrand Reinhold Company, 1982, pp. 1-47, 176-393, 461-612. (40 h study time budgeted for an average student)

Jastrzebski, Z. D., The nature and properties of engineering materials. John Wiley & Sons, 3. ed. 1987, pp. 1-73, 125-193, 372-423, 522-560. (30 h study time budgeted for an average student)

Final examination ???, 2014 at 16-18, Room ???, Video1.
Possibility for eventual renewals ???, 2014 at 16-18
Contents:

Properties:

Intensive, Extensive and Specific Properties

Size Effects

Fractal Dimensions and Self-Similarity

Thermal Transitions

Thermal and Moisture Expansion

Conductance and Stiffness

Transmission, Scattering, Dissipation

Time-Dependent Material Behavior

Anisotropy and Orthotropy

Structures:

Atomic and Molecular Structures

Polymers, Crystals

Fiber Reinforced Composites

Cellular Materials

Disordered Fibrous Materials

Trees and Other Beams

Hierarchical Structures

Laminates

Applications:

Light Scattering, Absorption and Transmission

Statistical Size Effect

Deterministic Size Effects

Microstructural Size Effects

Kozeny-Karman Law

Percolation and Connectivity

Characterization of Structures using Conductance Measurements

Conductance and Bending Stiffness of Trees

Moore’s Law

The Effect of Material Anisotropy in Bending and Twisting of Beams

Different Beam Geometries in Bending and Twisting

Curl and Twist of Structures in Homogeneous Moisture and Temperature Fields  

Curl and Twist of Structures due to Moisture and Temperature Gradients 

Internal Stresses due to Drying

Relaxation of Internal Stresses

Phase Changes of Cell Wall Water

Birefringence and Phase Retardation

Heat Treatment of Lumber

Properties:

a state equation = characteristic equation

defines relations between properties

example

Specific Volume = function(temperature, moisture)

Parameters of state = Properties

”...a system is in a given state when all its measurable properties have fixed values, ...”   (Kestin 1979)

Intensive Properties

Extensive Properties

Specific Properties

Material Properties

Independent of 

- size

- geometry

- environmental conditions (?)

Specific volume = 1/ mass density

Latent Heat of Melting

Latent Heat of Vaporization

Specific Heat Capacity

Glass Transition Temperature

Thermal Expansion Coefficient

Moisture Expansion Coefficient

Sorption capability (hygroscopicity)

Conductivity

- diffusivity

- thermal

- electrical

- ...

Fluid Permeability

Specific Filtration Resistance

Stiffness

- volumetric (bulk) stiffness

- directional stiffness

Strength 

Viscosity coefficient

Relaxation time

Retardation time

Light-Scattering Coefficient

Light Absorption Coefficient

Anisotropy 

Orthotropy
Intensive, Extensive and Specific Properties

Size Effects

Fractal Dimensions and Self-Similarity

Thermal Transitions

Thermal and Moisture Expansion

Conductance and Stiffness

Transmission, Scattering, Dissipation

Time-Dependent Material Behavior

Anisotropy and Orthotropy

Atoms

Molecules

Polymers

Fibrils

Cells

Polymers:

Molecular Weight

Crystallinity

Crosslinking

Atomic Structure

Interatomic forces

Molecular structure

Intermolecular forces

Crystals 

Polymers

Crystallization - Amorfization

Anisotropy in Molecular level

Fibrillar Structure

Anisotropy in Fibrillar level

Cellular Structure

Anisotropy in Cellular level

Thermal expansion

Moisture expansion

Anisotropic thermal expansion

Anisotropic moisture expansion

Drying shrinkage

Anisotropic shrinkage

Drying stresses due to anisotoropic shrinkage

Kubelka-Munk

The effect of particle size on optical properties

The effect of particle size on mechanical properties

The effect of particle size on penetration properties 

Color

Birefringence and phase transitions

Optical axis

Thermal transitions

Stress Relaxation (WLF)

Porosity application

Drying application

Heat treatment

Water Replacement Impregnation

Twisting and Curling

Exercises:

Topics for the exercises are to be selected from below.

There are exercises to be based on literature, as well as on computational analysis. There also are topics to include laboratory phases.

About half of the exercises will be supervised by Dr. Pekka Tynjälä. The other half being supervised by Prof. Petri Kärenlampi. In addition to oral presentation, a written report shall be accepted by the supervisor. Written reports shall be placed on the computer web as files readable by a web browser. Technical instruction how to do this will be available by Monday, October 6, at 08:15 at Computer Class 1.    

An opponent shall be nominated for any presentation. The reporting sessions being by October 27 and 28,  reports should be available no later than by October 22. During the reporting session, 14 minutes will be assigned for author presentation, 3 minutes for opponent statement, and 13 minutes for discussion.

Please select a topic below.

Specific filtration resistance and specific surface of some fibrous mats by the liquid permeability method. The effect of pressure difference, mat thickness (or mass per unit area) and specific filtration resistance on necessary filtration times.  Note: experimental facilities allow determination of specific filtration resistance only...

Supervisor: Dr. Tynjälä

How does the opacity of a thin sheet or ply depend on thickness (or basis weight) when the optical material constants do not vary?

Resolve computationally, using the Kubelka-Munk theory. Verify experimentally.

Determine the light-scattering coefficient and the light absorption coefficient for the following materials: newsprint paper, writing paper, copy paper, greaseproof paper, brown packaging paper. What are the structural reasons for the variation in the optical material properties?

Supervisor: Dr. Tynjälä

Determine and report reflectivity for wavelengths from 400 to 700 micrometers for the following materials: Birch Solid Wood, Heat-Treated Birch Solid Wood, Birch veneer, white paper, red print on paper, green print on paper, blue print on paper. Determine and report the CIELAB color co-ordinates.

Colour Matching Functions: http://www.opt.au.com/archive.html

D65 Illuminant: http://www.digitalcolour.org/understanding/Illuminants.htm

Supervisor: Dr. Tynjälä

Porosity of wood and techniques of investigating it.

Supervisor: Prof. Kärenlampi

Water conductivity and flexural rigidity of trees; the effect of height, porosity, pore size distribution, mass density distribution and heartwood formation.

Supervisor: Prof. Kärenlampi

The effect of material anisotropy and cross-sectional geometry on rigidity in bending and twisting.

Supervisor: Prof. Kärenlampi

Bending rigidity of a hollow construction beam element with constant cross-sectional  wall area, as a function of aspect ratio of the cross section. The effect of Area Density on the bending rigidity.

Supervisor: Prof. Kärenlampi

The effect of temperature on stress relaxation in a simple Maxwell material, according to Williams-Landel-Ferry – formulation. A special case of external strain increased at constant rate.

Supervisor: Prof. Kärenlampi
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Please enter no later than   September 4, 2003.

Please print.

Name


date
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