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INSTRUCTIONS

Begin each problem in the space provided on the examination sheets. If additional space is required,
please request additional paper from your instructor.

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.
Also, please make note of the following instructions.

e The allowable exam time for Exam 1 is 90 minutes.

e The coordinate system must be clearly identified.

e \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.

Please use a black pen or dark lead pencil for the exam.

Do not write on the backside of your exam paper.

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

When submitting your exam on Gradescope, please make sure that all sheets are in the
correct sequential order and make sure that your name is at the top of the cover page. Also,
be sure to identify the page numbers for each problem before final submission on
Gradescope. Do not include the cover page or the equation sheet with any of the problems.




ME 270 - Fall 2025 Exam 1

PROBLEM 1 (20 points)

1A. Block A (Wa) weighs 100lbs and is held in static equilibrium by two cables (Tas and Tac). Using
the figure below, determine magnitudes of the tensions in cables Tas and Tac to maintain static
equilibrium. Make sure you include your Free Body Diagram (on area provided) and write clear
equations of static equilibrium. (5 pts)
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1B. Using the method of composite parts, find the area (A) and the x-centroid (xc) of the shaded area
in the figure below with respect to the coordinate axes provided. The circular cutout has a 2-in diameter
and is centered in the middle of the 6in-by-6in square part of the trapezoid. Please show your work to
receive credit. If the circular hole was filled in, qualitatively what impact would this have on xc and yc.

(No calculations are required for determining this qualitative impact). (5 pts)
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xc = Increase Stay the Same (Circle One) (1 pt)
yc = Stay the Same  Decrease (Circle One) (1 pt)
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1C. Using the method of integration, determine the area (A) and the x-centroid (xc) of the shaded
area with respect to the coordinate axes provided as a function of the constant “a”. Please show your
work to receive credit. Qualitatively, would you expect for yc to be larger, smaller or equal to xc? (No
calculations are required for determining this qualitative impact). (5 pts)
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yc Trend: yc > xc yc = Xc (Circle One) (1 pt)
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1D. Gate AB is holding back a 4-ft deep reservoir of water and is held in static equilibrium by a pin at

A and a vertical normal force at B. The specific weight of the water is pg = 62.5 Ibs/ft® and Gate AB is
10-ft wide (into the page). Determine:

i. the hydrostatic pressure at the bottom of the reservoir (ps),
ii. the magnitude of the equivalent force acting on Gate AB (Feq), and
iii. the magnitude of the normal force at B. Include a FBD of Gate AB.

) Pa= 09 hs = (éz.s_ﬁl@ﬁég)(ﬁrv‘;—}

B, = 250 /bs

# 3t
) Fo = 4 (L (R) () £(59 G o) g,

s = 0250 e

Li i) Z M,y =0 = F“b (3.333) - Na( 3)

© Ng = (6250 05) (3333 %)
e .———————//—__~
34,

pa= 250 Ibsif2 (1pt) Feq= (250 1bs (2pts) Ne=_ (6T 44  Ibs (2 pts)
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PROBLEM 2. (20 points)

Given: The extended T-bar shown is loaded with a 50kN point force at B, a distributed load between
B and D (with a max load per foot of 20kN/m at end D), and an 60kN-m couple at E and is held in
static equilibrium by a pin support at A and a roller support at F.

Find: a) Determine the magnitude of the equivalent force (Feq) for the distributed load and its
distance measured from B (Xeg)iom 8. (3 pts)

Feq= 6O kN (2 pts) (Keq)iroms = 4- m (1 pt)

b) On the artwork provided, complete the free body diagram for the extended T-bar. Use the Feq
determined above in your free body diagram in place of the distributed load. (2 pts) 5‘0[4\[

'Fe_ab’—' (o) k)\\

4m

(o
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c) Clearly write the equilibrium equations and solve for the reactions at the pin support at A and the
roller support at F. Express your solution in vector form. (12 pts)

5 M,=0= ~F (3m)+6OkN-= +¥25/cf\ — 5okH(Z)(3m)

F otzom +50kN ( 5\(‘“‘“\
=

(2.0#N) (40#-»4)4_
FE=0= A+ 5 + 50k ()

(eokn)  (30KN]
3

F- + 2.0 T kN (6 pts) A-—- 60 i+ + 30 7 kN (6 pts)

d) If the 50kN point load were removed from the T-bar, how would the magnitude of the reactions at
A and F change (i.e., ignore any sign changes). Circle the correct change (no work need be shown).

(2 pts)

Ax: Increase Remain the Same (Circle One) (1 pt)

Ay : Remain the Same Decrease (Circle One) (1 pt)
Fx: Increase (Remainthe Same) Decrease (Circle One) (1 pt)
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PROBLEM 3. (20 points)

GIVEN: A pole of negligible mass is fixed into a wall at point O. The pole has a force F of 100-Ibs
applied at point A, the tension in cable CB (which lies in the horizontal x-y plane) is 350-Ibs, and the

tension in cable AD is 350-Ibs.

a it B{-4’, 0’,0%)

D {3’ 0,2’}

A{0’, 6,0’}

F=100_lbs.

a) Please complete the free-body diagram for the pole OA by denoting all of the reactions at O on
the artwork provided below. (2 pts).

y

F=100_lbs.
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b) Write expressions for tension vectors Tap and Tcs acting on the pole using their magnitudes
and known unit vectors. The applied load is shown as an example. Please express your
result in decimal form. (4 pts) e

Tho= 350 3 "63—2—?_] . 350 ( 77 - ?é d +%2)
TS X
[3"'-]-(‘&) +L]%o = [15'0’3_ - 30067 -+ lw_k‘] 1bs

:ﬁB = 350[ 4 -—33: ,/J = 350(—1-'5’?‘ ) %—j—)

8
Tap = 350 x [(O429 )i+ (=0.85%)7 + (0.28 )i Ibs. (2 pts)
Teg = 350 *[(~ 0.8 )i+ (=D b )j+(_©O )il lbs. (2 pts)
Applied Load=100+ [(_0_ )&+ (__ 0 )7+ (_-1_)k]lbs. (exampte)

c) Determine the components of the reaction Moment at point O. Express the moment as a
vector (6 pts). To earn credit ALL work must be shown.

M, =5 = (oo xTog) + (g x Tho) +(Gop » F) £ K
o =37 x(-280°% - z:og)] e (:(ga"x (1s07 -3oo&’+106ﬁ)7 +[_(oj X (-took\]

16 =[+54o'k—] +{ =q00% + 6007 ] + [ - 6007 ]

Mo, = O - lbs.

ZMg, = 0 = Mo, +400 - 600 =

tl

z‘_lﬁ/\o)&:o: M03 = M05 O £+ - ks,

;@40\2 = O = Moz‘ +8&40 - 900 ":> MOZ: = +GO'F+—’55

Efloz[( O )i+ O )j+(_ 6O Hift-lbs. (6pts)|
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c) At point O, determine the components of the force reaction at O and express as a vector. (6 pts)
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ZF, =0 = 0, +io0o ~loo = Oz =

O0=[(+I130 )i+(+85/0 j+(_O _ )Kllbs. (6 pts)

d) If the cable AD is cut (removed) what would happen to the z-component of the reaction force at O?

Circle the correct response (2 pts).

O: would: Decrease Remain the Same
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