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Problem I: (40 points)

P a
1 P
Figure [-b

The truss modeled and shown in Figure I-b is used to hold a flat horizontal cover of a shop-front
(Figure I-a). The total weight of the cover W is carried by each of the two trusses as shown in
Figure I-b. It is also possible for the cover to be loaded with snow.

Assume linear elastic behavior and be careful with units.

The dimensions of the system are given as follows:

e L=4m a=2m b=1m
e Tubular steel cross-sections of truss bars t
Bar AB BC AC @
Outside Diameter D (mm) 30 40 20
Thickness (same) ¢ (mm) 3 3 3 7H4

The properties of the system are given as follows:
e 0oy = 300,000 kPa (lf)\} /,n'l): Yield stress in tension and compression of steel tubes

e FS : Factor of safety

The loading/weight on the system are given as follows: )

o W=20kN : Total weight of cover (about 2 Tons)

e y=5kN/m’ : Weight density of snow (about ¥ of water)

o h : Height of snow uniformly distributed above cover
o Own weight of truss bars is negligible
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1. Assume [NO snow on cover.
Discuss the safety of the truss system and briefly comment, assuming that the cover itself is
safe. (15 points)
Are the bars properly arranged (in terms of cross-sections), and, if not, suggest a more proper
arrangement of cross-sections, and briefly justify your choice. (10 points)

Calculations and/or Diagrams: L Siw ' S ikpJ

e = - S Y - S
S Vi Aas d5L.5x0° ol
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Calculations and/or Diagrams (cont’d):

:::_&fg%ma _______ R s, L afly i

e Fanna @ ________ Lg,gb_x-_t_s__:;_) __________________
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2. The factor of safety is set akFS=1.5.
With the original arrangement of bar cross-sections given on page 2, determine the height s

of a uniformly distributed snow above the cover that the truss is allowed to carry, assuming
that the cover remains safe. (15 points)

Calculations and/or Diagrams: WS/L!J 47 \MS/ I“

Fac = lowea) éx. _____ Wf=SeN > e b412

_______ 8- L5~ _30° 000 W Ll k.

62,482 1+ %‘) CTohd SDM’)
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& \o\)r A‘ \l's
Problem 1I: (30 points) b L( (

The free-standing circular solid column monument shown in Figure II has a height 4 an
diameter D is made of concrete.

The properties of concrete are as follows:

o E=25x 10%kPa (kN/m?) : Modulus of elasticity

o y=25kN/m’ : Weight density of concrete (about 2.5 water)
e 0, =30,000 kPa : Ultimate strength in compression

s F§=15 : Factor of safety

For D=1m

Determine the allowable height 4 of the column so that it is safe under its own weight, and
compute the corresponding top displacement. Does your result for height make sense? What
problems do you foresee if you decide to build this column and suggest a solution to hold it
(think of lateral stability/buckling, make a sketch (above), use your imagination - you may
use fantasy and be UN-realistic in your solution). 4
What do you expect for 4 if the problem is turned upside down (much higher, higher, same,
lower, much lower). Give an estimate and briefly explain. (22 points)

For D=100 m
How would your result for 4 and top displacement change if the diameter is 100 m? Briefly
explain. Do you think you need your imaginary solution here? Briefly explain. (8 points)

Calculations and/or Diagrams:

u/ uﬁ-—«gﬁbf-x»—«& ~-—;—-:~;_:£r—--;-u;;@a o {3200 |
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Calculations and/or Diagrams (cont’d):

___________________________ N &

Uped Do+ Same o bk Ton T

e . e o 2 . o . i e 0 B o 1 v s e et e e e e o e e o e
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Calculations and/or Diagrams (cont’d):
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Problem III: (30 points)

The axial bar of constant cross-section area A. shown in Figure III, is assumed , and
is made of two equal segments for a total length L. The upper and lower parts have amodulus of

elasticity E; and Ej, respectively. The bar is loaded at mid height with a load P. Assume linear
elastic behavior.

Compute the top and bottom reactions and the displacement at mid height and compare reactions
for the case with case of E;.= E; with the case when E;> E; and briefly comment. (20 points)
What happens to the reactions and mid-height displacement when E; (upper part) becomes very
large, i.e. E;.>>> E;. Briefly explain. (10 points)

Calculations and/or Diagrams:

I SO Y
____________ B

Sesoadongs o1 Re s 1Re_

U = Ral (=
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Calculations and/or Diagrams (cont’d): F T b A
51° L/

R VI Ga PR 1L e
"""""""""""""""""""""""" - P ;mTj dc
""""""""""""""""""""""""" TR (L LN
FE TV = SO W 7
___________________________ SEE(L LW 2EERy T
b en RCE YRR ) (b =

e B B Re USfhohy BliChAS
__________________ ] —pwoe_ngeclsn

SR S VS ' =

U.C,~ Sx\m.Q,Q ----- I}‘MULE (m )M&Qﬁ.nr
-&@Qﬁef{n-%na&&xkjcgm%?f ..................
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Calculations and/or Diagrams:




