Recitation #4
Tuesday, Sept. 30, 2003

Pset question #2 on the pset.  are the two points attached at all wall both pins? are either of them rolling? 

They are both attached to the wall, so there is no load between A and C since the entire beam is attached to the wall.  There needs to be an overall Fy = 0,  so the -P load will have a +P acting on pin C in the y direction.  In this case, it turns out that  you can assume the bottom is a rolling pin for calculations.
Pset question #3  Material Properties are in Appendix H of Gere. 

Also, please note in Question #1, alpha L is 12*10^-6 power, not to +6 power.
Thermal Expansion
Polymers have high coefficient of thermal expansion (CTE) ranging 40-160*10^-6/F
Metals, ceramics have low CTE, ranging 2.4-11.8*10^-6/F

εT = ΔLT/Lo = δT/Lo = αLΔT

Use concept of Linear Superposition to solve (remove top support and allow material to expand in all directions and apply imaginary external compressive force to return to zero strain)  
F = A*E* (-αLΔT)

(more assistance for pset is found in equations used during the lecture 9 review in beginning of lecture 10)
A few fun facts about the CTE
Interesting fact about The Thermal Conductivity and Expansion of Solids: 


Linear oscillations obey the superposition principle that we saw with e/m waves in chapter about them. It says that the total effect of any number of waves passing through a given point is simply the sum of the amplitudes of the individual waves. And in the mechanics chapter, on page 176, we saw that a solid material can be seen as resembling an arrangement of atoms held together by springs. The atoms’ random motion around their equilibrium positions represents the material’s thermal energy. 


Now we can imagine applying heat to one end of a block of material. It appears that heat conduction through it should be almost instantaneous. Moving the atoms at one end of block should cause that motion to propagate among the spring-connected atoms in the basic way that a wave moves down a stretched string. But your experience with this kind of situation is undoubtedly telling you that such rapid heat movement doesn’t occur. And the reason is that the atoms’ vibrations aren’t linear. Hence, when two wavelike motions in a solid intersect, they don’t simply pass through each other they way that e/m waves do. Instead, due to the solid’s nonlinearity, they collide in much the same way as the molecules of a gas. And such collisions greatly retard the transferring of heat energy through the material. Analogously, the collisions of gas molecules prevent any kind odor from traveling through air at the very high speed with which the odor’s molecules travel between collisions. 


Non-linear vibrations also account for solids expanding when heated. The vibrations of the string and spring-mass system are always symmetrical around their equilibrium positions. But if the atoms of a solid vibrated that way, there clearly wouldn’t be any reason for the atoms to move apart when their vibrations got stronger. The temperature change from absolute zero to a crystalline solid’s melting point causes its atoms’ vibrations to increase in magnitude by right around 10%. But the typical thermal expansion over that range is only about 1%. And it is due to the vibrations’ non-linear or anharmonic components rather than to their entire magnitude.

How do we test for this?  Thermomechanical Analysis (TMA)
Application
TMA is a technique used for measuring the dimensional changes in materials as a function of temperature or as a function of time isothermally. Stress can be applied to the sample during the analysis.

Uses 

1. Determining linear thermal expansion coefficients (CTE, anisotropy) 

2. % expansion or contraction of fibers 

3. Degree of cure of thermosets 

4. Measure phase transitions such as Tg 

5. Shrinkage of ceramics during sintering 

Principle
The technique involves the use of a probe resting on a sample under a positive load. As the sample is heated, cooled or held isothermally, dimensional changes are translated into the linear displacement of the probe. Various probes are available for either penetration or expansion. Displacements as small as 10-5 can be detected.

Limitations 

1. The technique is limited to solids, i.e., unreliable data will be obtained above melting temperature or much above Tg. 

2. Material creep, which occurs concurrently with the normal dimensional changes is problematic

Strain Energy U and deflection, δ
CASTIGLIANO'S THEOREM APPLIED TO PIN-JOINTED FRAMES 



Look at a pin-jointed frame subjected to various loads. 
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Figure 51 Pin-jointed frame subjected to
wvarious loads




If the force in the ith beam is given as Fi (which for the above structure is a function of P1, P2 and P3), the stored energy in that beam using equation 17 can be found to be: 

Here, Fi ( Pi  and P( Q.  (Different people use different notation)
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The total energy stored in this structure can be found by adding the energies stored in each of the beams, hence: 
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Castigliano's theorem sates that the deflection at the location of a force 'P' (we call Q) and in its direction is given by differentiating the total strain energy of the structure w.r.t that applied load. 

If we do this to the above equation it gives : 
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For convenience, this equation is re-written as follows: 
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When analysing pin-jointed frames, rather than using equation 20 and applying it to every beam, it is much more convenient to organise this equation in tabular form, which looks like this. 

	Beam number
	Fi
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	= Sum of this column


Example 8: Determine the vertical and horizontal deflections at the point C due to forces P1 and P2 

[image: image9.png]Figure 52: Pin-jointed frame with two applied loads at
point C




(a) Determine the ground reactions and the forces carried by ALL the beams by any of the methods already explained. 

(b) Construct the table which represents Castigliano's theorem for a pin-jointed frame 

Note: there is no AD force, but there will be a +P1 force on joint A to balance the overall Fy = 0 equation. 
NOTE: In this table,  Fi ( Pi  and P( Q.  (Different people use different notation)

	Member name
	Fi
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	AB
	-2P1 + P2
	-2
	1
	1/AE
	(4P1-2P2)/AE
	(-2P1 + P2)/AE

	BC
	-P1 + P2
	-1
	1
	1/AE
	(P1 - P2)/AE
	(-P1 + P2)/AE

	BD
	2P1
	2
	0
	2/AE
	2√2P1/AE
	0

	BE
	-P1
	-1
	0
	1/AE
	P1/AE
	0

	CE
	2P1
	2
	0
	2/AE
	2√2P1/AE
	0

	DE
	P1
	1
	0
	1/AE
	P1/AE
	0


Summing the two right columns gives that the horizontal and vertical deflections of point C are: 
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Note: Since Castigliano's theorem only gives you the deflection at the point of application of a force and in the direction of that force, if you want to find the deflection at a pin-joint where a load is not applied you MUST: Apply a dummy load, generate the table above, differentiate w.r.t the dummy load, sum the right column and then let that dummy force have the zero magnitude. The same procedure can be carried out if you want to find the deflection where a force is applied but in a different direction than the direction of the applied force
