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Cornell TAM 2020 Final Exam

No calculators, books or notes allowed. December 10, 2010

5 Problems, 150 minutes (no overtitme, as per university policy)

How to get the highest score?

Please, please, please do these things:
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Draw Free body diagrams whenever force, moment, linear momentum, or angular momentum balance
are used.

Use correct vector notation.
Be {Dneat, (II)clearand (III) well organized.
TIDILY REDUCE and your answers (Don’t leave simplifiable algebraic expressions).

Make appropriate Matlabh code clear and correct,
You can use shortcut notation like “T; = 187 instead of, say, “T (7) = 18",
Small syntax errors will have small penalties.

Clearly define any needed dimensions (£, 4,4, ...), coordinates {x,y.r,0...), variables (v,m,t,...),
base vectors (7, j. é,, é,, A ) and signs {:£) with sketches, equations or words.
Justify your results so a grader can distinguish an informed answer from a guess.

If a problem seems powrfy dicffimed!, clearly state any reasonabie agsumptions (that do not oversimplify the
problem).

Work for partial credit (from 60-100%, depending on the problem)

~ Put your answer is in terms of well defined variables even if you have not substituted in the numerical
values.

- Reduce the problem to a clearly defined set of equations to solve.
— Provide Matlab code which would generate the desired answer (and explain the nature of the output).

Extra sheets. Put your name on each extra sheet, fold it in, and refer to it at the relevant problem.
Note the last page is blank for your use. Ask for more extra paper if you need it.

Problem 10: __ /25
Problem 11: /25
Problem 12: /25
Problem 13: /25

Problem 14; /23
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18} A horizontal W12x96 I-beam, has flanges, at top and bottom, and has length £. = 100 in. The complete free
body diagram of the beam shows a moment M at one end and a vertical Joad of @;ﬁﬁ = 1000 1bt at the other. Neglect
the weight of the beam. Write a clear ordered sequence of formulas that would calculate the quantities in parts {aj,
(b} and (c) below. The right side of each formula can only have variables which have been on the left side of the

formuias above it. For example, the first three formulas in this list are: iy T
?w,?;a - z= P = 10001bf
fg : mewmmw::g L =100in

e M= L ¥ 4
?1' Z Fi i,

L

a) The maximum tension stress in the beam? i o

b) The maximum shear stress in the beam (on a surface whose normal is along the length of the beam)? Clearly
explain any estimates you make to do this calculation. You need not repeat formulas used in part (a).

¢} What is the weight of this beam? (Use the table below and or numbers you remember and do approximate
arithmetic.) Full credit for answers within 50% of correct. Was it reasonable to neglect the weight of this beam?
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11) Water is held back by the rotary dam shown. The whole dam is a big plate that is held at the top. Assume the
foltowing quantities are given:

E. G, v Elastic moduli of plate

ﬁ #t, h width, thickness and height of plate (% is also the depth of the water)
¥ == pg density of water (weight per unit volume)

Find the deflection & of the bottom of the plate due to the water pressure. Answer in terms of the given quantities
(Hint, first find M),
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12) A standard paperclip is partially unfolded and held at the edge of a rigid table as shown. The folded part is
held firmly on the table at A and B. The part overhanging has force P applied at D. Neglect the bending of
segment CD {treat it as rigid). Consider only the torsion of the segment AC. In terms of some or all of

E. G, v Elastic moduli of paper clip
L length of torsion segment AC and of rigid segment CD

R radius of paperclip
P applied force

a) find the deflection 8.
b) What is the Young’s modulus E of the paper clip? A numerical answer is desired. Answer in any units you

like. Full credit if answer is within 20% of correct.
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13) Four rigid bars (EG, EC, BE and ABC) are connected with pins as shown with the force F applied to the end
of bar CE at E. Find the force of bar CE on bar ABC at C. Answer in terms of some orallof F, b, d,4,7 and j.
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14) A uniform solid rigid cube with sides 2a and mass m has edges parallel to the xyz axis. The cube is held in
place by 6 rods each with length £. Each rod is parallel to one of the axes. Find the tensions in the 6 rods in terms
of some or all of m, g, @ and £. {Hint, at least one tension is zero. |

Answer here:
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