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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.

¢ \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 back side 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 2026 Exam 1 (A)

PROBLEM 1 (20 points)

1A. Block A (Wa) weighs 100 Ib and is held in static equilibrium by two cables (Taes and Tac). The
magnitude of the tension in Cable AB is a known quantity of Tas = 80 Ib. Determine the tension in
cable AC and the angle alpha (a) that cable AC makes with the x-axis.

(2611)

ZF,('-'-'- = "%TﬁB + Tac CoS X
(100 Ib)

ZR=0= 4T +Tac sinx - W,

(801))

Ti_sinw = - L (80h) + 100)b

The cos % = 3 [ B0IB)
" Free-body Diagram (1 pt)
‘)L'an o( = "_3—@- = élqs_-
48 i
. AC

A= 36,87

The = A8 | (O
cos 36.%F
Tac = 60 b (2pts) a=__36.3%F degrees (2 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. Please show your work to receive
credit. If the square cutout were filled in with material, qualitatively what impact would this have on xc
and yc? (No calculations are required for determining this qualitative impact). (5 pts)

Yy :
gt
A

6in

v

e : - » X
9in

Shaope. Arsa Xe

E-&C.-l:ansln. 54in | 450w

5%\»&1‘-& "4';“1' Din

Triangle | =457 B
Aree Tt = 45.57w*
A‘ Re = A’l x"l ¥ Hz, Xeo + A’Sﬁs

(45.5) e = 54(4.8) +(-8)(3) + (-45)(8)

= ﬁ-—- = 3
- XC.. 4‘6_'5- 4—:2-‘:]“\

A= 5. 5 inZ (1pt) Xc = 4.29 in (2 pts)

xc= Increase  Stay the Same (Circle One) (1pt)
yc= Increase Stay the Same (Circle One) (1pt)
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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 yc to be larger, smaller or equal to xc? (No
calculations are required for determining this qualitative impact). (5 pts)

3 Z.a _ a
<3 N s &8 = of o S ( ) =| £~
e C‘ - _:) é — (= 5"
1 == 15 N a 1

= 0.5_33‘1
A= gz_/'4- (2 pts) Xc = 0.5 336 (2 pts)

yc Trend: yc > Xc yc = Xc (Circle One) (1 pt)
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1D. A cable is attached at point B that is 4 feet above a pin joint that holds a 1-foot wide gate shut to

prevent spillage of the water to a height of h as shown. The specific weight of the water is pg = 62.5
Ib/ft3. What is the tension in cable BC when the area is filled with water (region ABC)? (5 pts)

Please Determine:
i. The equivalent hydrostatic force (Feq) applied to the 1-foot wide gate and its location
along gate AB.

ii. The force carried in cable BC. Assume gate AB has negligible weight.

Py = eg\f\p,: (62.5%})(41%: zsoﬁl__’bz

J—Z,ba _'L(Sﬁ—\ ( 25’0%}\(1.@ =|¢z5 Ib.

fn = 3 (54 =167+

(casty) (141H)
5 Mp=O :.*FMD ( Aw&) + lac (44

. Tee = 261 |b

&

Foq = b2.5_ Ib (2 pts)
Distance of Feq from A along AB = /- é —71 ft (1 pt)
Force carried in the cable BC = 2. b I Ib (2 pts)
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PROBLEM 2. (20 points)

Given: The T-shaped bar shown is loaded with a 10 kN point force at D, a triangular distributed load
(with a max load intensity of 10 kN/m at C), and a 50 kN-m couple at B as shown and is held in static
equilibrium by a fixed support at A. The weight of the T-bar can be assumed to be negligible.

Find: a) Determine the magnitude of the equivalent force (Feq) for the distributed load and its
distance with respect to (wrt) end B (Xeq)witB. (3 pts)

1
N
S
3

Foy= 4 (100 A}

(Z?)’\mm: =

Feq= 2.0 kN (2pts) (Kog)wrts = - m (1 pt)

b) On the artwork provided, complete the free body diagram for the T-shaped bar. Use the Feq
determined above in your free body diagram in place of the distributed load. (2 pts)

Fa‘b = 2.6kN Y,
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c) Clearly write the equilibrium equations and solve for the reactions at the fixed support at A.
Express your solution in vector form. (12 pts)

5 M, =0 = Ca +50kNm + 6014@@—)(3“\ + )om@(z@

Cpf;"/OOkN—-M

ZF=0 =y - (ok(3)

.‘ A'K: e él'—M

[ 4

4
ZF‘&:O = Aua, s ZC‘)MM5 £ QOILN\(?)

C,=_—=]00 k kN-m (6pts) F,=( b i+ 1l2.  j)kN (6 pts)

d) If the 10 kN point load at D were removed from the T-bar, would the magnitudes of the reactions
at A increase, decrease, or remain the same. Circle the appropriate response. (No work needs to be
shown)? (3 pts)

Ca would: increase remain the same (€flecrease (circle one) (1 pt)
Axwould: increase  remain the same (circle one) (1 pt)

Ay would: (increase) remain the same decrease (circle one) (1 pt)
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PROBLEM 3. (20 points)

GIVEN: A pole of negligible mass supports a force P = 4 kN (aligned along the y axis) and a force F
=6 kN (aligned along the x axis). The pole is held in static equilibrium by two cables (BC and BD)
attached to the floor and the wall at & and D, respectively. There is a ball-and-socket constraint at
point A. C.

Tep

B
5m

- b
am ~ 4y ' 2m
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[k
_I) : < =
| . & _“4m
e, SO g
I Ball and g
i J socket

a) Complete the free body diagram of the pole using the artwork below by adding all the necessary
FBD components. (2 pts)
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b) Write expressions for tenssmn vectors Tep and Tec acting on the pole using their magnitudes
(at this stage, magnitude,of Tep and Tec are unknown and will be determined at part(c))and
known unit vectors. Please express your result in decimal form. (4 pts)

Tm Twuw_rwtw__T LT+ 4S -8K =
NI AT

= Tep L bS8k _ Teo (O. LoB f-’r 0. Lo% f - 3.8]6[2)
\ &¢

\lr

i A > e ~
136-_:'[‘%(1%:‘{‘%3%,:\% Bl <UE

— -

Toe BERR T, (-out - 03K
s

\

Top = [Taol + [0.L08 )i+ (0.0 7+ (= 0.8\ Gk mm. (2 pts)
Toe = ITecl = (=0.4lhir (O yj+ (=083 % (2 pts)
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c) Determine the magnitudes of the tensioriin cables Tep and Tac. (8 pts)

The woved” w&T A
R’A: (‘E’Ae xE) + ("Elg %_\?:j*(’g% X?ec i
(gAB i _?B[b
The= SK ;‘ '-E’?A&Q\OQ
Z P= -45 =6l
SebTo s
!:-’()A-: (+ 00 ) + (30 )+ T6c<~ A.Hgb
+ Tan (A.O% 3 - 408 'C)

Pto‘;ee’; TB J:@f@c Qc\rr»-‘:
S The A e

S Wy=o 20+4 BTep-uliTec =0

[ Tec = (|.R krd]

Too|= _4.901 ki (4 pts)
I (18 kN. (4 pts)
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d) Determine the reactions at point A and express them as a vector. (6 pts)

= F=0 = A+ P~F *Tap+Tac=0

We ZFe=0 _Ax+F + 0.408 Teo -0 .44F Tac=0
{sz - 3009 kfo\

& E?/::O AY—P-\—O.AO@TBo:O

e P‘)’ = 2.00mkN ‘L

72: EG=o Ays-086Tes - 082 Tee=0
L> A‘z_ = \%o%%& kfé?

(=2.000) 1+ (L0000 + (3. 38L& kN. (6 pts)
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