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Please review the following statement: 

I certify that I have not given unauthorized aid nor have I received aid in the completion of this exam. 

 

Signature: ______________________________________ 
 

Instructor’s Name and Section: (Circle Your Section) 

Sections:      J Jones 9:30-10:20AM    A Buganza 1:30-2:20PM  B Li 3:30-4:20PM  
  J Jones Distance Learning 

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, 
i.e. 

 The only authorized exam calculator is the TI-30IIS 

 The allowable exam time for 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. 

 Units must be clearly stated as part of the answer. 

 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. 
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PROBLEM 1 (20 points) 

1A. A 500 lbs sphere is held in place within this notch shown. 
Determine the normal forces N1 and N2 from the two contact 
surfaces. 

 

 

 

 

 

 

 

 

1B. A person with 200 lbs weight is standing on a ladder as 
shown. The ladder is held in static equilibrium and supported 
by the wall and a pin support on the bottom. Suppose the 
wall is friction less and the weight of the ladder is negligible. 
Determine the normal forces N1 and reaction forces Rx and 
Ry of the pin support. 

 

 

 

 

 

 

 

 

 

𝑵𝟏 = _______________________________ lbs (2 pts) 

𝑵𝟐 = _______________________________ lbs (2 pts) 

𝑵𝟏   = ____________________ lbs (2 pts) 

𝑹𝒙   = ____________________ lbs (2 pts) 

𝑹𝒚   = _____________________lbs (2 pts) 

θ 

3
4

60o
N1

5

N2

Problem diagram

3 ft

4 ft

N1

Rx

x

y

Ry
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1C. Two blocks are stacked as shown. A short string is 

attached between the upper block and the wall. Given that µ = 
0.2 for all contact surfaces, find the required force F to pull 
the block out and the magnitude of tension T carried in the 
string. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1D. An external load of 100 N is applied to the frame ABCD 
shown. Both A and D are pin supports. Determine the magnitude 
of force acting on member BD. (5 pts) 

 

 

 

 

 

 

 

 

 

 

 

𝑭   = ______________ N (3 pts) 

𝑻   = ______________ N (2 pts) 

100 N

4 m

8 m

3

4
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FBD______________ N            Tension                  Compression              (circle one) (5 pts) 
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PROBLEM 2. (20 points)  

GIVEN: A 5 ft x 8 ft sign of uniform density weights 240 lbs. 
The sign is held in Static equilibrium by a ball-an-socket 
support at A and cables EC and BD. 

FIND:  

a) On the sketch provided, complete the free body diagram 
of the sign. (2 pts) 

 

 

 

 

 

 

 

 

 

b) Write vector expressions for the forces in cables EC and BD in terms of their unknown magnitudes 
and their known unit vectors. (4 pts) 

 

 

 

 

 

 

  

EC

BD

T  =                                                                                            (2pts)

T  =                                                                                           (2pts)  
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c) Determine the magnitudes of the tensions in cables EC and BD. (10 pts) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

d) Determine the magnitude of the reaction at the ball and socket support in the Z direction. (4 pts) 
 

 

 

 

 

 

 

 

 

  

EC

BD

T  =                                                                                  (5 pts)

T  =                                                                                  (5 pts)  

zA  =                                                                                           (4 pts)  
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PROBLEM 3. (20 points)  

Consider the truss shown in the figure. The truss is supported by a pin joint at A and a roller support 
at L and is in static equilibrium. 

 
 

FIND:  

a) Identify all zero force members: _______________________________ (2 pts) 
 

b) Determine the reactions at A and L, write your answer in vector form  

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑭𝑨  =                                                                        (2pts) 

𝑭𝑳  =                                                                       (2pts) 
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c) Solve for the load in member EG and whether its in tension or compression.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

d) Solve for the magnitude of the force in member FG and determine whether it is in tension or 
compression 

 

 

 

 

 

 

 

 

 

 

|𝑭𝑬𝑮|  =                        (3pts)    Tension or Compression:                (1pt) 

|𝑭𝑭𝑮|  =                        (3pts)    Tension or Compression:                (1pt) 
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e) Member FG is made out of steel which fails at 𝜎𝑓𝑎𝑖𝑙 = 250 MPa. Determine the minimum cross-

sectional area of member FG if we design it considering a factor of safety of 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

f) Define the following: 

 

Statically determinate truss (1 pt): 

 

 

 

Statically indeterminate truss (1 pt): 

 

 

 

 

 

 

 

 

 

𝑨𝒓𝒆𝒂 =                                                                       (4pts) 
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PROBLEM 4.  (20 points) 

4A Given the shear force and bending moment diagram draw the corresponding load on the beam   
(5 pts) 
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4B When a tennis player serves it creates a torsional moment on the humerus as shown in the figure. 
Assuming that the cross section of the humerus is tubular with the dimensions depicted in the figure, 
determine the shear stresses at the inner and outer surfaces of the bone 

 

 

 

  

 

 

 

 

 

 

 

 

 

𝝉𝒊𝒏𝒏𝒆𝒓  =                                                                       (3pts) 

𝝉𝒐𝒖𝒕𝒆𝒓  =                                                                       (2pts) 
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4C Determine the second area moment IxO for the T cross section. The value of Iy0 as compared to 
Ix0 should be larger/equal/smaller (no calculations should be necessary). 

  

 

 

 

 

4D Determine the second area moment Ix for the given parabolic shape with respect to the x axis. Is 
the second area moment with respect to the centroid Io greater or less than Ix? 

  

 

 

 

𝑰𝒙𝒐   =                                                                                                 (4pts) 

𝑰𝒚𝒐    is        larger         equal           smaller                                   (1pt)          

𝑰𝒙   =                                                                                                  (2pts) 

𝑰𝒐 > 𝑰𝒙               true                     false                                             (3pts) 
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PROBLEM 5. (20 points)  

Beam ABCD is loaded as shown and is held in static equilibrium by a roller support at A and a roller 
support at C. The center point of segments AB is labeled as P1. The beam cross-section is “T-
shaped” with a second area moment of inertia Ix = 10 x 10-6 m4.  (NA refers to the neutral axis) 

FIND:  

a) Sketch a free-body diagram of the beam and determine the reactions at A and C in vector form. 
(Note: please use a single equivalent force to represent the distributed loads). (6 pts) 

 

 

 

 

 

 

 

 

 

 

 

 

 

A B

P1

C D

Cross-section

A C D

2 m

100 N/ m

200 N-m

2 m2 m

B

P1 200 mm

NA
50 mm

A � = _________________ N 
(2 pts) 

C � = _________________ N 
(2 pts) 
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b) On the axes provided, sketch the shear-force and bending moment diagram of the beam. (6 pts) 

 

 

A C D

2 m

100 N/ m

200 N-m

V (N)

M (N-m)

x (m)

x (m)

P1

2 m2 m

B
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c) In which segment(s) or point(s) along the beam does pure bending occur (2 pts)? 

 

d) In the segment(s) or point(s) of the beam where pure bending exists, determine the magnitudes of 

maximum tensile bending stress (σmax)T and maximum compressive bending stress (σmax)C. (6 

points) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Segments:        AB          BC           CD            None                     (circle all that apply) (1 pts) 

Points:               A            P1           B              C             D             (circle all that apply) (1 pts) 

(σmax)T = ___________________ MPa           Top        Bottom    (circle all that apply) (3 pts) 

(σmax)C = ___________________ MPa           Top        Bottom   (circle all that apply) (3 pts) 
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Solutions  

1A. 𝑵𝟏 = 𝟒𝟕𝟏 𝒍𝒃𝒔  𝑵𝟐 = 𝟒𝟑𝟓 𝒍𝒃𝒔  

1B. 𝑵𝟏 = 𝟗𝟎 𝒍𝒃𝒔   𝑹𝒙 = −𝟗𝟎 𝒍𝒃𝒔   𝑹𝒚 = 𝟐𝟎𝟎 𝒍𝒃𝒔  

1C. 𝑭 = 𝟑𝟗. 𝟐 𝑵   𝑻 = 𝟗. 𝟖 𝑵  

1D. 𝑭𝑩𝑫 = −𝟏𝟓𝟎𝑵 (𝑪𝒐𝒎𝒑𝒓𝒆𝒔𝒔𝒊𝒐𝒏) 

2A. Free body diagram 

2B. 𝑻𝑬𝑪 = 𝑻𝑬𝑪 (𝟎. 𝟐𝟖𝟓𝒊̅ − 𝟎. 𝟖𝟓𝟕𝒋̅ + 𝟎. 𝟒𝟐𝟖�̅�)  

 𝑻𝑩𝑫 = 𝑻𝑩𝑫 (−𝟎. 𝟔𝟔𝟕𝒊̅ − 𝟎. 𝟔𝟔𝟕𝒋̅ + 𝟎. 𝟑𝟑𝟑�̅�) 

2C. = 280 lbs.    = 90.0 lbs 

2D. 𝑨𝒁 = 𝟗𝟎. 𝟏 𝒍𝒃𝒔 

3A. BC, CD, HK, KJ 

3B. 𝑭𝑨 = 𝟖𝟕. 𝟓 𝒋 ̅𝒌𝑵  𝑭𝑳 = 𝟖𝟕. 𝟓 𝒋 ̅𝒌𝑵 

3C. = 190.72 kN Compression 

3D. = 141.66 kN Tension 

3E. 𝑨𝒓𝒆𝒂 = 𝟎. 𝟎𝟎𝟏𝟏𝟑𝒎𝟐 

3F. Definitions 

4A. Shear-Force and Bending-Moment Diagrams 

4B. 𝝉𝒊𝒏𝒏𝒆𝒓 = 𝟓. 𝟎𝟏 𝑴𝑷𝒂  𝝉𝒐𝒖𝒕𝒆𝒓 = 𝟕. 𝟓𝟐 𝑴𝑷𝒂  

4C. 𝑰𝒙𝒐 = 𝟎. 𝟎𝟑𝟏𝟓𝒇𝒕 𝟒  𝑰𝒚𝒐 𝒊𝒔 𝒔𝒎𝒂𝒍𝒍𝒆𝒓 

4D. 𝑰𝒙 = 𝟎. 𝟔𝟏𝟓   𝑰𝒐 >  𝑰𝒙     𝒇𝒂𝒍𝒔𝒆 

5A. 𝑨 = 𝟏𝟎𝟎 𝒋 ̅𝑵  𝑪 = 𝟏𝟎𝟎 𝒋 ̅𝑵  

5B. Shear-Force and Bending-Moment Diagrams 

5C. Segments:  CD  Points:  P1 

5D. 〈𝝈𝒎𝒂𝒙〉 𝑻 = 𝟏 𝑴𝑷𝒂 Top and Bottom   〈𝝈𝒎𝒂𝒙〉 𝑪 = 𝟒 𝑴𝑷𝒂   Bottom Only
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 Spring 2017 Final Exam – Equation Sheet 

Normal Stress and Strain 

σx =
Fn

A
 

σx(y) =
−My

I
 

εx =
σx

E
=

∆L

L
 

εy = εz = − ϑεx 

εx(y) =
−y

ρ
 

FS =
σfail

σallow
 

Shear Stress and Strain 

τ =
V

A
 

τ(ρ) =
Tρ

J
 

τ = Gγ 

G =
E

2(1 + ϑ)
 

γ =
δs

Ls
=

π

2
− θ 

Second Area Moment 

I = ∫ y2dA

A

 

I =
1

12
bh3          Rectangle 

I =
π

4
r4                Circle 

IB = IO + AdOB
2
 

Polar Area Moment 

J =
π

2
r4                Circle 

J =
π

2
(ro

4 − ri
4)   Tube 

 

 

Shear Force and Bending Moment 

V(x) = V(0) + ∫ p(ϵ)dϵ
x

0

 

M(x) = M(0) + ∫ V(ϵ)dϵ
x

0

 

Buoyancy 

BF gV  

Fluid Statics 

p gh  

 eq avgF p Lw  

Belt Friction 

L

S

T
e

T
 

Distributed Loads 

  
L

eq 0
F w x dx  

  
L

eq 0
xF x w x dx  

Centroids 






cx dA
x

dA
  





cy dA
y

dA
 






ci i
i

i
i

x A

x
A

 




ci i
i

i
i

y A

y
A

  

In 3D, 




ci i
i

i
i

x V

x
V

 

Centers of Mass 










cmx dA
x

dA
     










cmy dA
y

dA
 










cmi i i
i

i i
i

x A

x
A

    










cmi i i
i

i i
i

y A

y
A

 


