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Please review the following statement:

| certify that | have not given unauthorized aid nor have | received aid in the completion of this exam.
If | detect cheating | will write a note on my exam and raise my hand as if asking a question.

Signature:

INSTRUCTIONS

Begin each problem in the space provided on the examination sheets. If additional space is required,
use the white lined paper provided to you.

Work on one side of each sheet only, with only one problem on a sheet.
Each problem is worth 20 points.

Please remember that for you to obtain maximum credit for a problem, it must be clearly presented,
ie.

The only authorized exam calculator is the TI-3011S

The allowable exam time for the Final Exam is 120 minutes.

The coordinate system must be clearly identified.

Where appropriate, free body diagrams must be drawn. These should be drawn separately
from the given figures.

e Units must be clearly stated as part of the answer.

e You must carefully delineate vector and scalar quantities.

If the solution does not follow a logical thought process, it will be assumed in error.

When handing in the test, please make sure that all sheets are in the correct sequential order
and make sure that your name is at the top of every page that you wish to have graded.

Instructor’s Name and Section:

Sections:  JJones 9:30-10:20AM  J Gibert 1:30-2:20PM | Bilionis 3:30-4:20PM
J Jones Distance Learning
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PROBLEM 1 (20 POINTS) — Prob 1 questions are all or nothing.

40 los| F

Problem 1A. (5 pts.) The cylinder F weighs 40lbs. and is
supported by cables BC and BA. Cables BC and DC also
support cylinder E whose weight is not known. Determine
the magnitude of the tension in cables BC and BA.

Ib.

(3 pts.)

Ib.

(2 pts.)
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Problem 1B. (5 pts.) The
beam shown is pinned A and y
has a triangular distributed X

First):

load with an intensity of 400 té VAR H
N/m at C. A chord wraps 400 N/m
around a frictionless drum of m T T
radius 0.5 m. Determine the
reaction forces at A along with ' (Q
the tension in the chord (T). AI' T b BT T« c_ ( £
0.5'm
100N y
< - >
Soo2m 4m B 2m B
A = | ] N (2 pts.)
T = N (3 pts.)
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Problem 1C. The force acts P on the block. Knowing that the coefficient of friction between the block
and the incline are us= 0.4, and =0.25 using the six FBD that best describes, i.e., indicates the
closest description of direction and magnitude of the force to the following situations.

a) (2pts.) FBD of the block right before moving up the incline, i.e., the block is at impending

motion.
b) (1pt.) FBD of the block if it moves up the incline with constant velocity.

c) (2pts.) FBD of the block to keep it from moving down the incline, the block is not at
impending motion.

80kg P

250/’

1 F.<[uN] 2 3

-~ P P

<
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<
/
|
.
/
|

250
65° 25°¢ 250
659 659
4 F<|u N 5 6
w w w
P P P
D —— D —— D ——
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Problem 1D. Consider the truss pictured below,
it is pinned at A and sits on a roller at D. A B
vertical force of 2000 Ib. acts vertically downward
on pin C. The cross sectional area of each
member is 0.25 in?.

[/T777777777777 ‘

2000 Ibs

(1 pt.) The magnitude of the force in member AC is: > < or = tothe maghnitude
of the force in member CD (circle one)

(2 pts.) The stress in rod BC is: pSI and is
compressive o tensile (ircle one).

(2 pts.) The force Fpg is (circle the correct answer):

a) 1250 (C),  b) 1250 (T), c) 1666.67 (T), d) 1666.67 (C)
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PROBLEM 2 (20 points)

Given: Boom AED is loaded with a 200N (y-direction)
and a 400N (z-direction) force as shown and is held in
place by a ball-and-socket support at D and cables AB
and AC. Neglect the weight of the boom. (Note: Point
C is on the z-axis)

Find:

a) Complete the free-body diagram of the boom on the
sketch provided below. (4 pts)

200N

200N

b) Express the tension in cables T,, and T,. in terms of their unknown magnitudes and their known
unit vectors. Write the vectors in decimal form (not as fractions). (4 pts)

. (2 pts)
+ k) (2pts)

>I>—|I
(@] 3}
11 1
5 F
+ +
|_| ﬁ—|
+
=~
~
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c) Determine the magnitudes of the tensions in cables T,; and T,. in Newtons. (6 pts)

0 Tae = N (3 pts)
Tac = N (3pts)

d) Determine the vector reaction at the ball-and-socket support at D in Newtons. Express the vector in
decimal form (not as fractions). (6 pts)

d b= (i + _  j 4+ K N (6 pts)
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PROBLEM 3 (20 points)

Problem 3A. (3 pts.) Consider the
truss below; it is pinned at A and on
rollers at H. Identify the zero-force
members by circling from the list at right.
There will be no partial credit on this
part.

Problem 3B. (13 pts.) Consider the truss below; it is
on rollers at A and pinned at D. Determine the
reactions at A and D and the unknown forces on pin
E. Do this by answering the following questions.

i) (3pts.) Draw a FBD of the truss on the picture
below. There will be no partial credit on this part:

I\Q

10 ft

AB
AC
BC
BE
BD
CE
DE
DF
EF
EF
FG
FH
GH

\

500 Ib

Y
A

10 ft

10 ft

Y
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i) Find the reaction forces in vector form

A = i ] lbs.

(2 pts.)

D = i ] lbs.

(2 pts.)

iii) Find the unknown forces acting on pin E.

Feg = Ibs. Compressive or 1ensile (ircleone) (2 pts.)
Fec = Ibs. Compressive or Tensile (ircle one (2 pts.)
Fep = Ibs. Compressive or 1ensile (ircleone) (2 pts.)
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Problem 3C. (4pts) The frame below is subjected to a 300 Ib. force; it is held in equilibrium by a
single shear pin at D and roller support at E. The modulus of elasticity (E) is 10 x 10° psi and the
shear modulus 5 x10° psi. The cross section area of each member is 4 in“ and the cross sectional

area of the pin at D is 0.25 in’.

Top View of Pin
Support at D

3ft

3001bs

| 4 ft |

D _ D =400lbs

D,= 300lbs

£ E = 400bs

300lbs

i) Determine the average shear stress and shear strain for pin D.

(T)avg

(2 pts.)

(¥)avg

(2 pts.)
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PROBLEM 4 (20 Points)
Show all work. Answers without adequate explanation will be considered wrong.

4A. (5 points)
Given the shear-force and bedning-moment diagrams provided below, sketch the equivalent loading

condition on the beam provided below. Make sure you indicate both the magnitude and the direction
of each load.

V (kN) 1

10~

8 xljm)

14 ___= R

MAKN-m)]

12.5-———— = S

]

8 xHAm)
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4B (5 Points)

The hollow steel shaft ABCD is used to transmit the torques applied to the gears. It has outer
diameter d, = 50 mm and thickness t = 5 mm. What is the polar second area moment of the shaft?
Under the loading conditions shown in the figure, what is the maximum shear stress that develops in
section BC? Will the shaft break or not? The allowable shear stress 7,;,, = 0.6 GPa.

= @p

Tpc,max = (2 pt)

Is the shaft going to break?

: . (1 pt)
Circle the right answer Yes No

4C (5 Points)

Compute the second area moment of the shaded shape about the x axis, I,. Using the parallel axis
theorem, find the second area moment about the x’ axis. The vertical distance of the centroid from

. . 3
the x axis is p

I, = (2 pt)

Ly = (3 pt)
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4D (5 Points)

Find the y coordinate of the centroid, C, of the shaded L cross section and as well as its second area
moment about the x" axis. The thickness of the shape ist = 0.1m.

Y+ YV?
gt 1m ——>
| t=0.1m
C
o
Im X
|
X
Ve = (2 pt)
1., =

X (3 pt)
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GIVEN: Rectangular beam AB is loaded as shown and is held in static equilibrium by a pin support at
A and a roller support at B. The beam cross-section is rectangular with dimensions of 0.05m

wide and 0.2m high.
FIND:

a) Draw the free body diagram and find the support reactions at A and B. (4 pts)

A301(N
15 kN/m
22.5kN‘m
. Y Y Y Y Y
[
Ah )74 == p
" 2m }1m 2m 3m

Free body diagram Sketch in white space above. (1 pt)
Ay = (1 pt)
A, = (1 pt)
B, = (1 pt)
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b) Sketch the shear force and bending moment diagrams. You have to indicate the magnitudes of all
guantities on graph as well as the locations where the shear the shear force (or the bending moment)
IS maximized or crosses zero. You may use the graphical method (11 pts).

A 2m ) 1m ) 2m | B 3m 3

v (kN) 1 . i i
s s s i XHm)

MEkN)t ] | |
A i — xdm)
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c) ldentify the section(s) of the beam where pure bending occurs and determine the maximum normal

stress due to bending. (3 pts)

Pure bending section (a < x < b): (1 pt)
Omax = (2 pts)
d) Consider the bottom part of the cross section of the beam. Is it under tension or under
compression? (2 pts)
The bottom part of the cross section
of the beam is under (circle the right Compression Tension (2 pt)

answer):
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Final Answers

1A) Tgc =29.31bs.; Tga =36.0 Ibs.
1B) A =07+ 300jN; T =200N
1C) a)5 b)6 €)1
1D) a)“=" b) 8000psi (tensile) c¢) 1250 (C)
2a) FBD
2b) Tag = Tag (-0.8577 + -0.429jj + 0,286k) ; Tac = Tac (-0.9497 + Of + 0.316k)
2C) Tap =466 N; Tac =211 N
2d) A = 6007+ 0j + 200k N
3A) BC, BE, FG
3B) (i) FBD
(i) A=01+375jlbs;; A= —2501+ 125] lbs;
(iii) Feg = 177 Ibs. (C); Fec =3751bs (T); Fep =125 Ibs (T);
3C) 1= 2000psi; y=0.4rad
4A) Loaded Beam
4B) J=362x10°m* t=1.2x107 Pa; No
4C) Ix=0.13; 1, =0.04
4D)y. = 0.725m; |, =18.5X 1073 m*
5A) A.=OkN; A, =-30kN; B, =45 kN
5B) Shear-Force Bending-Moment Diagrams
5C) (o)max = 0.204 GPa

5D) Compression
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F

Normal Stress and Strain

F,
Oy = X
_My
0x(¥) = —
Oy AL
& TE T
g =g, = —9g
SX(Y) =
FS = Otail
Oallow

Shear Stress and Strain

T:K

(p) = =

T=0Gy

_ E

T 2(1+9)
8

Y_L_S_E_e

Second Area Moment

I=fy2dA
A

1
— 3
[ = 17 bh®> Rectangle

=29 Cird
=-—r 1rcie
2

IB = IO +AdOBZ

Polar Area Moment

= g(ré} — 1) Tube

Shear Force and Bending
Moment

V(x) =V(0) + jxp(e)de

0

X

M(x) = M(0) +f V(e)de
0
Buoyancy

E, =pgV

Fluid Statics
p=pgh
Fy =Payg (LW)

Belt Friction

Lzeuﬁ

T

S
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Distributed Loads

F, = IOLW(X)dX

xF, = IOLX w(x)dx

Centroids

Centers of Mass

IxcmpdA - chmpdA

X= [pda g [pda
2 XanPiA,
X IZpiAi
| D VemiPiA



